
STATE OF NEW MEXICO 
ENERGY AND MINERALS DEPARTMENT 

OIL CONSERVATION DIVISION 

\ 

IN THE MATTER OF THE HEARING 
CALLED BY THE OIL CONSERVATION 
DIVISION ON ITS OWN MOTION TO 
AMEND ORDER NO. R-8170, AS 
AMENDED. 

CASE NO. 9050 
Order No. R-8170-B 

ORDER OF THE DIVISION 

BY THE DIVISION: 

This cause came on f o r hearing at 8:15 a.m. on December 3, 
1986, at Santa Fe, New Mexico, before Examiner Michael E. 
Stogner. 

NOW, on t h i s 23rd day of December, 1986 , the Division 
Director, having considered the record and the recommendations 
of the Examiner, and being f u l l y advised i n the premises, 

FINDS THAT: 

(1) Due public notice having been given as required by 
law, the D i v i s i o n has j u r i s d i c t i o n of t h i s cause and the subject 
matter thereof. 

(2) RULE 9(b) under part "B", Nominations and Proration 
Schedule, of the General Rules f o r the Prorated Gas Pools of New 
Mexico as promulgated by Div i s i o n Order No. R-8170, dated March 
28, 1986, and issued i n Commission Case No. 8749, provides f o r a 
change of the d e l i v e r a b i l i t y assigned to a w e l l only a f t e r that 
w e l l has experienced an increase i n production due to recomple
t i o n or workover operations. 

(3) There i s a need to expand t h i s r u l e to include 
provisions f o r assigning a revised d e l i v e r a b i l i t y to a we l l f o r 
allowable purposes when such w e l l has experienced an increase i n 
production f o r reasons other than recompletion or workover. 

(4) Said RULE 9(b) should be amended to include a 
provision whereby a change i n a well's d e l i v e r a b i l i t y due to 
re t e s t a f t e r any a c t i v i t y , other than routine maintenance, would 
become e f f e c t i v e e i t h e r the date of redelivery a f t e r such 
a c t i v i t y , (such date t o be shown on the sundry notice, i f 
required, and on the remarks po r t i o n of the Form C-122-A) or 90 
days p r i o r to the re c e i p t date of the appropriate d e l i v e r a b i l i t y 
t e s t form (as i s presently provided f o r i n Rule 9 ( b ) ( 2 ) ) . 
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(5) To amend said r u l e i n the aforesaid manner i s i n the ::V;> 
i n t e r e s t of conservation, may prevent waste, and w i l l protect 
rather than impair c o r r e l a t i v e r i g h t s . 

IT IS THEREFORE ORDERED THAT: 

(1) RULE 9(b) under part "B", Nominations and Proration 
Schedule, of the General Rules of the Prorated Gas Pools of New 
Mexico as promulgated by Divi s i o n Order No. R-8170, dated March 
28 , 1986, and issued i n Commission Case No. 8749, i s hereby 
amended t o read i n i t s e n t i r e t y as follows: 

"RULE 9(b) DELIVERABILITY RETESTS: A change i n a 
well's d e l i v e r a b i l i t y f o l l o w i n g a r e t e s t a f t e r any 
a c t i v i t y , other than routine maintenance, s h a l l become 
e f f e c t i v e the l a t e r of: 

(1) the date of redelivery a f t e r such a c t i v i t y , 
such date to be indicated on the sundry 
notice ( i f a sundry notice i s required) and 
on the remarks portion of the Form C-122-A; 
or, 

(2) 90 days p r i o r to the date of receipt of the 
appropriate d e l i v e r a b i l i t y t e s t report form 
at the appropriate D i v i s i o n d i s t r i c t o f f i c e . 

A change i n a well's d e l i v e r a b i l i t y due to any 
other reason s h a l l become e f f e c t i v e on the f i r s t day 
of the month f o l l o w i n g the month during which the 
re t e s t i s approved i n the appropriate Division 
d i s t r i c t o f f i c e . " 

(2) J u r i s d i c t i o n of t h i s cause i s retained f o r the entry 
of such f u r t h e r orders as the Division may deem necessary. 

DONE at Santa Fe, New Mexico, on the day and year 
hereinabove designated. 

STATE OF NEW MEXICO 
OIL CONSERVATION DIVISION 

2̂ jfiVsTAMETS 
Director 

S E A L 



1 

GAS WELL TESTING MANUAL FOR SAN JUAN 
BASIN, NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN PRORATED GAS 
POOLS 

SECTION 1: Initial Deliverability and Shut-In Pressure Tests for Newly 
Completed Well z 

A. Immediately upon completion of each gas well in the San Juan Basin, 
a shut-in pressure test of at least seven days duration shall be made. 
This initial shut-in pressure shall be filed with the Division's Aztec 
Office on either Form C-122 or C-104. 

B. Within 90 days after a well first delivers gas to a gas 
transportation facility, the well shall have been tested in accordance 
with Section 1 of Chapter II of these rules, "Initial Deliverability and 
Shut-In Pressure Test Procedures", and the results of the test filed in 
triplicate with the Division's Aztec office and one copy filed with the 
gas transportation facility to which the well is connected. This test 
is to be filed on Form C-122-A. Failure to file said test within the 
above-prescribed 90-day period will subject the well to the loss of one 
day's allowable for each day the test is late. 

1. If the newly first delivered well is an infill well on a proration 
unit, the old well on the unit is not required to be tested provided 
it has a valid test on file for the current proration year. Testing 
of the old well follows the regularly assigned test year for the pool 
in which the wells are located. The new well is required to be tested 
annually until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that pool. 

2. If the newly first delivered well is an infill well on a proration 
unit and the old well on the unit is "exempt", the old well is to be 
tested along with the new well for the Initial and Annual 
Deliverability and Shut-In Pressure Test. The old well will lose its 
''exempt" classification and must be tested biennially along with other 
wells in that pool. The new infill well is required to be tested 
annually until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that pool. 

C. The requirements for Initial Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly completed 
wells shall also apply to recompleted wells. 
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D. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as official tests for the assignment 
of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 
Tests 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall 
be made on all gas_wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested on an 
annual basis until a minimum of three annual tests have been taken, 
after which the well shall be tested biennially as is required for 
other wells in the pool in which the well is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status shall be 
done once each year immediately following the reporting of June 
production and shall be effective for the succeeding annual test 
period. 

Gas wells completed in the Pictured Cliffs or any shallower formation 
shall be classified "exempt" i f at least three months of production 
history is available and the well failed to produce, and is incapable 
of producing, an average of 250 MCF or more per month during the 
months produced within the preceding 12-month period, and the well is 
classified as marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the Pictured Cliffs 
formation shall be classified "exempt" i f at least three months of 
production history is available and the well failed to produce, and is 
incapable of producing, an average of 2000 HCF or more per month 
during the months produced within the preceding 12-month period, and 
the well is classified as marginal in the August Gas Proration 
Schedule. 

Gas wells on multiple well Gas Proration Units will not be classified 
"exempt" unless the Gas Proration Unit is classified as marginal. Any 
or all wells on a marginal multiple well Gas Proration Unit may be 
classified as "exempt" provided each Gas Proration Unit so classified 
meets the qualification for "exempt" status. Gas Proration Units for 
wells producing from formations deeper than the Pictured Cliffs 
formation shall be classified "exempt" i f at least three months of 
production history is available and the Gas Proration Unit failed to 
produce, and is incapable of producing, an average of 2000 HCF or more 
per month during the months produced within the preceding 12-month 
period, and the Gas Proration Unit is classified as marginal in the 
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August Gas Proration Schedule. Gas Proration Units are to be 
classified as "exempt" because of their low producing ability. 

The District Supervisor of the Division's Aztec Office may classify a 
well or Gas Proration Unit as "exempt" at any time i f the operator 
presents sufficient evidence to the District Supervisor indicating 
that the wel}: or Gas Proration Unit i s incapable of producing gas at a 
higher rate than that rate required for "exempt" classification for 
wells or Gas Proration Units in that pool. 

Once a well or Gas Proration Unit has been declared "exempt" for the 
following test year, i t shall remain classified "exempt" for that test 
year. 

3. If a test is filed on any well on a gas proration unit, the test 
requirement for the gas proration unit has been met. The 
deliverability of the unit is taken only as the resulting sum of all 
wells tested. 

4. A shut-in pressure must be filed on Form C-122-A even i f no gas is 
measured during the production phase of the test. "Exempt" wells do 
not require the filing of a shut-in pressure. 

B. All Annual and Biennial Deliverability and Shut-In Pressure Tests 
required by these rules must be filed with the Division's Aztec office 
and with the appropriate gas transportation facility within 90 days 
following the completion of each test. Provided however, that any test 
completed between October 31 of the test year and January 31 of the 
following year are due no later than January 31. No extension of time 
for filing tests beyond January 31 will be granted except after notice 
and hearing. 

Failure to file any test within the above-prescribed times will subject 
the well to the loss of one day's allowable for each day the test is 
late. A well classified as marginal shall be shut-in one day for each 
day the test is late. 

SECTION 3: Scheduling of Tests 

A. Notification of Pools to be Tested 

By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to be 
scheduled for biennial testing during the following testing period from 
January 1 through the last day of December of that test year. The 
District Supervisor will also provide a l i s t of "exempt" wells and a 
l i s t of wells that do not have a minimum of three Annual Deliverability 
and Shut-In Pressure Tests on file. 
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Any well scheduled for testing during its test year may have the 
conditioning period, test flow period, and some of the seven day shut-in 
period conducted in December of the previous year provided that i f the 7 
day shut-in period immediately follows the test flow period the 7 day 
shut-in pressure would be measured in January of the test year. The 
earliest date that a well could be scheduled for Annual or Biennial 
Deliverability and Shut-In Pressure Test would be such that the Test 
Flow Period would^nd on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost prorated completion of well. 

B. Annual and Biennial Deliverability Tests 

By November 1 of each year, each gas transportation facility shall, in 
cooperation with the operators involved, prepare and submit a schedule 
of the wells to which i t is connected which are to begin testing in 
December and January. Said schedule shall be entitled, "Annual and 
Biennial Deliverability and Shut-In Pressure Test Schedule", and one 
copy shall be submitted to the Division's Aztec office and to each 
operator concerned. The schedule shall indicate the date of tests, 
pool, operator, lease, well number, and location of each well. 

At least 30 days prior to the beginning of each succeeding 2-month 
testing interval, a similar schedule shall be prepared and filed in 
accordance with the above. 

The gas transportation facility and the Aztec District Office of the 
Division shall be notified immediately by any operator unable to conduct 
any test as scheduled. 

In the event a well is not tested in accordance with the existing test 
schedule, the well shall be re-scheduled by the gas transportation 
facility, and the Division and the operator of the well so notified in 
writing. Every effort should be made to notify the Division of the new 
schedule prior to the conclusion of the newly assigned 14-day 
conditioning period. 

Notice to the Division of Shut-In Pressure Tests which are scheduled at 
a time other than immediately following the flow test must be received 
prior to the time that the well is shut-in. 

It shall be the responsibility of each operator to determine that all of 
its wells are properly scheduled for testing by the gas transportation 
facility to which they are connected, in order that all annual and 
biennial tests may be completed during the testing season. 

In the event a well is shut-in by the state for over production, the 
operator may produce the well for a period of time to secure a test 
after notification to the Division. All gas produced during this 
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testing period will be used in determining the over/under produced 
status of the well. 

C. Deliverability Re-Tests 

An operator may, in cooperation with the gas transportation facility, 
schedule a well* for a deliverability re-test upon notification to the 
Division's Aztec office at least ten days before the test is to be 
commenced. Such re-test shall be for good and substantial reason and 
shall be subject to the approval of the Division. Re-tests shall in all 
ways be conducted in conformance with the Annual and Biennial 
Deliverability Test Procedures of these rules. The Oivision, at its 
discretion, may require the re-testing of any well by notification to 
the operator to schedule such re-test. These tests as filed on Form 
C-122-A should be identified as "RETEST" in the remarks column. 

SECTION 4: Witnessing of Tests 

Any Initial Annual or Biennial Deliverability and Shut-In Pressure Test 
may be witnessed by any or al l of the following: an agent of the 
Division, an offset operator, a representative of the gas transportation 
facility connected to the well under test, or a representative of the 
gas transportation facility taking gas from an offset operator. 

CHAPTER II PROCEDURE FOR TESTING 

SECTION 1: Initial Deliverability and Shut-In Pressure Test Procedure 

A. Within 90 days after a newly completed well is first delivered to a 
gas transportation facility, the operator shall complete a 
deliverability and shut-in pressure test of the well in conformance with 
the "Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedures", prescribed in Section 2 of this chapter. Results of the 
test shall be filed as required by Section 1 of Chapter I of these 
rules. 

B. In the event i t is impractical to test a newly completed well in 
conformance with Paragraph A above, the operator may conduct the 
deliverability and shut-in pressure test in the following manner 
(provided, however, that any test so conducted will not be accepted as 
the first annual deliverability and shut-in pressure test as described 
in Paragraph A-l of Section 2, Chapter I ) : 

1. A 7-day or 8-day production chart may be used as the basis for 
determining the well's deliverability, providing the chart so used is 
preceded by at least 14 days continuous production. The well shall 
produce through either the casing or tubing, but not both, into a 
pipeline during these periods. The production valve and the choke 
settings shall not be changed during either the conditioning or flow 
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period with the exception of the first ten (10) days of the 
conditioning period when maximum production would over-range the meter 
chart or location production equipment. 

2. A shut-in pressure of at least seven days duration shall be taken. 
This shall be the shut-in test required in Paragraph A, Section 1 of 
Chapter I of-these rules. 

3. The average daily static meter pressure shall be determined in 
accordance with Section 2 of Chapter I I of these rules. This pressure 
shall be used as P̂  in calculating Py for the Deliverability 
Calculation. 

4. The daily average rate of flow shall be determined in accordance 
with Section 2 of Chapter I I . 

5. The static wellhead working pressure (Py) shall be determined in 
accordance with Section 2 of Chapter I I . 

6. The deliverability of the well shall be determined by using the data 
determined in Paragraphs 1 through 5 above in the deliverability 
formula in accordance with Section 2 of Chapter I I . 

7. The data and calculations for Paragraphs 1 through 6 above shall be 
reported as required in Section 1 of Chapter I of these rules, upon 
the blue-colored Form C-122-A or on white Form C-122-A and write 
"INITIAL TEST ONLY" in remarks. 

SECTION 2: Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedure 

This test shall begin by producing a well in the normal operating manner 
into the pipeline through either the casing or tubing, but not both, for 
a period of fourteen consecutive days. This shall be known as the 
conditioning period. The production valve and choke settings shall not 
be changed during either the conditioning or flow periods except during 
the first ten (10) days of the conditioning period when maximum 
production would over-range the meter chart or location production 
equipment. The first ten (10) days of said conditioning period shall 
not have more than forty eight (48) hours of cumulative interruptions of 
flow. The eleventh to fourteenth days, inclusive, of said conditioning 
period shall have no interruptions of flow whatsoever. Any interruption 
of flow that occurs as normal operation of the well as stop-cock flow, 
intermittent flow, or well blow down will not be counted as shut-in time 
in either the conditioning or flow period. 

The daily flowing rate shall be determined from an average of seven or 
eight consecutive producing days, following a minimum conditioning 
period of 14 consecutive days of production. This shall be known as the 
flow period. 
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Instantaneous pressures shall be measured by deadweight gauge or other 
method approved by the Division during the 7-day or 8-day flow period at 
the casinghead, tubinghead, and orifice meter, and shall be recorded 
along with instantaneous meter-chart static pressure reading. 

If a well is producing through a compressor that is located between the 
wellhead and the meter run, the meter run pressure and the wellhead 
casing pressure and the wellhead tubing pressure are to be reported on 
Form C-122-A. (Neither the suction pressure nor the discharge pressure 
of the compressor is considered wellhead pressure.) A note shall be 
entered in the remarks portion on Form C-122-A stating "This well 
produces through a compressor". 

When it is necessary to restrict the flow of gas between the wellhead 
and orifice meter, the ratio of the downstream pressure, psia, to the 
upstream pressure, psia shall be determined. When this ratio is 0. 57, 
or less, critical flow conditions shall be considered to exist across 
the restriction. 

When more than one restriction between the wellhead and orifice meter 
causes the pressures to reflect critical flow between the wellhead and 
orifice meter, the pressures across each of these restrictions shall be 
measured to determine whether critical flow exists at any restriction. 
When critical flow does not exist at any restriction, the pressures 
taken to disprove critical flow shall be reported to the Division on 
Form 0122-A in item (n) of the form. When critical flow conditions 
exist, the instantaneous flowing pressures required hereinabove shall be 
measured during the last 48 hours of the 7-day or 8-day flow period. 

When critical flow exists between the wellhead and orifice meter, the 
measured wellhead flowing pressure of the string through which the well 
flowed during test shall be used as Pt when calculating the static 
wellhead working pressure (Pw) using the method established below. 

When critical flow does not exist at any restriction, Pt shall be the 
corrected average static pressure from the meter chart plus friction 
loss from the wellhead to the orifice meter. 

The static wellhead working pressure (Pw) of any well under test shall 
be the calculated 7-day or 8-day average static tubing pressure if the 
well is flowing through the casing; it shall be the calculated 7-day or 
8-day average static casing pressure if the well is flowing through the 
tubing. The static wellhead working pressure (Pw) shall be calculated 
by applying the tables and procedures set out in this manual. 

To obtain the shut-in pressure of a well under test, the well shall be 
shut in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 



8 

pressure shall be measured with a deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in of 
the well. The 7-day shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two strings. 
The higher of such pressures shall be used as Pc in the deliverability 
calculation. When any such shut-in pressure is determined by the 
Division to be .abnormally low or the well can not be shut-in due to 
"HARDSHIP" classification, the shut-in pressure to be used as Pc shall 
be determined by one of the following methods: 

1. A Division-designated value. 

2. An average shut-in pressure of a l l offset wells completed in the 
same zone. Offset wells include the four side and four corner wells, 
i f available. 

3. A calculated surface pressure based on a calculated bottom-hole 
pressure. Such calculation shall be made in accordance with the 
examples in this manual. 

All Wellhead pressures as well as the flowing meter pressure tests which 
are to be taken during the 7-day or 8-day deliverability test period as 
required hereinabove shall be taken with a deadweight gauge or other 
method approved by the Division. The pressure readings and the date and 
time according to the chart shall be recorded and maintained in the 
operator's records with the test information. 

Orifice meter charts shall be changed and so arranged as to reflect upon 
a single chart the flow data for the gas from each well for the f u l l 
7-day or 8-day deliverability test period; however, no tests shall be 
voided i f satisfactory explanation is made as to the necessity for using 
test volumes through two chart periods. Corrections shall be made for 
pressure base, measured flowing temperature, specific gravity, and 
supercompressibility; provided however, i f the specific gravity of the 
gas from any well under test is not available, an estimated specific 
gravity may be assumed therefor, based upon that of gas from near-by 
wells, the specific gravity of which has been actually determined by 
measurement. 

The average flowing meter pressure for the 7-day or 8-day flow period 
and the corrected integrated volume shall be determined by the 
purchasing company that integrates the flow charts and furnished to the 
operator or testing agency. 

The 7-day or 8-day flow period volume shall be calculated from the 
integrated readings as determined from the flow period orifice meter 
chart. The volume so calculated shall be divided by the number of 
testing days on the chart to determine the average daily rate of flow 
during said flow period. The flow period shall have a minimum of seven 
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and a maximum of eight legibly recorded flowing days to be acceptable 
for test purposes. The volume used in this calculation shall be 
corrected to New Mexico Oil Conservation Division standard conditions of 
15.025 psia pressure base, 60°F. temperature base and 0.60 specific 
gravity base. 

The daily volume of flow as determined from the flow period chart 
readings shall be calculated by applying the Basic Orifice Deter Formula 
or other acceptable industry standard practices. 

0 - C {h w P f }
1 / 2 

Where: 

0 - Metered volume of flow Mcf/d P 15.025 psia, 60° F., and 0.60 
specific gravity. 

C = The 24-hour basic orifice meter flow factor corrected for flowing 
temperature, gravity, and supercompressibility. 

hw - Daily average differential meter pressure from flow period chart. 

Pf = Daily average flowing meter pressure from flow period chart. 

The basic orifice meter flow factors, flowing temperature factor, and 
specific gravity factor shall be determined from the tables in this 
manual. 

The daily flow period average corrected flowing meter pressure, psig, 
shall be used to determine the supercompressibility factor. 
Supercompressibility Tables may be obtained from the New Mexico Oil 
Conservation Division. 

When supercompressibility correction is made for a gas containing either 
nitrogen or carbon dioxide in excess of two percent, the 
supercompressibility factors of such gas shall be determined by the use 
of Table V of the C.N.6. A. Bulletin TS-402 for pressures 100-500 psig, 
or Table II, TS-461 for pressures in excess of 500 psig. 

The use of tables for calculating rates of flow from integrator readings 
which do not specifically conform to the New Mexico Oil Conservation 
Division "Back Pressure Test Manual", or this manual, may be approved 
for determining the daily flow period rates of flow upon a showing that 
such tables are appropriate and necessary. 

The daily average integrated rate of flow for the 7-day or 8-day flow 
period shall be corrected for meter error by multiplication by a 
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correction factor. Said correction factor shall be determined by 
dividing the square root of the deadweight flowing meter pressure, psia, 
by the square root of the chart flowing meter pressure, psia. 

Deliverability pressure, as used herein, is a defined pressure applied 
to each well and used in the process of.comparing the abilities of wells 
in a pool to produce at static wellhead working pressures equal to a 
percentage of the 7-day shut-in pressure of the respective individual 
wells. Such perceatage shall be determined and announced periodically 
by the Division based on the relationship of the average static wellhead 
working pressures (P^) divided by the average 7-day shut-in pressure 
(Pc) of the pool. 

The deliverability of gas at the "deliverability pressure" of any well 
under test shall be calculated from the test data derived from the tests 
hereinabove required by use of the following deliverability formula: 

(Pc2 - Pd2) n 

D = Q 

(Pc2 - Pw2) 
Where: 
D = Deliverability Mcf/d at the deliverability pressure, (Pd), (at 
Standard Conditions of 15.025 psia, 60°F and 0.60 sp. gr.). 

0 * Daily flow rate in Mcf/d, at wellhead pressure (Pw). 

Pc " 7-day shut-in Wellhead pressure, psia, determined in accordance 
with Section 2 of Chapter II. 

Pd = Deliverability pressure, psia, as defined above. 

Pw = Average static wellhead working pressure, as determined from 7-day 
or 8-day flow period, psia, and calculated from tables in this manual 
entitled "Pressure Loss Due to Friction" Tables for San Juan Basin. 

n - Average pool slope of back pressure curves as follows: 

For Pictured Cliffs and shallower formations 0.85 
For formations deeper than Pictured Cliffs 0.75 

(Mote: Special Rules for Any Specific Pool or Formation May Supersede 
The Above Values. Check Special Rules If In Doubt. ) 

The value of the multiplier in the above formula (ratio factor after the 
application of the pool slope) by which Q is multiplied shall not exceed 
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a limiting value to be determined and announced periodically by the 
Division. Such determination shall be made after a study of the test 
data of the pool obtained during the previous testing season. 

Downhole commingled wells are to be tested in year for DOOI of lowermost 
prorated completion of well and shall use pool slope (n), and 
deliverability 'pressure of lowermost pool. The total flow rate from the 
downhole commingled well will be used to calculate a value of 
deliverability. For each prorated gas zone of a downhole commingled 
well, a Form C-122-A is required to be filed and in the Summary portion 
of that form, al l zones will indicate the same data for line h, PQ, Q, 
Pw, and Pd- The value shown for Deliverability (U) will be that 
percentage of the total deliverability of the well that is applicable to 
this zone. A note shall be placed in the remarks column that indicates 
the percentage of deliverability to be allocated to this zone of the 
well. 

Any test prescribed herein will be considered acceptable i f the average 
flow rate for the final 7-day or 8-day deliverability test is not more 
than ten percent in excess of any consecutive 7-day or 8-day average of 
the preceding two weeks. A deliverability test not meeting this 
requirement may be declared invalid, requiring the well to be re-tested. 

All charts relative to initial, annual, or biennial deliverability tests 
or copies thereof shall be made available to the Division upon its 
request. 

All testing agencies, whether individuals, companies, pipeline 
companies, or operators, shall maintain a log of all tests accomplished 
by them, including all field test data. The operator shall maintain the 
above data for a period of not less than two (2) years plus the current 
test year. 

All forms heretofore mentioned are hereby adopted for use in the San 
Juan Basin Area in open form subject to such modification as experience 
may indicate desirable or necessary. 

Initial and Annual or Biennial Deliverability and Shut-In Pressure Tests 
for gas wells in all formations shall be conducted and reported in 
accordance with these rules and procedures. Provided however, these 
rules shall be subject to any specific modification or change contained 
in Special Pool Rules adopted for any pool after notice and hearing. 

CHAPTER I I I INFORMATIONAL TESTS 

A. A one-point back pressure test may be taken on newly completed wells 
before their connection or reconnection to a gas transportation 
facility. This test shall not be a required official test but may be 
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taken for informational purposes at the option of the operator. When 
taken, this test must be taken and reported as prescribed below: 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 

1. This test shall be accomplished after a minimum shut-in of seven 
days. The shut-in pressure shall be measured with a deadweight gauge 
or other method approved by the Division. 

2. The flow rate shall be that rate in flcf/d measured at the end of a 
three hour test flow period. The flow from the well shall be for 
three hours through a positive choke, which has a 3/4-inch orifice. 

3. A 2-inch nipple which provides a mechanical means of accurately 
measuring the pressure and temperature of the flowing gas shall be 
installed immediately upstream from the positive choke. 

4. The absolute open flow shall be calculated using the conventional 
back pressure formula as shown in this manual or the New Hexico Oil 
Conservation Division "Back Pressure Test Manual." 

5. The observed data and flow calculations shall be reported in 
duplicate on Form C-122, "Multi-Point Back Pressure Test for Gas 
Wells. " 

6. Non-critical flow shall be considered to exist when the choke 
pressure is 13 psig or less. When this condition exists the flow rate 
shall be measured with a pitot tube and nipple as specified in this 
manual or in the Division's Manual of "Tables and Procedure for Pitot 
Tests. " The pitot test nipple shall be installed immediately 
downstream from the 3/4-inch positive choke. 

7. Any well completed with 2-inch nominal size tubing (1.995-inch ID) 
or larger shall be tested through the tubing. 

B. Other tests for informational purposes may be conducted prior to 
obtaining a pipeline connection for a newly completed well upon 
receiving specific approval therefor from the Division's Aztec office. 
Approval of these tests shall be based primarily upon the volume of gas 
to be vented. 

CHAPTER IV Type of Tests Required for Wells Completed in Non-Prorated 

Pools 

SECTION 1: Initial Shut-in Pressure Tests for newly Completed Wells. 

A. (Same as Chapter I, Section 1, A) 

SECTION 2: Biennial Shut-in Pressure Tests 
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A. Non-prorated wells will be tested biennially as required by the 
District Office except as follows: 

1. Wells which meet the "exempt" qualification as shown in Chapter 
I, Section 2, paragraph A-2 of these rules shall also be exempt 
from shut-in .-test requirements. 

2. Wells classified as "hardship" wells during the test year shall 
also be exempt from shut-in test requirements. 

B. All shut-in tests required by these rules must be filed with the 
Division's Aztec office by January 31 of the following year. Failure 
to file the test will subject the well to being shut-in one day for 
each day the test is late. 

SECTION 3: Scheduling Tests 

A. By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation f a c i l i t y and each operator of the pools which are to be 
scheduled for biennial shut-in pressure testing during the following 
testing period from January 1 through the last day of December of that 
test year. The District Supervisor w i l l also provide a l i s t of 
"exempt" wells. 

Any well scheduled for testing during i t s test year may have the test 
flow period, and some of the seven day shut-in period conducted in 
December of the previous year. The earliest date that a well could be 
scheduled for Biennial Shut-In Pressure Test would be such that the 
Test Flow Period would end on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost completion of well. 

SECTION 4: Test Procedure 

A. To obtain the shut-in pressure of a well under test, the well 
shall be shut-in some time during the current testing season for a 
period of seven to fourteen consecutive days, which have been preceded 
by a minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured by deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be reported as the 
shut-in pressure of the well. 

SECTION 5: Filing of shut-in Pressure Data 
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The results of this test will be filed in triplicate on Form C-125-B 
showing the pressures in psia in column labeled "S. I. PRESSURE PSIA 
(DWT)" with the Aztec District Office. 

END OF THIS PROPOSED MANUAL FOR TESTING IN SJB 11/10/86 



GAS WELL TESTING MANUAL FOR SAfWUAti 
DAG IN, NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN PRORATED GAS 
POOLS 

SECTION 1: Initial Deliverability and Shut-In Pressure Tests for Newly 
Completed We _ ^^/r^cu/^^^^ 

A. Immediately upon completion of each gas well in Gyp-'Juan Quiii, 
a shut-in pressure test of at least seven days duration shall be made. 
This initial shut-in pressure shall be filed with the Division's Aztec 
Office on either Form C-122 or C-104. 

B. Within 90 days after a well first delivers gas to a gas 
transportation facility, the well shall have been tested in accordance 
with Section 1 of Chapter II of these rules, "Initial Deliverability and 
Shut-In Pressure Test Procedures", and the results of the test filed in 
triplicate with the Division's Aztec office and one copy filed with the 
gas transportation facility to which the well is connected. This test 
is to be filed on Form C-122-A. Failure to file said test within the 
above-prescribed 90-day period will subject the well to the loss of one 
day's allowable for each day the test is late. 

1. If the newly first delivered well is an infill well on a proration 
unit, the old well on the unit is not required to be tested provided 
it has a valid test on file for the current proration year. Testing 
of the old well follows the regularly assigned test year for the pool 
in which the wells are located. The new well is required to be tested 
annually until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that pool. 

2. If the newly first delivered well is an infill well on a proration 
unit and the old well on the unit is "exempt", the old well is to be 
tested along with the new well for the Initial and Annual 
Deliverability and Shut-In Pressure Test. The old well will lose its 
4,exempt" classification and must be tested biennially along with other 
wells in that pool. The new infill well is required to be tested 
annually until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that pool. 

C. The requirements for Initial Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly completed 
wells shall also apply to recompleted wells. 
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D. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as official tests for the assignment 
of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 
Tests 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall 
be made on all gas_ wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested on an 
annual basis until a minimum of three annual tests have been taken, 
after which the well shall be tested biennially as is required for 
other wells in the pool in which the well is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status shall be 
done once each year immediately following the reporting of June 
production and shall be effective for the succeeding annual test 
period. 

Gas wells completed in the Pictured Cliffs or any shallower formation 
shall be classified "exempt" i f at least three months of production 
history is available and the well failed to produce, and is incapable 
of producing, an average of 250 MCF or more per month during the 
months produced within the preceding 12-month period, and the well is 
classified as marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the Pictured Cliffs 
formation shall be classified "exempt" i f at least three months of 
production history is available and the well failed to produce, and is 
incapable of producing, an average of 2000 MCF or more per month 
during the months produced within the preceding 12-month period, and 
the well is classified as marginal in the August Gas Proration 
Schedule. 

Gas wells on multiple well Gas Proration Units will not be classified 
"exempt" unless the Gas Proration Unit is classified as marginal. Any 
or a l l wells on a marginal multiple well Gas Proration Unit may be 
classified as "exempt" provided each Gas Proration Unit so classified 
meets the qualification for "exempt" status. Gas Proration Units for 
wells producing from formations deeper than the Pictured Cliffs 
formation shall be classified "exempt" i f at least three months of 
production history is available and the Gas Proration Unit failed to 
produce, and is incapable of producing, an average of 2000 MCF or more 
per month during the months produced within the preceding 12-month 
period, and the Gas Proration Unit is classified as marginal in the 
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August Gas Proration Schedule. Gas Proration Units are to be 
classified as "exempt" because of their low producing ability. 

The District Supervisor of the Division's Aztec Office may classify a 
well or Gas Proration Unit as "exempt" at any time i f the operator 
presents sufficient evidence to the District Supervisor indicating 
that the well or Gas Proration Unit i s incapable of producing gas at a 
higher rate than that rate required for "exempt" classification for 
wells or Gas Proration Units in that pool. 

Once a well or Gas Proration Unit has been declared "exempt" for the 
following test year, i t shall remain classified "exempt" for that test 
year. 

3. If a test is filed on any well on a gas proration unit, the test 
requirement for the gas proration unit has been met. The 
deliverability of the unit is taken only as the resulting sum of all 
wells tested. 

4. A shut-in pressure must be filed on Form C-122-A even i f no gas is 
measured during the production phase of the test. "Exempt" wells do 
not require the filing of a shut-in pressure. 

B. All Annual and Biennial Deliverability and Shut-In Pressure Tests 
required by these rules must be filed with the Division's Aztec office 
and with the appropriate gas transportation facility within 90 days 
following the completion of each test. Provided however, that any test 
completed between October 31 of the test year and January 31 of the 
following year are due no later than January 31. No extension of time 
for filing tests beyond January 31 will be granted except after notice 
and hearing. 

Failure to file any test within the above-prescribed times will subject 
the well to the loss of one day's allowable for each day the test is 
late. A well classified as marginal shall be shut-in one day for each 
day the test is late. 

SECTION 3: Scheduling of Tests 

A. Notification of Pools to be Tested 

By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to be 
scheduled for biennial testing during the following testing period from 
January 1 through the last day of December of that test year. The 
District Supervisor will also provide a l i s t of "exempt" wells and a 
l i s t of wells that do not have a minimum of three Annual Deliverability 
and Shut-In Pressure Tests on file. 
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Any well scheduled for testing during its test year may have the 
conditioning period, test flow period, and some of the seven day shut-in 
period conducted in December of the previous year provided that i f the 7 
day shut-in period immediately follows the test flow period the 7 day 
shut-in pressure would be measured in January of the test year. The 
earliest date that a well could be scheduled for Annual or Biennial 
Deliverability and Shut-In Pressure Test would be such that the Test 
Flow Period would_£nd on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost prorated completion of well. 

B. Annual and Biennial Deliverability Tests 

By November 1 of each year, each gas transportation facility shall, in 
cooperation with the operators involved, prepare and submit a schedule 
of the wells to which i t is connected which are to begin testing in 
December and January. Said schedule shall be entitled, "Annual and 
Biennial Deliverability and Shut-In Pressure Test Schedule", and one 
copy shall be submitted to the Division's Aztec office and to each 
operator concerned. The schedule shall indicate the date of tests, 
pool, operator, lease, well number, and location of each well. 

At least 30 days prior to the beginning of each succeeding 2-month 
testing interval, a similar schedule shall be prepared and filed in 
accordance with the above. 

The gas transportation facility and the Aztec District Office of the 
Division shall be notified immediately by eny operator unable to conduct 
any test as scheduled. 

In the event a well is not tested in accordance with the existing test 
schedule, the well shall be re-scheduled by the gas transportation 
facility, and the Division and the operator of the well so notified in 
writing. Every effort should be made to notify the Division of the new 
schedule prior to the conclusion of the newly assigned 14-day 
conditioning period. 

Notice to the Division of Shut-In Pressure Tests which are scheduled at 
a time other than immediately following the flow test must be received 
prior to the time that the well is shut-in. 

It shall be the responsibility of each operator to determine that all of 
its wells are properly scheduled for testing by the gas transportation 
facility to which they are connected, in order that all annual and 
biennial tests may be completed during the testing season. 

In the event a well is shut-in by the state for over production, the 
operator may produce the well for a period of time to secure a test 
after notification to the Division. All gas produced during this 
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testing period will be used in determining the over/under produced 
status of the well. 

C. Deliverability Re-Tests 

An operator may, in cooperation with the gas transportation facility, 
schedule a well*for a deliverability re-test upon notification to the 
Division's Aztec office at least ten days before the test is to be 
commenced. Such re-test shall be for good and substantial reason and 
shall be subject to the approval of the Division. Re-tests shall in all 
ways be conducted in conformance with the Annual and Biennial 
Deliverability Test Procedures of these rules. The Oivision, at its 
discretion, may require the re-testing of any well by notification to 
the operator to schedule such re-test. These tests as filed on Form 
C-122-A should be identified as "RETEST" in the remarks column. 

SECTION 4: Witnessing of Tests 

Any Initial Annual or Biennial Deliverability and Shut-In Pressure Test 
may be witnessed by any or al l of the following: an agent of the 
Division, an offset operator, a representative of the gas transportation 
facility connected to the well under test, or a representative of the 
gas transportation facility taking gas from an offset operator. 

CHAPTER II PROCEDURE FOR TESTING 

SECTION 1: Initial Deliverability and Shut-In Pressure Test Procedure 

A. Within 90 days after a newly completed well is first delivered to a 
gas transportation facility, the operator shall complete a 
deliverability and shut-in pressure test of the well in conformance with 
the "Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedures", prescribed in Section 2 of this chapter. Results of the 
test shall be filed as required by Section 1 of Chapter I of these 
rules. 

B. In the event i t is impractical to test a newly completed well in 
conformance with Paragraph A above, the operator may conduct the 
deliverability and shut-in pressure test in the following manner 
(provided, however, that any test so conducted will not be accepted as 
the first annual deliverability and shut-in pressure test as described 
in Paragraph A-l of Section 2, Chapter I ) : 

1. A 7-day or 8-day production chart may be used as the basis for 
determining the well's deliverability, providing the chart so used is 
preceded by at least 14 days continuous production. The well shall 
produce through either the casing or tubing, but not both, into a 
pipeline during these periods. The production valve and the choke 
settings shall not be changed during either the conditioning or flow 
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period with the exception of the first ten (10) days of the 
conditioning period when maximum production would over-range the meter 
chart or location production equipment. 

2. A shut-in pressure of at least seven days duration shall be taken. 
This shall be the shut-in test required in Paragraph A, Section 1 of 
Chapter I of-these rules. 

3. The average dgily static meter pressure shall be determined in 
accordance with Section 2 of Chapter I I of these rules. This pressure 
shall be used as Pt in calculating P« for the Deliverability 
Calculation. 

4. The daily average rate of flow shall be determined in accordance 
with Section 2 of Chapter I I . 

5. The static wellhead working pressure (Py) shall be determined in 
accordance with Section 2 of Chapter I I . 

6. The deliverability of the well shall be determined by using the data 
determined in Paragraphs 1 through 5 above in the deliverability 
formula in accordance with Section 2 of Chapter I I . 

7. The data and calculations for Paragraphs 1 through 6 above shall be 
reported as required in Section 1 of Chapter I of these rules, upon 
the blue-colored Form C-122-A or on white Form C-122-A and write 
"INITIAL TEST ONLY" in remarks. 

SECTION 2: Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedure 

This test shall begin by producing a well in the normal operating manner 
into the pipeline through either the casing or tubing, but not both, for 
a period of fourteen consecutive days. This shall be known as the 
conditioning period. The production valve and choke settings shall not 
be changed during either the conditioning or flow periods except during 
the first ten (10) days of the conditioning period when maximum 
production would over-range the meter chart or location production 
equipment. The first ten (10) days of said conditioning period shall 
not have more than forty eight (48) hours of cumulative interruptions of 
flow. The eleventh to fourteenth days, inclusive, of said conditioning 
period shall have no interruptions of flow whatsoever. Any interruption 
of flow that occurs as normal operation of the well as stop-cock flow, 
intermittent flow, or well blow down will not be counted as shut-in time 
in either the conditioning or flow period. 

The daily flowing rate shall be determined from an average of seven or 
eight consecutive producing days, following a minimum conditioning 
period of 14 consecutive days of production. This shall be known as the 
flow period. 
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Instantaneous pressures shall be measured by deadweight gauge or other 
method approved by the Division during the 7-day or 8-day flow period at 
the casinghead, tubinghead, and orifice meter, and shall be recorded 
along with instantaneous meter-chart static pressure reading. 

If a well is producing through a compressor that is located between the 
wellhead and the meter run, the meter run pressure and the wellhead 
casing pressure and the wellhead tubing pressure are to be reported on 
Form C-122-A. (Neither the suction pressure nor the discharge pressure 
of the compressor is considered wellhead pressure.) A note shall be 
entered in the remarks portion on Form C-122-A stating "This well 
produces through a compressor". 

When it is necessary to restrict the flow of gas between the wellhead 
and orifice meter, the ratio of the downstream pressure, psia, to the 
upstream pressure, psia shall be determined. When this ratio is 0. 57, 
or less, critical flow conditions shall be considered to exist across 
the restriction. 

When more than one restriction between the wellhead and orifice meter 
causes the pressures to reflect critical flow between the wellhead and 
orifice meter, the pressures across each of these restrictions shall be 
measured to determine whether critical flow exists at any restriction. 
When critical flow does not exist at any restriction, the pressures 
taken to disprove critical flow shall be reported to the Division on 
Form 0122-A in item (n) of the form. When critical flow conditions 
exist, the instantaneous flowing pressures required hereinabove shall be 
measured during the last 48 hours of the 7-day or 8-day flow period. 

When critical flow exists between the wellhead and orifice meter, the 
measured wellhead flowing pressure of the string through which the well 
flowed during test shall be used as Pt when calculating the static 
wellhead working pressure (Pw) using the method established below. 

When critical flow does not exist at any restriction, Pt shall be the 
corrected average static pressure from the meter chart plus friction 
loss from the wellhead to the orifice meter. 

The static wellhead working pressure (Pw) of any well under test shall 
be the calculated 7-day or 8-day average static tubing pressure if the 
well is flowing through the casing; it shall be the calculated 7-day or 
8-day average static casing pressure if the well is flowing through the 
tubing. The static wellhead working pressure (Pw) shall be calculated 
by applying the tables and procedures set out in this manual. 

To obtain the shut-in pressure of a well under test, the well shall be 
shut in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
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pressure shall be measured with a deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in of 
the well. The 7-day shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two strings. 
The higher of such pressures shall be used as Pc in the deliverability 
calculation. When any such shut-in pressure is determined by the 
Division to be-abnormally low or the well can fiot be shut-in due to 
"HARDSHIP" classification, the shut-in pressure to be used as Pc shall 
be determined by one of the following methods: 

1. A Division-designated value: 

2. An average shut-in pressure of a l l offset wells completed in the 
same zone. Offset wells include the four side and four corner wells, 
i f available. 

3. A calculated surface pressure based on a calculated bottom-hole 
pressure. Such calculation shall be made in accordance with the 
examples in this manual. 

All Wellhead pressures as well as the flowing meter pressure tests which 
are to be taken during the 7-day or 8-day deliverability test period as 
required hereinabove shall be taken with a deadweight gauge or other 
method approved by the Division. The pressure readings and the date and 
time according to the chart shall be recorded and maintained in the 
operator's records with the test information. 

Orifice meter charts shall be changed and so arranged as to reflect upon 
a single chart the flow data for the gas from each well for the full 
7-day or 8-day deliverability test period; however, no tests shall be 
voided if satisfactory explanation is made as to the necessity for using 
test volumes through two chart periods. Corrections shall be made for 
pressure base, measured flowing temperature, specific gravity, and 
supercompressibility; provided however, i f the specific gravity of the 
gas from any well under test is not available, an estimated specific 
gravity may be assumed therefor, based upon that of gas from near-by 
wells, the specific gravity of which has been actually determined by 
measurement. 

The average flowing meter pressure for the 7-day or 8-day flow period 
and the corrected integrated volume shall be determined by the 
purchasing company that integrates the flow charts and furnished to the 
operator or testing agency. 

The 7-day or 8-day flow period volume shall be calculated from the 
integrated readings as determined from the flow period orifice meter 
chart. The volume so calculated shall be divided by the number of 
testing days on the chart to determine the average daily rate of flow 
during said flow period. The flow period shall have a minimum of seven 
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and a maximum of eight legibly recorded flowing days to be acceptable 
for test purposes. The volume used in this calculation shall be 
corrected to New Mexico Oil Conservation Division standard conditions of 
15.025 psia pressure base, 60°F. temperature base and 0.60 specific 
gravity base. 

The daily volume of flow as determined from the flow period chart 
readings shall be calculated by applying the Basic Orifice Meter Formula 
or other acceptable industry standard practices. 

0 - C {h w P f }
1 / 2 

Where: 

0 - Metered volume of flow Mcf/d §> 15.025 psia, 60° F., and 0.60 
specific gravity. 

C = The 24-hour basic orifice meter flow factor corrected for flowing 
temperature, gravity, and supercompressibility. 

hw - Daily average differential meter pressure from flow period chart. 

Pf = Daily average flowing meter pressure from flow period chart. 

The basic orifice meter flow factors, flowing temperature factor, and 
specific gravity factor shall be determined from the tables in this 
manual. 

The daily flow period average corrected flowing meter pressure, psig, 
shall be used to determine the supercompressibility factor. 
Supercompressibility Tables may be obtained from the New Mexico Oil 
Conservation Division. 

When supercompressibility correction is made for a gas containing either 
nitrogen or carbon dioxide in excess of two percent, the 
supercompressibility factors of such gas shall be determined by the use 
of Table V of the C.N.G. A. Bulletin TS-402 for pressures 100-500 psig, 
or Table II, TS-461 for pressures in excess of 500 psig. 

The use of tables for calculating rates of flow from integrator readings 
which do not specifically conform to the New Mexico Oil Conservation 
Division "Back Pressure Test ttanual", or this manual, may be approved 
for determining the daily flow period rates of flow upon a showing that 
such tables are appropriate and necessary. 

The daily average integrated rate of flow for the 7-day or 8-day flow 
period shall be corrected for meter error by multiplication by a 
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correction factor. Said correction factor shall be determined by 
dividing the square root of the deadweight flowing meter pressure, psia, 
by the square root of the chart flowing meter pressure, psia. 

Deliverability pressure, as used herein, is a defined pressure applied 
to each well and used in the process of.comparing the abilities of wells 
in a pool to produce at static wellhead working pressures equal to a 
percentage of the 7-day shut-in pressure of the respective individual 
wells. Such percentage shall be determined and announced periodically 
by the Division based on the relationship of the average static wellhead 
working pressures (Pw) divided by the average 7-day shut-in pressure 
(Pc) of the pool. 

The deliverability of gas at the "deliverability pressure" of any well 
under test shall be calculated from the test data derived from the tests 
hereinabove required by use of the following deliverability formula: 

(Pc2 " Pd2) n 

D = Q 

(Pc2 " Pw2) 
Where: 
D = Deliverability tlcf/d at the deliverability pressure, (Pd)/ (at 
Standard Conditions of 15.025 psia, 60°F and 0.60 sp. gr.). 

Q = Daily flow rate in Mcf/d, at wellhead pressure (Pw). 

Pc - 7-day shut-in Wellhead pressure, psia, determined in accordance 
with Section 2 of Chapter II. 

Pd • Deliverability pressure, psia, as defined above. 

Pw = Average static wellhead working pressure, as determined from 7-day 
or 8-day flow period, psia, and calculated from tables in this manual 
entitled "Pressure Loss Due to Friction" Tables for San Juan Basin. 

n = Average pool slope of back pressure curves as follows: 

For Pictured Cliffs and shallower formations 0.85 
For formations deeper than Pictured Cliffs 0.75 

(ttote: Special Rules for Any Specific Pool or Formation May Supersede 
The Above Values. Check Special Rules If In Doubt. ) 

The value of the multiplier in the above formula (ratio factor after the 
application of the pool slope) by which Q is multiplied shall not exceed 
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a limiting value to be determined and announced periodically by the 
Division. Such determination shall be made after a study of the test 
data of the pool obtained during the previous testing season. 

Downhole commingled wells are to be tested in year for pool of lowermost 
prorated completion of well and shall use pool slope (n), and 
deliverability -pressure of lowermost pool. The total flow rate from the 
downhole commingled well will be used to calculate a value of 
deliverability. For each prorated gas zone of a downhole commingled 
well, a Form C-122-A is required to be filed and in the Summary portion 
of that form, all zones will indicate the same data for line h, Pc, 0, 
Pw, and Pd- The value shown for Deliverability (D) will be that 
percentage of the total deliverability of the well that is applicable to 
this zone. A note shall be placed in the remarks column that indicates 
the percentage of deliverability to be allocated to this zone of the 
well. 

Any test prescribed herein will be considered acceptable i f the average 
flow rate for the final 7-day or 8-day deliverability test is not more 
than ten percent in excess of any consecutive 7-day or 8-day average of 
the preceding two weeks. A deliverability test not meeting this 
requirement may be declared invalid, requiring the well to be re-tested. 

All charts relative to initial, annual, or biennial deliverability tests 
or copies thereof shall be made available to the Division upon its 
request. 

All testing agencies, whether individuals, companies, pipeline 
companies, or operators, shall maintain a log of all tests accomplished 
by them, including all field test data. The operator shall maintain the 
above data for a period of not less than two (2) years plus the current 
test year. 

All forms heretofore mentioned are hereby adopted for use in the San 
Juan Basin Area in open form subject to such modification as experience 
may indicate desirable or necessary. 

Initial and Annual or Biennial Deliverability and Shut-In Pressure Tests 
for gas wells in a l l formations shall be conducted and reported in 
accordance with these rules and procedures. Provided however, these 
rules shall be subject to any specific modification or change contained 
in Special Pool Rules adopted for any pool after notice and hearing. 

CHAPTER I I I INFORMATIONAL TESTS 

A. A one-point back pressure test may be taken on newly completed wells 
before their connection or reconnection to a gas transportation 
facility. This test shall not be a required official test but may be 
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taken for informational purposes at the option of the operator. When 
taken, this test must be taken and reported as prescribed below: 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 

1. This test shall be accomplished after a minimum shut-in of seven 
days. The shut-in pressure shall be measured with a deadweight gauge 
or other method approved by the Division. 

2. The flow rate shall be that rate in fief/d measured at the end of a 
three hour test flow period. The flow from the well shall be for 
three hours through a positive choke, which has a 3/4-inch orifice. 

3. A 2-inch nipple which provides a mechanical means of accurately 
measuring the pressure and temperature of the flowing gas shall be 
installed immediately upstream from the positive choke. 

4. The absolute open flow shall be calculated using the conventional 
back pressure formula as shown in this manual or the New Mexico Oil 
Conservation Division "Back Pressure Test Manual. " 

5. The observed data and flow calculations shall be reported in 
duplicate on Form C-122, "Multi-Point Back Pressure Test for Gas 
Wells. " 

6. Non-critical flow shall be considered to exist when the choke 
pressure is 13 psig or less. When this condition exists the flow rate 
shall be measured with a pitot tube and nipple as specified in this 
manual or in the Division's Manual of "Tables and Procedure for Pitot 
Tests." The pitot test nipple shall be installed immediately 
downstream from the 3/4-inch positive choke. 

7. Any well completed with 2-inch nominal size tubing (1.995-inch ID) 
or larger shall be tested through the tubing. 

B. Other tests for informational purposes may be conducted prior to 
obtaining a pipeline connection for a newly completed well upon 
receiving specific approval therefor from the Division's Aztec office. 
Approval of these tests shall be based primarily upon the volume of gas 
to be vented. 

CHAPTER IV Type of tests Required for Wells Completed in Non-Prorated 
Pools 

SECTION 1: Initial Shut-in Pressure Tests for newly Completed Wells. 

A. (Same as Chapter I, Section 1, A) 

SECTION 2: Biennial Shut-in Pressure Tests 
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A. Non-prorated wells will be tested biennially as required by the 
District Office except as follows: 

1. Wells which meet the "exempt" qualification as shown in Chapter 
I, Section 2, paragraph A-2 of these rules shall also be exempt 
from shut-in.-test requirements. 

2. Wells classified as "hardship" wells during the test year shall 
also be exempt from shut-in test requirements. 

B. All shut-in tests required by these rules must be filed with the 
Division's Aztec office by January 31 of the following year. Failure 
to file the test will subject the well to being shut-in one day for 
each day the test is late. 

SECTION 3: Scheduling Tests 

A. By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to be 
scheduled for biennial shut-in pressure testing during the following 
testing period from January 1 through the last day of December of that 
test year. The District Supervisor will also provide a l i s t of 
"exempt" wells. 

Any well scheduled for testing during its test year may have the test 
flow period, and some of the seven day shut-in period conducted in 
December of the previous year. The earliest date that a well could be 
scheduled for Biennial Shut-In Pressure Test would be such that the 
Test Flow Period would end on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost completion of well. 

SECTION 4: Test Procedure 

A. To obtain the shut-in pressure of a well under test, the well 
shall be shut-in some time during the current testing season for a 
period of seven to fourteen consecutive days, which have been preceded 
by a minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured by deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be reported as the 
shut-in pressure of the well. 

SECTION 5: Filing of shut-in Pressure Data 
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The results of this test will be filed in triplicate on Form C-125-B 
showing the pressures in psia in column labeled "S. I. PRESSURE PSIA 
(DWT)" with the Aztec District Office. 

END OF THIS PROPOSED MANUAL FOR TESTING IN SJB 11/10/86 



RULES OF PROCEDURE FOR NORTHWEST 
NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN PRORATED GAS 
POOLS 

SECTION 1: Initial Deliverability and Shut-In Pressure Tests for Newly 
Completed Well 

A. Immediately upon completion of each gas well in northwest New Mexico, 
a shut-in pressure test of at least seven days duration shall be made. 
This initial shut-in pressure shall be filed with the Division's 
Aztec Office on either Form C-122 or C-104. 

B. Within 90 days after a well first delivers gas to a gas transportation 
facility, the well shall have been tested in accordance with Section 
1 of Chapter I I of these rules, "Initial Deliverability and Shut-In 
Pressure Test Procedures", and the results of the test filed in 
triplicate with the Division's Aztec office and one copy filed with 
the gas transportation facility to which the well is connected. This 
test is to be filed on Form C-122-A. Failure to file said test within 
the above-prescribed 90-day period will subject the well to the loss 
of one day's allowable for each day the test is late. 

1. If the newly first delivered well is an i n f i l l well on a 
proration unit, the old well on the unit is not required to 
be tested provided i t has a valid test on file for the 
current proration year. Testing of the old well follows the 
regularly assigned test year for the pool in which the wells 
are located. The new well is required to be tested annually 
until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that 
pool. 

2. If the newly first delivered well is an i n f i l l well on a 
proration unit and the old well on the unit is "exempt", the 
old well is to be tested along with the new well for the 
Initial and Annual Deliverability and Shut-In Pressure 
Test. The old well will lose its "exempt" classification 
and must be tested biennially along with other wells in that 
pool. The new i n f i l l well is required to be tested annually 
until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that 
pool. 
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C. The requirements for Initial Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly 
completed wells shall also apply to recompleted wells. 

D. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as official tests for the 
assignment of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 
Tests 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall be 
made on all gas wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested 
on an annual basis until a minimum of three annual tests have 
been taken, after which the well shall be tested biennially 
as is required for other wells in the pool in which the well 
is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status 
shall be done once each year immediately following the 
reporting of June production and shall be effective for the 
succeeding annual test period. 

Gas wells completed in the Pictured Cliffs or any shallower 
formation shall be classified "exempt" i f at least three 
months of production history is available and the well failed 
to produce, and is incapable of producing, an average of 250 
MCF or more per month during the months produced within the 
preceding 12-month period, and the well is classified as 
marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the 
Pictured Cliffs formation shall be classified "exempt" i f at 
least three months of production history is available and 
the well failed to produce, and is incapable of producing, 
an average of 2000 MCF or more per month during the months 
produced within the preceding 12-month period, and the well 
is classified as marginal in the August Gas Proration 
Schedule. 
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Gas wells on multiple well Gas Proration Units will not be 
classified "exempt" unless the Gas Proration Unit is 
classified as marginal. Any or a l l wells on a marginal 
multiple well Gas Proration Unit may be classified as 
"exempt" provided each Gas Proration Unit so classified 
meets the qualification for "exempt" status. Gas Proration 
Units for wells producing from formations deeper than the 
Pictured Cliffs formation shall be classified "exempt" if at 
least three months of production history is available and 
the Gas Proration Unit failed to produce, and is incapable 
of producing, an average of 2000 MCF or more per month 
during the months produced within the preceding 12-month 
period, and the Gas Proration Unit is classified as marginal 
in the August Gas Proration Schedule. Gas Proration Units 
are to be classified as "exempt" because of their low 
producing ability. 

The District Supervisor of the Division's Aztec Office may 
classify a well or Gas Proration Unit as "exempt" at any 
time i f the operator presents sufficient evidence to the 
District Supervisor indicating that the well or Gas 
Proration Unit is incapable of producing gas at a higher 
rate than that rate required for "exempt" classification for 
wells or Gas Proration Units in that pool. 

Once a well or Gas Proration Unit has been declared "exempt" 
for the following test year, i t shall remain classified 
"exempt" for that test year. 

3. I f a test i s fi l e d on any well on a gas proration unit, the 
test requirement for the gas proration unit has been met. 
The deliverability of the unit is taken only as the 
resulting sum of a l l wells tested. 

4. A shut-in pressure must be fi l e d on Form C-122-A even i f no 
gas is measured during the production phase of the test. 
"Exempt" wells do not require the f i l i n g of a shut-in 
pressure. 

B. All Annual and Biennial Deliverability and Shut-In Pressure Tests 
required by these rules must be fi l e d with the Division's Aztec 
office and with the appropriate gas transportation f a c i l i t y within 90 
days following the completion of each test. Provided however, that 
any test completed between October 31 of the test year and January 31 
of the following year are due no later than January 31. No extension 
of time for f i l i n g tests beyond January 31 w i l l be granted except 
after notice and hearing. 
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Failure to file any test within the above-prescribed times will 
subject the well to the loss of one day's allowable for each day the 
test is late. A well classified as marginal shall be shut-in one day 
for each day the test is late. 

SECTION 3: Scheduling of Tests 

A. Notification of Pools to be Tested 

By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to 
be scheduled for biennial testing during the following testing period 
from January 1 through the last day of December of that test year. 
The District Supervisor will also provide a l i s t of "exempt" wells 
and a l i s t of wells that do not have a minimum of three Annual 
Deliverability and Shut-In Pressure Tests on file. 

Any well scheduled for testing during its test year may have the 
conditioning period, test flow period, and some of the seven day 
shut-in period conducted in December of the previous year provided 
that i f the 7 day shut-in period immediately follows the test flow 
period the 7 day shut-in pressure would be measured in January of the 
test year. The earliest date that a well could be scheduled for 
Annual or Biennial Deliverability and Shut-In Pressure Test would be 
such that the Test Flow Period would end on December 25 of the 
previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost prorated completion of well. 

B. Annual and Biennial Deliverability Tests 

By November 1 of each year, each gas transportation facility shall, 
in cooperation with the operators involved, prepare and submit a 
schedule of the wells to which i t is connected which are to begin 
testing in December and January. Said schedule shall be entitled, 
"Annual and Biennial Deliverability and Shut-In Pressure Test 
Schedule", and one copy shall be submitted to the Division's Aztec 
office and to each operator concerned. The schedule shall indicate 
the date of tests, pool, operator, lease, well number, and location 
of each well. 

At least 30 days prior to the beginning of each succeeding 2-month 
testing interval, a similar schedule shall be prepared and filed in 
accordance with the above. 
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The gas transportation facility and the Aztec District Office of the 
Division shall be notified immediately by any operator unable to 
conduct any test as scheduled. 

In the event a well is not tested in accordance with the existing test 
schedule, the well shall be re-scheduled by the gas transportation 
facility, and the Division and the operator of the well so notified in 
writing. Every effort should be made to notify the Division of the 
new schedule prior to the conclusion of the newly assigned 14-day 
conditioning period. 

Notice to the Division of Shut-In Pressure Tests which are scheduled 
at a time other than immediately following the flow test must be 
received prior to the time that the well is shut-in. 

It shall be the responsibility of each operator to determine that all 
of its wells are properly scheduled for testing by the gas 
transportation facility to which they are connected, in order that 
a l l annual and biennial tests may be completed during the testing 
season. 

In the event a well is shut-in by the state for over production, the 
operator may produce the well for a period of time to secure a test 
after notification to the Division. All gas produced during this 
testing period will be used in determining the over/under produced 
status of the well. 

C. Deliverability Re-Tests 

An operator may, in cooperation with the gas transportation facility, 
schedule a well for a deliverability re-test upon notification to the 
Division's Aztec office at least ten days before the test is to be 
commenced. Such re-test shall be for good and substantial reason and 
shall be subject to the approval of the Division. Re-tests shall in 
all ways be conducted in conformance with the Annual and Biennial 
Deliverability Test Procedures of these rules. The Division, at its 
discretion, may require the re-testing of any well by notification to 
the operator to schedule such re-test. These tests as filed on Form 
C-122-A should be identified as "RETEST" in the remarks column. 

SECTION 4: Witnessing of Tests 

Any Initial Annual or Biennial Deliverability and Shut-In Pressure 
Test may be witnessed by any or all of the following: an agent of the 
Division, an offset operator, a representative of the gas 
transportation facility connected to the well under test, or a 
representative of the gas transportation facility taking gas from an 
offset operator. 
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CHAPTER I I PROCEDURE FOR TESTING 

SECTION 1: Initial Deliverability and Shut-In Pressure Test Procedure 

A. Within 90 days after a newly completed well is first delivered to a 
gas transportation facility, the operator shall complete a 
deliverability and shut-in pressure test of the well in conformance 
with the "Annual and Biennial Deliverability and Shut-In Pressure 
Test Procedures", prescribed in Section 2 of this chapter. Results 
of the test shall be filed as required by Section 1 of Chapter I of 
these rules. 

B. In the event i t is impractical to test a newly completed well in 
conformance with Paragraph A above, the operator may conduct the 
deliverability and shut-in pressure test in the following manner 
(provided, however, that any test so conducted will not be accepted 
as the first annual deliverability and shut-in pressure test as 
described in Paragraph A-l of Section 2, Chapter I ) : 

1. A 7-day or 8-day production chart may be used as the basis 
for determining the well's deliverability, providing the 
chart so used is preceded by at least 14 days continuous 
production. The well shall produce through either the 
casing or tubing, but not both, into a pipeline during these 
periods. The production valve and the choke settings shall 
not be changed during either the conditioning^ or flow period 
with the exception of the first ten (10; days of the 
conditioning period when maximum production would 
over-range the meter chart or location production 
equipment. 

2. A shut-in pressure of at least seven days duration shall be 
taken. This shall be the shut-in test required in Paragraph 
A, Section 1 of Chapter I of these rules. 

3. The average daily static meter pressure shall be determined 
in accordance with Section 2 of Chapter II of these rules. 
This pressure shall be used as Pt in calculating Pw for the 
Deliverability Calculation. 

4. The daily average rate of flow shall be determined in 
accordance with Section 2 of Chapter I I . 

5. The static wellhead working pressure (P w) shall be 
determined in accordance with Section 2 of Chapter II . 
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6. The deliverability of the well shall be determined by using 
the data determined in Paragraphs 1 through 5 above in the 
deliverability formula in accordance with Section 2 of 
Chapter I I . 

7. The data and calculations for Paragraphs 1 through 6 above 
shall be reported as required in Section 1 of Chapter I of 
these rules, upon the blue-colored Form C-122-A or on white 
Form C-122-A and write "INITIAL TEST ONLY" in remarks. 

SECTION 2: Annual and Biennial Deliverability and Shut-In Pressure 
Test Procedure 

This test shall begin by producing a well in the normal operating 
manner into the pipeline through either the casing or tubing, but not 
both, for a period of fourteen consecutive days. This shall be known 
as the conditioning period. The production valve and choke settings 
shall not be changed during either the conditioning or flow periods 
except during the first ten (10) days of the conditioning period when 
maximum production would over-range the meter chart or location 
production equipment. The first ten (10) days of said conditioning 
period shall not have more than forty eight (48) hours of cumulative 
interruptions of flow. The eleventh to fourteenth days, inclusive, of 
said conditioning period shall have no interruptions of flow 
whatsoever. Any interruption of flow that occurs as normal operation 
of the well as stop-cock flow, intermittent flow, or well blow down 
will not be counted as shut-in time in either the conditioning or flow 
period. 

The daily flowing rate shall be determined from an average of seven or 
eight consecutive producing days, following a minimum conditioning 
period of 14 consecutive days of production. This shall be known as 
the flow period. 

Instantaneous pressures shall be measured by deadweight gauge or 
other method approved by the Division during the 7-day or 8-day flow 
period at the casinghead, tubinghead, and orifice meter, and shall be 
recorded along with instantaneous meter-chart static pressure 
reading. 

If a well is producing through a compressor that is located between 
the wellhead and the meter run, the meter run pressure and the 
wellhead casing pressure and the wellhead tubing pressure are to be 
reported on Form C-122-A. (Neither the suction pressure nor the 
discharge pressure of the compressor is considered wellhead 
pressure.) A note shall be entered in the remarks portion on Form 
C-122-A stating "This well produces through a compressor". 
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When i t is necessary to restrict the flow of gas between the wellhead 
and orifice meter, the ratio of the downstream pressure, psia, to the 
upstream pressure, psia shall be determined. When this ratio is 
0. 57, or less, c r i t i c a l flow conditions shall be considered to exist 
across the restriction. 

When more than one restriction between the wellhead and orifice meter 
causes the pressures to reflect c r i t i c a l flow between the wellhead 
and orifice meter, the pressures across each of these restrictions 
shall be measured to determine whether c r i t i c a l flow exists at any 
restriction. When c r i t i c a l flow does not exist at any restriction, 
the pressures taken to disprove c r i t i c a l flow shall be reported to 
the Division on Form C-122-A in item (n) of the form. When c r i t i c a l 
flow conditions exist, the instantaneous flowing pressures required 
hereinabove shall be measured during the last 48 hours of the 7-day or 
8-day flow period. 

When c r i t i c a l flow exists between the wellhead and orifice meter, the 
measured wellhead flowing pressure of the string through which the 
well flowed during test shall be used as Pt when calculating the 
static wellhead working pressure (P w) using the method established 
below. 

When c r i t i c a l flow does not exist at any restriction, Pt shall be the 
corrected average static pressure from the meter chart plus friction 
loss from the wellhead to the orifice meter. 

The static wellhead working pressure (P w) of any well under test shall 
be the calculated 7-day or 8~day average static tubing pressure i f 
the well is flowing through the casing; i t shall be the calculated 
7-day or 8-day average static casing pressure i f the well is flowing 
through the tubing. The static wellhead working pressure (P w) shall 
be calculated by applying the tables and procedures set out in this 
manual. 

To obtain the shut-in pressure of a well under test, the well shall be 
shut in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured with a deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The 7-day shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be used as Pc in the 
deliverability calculation. When any such shut-in pressure is 
determined by the Division to be abnormally low or the well can not be 
shut-in due to "HARDSHIP" classification, the shut-in pressure to be 
used as Pc shall be determined by one of the following methods: 
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1. A Division-designated value. 

2. An average shut-in pressure of all offset wells completed in 
the same zone. Offset wells include the four side and four 
corner wells, i f available. 

3. A calculated surface pressure based on a calculated 
bottom-hole pressure. Such calculation shall be made in 
accordance with the examples in this manual. 

All Wellhead pressures as well as the flowing meter pressure tests 
which are to be taken during the 7-day or 8-day deliverability test 
period as required hereinabove shall be taken with a deadweight gauge 
or other method approved by the Division. The pressure readings and 
the date and time according to the chart shall be recorded and 
maintained in the operator's records with the test information. 

Orifice meter charts shall be changed and so arranged as to reflect 
upon a single chart the flow data for the gas from each well for the 
full 7-day or 8-day deliverability test period; however, no tests 
shall be voided i f satisfactory explanation is made as to the 
necessity for using test volumes through two chart periods. 
Corrections shall be made for pressure base, measured flowing 
temperature, specific gravity, and supercompressibility; provided 
however, i f the specific gravity of the gas from any well under test 
is not available, an estimated specific gravity may be assumed 
therefor, based upon that of gas from near-by wells, the specific 
gravity of which has been actually determined by measurement. 

The average flowing meter pressure for the 7-day or 8-day flow period 
and the corrected integrated volume shall be determined by the 
purchasing company that integrates the flow charts and furnished to 
the operator or testing agency. 

The 7-day or 8-day flow period volume shall be calculated from the 
integrated readings as determined from the flow period orifice meter 
chart. The volume so calculated shall be divided by the number of 
testing days on the chart to determine the average daily rate of flow 
during said flow period. The flow period shall have a minimum of 
seven and a maximum of eight legibly recorded flowing days to be 
acceptable for test purposes. The volume used in this calculation 
shall be corrected to New Mexico Oil Conservation Division standard 
conditions of 15.025 psia pressure base, 60°F. temperature base and 
0. 60 specific gravity base. 
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The daily volume of flow as determined from the flow period chart 
readings shall be calculated by applying the Basic Orifice Meter 
Formula or other acceptable industry standard practices. 

Q = C { h w P f }
1 / 2 

Where: 

Q • Metered volume of flow Mcf/d @> 15. 025 psia, 60° F., and 
0.60 specific gravity. 

C • The 24-hour basic orifice meter flow factor corrected 
for flowing temperature, gravity, and 
supercompressibility. 

h w = Daily average differential meter pressure from flow 
period chart. 

Pf = Daily average flowing meter pressure from flow period 
chart. 

The basic orifice meter flow factors, flowing temperature factor, and 
specific gravity factor shall be determined from the tables in this 
manual. 

The daily flow period average corrected flowing meter pressure, psig, 
shall be used to determine the supercompressibility factor. 
Supercompressibility Tables may be obtained from the New Mexico Oil 
Conservation Division. 

When supercompressibility correction is made for a gas containing 
either nitrogen or carbon dioxide in excess of two percent, the 
supercompressibility factors of such gas shall be determined by the 
use of Table V of the C. N.G.A. Bulletin TS-402 for pressures 100-500 
psig, or Table I I , TS-461 for pressures in excess of 500 psig. 

The use of tables for calculating rates of flow from integrator 
readings which do not specifically conform to the New Mexico Oil 
Conservation Division "Back Pressure Test Manual", or this manual, 
may be approved for determining the daily flow period rates of flow 
upon a showing that such tables are appropriate and necessary. 

The daily average integrated rate of flow for the 7-day or 8-day flow 
period shall be corrected for meter error by multiplication by a 
correction factor. Said correction factor shall be determined by 
dividing the square root of the deadweight flowing meter pressure, 
psia, by the square root of the chart flowing meter pressure, psia. 
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Deliverability pressure, as used herein, is a defined pressure 
applied to each well and used in the process of comparing the 
abilities of wells in a pool to produce at static wellhead working 
pressures equal to a percentage of the 7-day shut-in pressure of the 
respective individual wells. Such percentage shall be determined and 
announced periodically by the Division based on the relationship of 
the average static wellhead working pressures (P w) divided by the 
average 7-day shut-in pressure (PQ) of the pool. 

The deliverability of gas at the "deliverability pressure" of any 
well under test shall be calculated from the test data derived from 
the tests hereinabove required by use of the following deliverability 
formula: 

(Pc 2 " Pd2) n 

D = Q 

(Pc 2 " Pw2) 
Where: 

D = Deliverability Mcf/d at the deliverability pressure, 
(Pd)* (at Standard Conditions of 15.025 psia, 60°F and 
0. 60 sp. gr. ). 

Q = Daily flow rate in Mcf/d, at wellhead pressure (P w). 

Pc = 7-day shut-in Wellhead pressure, psia, determined in 
accordance with Section 2 of Chapter I I . 

Pd = Deliverability pressure, psia, as defined above. 

Pw = Average static wellhead working pressure, as 
determined from 7-day or 8~day flow period, psia, and 
calculated from tables in this manual entitled 
"Pressure Loss Due to Friction" Tables for northwest 
New Mexico. 

n = Average pool slope of back pressure curves as 
follows: 

For Pictured Cliffs and shallower formations 0. 85 
For formations deeper than Pictured Cliffs 0. 75 

(Note: Special rules for any specific pool or formation may 
supersede the above values. Check special rules i f 
in doubt. ) 
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The value of the multiplier in the above formula (ratio factor after 
the application of the pool slope) by which Q is multiplied shall not 
exceed a limiting value to be determined and announced periodically 
by the Division. Such determination shall be made after a study of 
the test data of the pool obtained during the previous testing 
season. 

Downhole commingled wells are to be tested in year for pool of 
lowermost prorated completion of well and shall use pool slope (n), 
and deliverability pressure of lowermost pool. The total flow rate 
from the downhole commingled well will be used to calculate a value of 
deliverability. For each prorated gas zone of a downhole commingled 
well, a Form C-122-A is required to be filed and in the Summary 
portion of that form, all zones will indicate the same data for line 
h, Po Q, Puu and P(j. The value shown for Deliverability (D) will be 
that percentage of the total deliverability of the well that is 
applicable to this zone. A note shall be placed in the remarks column 
that indicates the percentage of deliverability to be allocated to 
this zone of the well. 

Any test prescribed herein will be considered acceptable i f the 
average flow rate for the final 7-day or 8~day deliverability test is 
not more than ten percent in excess of any consecutive 7-day or 8-day 
average of the preceding two weeks. A deliverability test not 
meeting this requirement may be declared invalid, requiring the well 
to be re-tested. 

All charts relative to initial, annual, or biennial deliverability 
tests or copies thereof shall be made available to the Division upon 
its request. 

All testing agencies, whether individuals, companies, pipeline 
companies, or operators, shall maintain a log of all tests 
accomplished by them, including all field test data. The operator 
shall maintain the above data for a period of not less than two (2) 
years plus the current test year. 

All forms heretofore mentioned are hereby adopted for use in the 
northwest New Mexico Area in open form subject to such modification 
as experience may indicate desirable or necessary. 

Initial and Annual or Biennial Deliverability and Shut-In Pressure 
Tests for gas wells in all formations shall be conducted and reported 
in accordance with these rules and procedures. Provided however, 
these rules shall be subject to any specific modification or change 
contained in Special Pool Rules adopted for any pool after notice and 
hearing. 
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CHAPTER I I I INFORMATIONAL TESTS 

A. A one-point back pressure test may be taken on newly completed wells 
before their connection or reconnection to a gas transportation 
facility. This test shall not be a required official test but may be 
taken for informational purposes at the option of the operator. When 
taken, this test must be taken and reported as prescribed below: 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 

1. This test shall be accomplished after a minimum shut-in of 
seven days. The shut-in pressure shall be measured with a 
deadweight gauge or other method approved by the Division. 

2. The flow rate shall be that rate in Mcf/d measured at the end 
of a three hour test flow period. The flow from the well 
shall be for three hours through a positive choke, which has 
a 3/4-inch orifice. 

3. A 2-inch nipple which provides a mechanical means of 
accurately measuring the pressure and temperature of the 
flowing gas shall be installed immediately upstream from the 
positive choke. 

4. The absolute open flow shall be calculated using the 
conventional back pressure formula as shown in this manual 
or the New Mexico Oil Conservation Division "Back Pressure 
Test Manual." 

5. The observed data and flow calculations shall be reported in 
duplicate on Form C-122, "Multi-Point Back Pressure Test for 
Gas Wells." 

6. Non-critical flow shall be considered to exist when the 
choke pressure is 13 psig or less. When this condition 
exists the flow rate shall be measured with a pitot tube and 
nipple as specified in this manual or in the Division's 
Manual of "Tables and Procedure for Pitot Tests." The pitot 
test nipple shall be installed immediately downstream from 
the 3/4-inch positive choke. 

7. Any well completed with 2-inch nominal size tubing 
(1.995-inch ID) or larger shall be tested through the 
tubing. 

B. Other tests for informational purposes may be conducted prior to 
obtaining a pipeline connection for a newly completed well upon 
receiving specific approval therefor from the Division's Aztec 
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office. Approval of these tests shall be based primarily upon the 
volume of gas to be vented. 

CHAPTER IV TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN NON-PRORATED 
POOLS 

SECTION 1: I n i t i a l Shut-In Pressure Tests for Newly Completed Wells 

A. (Same as Chapter I , Section 1, A) 

SECTION 2: Biennial Shut-In Pressure Tests 

A. Non-prorated wells w i l l be tested biennially as required by the 
District Office except as follows: 

1. Wells which meet the "exempt" qualification as shown in 
Chapter I , Section 2, paragraph A-2 of these rules shall also 
be exempt from shut-in test requirements. 

2. Wells classified as "hardship" wells during the test year 
shall also be exempt from shut-in test requirements. 

B. All shut-in tests required by these rules must be filed with the 
Division's Aztec office by January 31 of the following year. Failure 
to f i l e the test w i l l subject the well to being shut-in one day for 
each day the test is late. 

SECTION 3: Scheduling Tests 

A. By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation f a c i l i t y and each operator of the pools which are to 
be scheduled for biennial shut-in pressure testing during the 
following testing period from January 1 through the last day of 
December of that test year. The District Supervisor w i l l also 
provide a l i s t of "exempt" wells. 

Any well scheduled for testing during i t s test year may have the test 
flow period, and some of the seven day shut-in period conducted in 
December of the previous year. The earliest date that a well could be 
scheduled for Biennial Shut-In Pressure Test would be such that the 
Test Flow Period would end on December 25 of the previous year. 
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Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost completion of well. 

SECTION 4: Test Procedure 

A. To obtain the shut-in pressure of a well under test, the well shall be 
shut-in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured by deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be reported as the 
shut-in pressure of the well. 

SECTION 5: Filing of Shut-In Pressure Data 

The results of this test will be filed in triplicate on Form C-125-B 
showing the pressures in psia in column labeled "S. I. PRESSURE PSIA 
(DWT)" with the Aztec District Office. 



E x h i b i t A 
Case No. 8586 

Order No. R-333-I 

RULES OF PROCEDURE FOR NORTHWEST NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN 
PRORATED GAS POOLS 

SECTION 1: I n i t i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t s 
f o r Newly Completed W e l l 

A. I m m e d i a t e l y upon c o m p l e t i o n o f each gas w e l l i n 
n o r t h w e s t New M e x i c o , a s h u t - i n p r e s s u r e t e s t o f a t 
l e a s t seven days d u r a t i o n s h a l l be made. T h i s i n i t i a l 
s h u t - i n p r e s s u r e s h a l l be f i l e d w i t h t h e D i v i s i o n ' s 
A z t e c O f f i c e on e i t h e r Form C-122 o r C-104. 

B. W i t h i n 90 days a f t e r a w e l l f i r s t d e l i v e 
t r a n s p o r t a t i o n f a c i l i t y , t h e w e l l s h a l l 
i n a c c o r d a n c e w i t h S e c t i o n 1 o f Ch a p t e r 
r u l e s , " I n i t i a l D e l i v e r a b i l i t y and S h u t -
P r o c e d u r e s " , and t h e r e s u l t s o f t h e t e s t 
t r i p l i c a t e w i t h t h e D i v i s i o n ' s A z t e c o f f 
f i l e d w i t h t h e gas t r a n s p o r t a t i o n f a c i l i 
w e l l i s c o n n e c t e d . T h i s t e s t i s t o be f 
C-122-A. F a i l u r e t o f i l e s a i d t e s t w i t h 
a b o v e - p r e s c r i b e d 90-day p e r i o d w i l l s u b j 
t h e l o s s o f one day's a l l o w a b l e f o r each 
l a t e . 

r s gas t o a gas 
have been t e s t e d 

I I o f t h e s e 
I n P r e s s u r e T e s t 

f i l e d i n 
i c e and one copy 
t y t o w h i c h t h e 
i l e d on Form 
i n t h e 
e c t t h e w e l l t o 
day t h e t e s t i s 

1. I f t h e newly f i r s t d e l i v e r e d w e l l i s an i n f i l l 
w e l l on a p r o r a t i o n u n i t , t h e o l d w e l l on t h e 
u n i t i s n o t r e q u i r e d t o be t e s t e d p r o v i d e d i t has 
a v a l i d t e s t on f i l e f o r t h e c u r r e n t p r o r a t i o n 
y e a r . T e s t i n g o f t h e o l d w e l l f o l l o w s t h e 
r e g u l a r l y a s s i g n e d t e s t y e a r f o r t h e p o o l i n 
w h i c h t h e w e l l s a r e l o c a t e d . The new w e l l i s 
r e q u i r e d t o be t e s t e d a n n u a l l y u n t i l a t l e a s t 
t h r e e a n n u a l t e s t s a r e on f i l e and t h e n t h e w e l l 
i s t o be t e s t e d b i e n n i a l l y w i t h o t h e r w e l l s i n 
t h a t p o o l . 

2. I f t h e newly f i r s t d e l i v e r e d w e l l i s an i n f i l l 
w e l l on a p r o r a t i o n u n i t and t h e o l d w e l l on t h e 
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u n i t i s "exempt", t h e o l d w e l l i s t o be t e s t e d 
a l o n g w i t h t h e new w e l l f o r t h e I n i t i a l and 
A n n u a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t . 
The o l d w e l l w i l l l o s e i t s "exempt" 
c l a s s i f i c a t i o n and must be t e s t e d b i e n n i a l l y 
a l o n g w i t h o t h e r w e l l s i n t h a t p o o l . The new 
i n f i l l w e l l i s r e q u i r e d t o be t e s t e d a n n u a l l y 
u n t i l a t l e a s t t h r e e a n n u a l t e s t s a r e on f i l e and 
t h e n t h e w e l l i s t o be t e s t e d b i e n n i a l l y w i t h 
o t h e r w e l l s i n t h a t p o o l . 

C. The r e q u i r e m e n t s f o r I n i t i a l T e s t s and Annual o r 
B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t s and 
t h e n o t i f i c a t i o n r e q u i r e m e n t s and s c h e d u l i n g o f such 
t e s t s w h i c h a p p l y t o newly c o m p l e t e d w e l l s s h a l l a l s o 
a p p l y t o r e c o m p l e t e d w e l l s . 

D. Any t e s t s taken f o r i n f o r m a t i o n a l p u r p o s e s p r i o r t o 
p i p e l i n e c o n n e c t i o n s h a l l n o t be r e c o g n i z e d as o f f i c i a l 
t e s t s f o r t h e a s s i g n m e n t o f a l l o w a b l e s . 

SECTION 2. A n n u a l and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n 
P r e s s u r e T e s t s 

A. An n u a l o r B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e 
T e s t s s h a l l be made on a l l gas w e l l s d u r i n g t h e p e r i o d 
f r o m J a n u a r y 1 t h r o u g h December 31 o f t h a t y e a r e x c e p t 
as f o l l o w s : 

1 . A newly c o m p l e t e d w e l l o r a r e c o m p l e t e d w e l l s h a l l 
be t e s t e d on an a n n u a l b a s i s u n t i l a minimum o f 
t h r e e a n n u a l t e s t s have been t a k e n , a f t e r w h i c h 
t h e w e l l s h a l l be t e s t e d b i e n n i a l l y as i s r e q u i r e d 
f o r o t h e r w e l l s i n t h e p o o l i n w h i c h t h e w e l l i s 
l o c a t e d . 

2. W e l l s c l a s s i f i e d as "exempt" s h a l l n o t be s u b j e c t 
t o t h e r e q u i r e m e n t s o f a n n u a l o r b i e n n i a l 
d e l i v e r a b i l i t y t e s t s . 

C l a s s i f i c a t i o n o f w e l l s i n t o o r o u t o f t h e 
"exempt" s t a t u s s h a l l be done once each y e a r 
i m m e d i a t e l y f o l l o w i n g t h e r e p o r t i n g o f June 
p r o d u c t i o n and s h a l l be e f f e c t i v e f o r t h e 
s u c c e e d i n g a n n u a l t e s t p e r i o d . 

-2-



Gas w e l l s c o m p l e t e d i n t h e P i c t u r e d C l i f f s o r any 
s h a l l o w e r f o r m a t i o n s h a l l be c l a s s i f i e d "exempt" 
i f a t l e a s t t h r e e months o f p r o d u c t i o n h i s t o r y i s 
a v a i l a b l e and t h e w e l l f a i l e d t o p r o d u c e , and i s 
i n c a p a b l e o f p r o d u c i n g , an average o f 250 MCF o r 
more p e r month d u r i n g t h e months p r o d u c e d w i t h i n 
t h e p r e c e d i n g 12-month p e r i o d , and t h e w e l l i s 
c l a s s i f i e d as m a r g i n a l i n t h e August Gas P r o r a t i o n 
S c h e d u l e . 

Gas w e l l s c o m p l e t e d i n any f o r m a t i o n deeper t h a n 
t h e P i c t u r e d C l i f f s f o r m a t i o n s h a l l be c l a s s i f i e d 
"exempt" i f a t l e a s t t h r e e months o f p r o d u c t i o n 
h i s t o r y i s a v a i l a b l e and t h e w e l l f a i l e d t o 
p r o d u c e , and i s i n c a p a b l e o f p r o d u c i n g , an 
a v e r a g e o f 2000 MCF o r more p e r month d u r i n g t h e 
months p r o d u c e d w i t h i n t h e p r e c e d i n g 12-month 
p e r i o d , and t h e w e l l i s c l a s s i f i e d as m a r g i n a l i n 
t h e A u g u s t Gas P r o r a t i o n S c h e d u l e . 

Gas w e l l s on m u l t i p l e w e l l Gas P r o r a t i o n U n i t s 
w i l l n o t be c l a s s i f i e d "exempt" u n l e s s t h e Gas 
P r o r a t i o n U n i t i s c l a s s i f i e d as m a r g i n a l . Any or 
a l l w e l l s on a m a r g i n a l m u l t i p l e w e l l Gas 
P r o r a t i o n U n i t may be c l a s s i f i e d as "exempt" 
p r o v i d e d each Gas P r o r a t i o n U n i t so c l a s s i f i e d 
meets t h e q u a l i f i c a t i o n f o r "exempt" s t a t u s . Gas 
P r o r a t i o n U n i t s f o r w e l l s p r o d u c i n g f r o m 
f o r m a t i o n s deeper t h a n t h e P i c t u r e d C l i f f s 
f o r m a t i o n s h a l l be c l a s s i f i e d "exempt" i f a t 
l e a s t t h r e e months o f p r o d u c t i o n h i s t o r y i s 
a v a i l a b l e and t h e Gas P r o r a t i o n U n i t f a i l e d t o 
p r o d u c e , and i s i n c a p a b l e o f p r o d u c i n g , an 
a v e r a g e o f 2000 MCF o r more per month d u r i n g t h e 
months p r o d u c e d w i t h i n t h e p r e c e d i n g 12-month 
p e r i o d , and t h e Gas P r o r a t i o n U n i t i s c l a s s i f i e d 
as m a r g i n a l i n t h e A u g u s t Gas P r o r a t i o n S c h e d u l e . 
Gas P r o r a t i o n U n i t s a r e t o be c l a s s i f i e d as 
"exempt" because o f t h e i r low p r o d u c i n g a b i l i t y . 

The D i s t r i c t S u p e r v i s o r o f t h e D i v i s i o n ' s A z t e c 
O f f i c e may c l a s s i f y a w e l l o r Gas P r o r a t i o n U n i t 
as "exempt" a t any t i m e i f t h e o p e r a t o r p r e s e n t s 
s u f f i c i e n t e v i d e n c e t o t h e D i s t r i c t S u p e r v i s o r 
i n d i c a t i n g t h a t t h e w e l l o r Gas P r o r a t i o n U n i t i s 
i n c a p a b l e o f p r o d u c i n g gas a t a h i g h e r r a t e t h a n 
t h a t r a t e r e q u i r e d f o r "exempt" c l a s s i f i c a t i o n 
f o r w e l l s o r Gas P r o r a t i o n U n i t s i n t h a t p o o l . 
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Once a w e l l o r Gas P r o r a t i o n U n i t has been 
d e c l a r e d "exempt" f o r t h e f o l l o w i n g t e s t y e a r , i t 
s h a l l r e m a i n c l a s s i f i e d "exempt" f o r t h a t t e s t 
y e a r . 

3. I f a t e s t i s f i l e d on any w e l l on a gas p r o r a t i o n 
u n i t , t h e t e s t r e q u i r e m e n t f o r t h e gas p r o r a t i o n 
u n i t has been met. The d e l i v e r a b i l i t y o f t h e 
u n i t i s taken o n l y as t h e r e s u l t i n g sum o f a l l 
w e l l s t e s t e d . 

4. A s h u t - i n p r e s s u r e must be f i l e d on Form C-122-A 
even i f no gas i s measured d u r i n g t h e p r o d u c t i o n 
phase o f t h e t e s t . "Exempt" w e l l s do n o t r e q u i r e 
t h e f i l i n g o f a s h u t - i n p r e s s u r e . 

B. A l l A n n u a l and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n 
P r e s s u r e T e s t s r e q u i r e d by t h e s e r u l e s must be f i l e d 
w i t h t h e D i v i s i o n ' s A z t e c o f f i c e and w i t h t h e 
a p p r o p r i a t e gas t r a n s p o r t a t i o n f a c i l i t y w i t h i n 90 days 
f o l l o w i n g t h e c o m p l e t i o n o f each t e s t . P r o v i d e d 
however, t h a t any t e s t c o m p l e t e d between O c t o b e r 31 o f 
t h e t e s t y e a r and J a n u a r y 31 o f t h e f o l l o w i n g y e a r are 
due no l a t e r t h a n J a n u a r y 3 1 . No e x t e n s i o n o f t i m e f o r 
f i l i n g t e s t s beyond J a n u a r y 31 w i l l be g r a n t e d e x c e p t 
a f t e r n o t i c e and h e a r i n g . 

F a i l u r e t o f i l e any t e s t w i t h i n t h e a b o v e - p r e s c r i b e d 
t i m e s w i l l s u b j e c t t h e w e l l t o t h e l o s s o f one day's 
a l l o w a b l e f o r each day t h e t e s t i s l a t e . A w e l l 
c l a s s i f i e d as m a r g i n a l s h a l l be s h u t - i n one day f o r each 
day t h e t e s t i s l a t e . 

SECTION 3: S c h e d u l i n g o f T e s t s 

A. N o t i f i c a t i o n o f P o o l s t o be T e s t e d 

By September 1 o f each y e a r , t h e D i s t r i c t S u p e r v i s o r o f 
t h e A z t e c D i s t r i c t O f f i c e o f t h e D i v i s i o n s h a l l by 
memorandum n o t i f y each gas t r a n s p o r t a t i o n f a c i l i t y and 
each o p e r a t o r o f t h e p o o l s w h i c h a r e t o be s c h e d u l e d f o r 
b i e n n i a l t e s t i n g d u r i n g t h e f o l l o w i n g t e s t i n g p e r i o d 
f r o m J a n u a r y 1 t h r o u g h t h e l a s t day o f December o f t h a t 
t e s t y e a r . The D i s t r i c t S u p e r v i s o r w i l l a l s o p r o v i d e a 
l i s t o f "exempt" w e l l s and a l i s t o f w e l l s t h a t do n o t 
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have a minimum o f t h r e e A n n u a l D e l i v e r a b i l i t y and 
S h u t - I n P r e s s u r e T e s t s on f i l e . 

Any w e l l s c h e d u l e d f o r t e s t i n g d u r i n g i t s t e s t y e a r may 
have t h e c o n d i t i o n i n g p e r i o d , t e s t f l o w p e r i o d , and some 
of t h e seven day s h u t - i n p e r i o d c o n d u c t e d i n December o f 
t h e p r e v i o u s y e a r p r o v i d e d t h a t i f t h e 7 day s h u t - i n 
p e r i o d i m m e d i a t e l y f o l l o w s t h e t e s t f l o w p e r i o d t h e 7 
day s h u t - i n p r e s s u r e w o u l d be measured i n J a n u a r y o f t h e 
t e s t y e a r . The e a r l i e s t d a t e t h a t a w e l l c o u l d be 
s c h e d u l e d f o r Annual o r B i e n n i a l D e l i v e r a b i l i t y and 
S h u t - I n P r e s s u r e T e s t w o u l d be such t h a t t h e T e s t Flow 
P e r i o d w o u l d end on December 25 o f t h e p r e v i o u s y e a r . 

Downhole commingled w e l l s are t o be s c h e d u l e d f o r t e s t s 
on d a t e s f o r p o o l o f l o w e r m o s t p r o r a t e d c o m p l e t i o n o f 
w e l l . 

B. A n n u a l and B i e n n i a l D e l i v e r a b i l i t y T e s t s 

By November 1 o f each y e a r , each gas t r a n s p o r t a t i o n 
f a c i l i t y s h a l l , i n c o o p e r a t i o n w i t h t h e o p e r a t o r s 
i n v o l v e d , p r e p a r e and s u b m i t a s c h e d u l e o f t h e w e l l s t o 
w h i c h i t i s c o n n e c t e d w h i c h are t o b e g i n t e s t i n g i n 
December and J a n u a r y . S a i d s c h e d u l e s h a l l be e n t i t l e d , 
" A nnual and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e 
T e s t S c h e d u l e " , and one copy s h a l l be s u b m i t t e d t o t h e 
D i v i s i o n ' s A z t e c o f f i c e and t o each o p e r a t o r c o n c e r n e d . 
The s c h e d u l e s h a l l i n d i c a t e t h e d a t e o f t e s t s , p o o l , 
o p e r a t o r , l e a s e , w e l l number, and l o c a t i o n o f each w e l l . 

At l e a s t 30 days p r i o r t o t h e b e g i n n i n g o f each 
s u c c e e d i n g 2-month t e s t i n g i n t e r v a l , a s i m i l a r s c h e d u l e 
s h a l l be p r e p a r e d and f i l e d i n a c c o r d a n c e w i t h t h e 
above . 

The gas t r a n s p o r t a t i o n f a c i l i t y and t h e A z t e c D i s t r i c t 
O f f i c e o f t h e D i v i s i o n s h a l l be n o t i f i e d i m m e d i a t e l y by 
any o p e r a t o r u n a b l e t o c o n d u c t any t e s t as s c h e d u l e d . 

I n t h e e v e n t a w e l l i s n o t t e s t e d i n a c c o r d a n c e w i t h t h e 
e x i s t i n g t e s t s c h e d u l e , t h e w e l l s h a l l be r e - s c h e d u l e d 
by t h e gas t r a n s p o r t a t i o n f a c i l i t y , and t h e D i v i s i o n and 
th e o p e r a t o r o f t h e w e l l so n o t i f i e d i n w r i t i n g . Every 
e f f o r t s h o u l d be made t o n o t i f y t h e D i v i s i o n o f t h e new 
s c h e d u l e p r i o r t o t h e c o n c l u s i o n o f t h e newly a s s i g n e d 
14-day c o n d i t i o n i n g p e r i o d . 
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N o t i c e t o t h e D i v i s i o n o f S h u t - I n P r e s s u r e T e s t s w h i c h 
a r e s c h e d u l e d a t a t i m e o t h e r t h a n i m m e d i a t e l y f o l l o w i n g 
t h e f l o w t e s t must be r e c e i v e d p r i o r t o t h e t i m e t h a t 
t h e w e l l i s s h u t - i n . 

I t s h a l l be t h e r e s p o n s i b i l i t y o f each o p e r a t o r t o 
d e t e r m i n e t h a t a l l o f i t s w e l l s a r e p r o p e r l y s c h e d u l e d 
f o r t e s t i n g by t h e gas t r a n s p o r t a t i o n f a c i l i t y t o w h i c h 
t h e y a r e c o n n e c t e d , i n o r d e r t h a t a l l a n n u a l and 
b i e n n i a l t e s t s may be c o m p l e t e d d u r i n g t h e t e s t i n g 
s e a s o n . 

I n t h e e v e n t a w e l l i s s h u t - i n by t h e s t a t e f o r o v e r 
p r o d u c t i o n , t h e o p e r a t o r may p r o d u c e t h e w e l l f o r a 
p e r i o d o f t i m e t o s e c u r e a t e s t a f t e r n o t i f i c a t i o n t o 
t h e D i v i s i o n . A l l gas p r o d u c e d d u r i n g t h i s t e s t i n g 
p e r i o d w i l l be used i n d e t e r m i n i n g t h e o v e r / u n d e r 
p r o d u c e d s t a t u s o f t h e w e l l . 

C. D e l i v e r a b i l i t y Re-Tests 

An o p e r a t o r may, i n c o o p e r a t i o n w i t h t h e gas 
t r a n s p o r t a t i o n f a c i l i t y , s c h e d u l e a w e l l f o r a 
d e l i v e r a b i l i t y r e - t e s t upon n o t i f i c a t i o n t o t h e 
D i v i s i o n ' s A z t e c o f f i c e a t l e a s t t e n days b e f o r e t h e 
t e s t i s t o be commenced. Such r e - t e s t s h a l l be f o r good 
and s u b s t a n t i a l r e a s o n and s h a l l be s u b j e c t t o t h e 
a p p r o v a l o f t h e D i v i s i o n . R e - t e s t s s h a l l i n a l l ways be 
c o n d u c t e d i n conformance w i t h t h e A n n u a l and B i e n n i a l 
D e l i v e r a b i l i t y T e s t P r o c e d u r e s o f t h e s e r u l e s . The 
D i v i s i o n , a t i t s d i s c r e t i o n , may r e q u i r e t h e r e - t e s t i n g 
o f any w e l l by n o t i f i c a t i o n t o t h e o p e r a t o r t o s c h e d u l e 
such r e - t e s t . These t e s t s as f i l e d on Form C-122-A 
s h o u l d be i d e n t i f i e d as "RETEST" i n t h e remarks column. 

SECTION 4: W i t n e s s i n g o f T e s t s 

Any I n i t i a l A n n u al o r B i e n n i a l D e l i v e r a b i l i t y and 
S h u t - I n P r e s s u r e T e s t may be w i t n e s s e d by any o r a l l o f 
t h e f o l l o w i n g : an a g e n t o f t h e D i v i s i o n , an o f f s e t 
o p e r a t o r , a r e p r e s e n t a t i v e o f t h e gas t r a n s p o r t a t i o n 
f a c i l i t y c o n n e c t e d t o t h e w e l l under t e s t , o r a 
r e p r e s e n t a t i v e o f t h e gas t r a n s p o r t a t i o n f a c i l i t y t a k i n g 
gas f r o m an o f f s e t o p e r a t o r . 
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PROCEDURE FOR TESTING 

I n i t i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t 
P r o c e d u r e 

A. W i t h i n 90 days a f t e r a newly c o m p l e t e d w e l l i s f i r s t 
d e l i v e r e d t o a gas t r a n s p o r t a t i o n f a c i l i t y , t h e o p e r a t o r 
s h a l l c o m p l e t e a d e l i v e r a b i l i t y and s h u t - i n p r e s s u r e 
t e s t o f t h e w e l l i n c o n f o r m a n c e w i t h t h e "Annual and 
B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t 
P r o c e d u r e s " , p r e s c r i b e d i n S e c t i o n 2 o f t h i s c h a p t e r . 
R e s u l t s o f t h e t e s t s h a l l be f i l e d as r e q u i r e d by 
S e c t i o n 1 o f C h a p t e r I o f t h e s e r u l e s . 

CHAPTER I I 

SECTION 1: 

B. I n t h e e v e n t i t i s i m p r a c t i c a l t o t e s t a newly c o m p l e t e d 
w e l l i n c o n f o r m a n c e w i t h P a r a g r a p h A above, t h e o p e r a t o r 
may c o n d u c t t h e d e l i v e r a b i l i t y and s h u t - i n p r e s s u r e t e s t 
i n t h e f o l l o w i n g manner ( p r o v i d e d , however, t h a t any 
t e s t so c o n d u c t e d w i l l n o t be a c c e p t e d as t h e f i r s t 
a n n u a l d e l i v e r a b i l i t y and s h u t - i n p r e s s u r e t e s t as 
d e s c r i b e d i n P a r a g r a p h A - l o f S e c t i o n 2, C h a p t e r I ) : 

1 . A 7-day o r 8-day p r o d u c t i o n c h a r t may be used as 
t h e b a s i s f o r d e t e r m i n i n g t h e w e l l ' s 
d e l i v e r a b i l i t y , p r o v i d i n g t h e c h a r t so used i s 
p r e c e d e d by a t l e a s t 14 days c o n t i n u o u s 
p r o d u c t i o n . The w e l l s h a l l p r o d u c e t h r o u g h 
e i t h e r t h e c a s i n g o r t u b i n g , b u t n o t b o t h , i n t o a 
p i p e l i n e d u r i n g t h e s e p e r i o d s . The p r o d u c t i o n 
v a l v e and t h e choke s e t t i n g s s h a l l n o t be changed 
d u r i n g e i t h e r t h e c o n d i t i o n i n g o r f l o w p e r i o d 
w i t h t h e e x c e p t i o n o f t h e f i r s t t e n ( 1 0 ) days o f 
t h e c o n d i t i o n i n g p e r i o d when maximum p r o d u c t i o n 
w o u l d o v e r - r a n g e t h e meter c h a r t o r l o c a t i o n 
p r o d u c t i o n e q u i p m e n t . 

2. A s h u t - i n p r e s s u r e o f a t l e a s t seven days 
d u r a t i o n s h a l l be t a k e n . T h i s s h a l l be t h e 
s h u t - i n t e s t r e q u i r e d i n P a r a g r a p h A, S e c t i o n 1 
o f C h a p t e r I o f t h e s e r u l e s . 

3. The a v e r a g e d a i l y s t a t i c m eter p r e s s u r e s h a l l be 
d e t e r m i n e d i n a c c o r d a n c e w i t h S e c t i o n 2 o f 
C h a p t e r I I o f t h e s e r u l e s . T h i s p r e s s u r e s h a l l 
be used as Pt i n c a l c u l a t i n g P w f o r t h e 

D e l i v e r a b i l i t y C a l c u l a t i o n . 
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4. The d a i l y a v e r a g e r a t e o f f l o w s h a l l be 
d e t e r m i n e d i n a c c o r d a n c e w i t h S e c t i o n 2 o f 
C h a p t e r I I . 

5. The s t a t i c w e l l h e a d w o r k i n g p r e s s u r e ( P w ) s h a l l 

be d e t e r m i n e d i n a c c o r d a n c e w i t h S e c t i o n 2 o f 
C h a p t e r I I . 

6. The d e l i v e r a b i l i t y o f t h e w e l l s h a l l be 
d e t e r m i n e d by u s i n g t h e d a t a d e t e r m i n e d i n 
P a r a g r a p h s 1 t h r o u g h 5 above i n t h e 
d e l i v e r a b i l i t y f o r m u l a i n a c c o r d a n c e w i t h S e c t i o n 
2 o f C h a p t e r I I . 

7. The d a t a and c a l c u l a t i o n s f o r P a r a g r a p h s 1 
t h r o u g h 6 above s h a l l be r e p o r t e d as r e q u i r e d ?n 
S e c t i o n 1 o f C h a p t e r I o f t h e s e r u l e s , upon t h e 
b l u e - c o l o r e d Form C-122-A o r on w h i t e Form 
C-122-A and w r i t e " I N I T I A L TEST ONLY" i n remarks. 

SECTION 2: A n n u a l and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n 
P r e s s u r e T e s t P r o c e d u r e 

T h i s t e s t s h a l l b e g i n by p r o d u c i n g a w e l l i n t h e n o r m a l 
o p e r a t i n g manner i n t o t h e p i p e l i n e t h r o u g h e i t h e r t h e 
c a s i n g o r t u b i n g , b u t n o t b o t h , f o r a p e r i o d o f f o u r t e e n 
c o n s e c u t i v e d a y s . T h i s s h a l l be known as t h e 
c o n d i t i o n i n g p e r i o d . The p r o d u c t i o n v a l v e and choke 
s e t t i n g s s h a l l n o t be changed d u r i n g e i t h e r t h e 
c o n d i t i o n i n g o r f l o w p e r i o d s e x c e p t d u r i n g t h e f i r s t t e n 
( 1 0 ) days o f t h e c o n d i t i o n i n g p e r i o d when maximum 
p r o d u c t i o n w o u l d o v e r - r a n g e t h e m e t e r c h a r t o r l o c a t i o n 
p r o d u c t i o n e g u i p m e n t . The f i r s t t e n ( 1 0 ) days o f s a i d 
c o n d i t i o n i n g p e r i o d s h a l l n o t have more t h a n f o r t y e i g h t 
( 4 8 ) h o u r s o f c u m u l a t i v e i n t e r r u p t i o n s o f f l o w . The 
e l e v e n t h t o f o u r t e e n t h d a y s , i n c l u s i v e , o f s a i d 
c o n d i t i o n i n g p e r i o d s h a l l have no i n t e r r u p t i o n s o f f l o w 
w h a t s o e v e r . Any i n t e r r u p t i o n o f f l o w t h a t o c c u r s as 
n o r m a l o p e r a t i o n o f t h e w e l l as s t o p - c o c k f l o w , 
i n t e r m i t t e n t f l o w , o r w e l l blow down w i l l n o t be c o u n t e d 
as s h u t - i n t i m e i n e i t h e r t h e c o n d i t i o n i n g o r f l o w 
p e r i o d . 

The d a i l y f l o w i n g r a t e s h a l l be d e t e r m i n e d f r o m an 
ave r a g e o f seven o r e i g h t c o n s e c u t i v e p r o d u c i n g d a y s , 
f o l l o w i n g a minimum c o n d i t i o n i n g p e r i o d o f 14 
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c o n s e c u t i v e days o f p r o d u c t i o n . T h i s s h a l l be known as 
t h e f l o w p e r i o d . 

I n s t a n t a n e o u s p r e s s u r e s s h a l l be measured by d e a d w e i g h t 
gauge o r o t h e r method a p p r o v e d by t h e D i v i s i o n d u r i n g 
t h e 7-day o r 8-day f l o w p e r i o d a t t h e c a s i n g h e a d , 
t u b i n g h e a d , and o r i f i c e m e t e r , and s h a l l be r e c o r d e d 
a l o n g w i t h i n s t a n t a n e o u s m e t e r - c h a r t s t a t i c p r e s s u r e 
r e a d i n g . 

I f a w e l l i s p r o d u c i n g t h r o u g h a compressor t h a t i s 
l o c a t e d between t h e w e l l h e a d and t h e meter r u n , t h e 
m e t e r r u n p r e s s u r e and t h e w e l l h e a d c a s i n g p r e s s u r e and 
t h e w e l l h e a d t u b i n g p r e s s u r e are t o be r e p o r t e d on Form 
C-122-A. ( N e i t h e r t h e s u c t i o n p r e s s u r e nor t h e 
d i s c h a r g e p r e s s u r e o f t h e compressor i s c o n s i d e r e d 
w e l l h e a d p r e s s u r e . ) A n o t e s h a l l be e n t e r e d i n t h e 
remarks p o r t i o n on Form C-122-A s t a t i n g " T h i s w e l l 
p r o d u c e s t h r o u g h a c o m p r e s s o r " . 

When i t i s n e c e s s a r y t o r e s t r i c t t h e f l o w o f gas between 
t h e w e l l h e a d and o r i f i c e m e t e r , t h e r a t i o o f t h e 
downstream p r e s s u r e , p s i a , t o t h e u p s t r e a m p r e s s u r e , 
p s i a s h a l l be d e t e r m i n e d . When t h i s r a t i o i s 0.57, o r 
l e s s , c r i t i c a l f l o w c o n d i t i o n s s h a l l be c o n s i d e r e d t o 
e x i s t a c r o s s t h e r e s t r i c t i o n . 

When more t h a n one r e s t r i c t i o n between t h e w e l l h e a d and 
o r i f i c e m e t e r causes t h e p r e s s u r e s t o r e f l e c t c r i t i c a l 
f l o w between t h e w e l l h e a d and o r i f i c e m e t e r , t h e 
p r e s s u r e s a c r o s s each o f t h e s e r e s t r i c t i o n s s h a l l be 
measured t o d e t e r m i n e w h e t h e r c r i t i c a l f l o w e x i s t s a t 
any r e s t r i c t i o n . When c r i t i c a l f l o w does n o t e x i s t a t 
any r e s t r i c t i o n , t h e p r e s s u r e s taken t o d i s p r o v e c r i t i c a l 
f l o w s h a l l be r e p o r t e d t o t h e D i v i s i o n on Form C-122-A 
i n i t e m ( n ) o f t h e f o r m . When c r i t i c a l f l o w c o n d i t i o n s 
e x i s t , t h e i n s t a n t a n e o u s f l o w i n g p r e s s u r e s r e q u i r e d 
h e r e i n a b o v e s h a l l be measured d u r i n g t h e l a s t 48 h o u r s 
o f t h e 7-day o r 8-day f l o w p e r i o d . 

When c r i t i c a l f l o w e x i s t s between t h e w e l l h e a d and 
o r i f i c e m e t e r , t h e measured w e l l h e a d f l o w i n g p r e s s u r e o f 
t h e s t r i n g t h r o u g h w h i c h t h e w e l l f l o w e d d u r i n g t e s t 
s h a l l be used as Pt when c a l c u l a t i n g t h e s t a t i c w e l l h e a d 

w o r k i n g p r e s s u r e ( P w ) u s i n g t h e method e s t a b l i s h e d b e l o w . 

When c r i t i c a l f l o w does n o t e x i s t a t any r e s t r i c t i o n , Pt 

s h a l l be t h e c o r r e c t e d a v e r a g e s t a t i c p r e s s u r e f r o m t h e 



m e t e r c h a r t p l u s f r i c t i o n l o s s f r o m t h e w e l l h e a d t o t h e 
o r i f i c e m e t e r . 

The s t a t i c w e l l h e a d w o r k i n g p r e s s u r e ( P w ) o f any w e l l 

under t e s t s h a l l be t h e c a l c u l a t e d 7-day or 8-day 
a v e r a g e s t a t i c t u b i n g p r e s s u r e i f t h e w e l l i s f l o w i n g 
t h r o u g h t h e c a s i n g ; i t s h a l l be t h e c a l c u l a t e d 7-day o r 
8-day a v e r a g e s t a t i c c a s i n g p r e s s u r e i f t h e w e l l i s 
f l o w i n g t h r o u g h t h e t u b i n g . The s t a t i c w e l l h e a d w o r k i n g 
p r e s s u r e ( P w ) s h a l l be c a l c u l a t e d by a p p l y i n g t h e t a b l e s 

and p r o c e d u r e s s e t o u t i n t h i s manual. 

To o b t a i n t h e s h u t - i n p r e s s u r e o f a w e l l under t e s t , t h e 
w e l l s h a l l be s h u t i n some t i m e d u r i n g t h e c u r r e n t 
t e s t i n g season f o r a p e r i o d o f seven t o f o u r t e e n 
c o n s e c u t i v e d a y s , w h i c h have been p r e c e d e d by a minimum 
o f seven days o f u n i n t e r r u p t e d p r o d u c t i o n . Such s h u t - i n 
p r e s s u r e s h a l l be measured w i t h a d e a d w e i g h t gauge o r 
o t h e r method a p p r o v e d by t h e D i v i s i o n on t h e s e v e n t h t o 
f o u r t e e n t h day o f s h u t - i n o f t h e w e l l . The 7-day 
s h u t - i n p r e s s u r e s h a l l be measured on b o t h t h e t u b i n g 
and t h e c a s i n g when c o m m u n i c a t i o n e x i s t s between t h e two 
s t r i n g s . The h i g h e r o f such p r e s s u r e s s h a l l be used as 
P c i n t h e d e l i v e r a b i l i t y c a l c u l a t i o n . When any such 

s h u t - i n p r e s s u r e i s d e t e r m i n e d by t h e D i v i s i o n t o be 
a b n o r m a l l y low or t h e w e l l can n o t be s h u t - i n due t o 
"HARDSHIP" c l a s s i f i c a t i o n , t h e s h u t - i n p r e s s u r e t o be 
used as P c s h a l l be d e t e r m i n e d by one o f t h e f o l l o w i n g 

m ethods: 

1 . A D i v i s i o n - d e s i g n a t e d v a l u e . 

2. An a v e r a g e s h u t - i n p r e s s u r e o f a l l o f f s e t w e l l s 
c o m p l e t e d i n t h e same zone. O f f s e t w e l l s i n c l u d e 
t h e f o u r s i d e and f o u r c o r n e r w e l l s , i f 
a v a i l a b l e . 

3. A c a l c u l a t e d s u r f a c e p r e s s u r e based on a 
c a l c u l a t e d b o t t o m - h o l e p r e s s u r e . Such 
c a l c u l a t i o n s h a l l be made i n a c c o r d a n c e w i t h t h e 
examples i n t h i s manual. 

A l l W e l l h e a d p r e s s u r e s as w e l l as t h e f l o w i n g m eter 
p r e s s u r e t e s t s w h i c h a r e t o be taken d u r i n g t h e 7-day o r 
8-day d e l i v e r a b i l i t y t e s t p e r i o d as r e q u i r e d h e r e i n a b o v e 
s h a l l be taken w i t h a d e a d w e i g h t gauge o r o t h e r method 
a p p r o v e d by t h e D i v i s i o n . The p r e s s u r e r e a d i n g s and t h e 
d a t e and t i m e a c c o r d i n g t o t h e c h a r t s h a l l be r e c o r d e d 
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and m a i n t a i n e d i n t h e o p e r a t o r ' s r e c o r d s w i t h t h e t e s t 
i n f o r m a t i o n . 

O r i f i c e m e t e r c h a r t s s h a l l be changed and so a r r a n g e d as 
t o r e f l e c t upon a s i n g l e c h a r t t h e f l o w d a t a f o r t h e gas 
f r o m each w e l l f o r t h e f u l l 7-day o r 8-day 
d e l i v e r a b i l i t y t e s t p e r i o d ; however, no t e s t s s h a l l be 
v o i d e d i f s a t i s f a c t o r y e x p l a n a t i o n i s made as t o t h e 
n e c e s s i t y f o r u s i n g t e s t volumes t h r o u g h two c h a r t 
p e r i o d s . C o r r e c t i o n s s h a l l be made f o r p r e s s u r e base, 
measured f l o w i n g t e m p e r a t u r e , s p e c i f i c g r a v i t y , and 
s u p e r c o m p r e s s i b i l i t y ; p r o v i d e d however, i f t h e s p e c i f i c 
g r a v i t y o f t h e gas f r o m any w e l l under t e s t i s n o t 
a v a i l a b l e , an e s t i m a t e d s p e c i f i c g r a v i t y may be assumed 
t h e r e f o r , based upon t h a t o f gas f r o m n e a r - b y w e l l s , t h e 
s p e c i f i c g r a v i t y o f w h i c h has been a c t u a l l y d e t e r m i n e d 
by measurement. 

The a v e r a g e f l o w i n g m e t e r p r e s s u r e f o r t h e 7-day or 
8-day f l o w p e r i o d and t h e c o r r e c t e d i n t e g r a t e d volume 
s h a l l be d e t e r m i n e d by t h e p u r c h a s i n g company t h a t 
i n t e g r a t e s t h e f l o w c h a r t s and f u r n i s h e d t o t h e o p e r a t o r 
o r t e s t i n g agency. 

The 7-day o r 8-day f l o w p e r i o d volume s h a l l be 
c a l c u l a t e d f r o m t h e i n t e g r a t e d r e a d i n g s as d e t e r m i n e d 
f r o m t h e f l o w p e r i o d o r i f i c e m e t e r c h a r t . The volume so 
c a l c u l a t e d s h a l l be d i v i d e d by t h e number o f t e s t i n g 
days on t h e c h a r t t o d e t e r m i n e t h e average d a i l y r a t e o f 
f l o w d u r i n g s a i d f l o w p e r i o d . The f l o w p e r i o d s h a l l 
have a minimum o f seven and a maximum o f e i g h t l e g i b l y 
r e c o r d e d f l o w i n g days t o be a c c e p t a b l e f o r t e s t 
p u r p o s e s . The volume used i n t h i s c a l c u l a t i o n s h a l l be 
c o r r e c t e d t o New Mexico O i l C o n s e r v a t i o n D i v i s i o n 

s t a n d a r d c o n d i t i o n s o f 15.025 p s i a p r e s s u r e base, 60°F. 
t e m p e r a t u r e base and 0.60 s p e c i f i c g r a v i t y base. 

The d a i l y volume o f f l o w as d e t e r m i n e d f r o m t h e f l o w 
p e r i o d c h a r t r e a d i n g s s h a l l be c a l c u l a t e d by a p p l y i n g 
t h e B a s i c O r i f i c e Meter Formula o r o t h e r a c c e p t a b l e 
i n d u s t r y s t a n d a r d p r a c t i c e s . 

Q = C ' JhwPfJ 1/ 2 

Where: 
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0 = M e t e r e d volume o f f l o w Mcf/d @ 15.025 p s i a , 

60° F., and 0.60 s p e c i f i c g r a v i t y . 

C' = The 24-hour b a s i c o r i f i c e m e t e r f l o w f a c t o r 
c o r r e c t e d f o r f l o w i n g t e m p e r a t u r e , g r a v i t y , 
and s u p e r c o m p r e s s i b i l i t y . 

h w = D a i l y a v e r a g e d i f f e r e n t i a l m e t e r p r e s s u r e 

f r o m f l o w p e r i o d c h a r t . 

Pf = D a i l y average f l o w i n g meter p r e s s u r e f r o m 

f l o w p e r i o d c h a r t . 

The b a s i c o r i f i c e m e t e r f l o w f a c t o r s , f l o w i n g 
t e m p e r a t u r e f a c t o r , and s p e c i f i c g r a v i t y f a c t o r s h a l l be 
d e t e r m i n e d f r o m t h e t a b l e s i n t h i s manual. 

The d a i l y f l o w p e r i o d a v e r a g e c o r r e c t e d f l o w i n g meter 
p r e s s u r e , p s i g , s h a l l be used t o d e t e r m i n e t h e 
s u p e r c o m p r e s s i b i l i t y f a c t o r . S u p e r c o m p r e s s i b i l i t y 
T a b l e s may be o b t a i n e d f r o m t h e New Mexico O i l 
C o n s e r v a t i o n D i v i s i o n . 

When s u p e r c o m p r e s s i b i l i t y c o r r e c t i o n i s made f o r a gas 
c o n t a i n i n g e i t h e r n i t r o g e n o r c a r b o n d i o x i d e i n excess 
o f two p e r c e n t , t h e s u p e r c o m p r e s s i b i l i t y f a c t o r s o f such 
gas s h a l l be d e t e r m i n e d by t h e use o f T a b l e V o f t h e 
C.N.G.A. B u l l e t i n TS-402 f o r p r e s s u r e s 100-500 p s i g , o r 
T a b l e I I , TS-461 f o r p r e s s u r e s i n excess o f 500 p s i g . 

The use o f t a b l e s f o r c a l c u l a t i n g r a t e s o f f l o w f r o m 
i n t e g r a t o r r e a d i n g s w h i c h do n o t s p e c i f i c a l l y c o n f o r m t o 
t h e New Mexico O i l C o n s e r v a t i o n D i v i s i o n "Back P r e s s u r e 
T e s t Manual", o r t h i s m a nual, may be ap p r o v e d f o r 
d e t e r m i n i n g t h e d a i l y f l o w p e r i o d r a t e s o f f l o w upon a 
showing t h a t such t a b l e s a r e a p p r o p r i a t e and n e c e s s a r y . 

The d a i l y a v e r a g e i n t e g r a t e d r a t e o f f l o w f o r t h e 7-day 
or 8-day f l o w p e r i o d s h a l l be c o r r e c t e d f o r meter e r r o r 
by m u l t i p l i c a t i o n by a c o r r e c t i o n f a c t o r . S a i d 
c o r r e c t i o n f a c t o r s h a l l be d e t e r m i n e d by d i v i d i n g t h e 
squ a r e r o o t o f t h e d e a d w e i g h t f l o w i n g meter p r e s s u r e , 
p s i a , by t h e square r o o t o f t h e c h a r t f l o w i n g m e t e r 
p r e s s u r e , p s i a . 

D e l i v e r a b i l i t y p r e s s u r e , as used h e r e i n , i s a d e f i n e d 
p r e s s u r e a p p l i e d t o each w e l l and used i n t h e p r o c e s s o f 
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comparing the a b i l i t i e s of w e l l s i n a p o o l to produce a t 
s t a t i c w e l l head working pressures equal t o a percentage 
of the 7-day s h u t - i n pressure of the r e s p e c t i v e 
i n d i v i d u a l w e l l s . Such percentage s h a l l be determined 
and announced p e r i o d i c a l l y by the D i v i s i o n based on the 
r e l a t i o n s h i p of the average s t a t i c w ellhead working 
pressures ( P w ) d i v i d e d by the average 7-day s h u t - i n 
p r e ssure ( P c ) of the p o o l . 

The d e l i v e r a b i l i t y of gas a t the " d e l i v e r a b i l i t y 
p r e s s u r e " of any w e l l under t e s t s h a l l be c a l c u l a t e d 
from the t e s t data d e r i v e d from the t e s t s hereinabove 
r e q u i r e d by use of the f o l l o w i n g d e l i v e r a b i l i t y f o r m u l a : 

D = g 

Where: 

( P c

2 - P d

2 ) 

( P c

2 - P w

2 ) 

n 

D = D e l i v e r a b i l i t y Mcf/d a t the d e l i v e r a b i l i t y 
p r e s s u r e , ( P ^ ) , ( a t Standard C o n d i t i o n s of 

15.025 p s i a , 60°F and 0.60 sp. g r . ) . 

Q = D a i l y f l o w r a t e i n Mcf/d, at wellhead 
pressure ( P w ) . 

P c = 7-day s h u t - i n Wellhead p r e s s u r e , p s i a , 
determined i n accordance w i t h S e c t i o n 2 of 
Chapter I I . 

Pd = D e l i v e r a b i l i t y p r e s s u r e , p s i a , as d e f i n e d 
above. 

P w = Average s t a t i c wellhead working p r e s s u r e , as 
determined from 7-day or 8-day f l o w p e r i o d , 
p s i a , and c a l c u l a t e d from t a b l e s i n t h i s 
manual e n t i t l e d "Pressure Loss Due t o 
F r i c t i o n " Tables f o r n o r t h w e s t New Mexico. 

n = Average pool slope of back pressure curves 
as f o l l o w s : 

For P i c t u r e d C l i f f s and s h a l l o w e r f o r m a t i o n s 
0.85 
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For f o r m a t i o n s 
0.75 

deeper t h a n P i c t u r e d C l i f f s 

( N o t e : S p e c i a l r u l e s f o r any s p e c i f i c p o o l o r 
f o r m a t i o n may su p e r s e d e t h e above v a l u e s 
Check s p e c i a l r u l e s i f i n d o u b t . ) 

The v a l u e o f t h e m u l t i p l i e r i n t h e above f o r m u l a ( r a t i o 
f a c t o r a f t e r t h e a p p l i c a t i o n o f t h e p o o l s l o p e ) by w h i c h 
Q i s m u l t i p l i e d s h a l l n o t exceed a l i m i t i n g v a l u e t o be 
d e t e r m i n e d and announced p e r i o d i c a l l y by t h e D i v i s i o n . 
Such d e t e r m i n a t i o n s h a l l be made a f t e r a s t u d y o f t h e 
t e s t d a t a o f t h e p o o l o b t a i n e d d u r i n g t h e p r e v i o u s 
t e s t i n g s eason. 

Downhole commingled w e l l s a r e t o be t e s t e d i n y e a r f o r 
p o o l o f l o w e r m o s t p r o r a t e d c o m p l e t i o n o f w e l l and s h a l l 
use p o o l s l o p e ( n ) , and d e l i v e r a b i l i t y p r e s s u r e o f 
l o w e r m o s t p o o l . The t o t a l f l o w r a t e f r o m t h e downhole 
commingled w e l l w i l l be used t o c a l c u l a t e a v a l u e o f 
d e l i v e r a b i l i t y . For each p r o r a t e d gas zone o f a 
downhole commingled w e l l , a Form C-122-A i s r e q u i r e d t o 
be f i l e d and i n t h e Summary p o r t i o n o f t h a t f o r m , a l l 
zones w i l l i n d i c a t e t h e same d a t a f o r l i n e h, P c, 0, P w, 

and Pd. The v a l u e shown f o r D e l i v e r a b i l i t y (D) w i l l be 

t h a t p e r c e n t a g e o f t h e t o t a l d e l i v e r a b i l i t y o f t h e w e l l 
t h a t i s a p p l i c a b l e t o t h i s zone. A n o t e s h a l l be p l a c e d 
i n t h e remarks column t h a t i n d i c a t e s t h e p e r c e n t a g e o f 
d e l i v e r a b i l i t y t o be a l l o c a t e d t o t h i s zone o f t h e w e l l . 

Any t e s t p r e s c r i b e d h e r e i n w i l l be c o n s i d e r e d a c c e p t a b l e 
i f t h e a v e r a g e f l o w r a t e f o r t h e f i n a l 7-day or 8-day 
d e l i v e r a b i l i t y t e s t i s n o t more t h a n t e n p e r c e n t i n 
excess o f any c o n s e c u t i v e 7-day o r 8-day average o f t h e 
p r e c e d i n g two weeks. A d e l i v e r a b i l i t y t e s t n o t m e e t i n g 
t h i s r e q u i r e m e n t may be d e c l a r e d i n v a l i d , r e q u i r i n g t h e 
w e l l t o be r e - t e s t e d . 

A l l c h a r t s r e l a t i v e t o i n i t i a l , a n n u a l , o r b i e n n i a l 
d e l i v e r a b i l i t y t e s t s o r c o p i e s t h e r e o f s h a l l be made 
a v a i l a b l e t o t h e D i v i s i o n upon i t s r e q u e s t . 

A l l t e s t i n g a g e n c i e s , w h e t h e r i n d i v i d u a l s , companies, 
p i p e l i n e c o m p a n i e s , o r o p e r a t o r s , s h a l l m a i n t a i n a l o g 
o f a l l t e s t s a c c o m p l i s h e d by them, i n c l u d i n g a l l f i e l d 
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t e s t d a t a . The o p e r a t o r s h a l l m a i n t a i n t h e above d a t a 
f o r a p e r i o d o f n o t l e s s t h a n two ( 2 ) y e a r s p l u s t h e 
c u r r e n t t e s t y e a r . 

A l l f o r m s h e r e t o f o r e m e n t i o n e d a r e h e r e b y a d o p t e d f o r 
use i n t h e n o r t h w e s t New Mexico Area i n open f o r m 
s u b j e c t t o such m o d i f i c a t i o n as e x p e r i e n c e may i n d i c a t e 
d e s i r a b l e o r n e c e s s a r y . 

I n i t i a l and A n n u a l o r B i e n n i a l D e l i v e r a b i l i t y and 
S h u t - I n P r e s s u r e T e s t s f o r gas w e l l s i n a l l f o r m a t i o n s 
s h a l l be c o n d u c t e d and r e p o r t e d i n a c c o r d a n c e w i t h t h e s e 
r u l e s and p r o c e d u r e s . P r o v i d e d however, t h e s e r u l e s 
s h a l l be s u b j e c t t o any s p e c i f i c m o d i f i c a t i o n o r change 
c o n t a i n e d i n S p e c i a l P o o l Rules a d o p t e d f o r any p o o l 
a f t e r n o t i c e and h e a r i n g . 

CHAPTER I I I INFORMATIONAL TESTS 

A. A o n e - p o i n t back p r e s s u r e t e s t may be taken on newly 
c o m p l e t e d w e l l s b e f o r e t h e i r c o n n e c t i o n o r r e c o n n e c t i o n 
t o a gas t r a n s p o r t a t i o n f a c i l i t y . T h i s t e s t s h a l l n o t 
be a r e q u i r e d o f f i c i a l t e s t b u t may be taken f o r 
i n f o r m a t i o n a l p u r p o s e s a t t h e o p t i o n o f t h e o p e r a t o r . 
When t a k e n , t h i s t e s t must be taken and r e p o r t e d as 
p r e s c r i b e d b e l o w : 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 

1. T h i s t e s t s h a l l be a c c o m p l i s h e d a f t e r a minimum 
s h u t - i n o f seven d a y s . The s h u t - i n p r e s s u r e 
s h a l l be measured w i t h a d e a d w e i g h t gauge o r 
o t h e r method app r o v e d by t h e D i v i s i o n . 

2. The f l o w r a t e s h a l l be t h a t r a t e i n Mcf/d 
measured a t t h e end o f a t h r e e hour t e s t f l o w 
p e r i o d . The f l o w f r o m t h e w e l l s h a l l be f o r 
t h r e e h o u r s t h r o u g h a p o s i t i v e choke, w h i c h has a 
3 / 4 - i n c h o r i f i c e . 

3. A 2 - i n c h n i p p l e w h i c h p r o v i d e s a m e c h a n i c a l means 
of a c c u r a t e l y m e a s u r i n g t h e p r e s s u r e and 
t e m p e r a t u r e o f t h e f l o w i n g gas s h a l l be i n s t a l l e d 
i m m e d i a t e l y u p s t r e a m f r o m t h e p o s i t i v e choke. 

4. The a b s o l u t e open f l o w s h a l l be c a l c u l a t e d u s i n g 
t h e c o n v e n t i o n a l back p r e s s u r e f o r m u l a as shown 
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i n t h i s manual or t h e New Mexico O i l C o n s e r v a t i o n 
D i v i s i o n "Back P r e s s u r e T e s t Manual." 

The o b s e r v e d d a t a and f l o w c a l c u l a t i o n s s h a l l be 
r e p o r t e d i n d u p l i c a t e on Form C-122, " M u l t i - P o i n t 
Back P r e s s u r e T e s t f o r Gas W e l l s . " 

6. N o n - c r i t i c a l f l o w s h a l l be c o n s i d e r e d t o e x i s t 
when t h e choke p r e s s u r e i s 13 p s i g o r l e s s . When 
t h i s c o n d i t i o n e x i s t s t h e f l o w r a t e s h a l l be 
measured w i t h a p i t o t t u b e and n i p p l e as 
s p e c i f i e d i n t h i s manual or i n t h e D i v i s i o n ' s 
Manual o f " T a b l e s and P r o c e d u r e f o r P i t o t T e s t s . " 
The p i t o t t e s t n i p p l e s h a l l be i n s t a l l e d 
i m m e d i a t e l y downstream f r o m t h e 3 / 4 - i n c h p o s i t i v e 
choke. 

7. Any w e l l c o m p l e t e d w i t h 2 - i n c h n o m i n a l s i z e 
t u b i n g ( 1 . 9 9 5 - i n c h ID) o r l a r g e r s h a l l be t e s t e d 
t h r o u g h t h e t u b i n g . 

B. O t h e r t e s t s f o r i n f o r m a t i o n a l p u r p o s e s may be c o n d u c t e d 
p r i o r t o o b t a i n i n g a p i p e l i n e c o n n e c t i o n f o r a newly 
c o m p l e t e d w e l l upon r e c e i v i n g s p e c i f i c a p p r o v a l t h e r e f o r 
f r o m t h e D i v i s i o n ' s A z t e c o f f i c e . A p p r o v a l o f t h e s e 
t e s t s s h a l l be based p r i m a r i l y upon t h e volume o f gas t o 
be v e n t e d . 

CHAPTER IV TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN 
NON-PRORATED POOLS 

SECTION 1: I n i t i a l S h u t - I n P r e s s u r e T e s t s f o r Newly 
Completed W e l l s 

A. (Same as C h a p t e r I , S e c t i o n 1 , A) 

SECTION 2: B i e n n i a l S h u t - I n P r e s s u r e T e s t s 

A. N o n - p r o r a t e d w e l l s w i l l be t e s t e d b i e n n i a l l y as r e q u i r e d 
by t h e D i s t r i c t O f f i c e e x c e p t as f o l l o w s : 

1 . W e l l s w h i c h meet t h e "exempt" q u a l i f i c a t i o n as 
shown i n C h a p t e r I , S e c t i o n 2, p a r a g r a p h A-2 o f 
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t h e s e r u l e s s h a l l a l s o be exempt f r o m s h u t - i n t e s t 
r e q u i r e m e n t s . 

2. W e l l s c l a s s i f i e d as " h a r d s h i p " w e l l s d u r i n g t h e 
t e s t y e a r s h a l l a l s o be exempt f r o m s h u t - i n t e s t 
r e q u i r e m e n t s . 

B. A l l s h u t - i n t e s t s r e q u i r e d by t h e s e r u l e s must be f i l e d 
w i t h t h e D i v i s i o n ' s A z t e c o f f i c e by J a n u a r y 31 o f t h e 
f o l l o w i n g y e a r . F a i l u r e t o f i l e t h e t e s t w i l l s u b j e c t 
t h e w e l l t o b e i n g s h u t - i n one day f o r each day t h e t e s t 
i s l a t e . 

SECTION 3: S c h e d u l i n g T e s t s 

By September 1 o f each y e a r , t h e D i s t r i c t S u p e r v i s o r o f 
t h e A z t e c D i s t r i c t O f f i c e o f t h e D i v i s i o n s h a l l by 
memorandum n o t i f y each gas t r a n s p o r t a t i o n f a c i l i t y and 
each o p e r a t o r o f t h e p o o l s w h i c h a re t o be s c h e d u l e d f o r 
b i e n n i a l s h u t - i n p r e s s u r e t e s t i n g d u r i n g t h e f o l l o w i n g 
t e s t i n g p e r i o d f r o m J a n u a r y 1 t h r o u g h t h e l a s t day Cf 
December o f t h a t t e s t y e a r . The D i s t r i c t S u p e r v i s o r 
w i l l a l s o p r o v i d e a l i s t o f "exempt" w e l l s . 

Any w e l l s c h e d u l e d f o r t e s t i n g d u r i n g i t s t e s t y e a r may 
have t h e t e s t f l o w p e r i o d , and some o f t h e seven day 
s h u t - i n p e r i o d c o n d u c t e d i n December o f t h e p r e v i o u s 
y e a r . The e a r l i e s t d a t e t h a t a w e l l c o u l d be s c h e d u l e d 
f o r B i e n n i a l S h u t - I n P r e s s u r e T e s t w o u l d be such t h a t 
t h e T e s t Flow P e r i o d would end on December 25 o f t h e 
p r e v i o u s y e a r . 

Downhole commingled w e l l s a r e t o be s c h e d u l e d f o r t e s t s 
on d a t e s f o r p o o l o f l o w e r m o s t c o m p l e t i o n o f w e l l . 

SECTION 4: T e s t P r o c e d u r e 

A. To o b t a i n t h e s h u t - i n p r e s s u r e o f a w e l l under t e s t , t h e 
w e l l s h a l l be s h u t - i n some t i m e d u r i n g t h e c u r r e n t 
t e s t i n g season f o r a p e r i o d o f seven t o f o u r t e e n 
c o n s e c u t i v e d a y s , w h i c h have been p r e c e d e d by a minimum 
of seven days o f u n i n t e r r u p t e d p r o d u c t i o n . Such s h u t - i n 
p r e s s u r e s h a l l be measured by d e a d w e i g h t gauge o r o t h e r 
method a p p r o v e d by t h e D i v i s i o n on t h e s e v e n t h t o 
f o u r t e e n t h day o f s h u t - i n o f t h e w e l l . The s h u t - i n 
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p r e s s u r e s h a l l be measured on b o t h t h e t u b i n g and t h e 
c a s i n g when c o m m u n i c a t i o n e x i s t s between t h e two 
s t r i n g s . The h i g h e r o f such p r e s s u r e s s h a l l be r e p o r t e d 
as t h e s h u t - i n p r e s s u r e o f t h e w e l l . 

SECTION 5: F i l i n g o f S h u t - I n P r e s s u r e Data 

The r e s u l t s o f t h i s t e s t w i l l be f i l e d i n t r i p l i c a t e on 
Form C-125-B showing t h e p r e s s u r e s i n p s i a i n column 
l a b e l e d "S. I . PRESSURE PSIA (DWT)" w i t h t h e A z t e c 
D i s t r i c t O f f i c e . 
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E x h i b i t A 
Case No. 8586 

Ord e r No. R-333-I 

RULES OF PROCEDURE FOR NORTHWEST NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN 
PRORATED GAS POOLS 

SECTION 1: I n i t i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t s 
f o r Newly Completed W e l l 

A. I m m e d i a t e l y upon c o m p l e t i o n o f each gas w e l l i n 
n o r t h w e s t New M e x i c o , a s h u t - i n p r e s s u r e t e s t o f a t 
l e a s t seven days d u r a t i o n s h a l l be made. T h i s i n i t i a l 
s h u t - i n p r e s s u r e s h a l l be f i l e d w i t h t h e D i v i s i o n ' s 
A z t e c O f f i c e on e i t h e r Form C-122 o r C-104. 

B. W i t h i n 90 days a f t e r a w e l l f i r s t d e l i v e r s gas t o a gas 
t r a n s p o r t a t i o n f a c i l i t y , t h e w e l l s h a l l have been t e s t e d 
i n a c c o r d a n c e w i t h S e c t i o n 1 o f C h a p t e r I I o f t h e s e 
r u l e s , " I n i t i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t 
P r o c e d u r e s " , and t h e r e s u l t s o f t h e t e s t f i l e d i n 
t r i p l i c a t e w i t h t h e D i v i s i o n ' s A z t e c o f f i c e and one copy 
f i l e d w i t h t h e gas t r a n s p o r t a t i o n f a c i l i t y t o w h i c h t h e 
w e l l i s c o n n e c t e d . T h i s t e s t i s t o be f i l e d on Form 
C-122-A. F a i l u r e t o f i l e s a i d t e s t w i t h i n t h e 
a b o v e - p r e s c r i b e d 90-day p e r i o d w i l l s u b j e c t t h e w e l l t o 
t h e l o s s o f one day's a l l o w a b l e f o r each day t h e t e s t i s 
l a t e . 

1 . I f t h e newly f i r s t d e l i v e r e d w e l l i s an i n f i l l 
w e l l on a p r o r a t i o n u n i t , t h e o l d w e l l on t h e 
u n i t i s n o t r e q u i r e d t o be t e s t e d p r o v i d e d i t has 
a v a l i d t e s t on f i l e f o r t h e c u r r e n t p r o r a t i o n 
y e a r . T e s t i n g o f t h e o l d w e l l f o l l o w s t h e 
r e g u l a r l y a s s i g n e d t e s t y e a r f o r t h e p o o l i n 
w h i c h t h e w e l l s a r e l o c a t e d . The new w e l l i s 
r e q u i r e d t o be t e s t e d a n n u a l l y u n t i l a t l e a s t 
t h r e e a n n u a l t e s t s a r e on f i l e and t h e n t h e w e l l 
i s t o be t e s t e d b i e n n i a l l y w i t h o t h e r w e l l s i n 
t h a t p o o l . 

2. I f t h e newly f i r s t d e l i v e r e d w e l l i s an i n f i l l 
w e l l on a p r o r a t i o n u n i t and t h e o l d w e l l on t h e 
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u n i t i s "exempt", t h e o l d w e l l i s t o be t e s t e d 
a l o n g w i t h t h e new w e l l f o r t h e I n i t i a l and 
A n n u a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t . 
The o l d w e l l w i l l l o s e i t s "exempt" 
c l a s s i f i c a t i o n and must be t e s t e d b i e n n i a l l y 
a l o n g w i t h o t h e r w e l l s i n t h a t p o o l . The new 
i n f i l l w e l l i s r e g u i r e d t o be t e s t e d a n n u a l l y 
u n t i l a t l e a s t t h r e e a n n u a l t e s t s a r e on f i l e and 
t h e n t h e w e l l i s t o be t e s t e d b i e n n i a l l y w i t h 
o t h e r w e l l s i n t h a t p o o l . 

C. The r e q u i r e m e n t s f o r I n i t i a l T e s t s and An n u a l o r 
B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t s and 
t h e n o t i f i c a t i o n r e q u i r e m e n t s and s c h e d u l i n g o f such 
t e s t s w h i c h a p p l y t o newly c o m p l e t e d w e l l s s h a l l a l s o 
a p p l y t o r e c o m p l e t e d w e l l s . 

D. Any t e s t s t aken f o r i n f o r m a t i o n a l p u r p o s e s p r i o r t o 
p i p e l i n e c o n n e c t i o n s h a l l n o t be r e c o g n i z e d as o f f i c i a l 
t e s t s f o r t h e a s s i g n m e n t o f a l l o w a b l e s . 

SECTION 2. A n n u a l and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n 
P r e s s u r e T e s t s 

A. A n n u a l o r B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e 
T e s t s s h a l l be made on a l l gas w e l l s d u r i n g t h e p e r i o d 
f r o m J a n u a r y 1 t h r o u g h December 31 o f t h a t y e a r e x c e p t 
as f o l l o w s : 

1 . A n e w l y c o m p l e t e d w e l l o r a r e c o m p l e t e d w e l l s h a l l 
be t e s t e d on an a n n u a l b a s i s u n t i l a minimum o f 
t h r e e a n n u a l t e s t s have been t a k e n , a f t e r w h i c h 
t h e w e l l s h a l l be t e s t e d b i e n n i a l l y as i s r e q u i r e d 
f o r o t h e r w e l l s i n t h e p o o l i n w h i c h t h e w e l l i s 
l o c a t e d . 

2. W e l l s c l a s s i f i e d as "exempt" s h a l l n o t be s u b j e c t 
t o t h e r e q u i r e m e n t s o f a n n u a l o r b i e n n i a l 
d e l i v e r a b i l i t y t e s t s . 

C l a s s i f i c a t i o n o f w e l l s i n t o o r o u t o f t h e 
"exempt" s t a t u s s h a l l be done once each y e a r 
i m m e d i a t e l y f o l l o w i n g t h e r e p o r t i n g o f June 
p r o d u c t i o n and s h a l l be e f f e c t i v e f o r t h e 
s u c c e e d i n g a n n u a l t e s t p e r i o d . 
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Gas w e l l s c o m p l e t e d i n t h e P i c t u r e d C l i f f s o r any 
s h a l l o w e r f o r m a t i o n s h a l l be c l a s s i f i e d "exempt" 
i f a t l e a s t t h r e e months o f p r o d u c t i o n h i s t o r y i s 
a v a i l a b l e and t h e w e l l f a i l e d t o p r o d u c e , and i s 
i n c a p a b l e o f p r o d u c i n g , an a v e r a g e o f 250 MCF o r 
more p e r month d u r i n g t h e months p r o d u c e d w i t h i n 
t h e p r e c e d i n g 12-month p e r i o d , and t h e w e l l i s 
c l a s s i f i e d as m a r g i n a l i n t h e August Gas P r o r a t i o n 
S c h e d u l e . 

Gas w e l l s c o m p l e t e d i n any f o r m a t i o n deeper t h a n 
t h e P i c t u r e d C l i f f s f o r m a t i o n s h a l l be c l a s s i f i e d 
"exempt" i f a t l e a s t t h r e e months o f p r o d u c t i o n 
h i s t o r y i s a v a i l a b l e and t h e w e l l f a i l e d t o 
p r o d u c e , and i s i n c a p a b l e o f p r o d u c i n g , an 
a v e r a g e o f 2000 MCF o r more p e r month d u r i n g t h e 
months p r o d u c e d w i t h i n t h e p r e c e d i n g 12-month 
p e r i o d , and t h e w e l l i s c l a s s i f i e d as m a r g i n a l i n 
t h e A u g u s t Gas P r o r a t i o n S c h e d u l e . 

Gas w e l l s on m u l t i p l e w e l l Gas P r o r a t i o n U n i t s 
w i l l n o t be c l a s s i f i e d "exempt" u n l e s s t h e Gas 
P r o r a t i o n U n i t i s c l a s s i f i e d as m a r g i n a l . Any o r 
a l l w e l l s on a m a r g i n a l m u l t i p l e w e l l Gas 
P r o r a t i o n U n i t may be c l a s s i f i e d as "exempt" 
p r o v i d e d each Gas P r o r a t i o n U n i t so c l a s s i f i e d 
meets t h e q u a l i f i c a t i o n f o r "exempt" s t a t u s . Gas 
P r o r a t i o n U n i t s f o r w e l l s p r o d u c i n g f r o m 
f o r m a t i o n s deeper t h a n t h e P i c t u r e d C l i f f s 
f o r m a t i o n s h a l l be c l a s s i f i e d "exempt" i f a t 
l e a s t t h r e e months o f p r o d u c t i o n h i s t o r y i s 
a v a i l a b l e and t h e Gas P r o r a t i o n U n i t f a i l e d t o 
p r o d u c e , and i s i n c a p a b l e o f p r o d u c i n g , an 
a v e r a g e o f 2000 MCF o r more p e r month d u r i n g t h e 
months p r o d u c e d w i t h i n t h e p r e c e d i n g 12-month 
p e r i o d , and t h e Gas P r o r a t i o n U n i t i s c l a s s i f i e d 
as m a r g i n a l i n t h e A u g u s t Gas P r o r a t i o n S c h e d u l e . 
Gas P r o r a t i o n U n i t s a r e t o be c l a s s i f i e d as 
"exempt" because o f t h e i r low p r o d u c i n g a b i l i t y . 

The D i s t r i c t S u p e r v i s o r o f t h e D i v i s i o n ' s A z t e c 
O f f i c e may c l a s s i f y a w e l l o r Gas P r o r a t i o n U n i t 
as "exempt" a t any t i m e i f t h e o p e r a t o r p r e s e n t s 
s u f f i c i e n t e v i d e n c e t o t h e D i s t r i c t S u p e r v i s o r 
i n d i c a t i n g t h a t t h e w e l l o r Gas P r o r a t i o n U n i t i s 
i n c a p a b l e o f p r o d u c i n g gas a t a h i g h e r r a t e t h a n 
t h a t r a t e r e q u i r e d f o r "exempt" c l a s s i f i c a t i o n 
f o r w e l l s o r Gas P r o r a t i o n U n i t s i n t h a t p o o l . 
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Once a w e l l o r Gas P r o r a t i o n U n i t has been 
d e c l a r e d "exempt" f o r t h e f o l l o w i n g t e s t y e a r , i t 
s h a l l r e m a i n c l a s s i f i e d "exempt" f o r t h a t t e s t 
y e a r . 

3. I f a t e s t i s f i l e d on any w e l l on a gas p r o r a t i o n 
u n i t , t h e t e s t r e q u i r e m e n t f o r t h e gas p r o r a t i o n 
u n i t has been met. The d e l i v e r a b i l i t y o f t h e 
u n i t i s taken o n l y as t h e r e s u l t i n g sum o f a l l 
w e l l s t e s t e d . 

4. A s h u t - i n p r e s s u r e must be f i l e d on Form C-122-A 
even i f no gas i s measured d u r i n g t h e p r o d u c t i o n 
phase o f t h e t e s t . "Exempt" w e l l s do n o t r e q u i r e 
t h e f i l i n g o f a s h u t - i n p r e s s u r e . 

B. A l l A n n u a l and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n 
P r e s s u r e T e s t s r e q u i r e d by t h e s e r u l e s must be f i l e d 
w i t h t h e D i v i s i o n ' s A z t e c o f f i c e and w i t h t h e 
a p p r o p r i a t e gas t r a n s p o r t a t i o n f a c i l i t y w i t h i n 90 days 
f o l l o w i n g t h e c o m p l e t i o n o f each t e s t . P r o v i d e d 
however, t h a t any t e s t c o m p l e t e d between O c t o b e r 31 o f 
t h e t e s t y e a r and J a n u a r y 31 o f t h e f o l l o w i n g y e a r a r e 
due no l a t e r t h a n J a n u a r y 3 1 . No e x t e n s i o n o f t i m e f o r 
f i l i n g t e s t s beyond J a n u a r y 31 w i l l be g r a n t e d e x c e p t 
a f t e r n o t i c e and h e a r i n g . 

F a i l u r e t o f i l e any t e s t w i t h i n t h e a b o v e - p r e s c r i b e d 
t i m e s w i l l s u b j e c t t h e w e l l t o t h e l o s s o f one day's 
a l l o w a b l e f o r each day t h e t e s t i s l a t e . A w e l l 
c l a s s i f i e d as m a r g i n a l s h a l l be s h u t - i n one day f o r each 
day t h e t e s t i s l a t e . 

SECTION 3: S c h e d u l i n g o f T e s t s 

A. N o t i f i c a t i o n o f P o o l s t o be T e s t e d 

By September 1 o f each y e a r , t h e D i s t r i c t S u p e r v i s o r o f 
t h e A z t e c D i s t r i c t O f f i c e o f t h e D i v i s i o n s h a l l by 
memorandum n o t i f y each gas t r a n s p o r t a t i o n f a c i l i t y and 
each o p e r a t o r o f t h e p o o l s w h i c h a r e t o be s c h e d u l e d f o r 
b i e n n i a l t e s t i n g d u r i n g t h e f o l l o w i n g t e s t i n g p e r i o d 
f r o m J a n u a r y 1 t h r o u g h t h e l a s t day o f December o f t h a t 
t e s t y e a r . The D i s t r i c t S u p e r v i s o r w i l l a l s o p r o v i d e a 
l i s t o f "exempt" w e l l s and a l i s t o f w e l l s t h a t do n o t 
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have a minimum o f t h r e e A n n u a l D e l i v e r a b i l i t y and 
S h u t - I n P r e s s u r e T e s t s on f i l e . 

Any w e l l s c h e d u l e d f o r t e s t i n g d u r i n g i t s t e s t y e a r may 
have t h e c o n d i t i o n i n g p e r i o d , t e s t f l o w p e r i o d , and some 
of t h e seven day s h u t - i n p e r i o d c o n d u c t e d i n December o f 
t h e p r e v i o u s y e a r p r o v i d e d t h a t i f t h e 7 day s h u t - i n 
p e r i o d i m m e d i a t e l y f o l l o w s t h e t e s t f l o w p e r i o d t h e 7 
day s h u t - i n p r e s s u r e w o u l d be measured i n J a n u a r y o f t h e 
t e s t y e a r . The e a r l i e s t d a t e t h a t a w e l l c o u l d be 
s c h e d u l e d f o r A n n u a l o r B i e n n i a l D e l i v e r a b i l i t y and 
S h u t - I n P r e s s u r e T e s t w o u l d be such t h a t t h e T e s t Flow 
P e r i o d w o u l d end on December 25 o f t h e p r e v i o u s y e a r . 

Downhole commingled w e l l s a r e t o be s c h e d u l e d f o r t e s t s 
on d a t e s f o r p o o l o f l o w e r m o s t p r o r a t e d c o m p l e t i o n o f 
we 11 . 

B. A n n u a l and B i e n n i a l D e l i v e r a b i l i t y T e s t s 

By November 1 o f each y e a r , each gas t r a n s p o r t a t i o n 
f a c i l i t y s h a l l , i n c o o p e r a t i o n w i t h t h e o p e r a t o r s 
i n v o l v e d , p r e p a r e and s u b m i t a s c h e d u l e o f t h e w e l l s t o 
w h i c h i t i s c o n n e c t e d w h i c h a r e t o b e g i n t e s t i n g i n 
December and J a n u a r y . S a i d s c h e d u l e s h a l l be e n t i t l e d , 
" A nnual and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e 
T e s t S c h e d u l e " , and one copy s h a l l be s u b m i t t e d t o t h e 
D i v i s i o n ' s A z t e c o f f i c e and t o each o p e r a t o r c o n c e r n e d . 
The s c h e d u l e s h a l l i n d i c a t e t h e d a t e o f t e s t s , p o o l , 
o p e r a t o r , l e a s e , w e l l number, and l o c a t i o n o f each w e l l . 

At l e a s t 30 days p r i o r t o t h e b e g i n n i n g o f each 
s u c c e e d i n g 2-month t e s t i n g i n t e r v a l , a s i m i l a r s c h e d u l e 
s h a l l be p r e p a r e d and f i l e d i n a c c o r d a n c e w i t h t h e 
above. 

The gas t r a n s p o r t a t i o n f a c i l i t y and t h e A z t e c D i s t r i c t 
O f f i c e o f t h e D i v i s i o n s h a l l be n o t i f i e d i m m e d i a t e l y by 
any o p e r a t o r u n a b l e t o c o n d u c t any t e s t as s c h e d u l e d . 

I n t h e e v e n t a w e l l i s n o t t e s t e d i n a c c o r d a n c e w i t h t h e 
e x i s t i n g t e s t s c h e d u l e , t h e w e l l s h a l l be r e - s c h e d u l e d 
by t h e gas t r a n s p o r t a t i o n f a c i l i t y , and t h e D i v i s i o n and 
t h e o p e r a t o r o f t h e w e l l so n o t i f i e d i n w r i t i n g . Every 
e f f o r t s h o u l d be made t o n o t i f y t h e D i v i s i o n o f t h e new 
s c h e d u l e p r i o r t o t h e c o n c l u s i o n o f t h e newly a s s i g n e d 
14-day c o n d i t i o n i n g p e r i o d . 
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N o t i c e t o the D i v i s i o n of Sh u t - I n Pressure Tests which 
are scheduled a t a time o t h e r than immediately f o l l o w i n g 
the f l o w t e s t must be r e c e i v e d p r i o r t o the time t h a t 
the w e l l i s s h u t - i n . 

I t s h a l l be the r e s p o n s i b i l i t y of each o p e r a t o r t o 
determine t h a t a l l of i t s w e l l s are p r o p e r l y scheduled 
f o r t e s t i n g by the gas t r a n s p o r t a t i o n f a c i l i t y t o which 
they are connected, i n or d e r t h a t a l l annual and 
b i e n n i a l t e s t s may be completed d u r i n g the t e s t i n g 
season. 

I n the event a w e l l i s s h u t - i n by the s t a t e f o r over 
p r o d u c t i o n , the o p e r a t o r may produce the w e l l f o r a 
p e r i o d of time t o secure a t e s t a f t e r n o t i f i c a t i o n t o 
the D i v i s i o n . A l l gas produced d u r i n g t h i s t e s t i n g 
p e r i o d w i l l be used i n d e t e r m i n i n g the over/under 
produced s t a t u s of the w e l l . 

C. D e l i v e r a b i l i t y Re-Tests 

An o p e r a t o r may, i n c o o p e r a t i o n w i t h the gas 
t r a n s p o r t a t i o n f a c i l i t y , schedule a w e l l f o r a 
d e l i v e r a b i l i t y r e - t e s t upon n o t i f i c a t i o n t o the 
D i v i s i o n ' s Aztec o f f i c e at l e a s t t e n days befo r e the 
t e s t i s t o be commenced. Such r e - t e s t s h a l l be f o r good 
and s u b s t a n t i a l reason and s h a l l be s u b j e c t t o the 
ap p r o v a l of the D i v i s i o n . Re-tests s h a l l i n a l l ways be 
conducted i n conformance w i t h the Annual and B i e n n i a l 
D e l i v e r a b i l i t y Test Procedures of these r u l e s . The 
D i v i s i o n , a t i t s d i s c r e t i o n , may r e q u i r e the r e - t e s t i n g 
of any w e l l by n o t i f i c a t i o n t o the o p e r a t o r t o schedule 
such r e - t e s t . These t e s t s as f i l e d on Form C-122-A 
should be i d e n t i f i e d as "RETEST" i n the remarks column. 

SECTION 4: W i t n e s s i n g of Tests 

Any I n i t i a l Annual or B i e n n i a l D e l i v e r a b i l i t y and 
Sh u t - I n Pressure Test may be witnessed by any or a l l of 
the f o l l o w i n g : an agent of the D i v i s i o n , an o f f s e t 
o p e r a t o r , a r e p r e s e n t a t i v e of the gas t r a n s p o r t a t i o n 
f a c i l i t y connected t o the w e l l under t e s t , or a 
r e p r e s e n t a t i v e of the gas t r a n s p o r t a t i o n f a c i l i t y t a k i n g 
gas from an o f f s e t o p e r a t o r . 
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CHAPTER I I PROCEDURE FOR TESTING 

SECTION 1: I n i t i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t 
P r o c e d u r e 

A. W i t h i n 90 days a f t e r a newly c o m p l e t e d w e l l i s f i r s t 
d e l i v e r e d t o a gas t r a n s p o r t a t i o n f a c i l i t y , t h e o p e r a t o r 
s h a l l c o m p l e t e a d e l i v e r a b i l i t y and s h u t - i n p r e s s u r e 
t e s t o f t h e w e l l i n c o n f o r m a n c e w i t h t h e "Annual and 
B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n P r e s s u r e T e s t 
P r o c e d u r e s " , p r e s c r i b e d i n S e c t i o n 2 o f t h i s c h a p t e r . 
R e s u l t s o f t h e t e s t s h a l l be f i l e d as r e q u i r e d by 
S e c t i o n 1 o f C h a p t e r I o f t h e s e r u l e s . 

B. I n t h e e v e n t i t i s i m p r a c t i c a l t o t e s t a newly c o m p l e t e d 
w e l l i n c o n f o r m a n c e w i t h P a r a g r a p h A above, t h e o p e r a t o r 
may c o n d u c t t h e d e l i v e r a b i l i t y and s h u t - i n p r e s s u r e t e s t 
i n t h e f o l l o w i n g manner ( p r o v i d e d , however, t h & t any 
t e s t so c o n d u c t e d w i l l n o t be a c c e p t e d as t h e f i r s t 
a n n u a l d e l i v e r a b i l i t y and s h u t - i n p r e s s u r e t e s t as 
d e s c r i b e d i n P a r a g r a p h A - l o f S e c t i o n 2, C h a p t e r I ) : 

1 . A 7-day o r 8-day p r o d u c t i o n c h a r t may be used as 
t h e b a s i s f o r d e t e r m i n i n g t h e w e l l ' s 
d e l i v e r a b i l i t y , p r o v i d i n g t h e c h a r t so used i s 
p r e c e d e d by a t l e a s t 14 days c o n t i n u o u s 
p r o d u c t i o n . The w e l l s h a l l p r o d u c e t h r o u g h 
e i t h e r t h e c a s i n g o r t u b i n g , b u t n o t b o t h , i n t o a 
p i p e l i n e d u r i n g t h e s e p e r i o d s . The p r o d u c t i o n 
v a l v e and t h e choke s e t t i n g s s h a l l n o t be changed 
d u r i n g e i t h e r t h e c o n d i t i o n i n g o r f l o w p e r i o d 
w i t h t h e e x c e p t i o n o f t h e f i r s t t e n ( 1 0 ) days o f 
t h e c o n d i t i o n i n g p e r i o d when maximum p r o d u c t i o n 
w o u l d o v e r - r a n g e t h e m e t e r c h a r t o r l o c a t i o h 
p r o d u c t i o n e q u i p m e n t . 

2. A s h u t - i n p r e s s u r e o f a t l e a s t seven days 
d u r a t i o n s h a l l be t a k e n . T h i s s h a l l be t h e 
s h u t - i n t e s t r e q u i r e d i n P a r a g r a p h A, S e c t i o n 1 
o f C h a p t e r I o f t h e s e r u l e s . 

3. The av e r a g e d a i l y s t a t i c m e t e r p r e s s u r e s h a l l be 
d e t e r m i n e d i n a c c o r d a n c e w i t h S e c t i o n 2 o f 
C h a p t e r I I o f t h e s e r u l e s . T h i s p r e s s u r e s h a l l 
be used as Pt i n c a l c u l a t i n g P w f o r t h e 
D e l i v e r a b i l i t y C a l c u l a t i o n . 
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4. The d a i l y average r a t e of f l o w s h a l l be 
determined i n accordance w i t h S e c t i o n 2 of 
Chapter I I . 

5. The s t a t i c w e l l head working pressure ( P w ) s h a l l 
be determined i n accordance w i t h S e c t i o n 2 of 
Chapter I I . 

6. The d e l i v e r a b i l i t y of the w e l l s h a l l be 
determined by us i n g the data determined i n 
Paragraphs 1 thro u g h 5 above i n the 
d e l i v e r a b i l i t y f o r m u l a i n accordance w i t h S e c t i o n 
2 of Chapter I I . 

7. The data and c a l c u l a t i o n s f o r Paragraphs 1 
thr o u g h 6 above s h a l l be r e p o r t e d as r e q u i r e d i n 
S e c t i o n 1 of Chapter I of these r u l e s , upon the 
b l u e - c o l o r e d Form C-122-A or on w h i t e Form 
C-122-A and w r i t e "INITIAL TEST ONLY" i n remarks. 

SECTION 2: Annual and B i e n n i a l D e l i v e r a b i l i t y and S h u t - I n 
Pressure Test Procedure 

This t e s t s h a l l begin by producing a w e l l i n the normal 
o p e r a t i n g manner i n t o the p i p e l i n e through e i t h e r the 
cas i n g or t u b i n g , but not b o t h , f o r a p e r i o d of f o u r t e e n 
c o n s e c u t i v e days. This s h a l l be known as the 
c o n d i t i o n i n g p e r i o d . The p r o d u c t i o n v a l v e and choke 
s e t t i n g s s h a l l not be changed d u r i n g e i t h e r t h ^ 
c o n d i t i o n i n g or f l o w p e r i o d s except d u r i n g the f i r s t t e n 
(10) days of the c o n d i t i o n i n g p e r i o d when maximum 
p r o d u c t i o n would over-range the meter c h a r t or l o c a t i o n 
p r o d u c t i o n equipment. The f i r s t t e n (10) days of s a i d 
c o n d i t i o n i n g p e r i o d s h a l l not have more than f o r t y e i g h t 
(48) hours of c u m u l a t i v e i n t e r r u p t i o n s of f l o w * The 
e l e v e n t h t o f o u r t e e n t h days, i n c l u s i v e , of s a i d 
c o n d i t i o n i n g p e r i o d s h a l l have no i n t e r r u p t i o n s of f l o w 
whatsoever. Any i n t e r r u p t i o n of f l o w t h a t occurs as 
normal o p e r a t i o n of the w e l l as stop-cock f l o w , 
i n t e r m i t t e n t f l o w , or w e l l blow down w i l l not be counted 
as s h u t - i n time i n e i t h e r the c o n d i t i o n i n g or f l o w 
p e r i o d . 

The d a i l y f l o w i n g r a t e s h a l l be determined from an 
average of seven or e i g h t c o n s e c u t i v e producing days, 
f o l l o w i n g a minimum c o n d i t i o n i n g p e r i o d of 14 
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c o n s e c u t i v e days of p r o d u c t i o n . This s h a l l be known as 
the f l o w p e r i o d . 

I n s t a n t a n e o u s pressures s h a l l be measured by deadweight 
gauge or o t h e r method approved by the D i v i s i o n d u r i n g 
the 7-day or 8-day f l o w p e r i o d a t the casinghead, 

f~̂ - t u b i n g h e a d , and o r i f i c e meter, and s h a l l be recorded 
along w i t h i n s t a n t a n e o u s m e t e r - c h a r t s t a t i c pressure 
read i n g . 

I f a w e l l i s producing t h r o u g h a compressor t h a t i s 
l o c a t e d between the wellhead and the meter r u n , the 
meter run pressure and the wellhead casing pressure and 
the w e l l h e a d t u b i n g pressure are t o be r e p o r t e d on Form 
C-122-A. ( N e i t h e r the s u c t i o n pressure nor the 
di s c h a r g e pressure of the compressor i s considered 
w e l l h e a d p r e s s u r e . ) A note s h a l l be entered i n the 
remarks p o r t i o n on Form C-122-A s t a t i n g "This w e l l 
produces t h r o u g h a compressor". 

When i t i s necessary t o r e s t r i c t the f l o w of gas between 
the w e l l h e a d and o r i f i c e meter, the r a t i o of the 
downstream p r e s s u r e , p s i a , t o the upstream p r e s s u r e , 
p s i a s h a l l be determined. When t h i s r a t i o i s 0.57, or 
l e s s , c r i t i c a l f l o w c o n d i t i o n s s h a l l be considered t o 
e x i s t across the r e s t r i c t i o n . 

When more than one r e s t r i c t i o n between the wellhead and 
o r i f i c e meter causes the pressures t o r e f l e c t c r i t i c a l 
f l o w between the wellhead and o r i f i c e meter, the 
pressures across each of these r e s t r i c t i o n s s h r i l l be 
measured t o determine whether c r i t i c a l f l o w e x i s t s a t 
any r e s t r i c t i o n . When c r i t i c a l f l o w does not e x i s t a t 
any r e s t r i c t i o n , the pressures taken t o d i s p r o v e c r i t i c a l 
f l o w s h a l l be r e p o r t e d t o the D i v i s i o n on Form C-122-A 
i n i t e m (n) of the form. When c r i t i c a l f l o w c p n d i t i o n s 
e x i s t , the i n s t a n t a n e o u s f l o w i n g pressures r e q u i r e d 
hereinabove s h a l l be measured d u r i n g the l a s t 48 hours 
of the 7-day or 8-day f l o w p e r i o d . 

~̂ When c r i t i c a l f l o w e x i s t s between the wellhead and 
o r i f i c e meter, the measured we l l h e a d f l o w i n g pressure of 
the s t r i n g t hrough which the w e l l flowed d u r i n g t e s t 
s h a l l be used as Pt when c a l c u l a t i n g the s t a t i c w e l l head 
working pressure ( P w ) usi n g the method e s t a b l i s h e d below. 

When c r i t i c a l f l o w does not e x i s t a t any r e s t r i c t i o n , Pt 
s h a l l be the c o r r e c t e d average s t a t i c pressure from the 
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meter c h a r t p l u s f r i c t i o n l o s s from the wellhead t o the 
o r i f i c e me t e r . 

The s t a t i c w ellhead working pressure ( P w ) of arty w e l l 
under t e s t s h a l l be the c a l c u l a t e d 7-day or 8-day 
average s t a t i c t u b i n g p r essure i f the w e l l i s f l o w i n g 

O t h r o u g h the c a s i n g ; i t s h a l l be the c a l c u l a t e d 7-day or 
8-day average s t a t i c c a s i n g pressure i f the w e l l i s 
f l o w i n g t h r o u g h the t u b i n g . The s t a t i c wellhead working 
pressure ( P w ) s h a l l be c a l c u l a t e d by a p p l y i n g the t a b l e s 
and procedures set out i n t h i s manual. 

To o b t a i n the s h u t - i n pressure of a w e l l under t e s t , the 
w e l l s h a l l be shut i n some time d u r i n g the c u r r e n t 
t e s t i n g season f o r a p e r i o d of seven t o f o u r t e e n 
c o n s e c u t i v e days, which have been preceded by ^ minimum 
of seven days of u n i n t e r r u p t e d p r o d u c t i o n . Sufeh s h u t - i n 
p ressure s h a l l be measured w i t h a deadweight g^uge or 
o t h e r method approved by the D i v i s i o n on the seventh t o 
f o u r t e e n t h day of s h u t - i n of the w e l l . The 7-day 
s h u t - i n pressure s h a l l be measured on both the t u b i n g 
and the casing when communication e x i s t s between the two 
s t r i n g s . The h i g h e r of such pressures s h a l l b£ used as 
P c i n the d e l i v e r a b i l i t y c a l c u l a t i o n . When any such 

s h u t - i n p r essure i s determined by the D i v i s i o n ! t o be 
abnormally low or the w e l l can not be s h u t - i n due t o 
"HARDSHIP" c l a s s i f i c a t i o n , the s h u t - i n pressure t o be 
used as P c s h a l l be determined by one of the f a l l o w i n g 
me thods : 

1. A D i v i s i o n - d e s i g n a t e d v a l u e . 

2. An average s h u t - i n pressure of a l l o f f s e t w e l l s 
completed i n the same zone. O f f s e t w e l l s i n c l u d e 
the f o u r s i d e and f o u r corner w e l l s , i f \ 
a v a i l a b l e . 

A c a l c u l a t e d s u r f a c e pressure based on a 
c a l c u l a t e d bottom-hole p r e s s u r e . Such 
c a l c u l a t i o n s h a l l be made i n accordance w i t h the 
examples i n t h i s manual. 

A l l Wellhead pressures as w e l l as the f l o w i n g meter 
pr e s s u r e t e s t s which are t o be taken d u r i n g the 7-day or 
8-day d e l i v e r a b i l i t y t e s t p e r i o d as r e q u i r e d hereinabove 
s h a l l be taken w i t h a deadweight gauge or o t h e r method 
approved by the D i v i s i o n . The pressure r e a d i n g s and the 
date and time a c c o r d i n g t o the c h a r t s h a l l be recorded 
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and m a i n t a i n e d i n the o p e r a t o r ' s r e c o r d s w i t h the t e s t 
i n f o r m a t i o n . 

O r i f i c e meter c h a r t s s h a l l be changed and so arranged as 
t o r e f l e c t upon a s i n g l e c h a r t the f l o w data f o r the gas 
from each w e l l f o r the f u l l 7-day or 8-day 
d e l i v e r a b i l i t y t e s t p e r i o d ; however, no t e s t s s h a l l be 
voided i f s a t i s f a c t o r y e x p l a n a t i o n i s made as t o the 
n e c e s s i t y f o r us i n g t e s t volumes t h r o u g h two c h a r t 
p e r i o d s . C o r r e c t i o n s s h a l l be made f o r pressure base, 
measured f l o w i n g t e m p e r a t u r e , s p e c i f i c g r a v i t y , and 
s u p e r c o m p r e s s i b i l i t y ; p r o v i d e d however, i f the; s p e c i f i c 
g r a v i t y of the gas from any w e l l under t e s t i s not 
a v a i l a b l e , an e s t i m a t e d s p e c i f i c g r a v i t y may b0 assumed 
t h e r e f o r , based upon t h a t of gas from near-by W e l l s , the 
s p e c i f i c g r a v i t y of which has been a c t u a l l y determined 
by measurement. 

The average f l o w i n g meter pressure f o r the 7-day or 
8-day f l o w p e r i o d and the c o r r e c t e d i n t e g r a t e d volume 
s h a l l be determined by the purchasing company t h a t 
i n t e g r a t e s the f l o w c h a r t s and f u r n i s h e d t o the o p e r a t o r 
or t e s t i n g agency. 

The 7-day or 8-day f l o w p e r i o d volume s h a l l be 
c a l c u l a t e d from the i n t e g r a t e d r e a d i n g s as determined 
from the f l o w p e r i o d o r i f i c e meter c h a r t . The volume so 
c a l c u l a t e d s h a l l be d i v i d e d by the number of t e s t i n g 
days on the c h a r t t o determine the average daij.y r a t e of 
f l o w d u r i n g s a i d f l o w p e r i o d . The f l o w p e r i o d s h a l l 
have a minimum of seven and a maximum of e i g h t ; l e g i b l y 
recorded f l o w i n g days t o be accep t a b l e f o r t e s t 
purposes. The volume used i n t h i s c a l c u l a t i o n ; s h a l l be 
c o r r e c t e d t o New Mexico O i l Conser v a t i o n D i v i s i o n 

s t a n d a r d c o n d i t i o n s of 15.025 p s i a pressure base, 60°F. 
temperature base and 0.60 s p e c i f i c g r a v i t y base. 

The d a i l y volume of f l o w as determined from the f l o w 
p e r i o d c h a r t r e a d i n g s s h a l l be c a l c u l a t e d by a p p l y i n g 
the Basic O r i f i c e Meter Formula or o t h e r acceptable 
i n d u s t r y s t a n d a r d p r a c t i c e s . 

Q = C' [ h v P f ] 1 / 2 

Where: 



0 = M e t e r e d volume o f f l o w Mcf/d @ 15.025 p s i a , 

60° F., and 0.60 s p e c i f i c g r a v i t y . 

C' = The 24-hour b a s i c o r i f i c e m e t e r f l o w f a c t o r 
c o r r e c t e d f o r f l o w i n g t e m p e r a t u r e , g r a v i t y , 
and s u p e r c o m p r e s s i b i l i t y . 

h w = D a i l y a v e r a g e d i f f e r e n t i a l m e t e r p r e s s u r e 

f r o m f l o w p e r i o d c h a r t . 

Pf = D a i l y a v e r a g e f l o w i n g m e t e r p r e s s u r e f r o m 

f l o w p e r i o d c h a r t . 

The b a s i c o r i f i c e m e t e r f l o w f a c t o r s , f l o w i n g 
t e m p e r a t u r e f a c t o r , and s p e c i f i c g r a v i t y f a c t o r s h a l l be 
d e t e r m i n e d f r o m t h e t a b l e s i n t h i s m a n u a l . 

The d a i l y f l o w p e r i o d a v e r a g e c o r r e c t e d f l o w i n g m e t e r 
p r e s s u r e , p s i g , s h a l l be used t o d e t e r m i n e t h e 
s u p e r c o m p r e s s i b i l i t y f a c t o r . S u p e r c o m p r e s s i b i l i t y 
T a b l e s may be o b t a i n e d f r o m t h e New Mexico O i l 
C o n s e r v a t i o n D i v i s i o n . 

When s u p e r c o m p r e s s i b i l i t y c o r r e c t i o n i s made f p r a gas 
c o n t a i n i n g e i t h e r n i t r o g e n o r c a r b o n d i o x i d e i h excess 
o f two p e r c e n t , t h e s u p e r c o m p r e s s i b i l i t y f a c t o r s o f such 
gas s h a l l be d e t e r m i n e d by t h e use o f T a b l e V 6 f t h e 
C.N.G.A. B u l l e t i n TS-402 f o r p r e s s u r e s 100-500 p s i g , o r 
T a b l e I I , TS-461 f o r p r e s s u r e s i n excess o f 500 p s i g . 

The use o f t a b l e s f o r c a l c u l a t i n g r a t e s o f f l o w f r o m 
i n t e g r a t o r r e a d i n g s w h i c h do n o t s p e c i f i c a l l y Conform t o 
t h e New Mexico O i l C o n s e r v a t i o n D i v i s i o n "Back P r e s s u r e 
T e s t M anual", o r t h i s m a n u a l , may be a p p r o v e d f o r 
d e t e r m i n i n g t h e d a i l y f l o w p e r i o d r a t e s o f f l o w upon a 
showing t h a t such t a b l e s a r e a p p r o p r i a t e and n e c e s s a r y . 

The d a i l y a v e r a g e i n t e g r a t e d r a t e o f f l o w f o r t h e 7-day 
o r 8-day f l o w p e r i o d s h a l l be c o r r e c t e d f o r m e t e r e r r o r 
by m u l t i p l i c a t i o n by a c o r r e c t i o n f a c t o r . S a i d 
c o r r e c t i o n f a c t o r s h a l l be d e t e r m i n e d by d i v i d i n g t h e 
s q u a r e r o o t o f t h e d e a d w e i g h t f l o w i n g m e t e r p r e s s u r e , 
p s i a , by t h e sq u a r e r o o t o f t h e c h a r t f l o w i n g m e t e r 
p r e s s u r e , p s i a . 

D e l i v e r a b i l i t y p r e s s u r e , as used h e r e i n , i s a d e f i n e d 
p r e s s u r e a p p l i e d t o each w e l l and used i n t h e p r o c e s s o f 
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comparing the a b i l i t i e s of w e l l s i n a pool t o produce at 
s t a t i c w e l l h e a d working pressures equal t o a percentage 
of the 7-day s h u t - i n pressure of the r e s p e c t i v e 
i n d i v i d u a l w e l l s . Such percentage s h a l l be determined 
and announced p e r i o d i c a l l y by the D i v i s i o n based on the 
r e l a t i o n s h i p of the average s t a t i c wellhead working 
pressures ( P w ) d i v i d e d by the average 7-day s h u t - i n 
p r e ssure ( P c ) of the p o o l . 

The d e l i v e r a b i l i t y of gas a t the " d e l i v e r a b i l i t y 
p r e s s u r e " of any w e l l under t e s t s h a l l be c a l c u l a t e d 
from the t e s t data d e r i v e d from the t e s t s hereinabove 
r e q u i r e d by use of the f o l l o w i n g d e l i v e r a b i l i t y f o r m u l a 

D = 0 

Where: 

( P c

2 - P d

2 ) 

( P c

2 - P w

2 ) 

n 

D = D e l i v e r a b i l i t y Mcf/d at the d e l i v e r a b i l i t y 
p r e s s u r e , ( P ^ ) , ( a t Standard C o n d i t i o n s of 

15.025 p s i a , 60°F and 0.60 sp. g r . ) . 

g = D a i l y f l o w r a t e i n Mcf/d, a t wellhead 
p r e s s u r e ( P w ) . 

7-day s h u t - i n Wellhead p r e s s u r e , p s i a , 
determined i n accordance w i t h S e c t i o n 2 
Chapter I I . 

of 

P d = D e l i v e r a b i l i t y p r e s s u r e , p s i a , as d e f i n e d 
a bove . 

P w = Average s t a t i c w e l l head working p r e s s u r e , as 
determined from 7-day or 8-day f l o w p e r i o d , 
p s i a , and c a l c u l a t e d from t a b l e s i n t h i s 
manual e n t i t l e d "Pressure Loss Due t o 
F r i c t i o n " Tables f o r northwest New Mexico. 

n = Average p o o l slope of back pressure curves 
as f o l l o w s : 

For P i c t u r e d C l i f f s and s h a l l o w e r f o r m a t i o n s 
0.85 
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For f o r m a t i o n s deeper than P i c t u r e d C l i f f s 
0.75 

(Note: S p e c i a l r u l e s f o r any s p e c i f i c pool or 
f o r m a t i o n may supersede the above v a l u e s . 
Check s p e c i a l r u l e s i f i n doubt.) 

The value of the m u l t i p l i e r i n the above formula ( r a t i o 
f a c t o r a f t e r the a p p l i c a t i o n of the pool s l o p e ) by which 
g i s m u l t i p l i e d s h a l l not exceed a l i m i t i n g value t o be 
determined and announced p e r i o d i c a l l y by the D i v i s i o n . 
Such d e t e r m i n a t i o n s h a l l be made a f t e r a study of the 
t e s t data o f the pool o b t a i n e d d u r i n g the p r e v i o u s 
t e s t i n g season. 

Downhole commingled w e l l s are t o be t e s t e d i n year f o r 
po o l of lowermost p r o r a t e d c o m p l e t i o n of w e l l and s h a l l 
use p o o l slope ( n ) , and d e l i v e r a b i l i t y pressurp of 
lowermost p o o l . The t o t a l f l o w r a t e from the downhole 
commingled w e l l w i l l be used t o c a l c u l a t e a value of 
d e l i v e r a b i l i t y . For each p r o r a t e d gas zone of a 
downhole commingled w e l l , a Form C-122-A i s r e q u i r e d t o 
be f i l e d and i n the Summary p o r t i o n of t h a t form, a l l 
zones w i l l i n d i c a t e the same data f o r l i n e h, P c, Q, P w, 

and Pa. The value shown f o r D e l i v e r a b i l i t y (p) w i l l be 
t h a t percentage of the t o t a l d e l i v e r a b i l i t y of the w e l l 
t h a t i s a p p l i c a b l e t o t h i s zone. A note s h a l l be placed 
i n the remarks column t h a t i n d i c a t e s the percentage of 
d e l i v e r a b i l i t y t o be a l l o c a t e d t o t h i s zone of the w e l l . 

Any t e s t p r e s c r i b e d h e r e i n w i l l be cons i d e r e d Acceptable 
i f the average f l o w r a t e f o r the f i n a l 7-day or 8-day 
d e l i v e r a b i l i t y t e s t i s not more than t e n percent i n 
excess of any c o n s e c u t i v e 7-day or 8-day average of the 
pre c e d i n g two weeks. A d e l i v e r a b i l i t y t e s t not meeting 
t h i s r e q u i r e m e n t may be d e c l a r e d i n v a l i d , r e q u i r i n g the 
w e l l t o be r e - t e s t e d . 

A l l c h a r t s r e l a t i v e t o i n i t i a l , a n n u a l, or b i e n n i a l 
d e l i v e r a b i l i t y t e s t s or copies t h e r e o f s h a l l be made 
a v a i l a b l e t o the D i v i s i o n upon i t s r e q u e s t . 

A l l t e s t i n g agencies, whether i n d i v i d u a l s , companies, 
p i p e l i n e companies, or o p e r a t o r s , s h a l l m a i n t a i n a l o g 
of a l l t e s t s accomplished by them, i n c l u d i n g a l l f i e l d 
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t e s t d a t a . The o p e r a t o r s h a l l m a i n t a i n the above data 
f o r a p e r i o d of not l e s s than two (2) years p l u s the 
c u r r e n t t e s t year. 

A l l forms h e r e t o f o r e mentioned are hereby adopted f o r 
use i n the nort h w e s t New Mexico Area i n open form 

^ s u b j e c t t o such m o d i f i c a t i o n as experience may 
d e s i r a b l e or necessary. 

i nd i cate 

I n i t i a l and Annual or B i e n n i a l D e l i v e r a b i l i t y and 
Sh u t - I n Pressure Tests f o r gas w e l l s i n a l l f o r m a t i o n s 
s h a l l be conducted and r e p o r t e d i n accordance With these 
r u l e s and procedures. Provided however, these r u l e s 
s h a l l be s u b j e c t t o any s p e c i f i c m o d i f i c a t i o n or change 
c o n t a i n e d i n S p e c i a l Pool Rules adopted f o r any pool 
a f t e r n o t i c e and h e a r i n g . 

CHAPTER I I I INFORMATIONAL TESTS 

A. A on e - p o i n t back pressure t e s t may be taken on newly 
completed w e l l s b e f o r e t h e i r c o n n e c t i o n or r e c b n n e c t i o n 
t o a gas t r a n s p o r t a t i o n f a c i l i t y . This t e s t s j i a l l not 
be a r e q u i r e d o f f i c i a l t e s t but may be taken f d r 
i n f o r m a t i o n a l purposes a t the o p t i o n of the o p e r a t o r . 
When taken, t h i s t e s t must be taken and r e p o r t e d as 
p r e s c r i b e d below: 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 

1. T h i s t e s t s h a l l be accomplished a f t e r a minimum 
s h u t - i n of seven days. The s h u t - i n pressure 
s h a l l be measured w i t h a deadweight gauge or 
o t h e r method approved by the D i v i s i o n . 

2. The f l o w r a t e s h a l l be t h a t r a t e i n Mcf/d 
measured a t the end of a t h r e e hour t e s t f l o w 
p e r i o d . The f l o w from the w e l l s h a l l be f o r 
t h r e e hours through a p o s i t i v e choke, which has a 
3/4-inch o r i f i c e . 

3. A 2-inch n i p p l e which p r o v i d e s a mechanical! means 
of a c c u r a t e l y measuring the pressure and 
temperature of the f l o w i n g gas s h a l l be i n s t a l l e d 
i m mediately upstream from the p o s i t i v e chok^. 

4. The a b s o l u t e open f l o w s h a l l be c a l c u l a t e d u s i n g 
the c o n v e n t i o n a l back pressure f o r m u l a as shown 
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i n t h i s manual or the New Mexico O i l Co n s e r v a t i o n 
D i v i s i o n "Back Pressure Test Manual." 

5. The observed data and f l o w c a l c u l a t i o n s s h ^ l l be 
r e p o r t e d i n d u p l i c a t e on Form C-122, " M u l t i - P o i n t 
Back Pressure Test f o r Gas Wel l s . " 

6. N o n - c r i t i c a l f l o w s h a l l be considered t o e x i s t 
when the choke pressure i s 13 p s i g or less.! When 
t h i s c o n d i t i o n e x i s t s the f l o w r a t e s h a l l be 
measured w i t h a p i t o t tube and n i p p l e as ! 
s p e c i f i e d i n t h i s manual or i n the D i v i s i o n ' s 
Manual of "Tables and Procedure f o r P i t o t T e s t s . " 
The p i t o t t e s t n i p p l e s h a l l be i n s t a l l e d 
i m m e diately downstream from the 3/4-inch p o s i t i v e 
choke. 

7. Any w e l l completed w i t h 2-inch nominal s i z e 
t u b i n g (1.995-inch ID) or l a r g e r s h a l l be t e s t e d 
t h r o u g h the t u b i n g . 

B. Other t e s t s f o r i n f o r m a t i o n a l purposes may be conducted 
p r i o r t o o b t a i n i n g a p i p e l i n e c o n n e c t i o n f o r ai newly 
completed w e l l upon r e c e i v i n g s p e c i f i c a p p r o v a l t h e r e f o r 
from the D i v i s i o n ' s Aztec o f f i c e . Approval o f j these 
t e s t s s h a l l be based p r i m a r i l y upon the volume of gas t o 
be vente d . 

CHAPTER IV TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN 
NON-PRORATED POOLS 

SECTION 1: I n i t i a l S h u t - I n Pressure Tests f o r Newly 
Completed Wells 

A. (Same as Chapter I , S e c t i o n 1, A) 

SECTION 2: B i e n n i a l S h u t - I n Pressure Tests 

A. Non-prorated w e l l s w i l l be t e s t e d b i e n n i a l l y a$ r e q u i r e d 
by the D i s t r i c t O f f i c e except as f o l l o w s : 

1. Wells which meet the "exempt" q u a l i f i c a t i o n ; as 
shown i n Chapter I , S e c t i o n 2, paragraph A-2 of 
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these r u l e s s h a l l a l s o be exempt from s h u t - t i n t e s t 
requ i r e m e n t s . 

2. Wells c l a s s i f i e d as "h a r d s h i p " w e l l s d u r i n g the 
t e s t year s h a l l a l s o be exempt from s h u t - i n t e s t 
r e q u i r e m e n t s . 

j B. A l l s h u t - i n t e s t s r e q u i r e d by these r u l e s must be f i l e d 
w i t h the D i v i s i o n ' s Aztec o f f i c e by January 311 of the 
f o l l o w i n g y ear. F a i l u r e t o f i l e the t e s t w i l l s u b j e c t 
the w e l l t o being s h u t - i n one day f o r each day the t e s t 
i s 1 a t e . 

SECTION 3: Scheduling Tests 

By September 1 of each year, the D i s t r i c t S u p e r v i s o r of 
the Aztec D i s t r i c t O f f i c e of the D i v i s i o n s h a l l by 
memorandum n o t i f y each gas t r a n s p o r t a t i o n f a c i l i t y and 
each o p e r a t o r of the pools which are t o be scheduled f o r 
b i e n n i a l s h u t - i n pressure t e s t i n g d u r i n g the f o l l o w i n g 
t e s t i n g p e r i o d from January 1 throu g h the l a s t day of 
December of t h a t t e s t year. The D i s t r i c t S u p e r v i s o r 
w i l l a l s o p r o v i d e a l i s t of "exempt" w e l l s . 

Any w e l l scheduled f o r t e s t i n g d u r i n g i t s t e s t year may 
have the t e s t f l o w p e r i o d , and some of the sev^n day 
s h u t - i n p e r i o d conducted i n December of the p r e v i o u s 
year. The e a r l i e s t date t h a t a w e l l c o u l d be Scheduled 
f o r B i e n n i a l S h u t - I n Pressure Test would be sugh t h a t 
the Test Flow P e r i o d would end on December 25 Of the 
p r e v i o u s year. 

Downhole commingled w e l l s are t o be scheduled f^or t e s t s 
on dates f o r pool of lowermost c o m p l e t i o n of w e l l . 

SECTION 4: Test Procedure 

To o b t a i n the s h u t - i n pressure of a w e l l under t e s t , the 
w e l l s h a l l be s h u t - i n some time d u r i n g the c u r r e n t 
t e s t i n g season f o r a p e r i o d of seven t o f o u r t e e n 
c o n s e c u t i v e days, which have been preceded by a minimum 
of seven days of u n i n t e r r u p t e d p r o d u c t i o n . Sucjh s h u t - i n 
p r e s s u r e s h a l l be measured by deadweight gauge or o t h e r 
method approved by the D i v i s i o n on the seventh t o 
f o u r t e e n t h day of s h u t - i n of the w e l l . The s h i i t - i n 
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pressure s h a l l be measured on both the t u b i n g and the 
casing when communication e x i s t s between the two 
s t r i n g s . The h i g h e r of such pressures s h a l l b;e r e p o r t e d 
as the s h u t - i n pressure of the w e l l . 

SECTION 5: F i l i n g of S h u t - I n Pressure Data 
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t h a t r a t e r e q u i r e d f o r "exempt" c l a s s i f i c a t i o n 
f o r w e l l s or Gas P r o r a t i o n U n i t s i n t h a t p o o l . 

Once a w e l l or Gas P r o r a t i o n U n i t has been 
d e c l a r e d "exempt" f o r the f o l l o w i n g t e s t y e ar, i t 
s h a l l remain c l a s s i f i e d "exempt" f o r t h a t t e s t 

r~s y ear . 

3. I f a t e s t i s f i l e d on any w e l l on a gas p r o r a t i o n 
u n i t , the t e s t r e g u i r e m e n t f o r the gas p r o r a t i o n 
u n i t has been met. The d e l i v e r a b i l i t y of the 
u n i t i s taken o n l y as the r e s u l t i n g sum of a l l 
w e l l s t e s t e d . 

4. A s h u t - i n pressure must be f i l e d on Form C-122-A 
even i f no gas i s measured d u r i n g the p r o d u c t i o n 
phase of the t e s t . The f i l i n g of s h u t - i n 
p r e s s u r e s f o r "exempt" w e l l s i s not r e q u i r e d . 

B. A l l Annual and B i e n n i a l D e l i v e r a b i l i t y and Shu t - I n 
Pressure Tests r e q u i r e d by these r u l e s must be f i l e d 
w i t h the D i v i s i o n ' s Aztec o f f i c e and w i t h the 
a p p r o p r i a t e gas t r a n s p o r t a t i o n f a c i l i t y w i t h i n 90 days 
f o l l o w i n g the c o m p l e t i o n of each t e s t . Provided 
however, t h a t any t e s t completed between October 31 of 
the t e s t year and January 31 of the f o l l o w i n g year are 
due no l a t e r than January 31. No e x t e n s i o n of time f o r 
f i l i n g t e s t s beyond January 31 w i l l be granted except 
a f t e r n o t i c e and h e a r i n g . 

F a i l u r e t o f i l e any t e s t w i t h i n the above-prescribed 
times w i l l s u b j e c t the w e l l t o the l o s s of one day's 
a l l o w a b l e f o r each day the t e s t i s l a t e . A w e l l 
c l a s s i f i e d as m a r g i n a l s h a l l be s h u t - i n one day f o r each 
day the t e s t i s l a t e . 

SECTION 3: Scheduling of Tests 

n 
A. N o t i f i c a t i o n of Pools t o be Tested 

By September 1 of each year, the D i s t r i c t S u p e r v i s o r of 
the Aztec D i s t r i c t O f f i c e of the D i v i s i o n s h a l l by 
memorandum n o t i f y each gas t r a n s p o r t a t i o n f a c i l i t y and 
each o p e r a t o r of the pools which are t o be scheduled f o r 
b i e n n i a l t e s t i n g d u r i n g the f o l l o w i n g t e s t i n g p e r i o d 
from January 1 thro u g h the l a s t day of December of t h a t 
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GAS WELL TESTING MANUAL FOR SAN JUAN 
BASIN, NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN PRORATED GAS 
POOLS 

SECTION 1: I n i t i a l Deliverability and Shut-In Pressure Tests for Newly 
Completed Well 

A. Immediately upon completion of each gas well in the San Juan Basin, 
a shut-in pressure test of at least seven days duration shall be made. 
This i n i t i a l shut-in pressure shall be f i l e d with the Division's Aztec 
Office on either Form C-122 or C-104. 

B. Within 90 days after a well f i r s t delivers gas to a gas 
transportation f a c i l i t y , the well shall have been tested in accordance 
with Section 1 of Chapter I I of these rules, " I n i t i a l Deliverability and 
Shut-In Pressure Test Procedures", and the results of the test f i l e d in 
triplicate with the Division's Aztec office and one copy fi l e d with the 
gas transportation f a c i l i t y to which the well is connected. This test 
is to be filed on Form C-122-A. Failure to f i l e said test within the 
above-prescribed 90-day period w i l l subject the well to the loss of one 
day's allowable for each day the test i s late. 

1. I f the newly f i r s t delivered well is an i n f i l l well on a proration 
unit, the old well on the unit is not required to be tested provided 
i t has a valid test on f i l e for the current proration year. Testing 
of the old well follows the regularly assigned test year for the pool 
in which the wells are located. The new well is required to be tested 
annually unt i l at least three annual tests are on f i l e and then the 
well is to be tested biennially with other wells in that pool. 

2. I f the newly f i r s t delivered well is an i n f i l l well on a proration 
unit and the old well on the unit is "exempt", the old well is to be 
tested along with the new well for the I n i t i a l and Annual 
Deliverability and Shut-In Pressure Test. The old well w i l l lose i t s 
"exempt" classification and must be tested biennially along with other 
wells in that pool. The new i n f i l l well i s required to be tested 
annually u n t i l at least three annual tests are on f i l e and then the 
well is to be tested biennially with other wells in that pool. 

C. The requirements for I n i t i a l Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly completed 
wells shall also apply to recompleted wells. 
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D. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as official tests for the assignment 
of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 
Tests 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall 
be made on all gas wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested on an 
annual basis until a minimum of three annual tests have been taken, 
after which the well shall be tested biennially as is required for 
other wells in the pool in which the well is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status shall be 
done once each year immediately following the reporting of June 
production and shall be effective for the succeeding annual test 
period. 

Gas wells completed in the Pictured Cliffs or any shallower formation 
shall be classified "exempt" if at least three months of production 
history is available and the well failed to produce, and is incapable 
of producing, an average of 250 MCF or more per month during the 
months produced within the preceding 12-month period, and the well is 
classified as marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the Pictured Cliffs 
formation shall be classified "exempt" if at least three months of 
production history is available and the well failed to produce, and is 
incapable of producing, an average of 2000 HCF or more per month 
during the months produced within the preceding 12-month period, and 
the well is classified as marginal in the August Gas Proration 
Schedule. 

Gas wells on multiple well Gas Proration Units will not be classified 
"exempt" unless the Gas Proration Unit is classified as marginal. Any 
or all wells on a marginal multiple well Gas Proration Unit may be 
classified as "exempt" provided each Gas Proration Unit so classified 
meets the qualification for "exempt" status. Gas Proration Units for 
wells producing from formations deeper than the Pictured Cliffs 
formation shall be classified "exempt" if at least three months of 
production history is available and the Gas Proration Unit failed to 
produce, and is incapable of producing, an average of 2000 MCF or more 
per month during the months produced within the preceding 12-month 
period, and the Gas Proration Unit is classified as marginal in the 
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August Gas Proration Schedule. Gas Proration Units are to be 
classified as "exempt" because of their low producing ability. 

The District Supervisor of the Division's Aztec Office may classify a 
well or Gas Proration Unit as "exempt" at any time if the operator 
presents sufficient evidence to the District Supervisor indicating 
that the well or Gas Proration Unit is incapable of producing gas at a 
higher rate than that rate required for "exempt" classification for 
wells or Gas Proration Units in that pool. 

Once a well or Gas Proration Unit has been declared "exempt" for the 
following test year, it shall remain classified "exempt" for that test 
year. 

3. If a test is filed on any well on a gas proration unit, the test 
requirement for the gas proration unit has been met. The 
deliverability of the unit is taken only as the resulting sum of all 
wells tested. 

4. A shut-in pressure must be filed on Form C-122-A even if no gas is 
measured during the production phase of the test. "Exempt" wells do 
not require the filing of a shut-in pressure. 

B. All Annual and Biennial Deliverability and Shut-In Pressure Tests 
required by these rules must be filed with the Division's Aztec office 
and with the appropriate gas transportation facility within 90 days 
following the completion of each test. Provided however, that any test 
completed between October 31 of the test year and January 31 of the 
following year are due no later than January 31. No extension of time 
for filing tests beyond January 31 will be granted except after notice 
and hearing. 

Failure to file any test within the above-prescribed times will subject 
the well to the loss of one day's allowable for each day the test is 
late. A well classified as marginal shall be shut-in one day for each 
day the test is late. 

SECTION 3: Scheduling of Tests 

A. Notification of Pools to be Tested 

By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to be 
scheduled for biennial testing during the following testing period from 
January 1 through the last day of December of that test year. The 
District Supervisor will also provide a list of "exempt" wells and a 
list of wells that do not have a minimum of three Annual Deliverability 
and Shut-In Pressure Tests on file. 
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Any well scheduled for testing during its test year may have the 
conditioning period, test flow period, and some of the seven day shut-in 
period conducted in December of the previous year provided that if the 7 
day shut-in period immediately follows the test flow period the 7 day 
shut-in pressure would be measured in January of the test year. The 
earliest date that a well could be scheduled for Annual or Biennial 
Deliverability and Shut-In Pressure Test would be such that the Test 
Flow Period would end on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost prorated completion of well. 

B. Annual and Biennial Deliverability Tests 

By November 1 of each year, each gas transportation facility shall, in 
cooperation with the operators involved, prepare and submit a schedule 
of the wells to which it is connected which are to begin testing in 
December and January. Said schedule shall be entitled, "Annual and 
Biennial Deliverability and Shut-In Pressure Test Schedule", and one 
copy shall be submitted to the Division's Aztec office and to each 
operator concerned. The schedule shall indicate the date of tests, 
pool, operator, lease, well number, and location of each well. 

At least 30 days prior to the beginning of each succeeding 2-month 
testing interval, a similar schedule shall be prepared and filed in 
accordance with the above. 

The gas transportation facility and the Aztec District Office of the 
Division shall be notified immediately by any operator unable to conduct 
any test as scheduled. 

In the event a well is not tested in accordance with the existing test 
schedule, the well shall be re-scheduled by the gas transportation 
facility, and the Division and the operator of the well so notified in 
writing. Every effort should be made to notify the Division of the new 
schedule prior to the conclusion of the newly assigned 14-day 
conditioning period. 

Notice to the Division of Shut-In Pressure Tests which are scheduled at 
a time other than immediately following the flow test must be received 
prior to the time that the well is shut-in. 

It shall be the responsibility of each operator to determine that all of 
its wells are properly scheduled for testing by the gas transportation 
facility to which they are connected, in order that all annual and 
biennial tests may be completed during the testing season. 

In the event a well is shut-in by the state for over production, the 
operator may produce the well for a period of time to secure a test 
after notification to the Division. All gas produced during this 
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testing period will be used in determining the over/under produced 
status of the well. 

C. Deliverability Re-Tests 

An operator may, in cooperation with the gas transportation facility, 
schedule a well for a deliverability re-test upon notification to the 
Division's Aztec office at least ten days before the test is to be 
commenced. Such re-test shall be for good and substantial reason and 
shall be subject to the approval of the Division. Re-tests shall in all 
ways be conducted in conformance with the Annual and Biennial 
Deliverability Test Procedures of these rules. The Division, at its 
discretion, may require the re-testing of any well by notification to 
the operator to schedule such re-test. These tests as filed on Form 
C-122-A should be identified as "RETEST" in the remarks column. 

SECTION 4: Witnessing of Tests 

Any Initial Annual or Biennial Deliverability and Shut-In Pressure Test 
may be witnessed by any or all of the following: an agent of the 
Division, an offset operator, a representative of the gas transportation 
facility connected to the well under test, or a representative of the 
gas transportation facility taking gas from an offset operator. 

CHAPTER II PROCEDURE FOR TESTING 

SECTION 1: Initial Deliverability and Shut-In Pressure Test Procedure 

A. Within 90 days after a newly completed well is first delivered to a 
gas transportation facility, the operator shall complete a 
deliverability and shut-in pressure test of the well in conformance with 
the "Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedures", prescribed in Section 2 of this chapter. Results of the 
test shall be filed as required by Section 1 of Chapter I of these 
rules. 

B. In the event i t is impractical to test a newly completed well in 
conformance with Paragraph A above, the operator may conduct the 
deliverability and shut-in pressure test in the following manner 
(provided, however, that any test so conducted will not be accepted as 
the first annual deliverability and shut-in pressure test as described 
in Paragraph A-l of Section 2, Chapter I): 

1. A 7-day or 8-day production chart may be used as the basis for 
determining the well's deliverability, providing the chart so used is 
preceded by at least 14 days continuous production. The well shall 
produce through either the casing or tubing, but not both, into a 
pipeline during these periods. The production valve and the choke 
settings shall not be changed during either the conditioning or flow 
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period with the exception of the first ten (10) days of the 
conditioning period when maximum production would over-range the meter 
chart or location production equipment. 

2. A shut-in pressure of at least seven days duration shall be taken. 
This shall be the shut-in test required in Paragraph A, Section 1 of 
Chapter I of these rules. 

3. The average daily static meter pressure shall be determined in 
accordance with Section 2 of Chapter II of these rules. This pressure 
shall be used as Pt in calculating Pw for the Deliverability 
Calculation. 

4. The daily average rate of flow shall be determined in accordance 
with Section 2 of Chapter II. 

5. The static wellhead working pressure (Pw) shall be determined in 
accordance with Section 2 of Chapter II. 

6. The deliverability of the well shall be determined by using the data 
determined in Paragraphs 1 through 5 above in the deliverability 
formula in accordance with Section 2 of Chapter II. 

7. The data and calculations for Paragraphs 1 through 6 above shall be 
reported as required in Section 1 of Chapter I of these rules, upon 
the blue-colored Form C-122-A or on white Form C-122-A and write 
"INITIAL TEST ONLY" in remarks. 

SECTION 2: Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedure 

This test shall begin by producing a well in the normal operating manner 
into the pipeline through either the casing or tubing, but not both, for 
a period of fourteen consecutive days. This shall be known as the 
conditioning period. The production valve and choke settings shall not 
be changed during either the conditioning or flow periods except during 
the first ten (10) days of the conditioning period when maximum 
production would over-range the meter chart or location production 
equipment. The first ten (10) days of said conditioning period shall 
not have more than forty eight (48) hours of cumulative interruptions of 
flow. The eleventh to fourteenth days, inclusive, of said conditioning 
period shall have no interruptions of flow whatsoever. Any interruption 
of flow that occurs as normal operation of the well as stop-cock flow, 
intermittent flow, or well blow down will not be counted as shut-in time 
in either the conditioning or flow period. 

The daily flowing rate shall be determined from an average of seven or 
eight consecutive producing days, following a minimum conditioning 
period of 14 consecutive days of production. This shall be known as the 
flow period. 
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Instantaneous pressures shall be measured by deadweight gauge or other 
method approved by the Division during the 7-day or 8-day flow period at 
the casinghead, tubinghead, and orifice meter, and shall be recorded 
along with instantaneous meter-chart static pressure reading. 

When it is necessary to restrict the flow of gas between the wellhead 
and orifice meter, the ratio of the downstream pressure, psia, to the 
upstream pressure, psia shall be determined. When this ratio is 0. 57, 
or less, critical flow conditions shall be considered to exist across 
the restriction. 

When more than one restriction between the wellhead and orifice meter 
causes the pressures to reflect critical flow between the wellhead and 
orifice meter, the pressures across each of these restrictions shall be 
measured to determine whether critical flow exists at any restriction. 
When critical flow does not exist at any restriction, the pressures 
taken to disprove critical flow shall be reported to the Division on 
Form C-122-A in item (n) of the form. When critical flow conditions 
exist, the instantaneous flowing pressures required hereinabove shall be 
measured during the last 48 hours of the 7-day or 8-day flow period. 

When critical flow exists between the wellhead and orifice meter, the 
measured wellhead flowing pressure of the string through which the well 
flowed during test shall be used as Pt when calculating the static 
wellhead working pressure (Pw) using the method established below. 

When critical flow does not exist at any restriction, Pt shall be the 
corrected average static pressure from the meter chart plus friction 
loss from the wellhead to the orifice meter. 

The static wellhead working pressure (Pw) of any well under test shall 
be the calculated 7-day or 8-day average static tubing pressure if the 
well is flowing through the casing; it shall be the calculated 7-day or 
8-day average static casing pressure if the well is flowing through the 
tubing. The static wellhead working pressure (Pw) shall be calculated 
by applying the tables and procedures set out in this manual. 

To obtain the shut-in pressure of a well under test, the well shall be 
shut in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured with a deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in of 
the well. The 7-day shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two strings. 
The higher of such pressures shall be used as Pc in the deliverability 
calculation. When any such shut-in pressure is determined by the 
Division to be abnormally low or the well can not be shut-in due to 
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"HARDSHIP" classification, the shut-in pressure to be used as Pc shall 
be determined by one of the following methods: 

1. A Division-designated value. 

2. An average shut-in pressure of all offset wells completed in the 
same zone. Offset wells include the four side and four corner wells, 
i f available. 

3. A calculated surface pressure based on a calculated bottom-hole 
pressure. Such calculation shall be made in accordance with the 
examples in this manual. 

All Wellhead pressures as well as the flowing meter pressure tests which 
are to be taken during the 7-day or 8-day deliverability test period as 
required hereinabove shall be taken with a deadweight gauge or other 
method approved by the Division. The pressure readings and the date and 
time according to the chart shall be recorded and maintained in the 
operator's records with the test information. 

Orifice meter charts shall be changed and so arranged as to reflect upon 
a single chart the flow data for the gas from each well for the full 
7-day or 8-day deliverability test period; however, no tests shall be 
voided i f satisfactory explanation is made as to the necessity for using 
test volumes through two chart periods. Corrections shall be made for 
pressure base, measured flowing temperature, specific gravity, and 
supercompressibility; provided however, i f the specific gravity of the 
gas from any well under test is not available, an estimated specific 
gravity may be assumed therefor, based upon that of gas from near-by 
wells, the specific gravity of which has been actually determined by 
measurement. 

The average flowing meter pressure for the 7-day or 8-day flow period 
and the corrected integrated volume shall be determined by the 
purchasing company that integrates the flow charts and furnished to the 
operator or testing agency. 

The 7-day or 8-day flow period volume shall be calculated from the 
integrated readings as determined from the flow period orifice meter 
chart. The volume so calculated shall be divided by the number of 
testing days on the chart to determine the average daily rate of flow 
during said flow period. The flow period shall have a minimum of seven 
and a maximum of eight legibly recorded flowing days to be acceptable 
for test purposes. The volume used in this calculation shall be 
corrected to New Hexico Oil Conservation Division standard conditions of 
15.025 psia pressure base, 60°F. temperature base and 0.50 specific 
gravity base. 
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The daily volume of flow as determined from the flow period chart 
readings shall be calculated by applying the Basic Orifice Meter Formula 
or other acceptable industry standard practices. 

Q - C { h w P f }
1 / 2 

Where: 

Q = Metered volume of flow Mcf/d 9 15.025 psia, 60° F., and 0.60 
specific gravity. 

C 35 The 24-hour basic orifice meter flow factor corrected for flowing 
temperature, gravity, and supercompressibility. 

h w = Daily average differential meter pressure from flow period chart. 

Pf « Daily average flowing meter pressure from flow period chart. 

The basic orifice meter flow factors, flowing temperature factor, and 
specific gravity factor shall be determined from the tables in this 
manual. 

The daily flow period average corrected flowing meter pressure, psig, 
shall be used to determine the supercompressibility factor. 
Supercompressibility Tables may be obtained from the New Mexico Oil 
Conservation Division. 

When supercompressibility correction is made for a gas containing either 
nitrogen or carbon dioxide in excess of two percent, the 
supercompressibility factors of such qas shall be determined by the use 
of Table V of the C. N.G.A. Bulletin TS-402 for pressures 100-500 psig, 
or Table I I , TS-461 for pressures in excess of 500 psig. 

The use of tables for calculating rates of flow from integrator readings 
which do not specifically conform to the New Mexico Oil Conservation 
Division "Back Pressure Test Manual", or this manual, may be approved 
for determining the daily flow period rates of flow upon a showing that 
such tables are appropriate and necessary. 

The daily average integrated rate of flow for the 7-day or 8-day flow 
period shall be corrected for meter error by multiplication by a 
correction factor. Said correction factor shall be determined by 
dividing the square root of the deadweight flowing meter pressure, psia, 
by the square root of the chart flowing meter pressure, psia. 

Deliverability pressure, as used herein, is a defined pressure applied 
to each well and used in the process of comparing the abilities of wells 
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in a pool to produce at static wellhead working pressures equal to a 
percentage of the 7-day shut-in pressure of the respective individual 
wells. Such percentage shall be determined and announced periodically 
by the Division based on the relationship of the average static wellhead 
working pressures (P w) divided by the average 7-day shut-in pressure 
(Pc) of the pool. 

The deliverability of gas at the "deliverability pressure" of any well 
under test shall be calculated from the test data derived from the tests 
hereinabove required by use of the following deliverability formula: 

(Pc2 - Pd2) n 

D = 0 

(Pc2 - Pw2) 
Where: 

D = Deliverability Mcf/d at the deliverability pressure, (Pd), (at 

Standard Conditions of 15.025 psia, 60°F and 0.60 sp. gr.). 

Q = Daily flow rate in Mcf/d, at wellhead pressure (P w). 

Pc • 7-day shut-in Wellhead pressure, psia, determined in accordance 
with Section 2 of Chapter I I . 

Pd • Deliverability pressure, psia, as defined above. 

Pw - Average static wellhead working pressure, as determined from 7-day 
or 8-day flow period, psia, and calculated from tables in this manual 
entitled "Pressure Loss Due to Friction" Tables for San Juan Basin. 

n = Average pool slope of back pressure curves as follows: 

For Pictured Cliffs and shallower formations 0.85 
For formations deeper than Pictured Cliffs 0.75 

(Note: Special Rules for Any Specific Pool or Formation May Supersede 
The Above Values. Check Special Rules If In Doubt.) 

The value of the multiplier in the above formula (ratio factor after the 
application of the pool slope) by which Q is multiplied shall not exceed 
a limiting value to be determined and announced periodically by the 
Division. Such determination shall be made after a study of the test 
data of the pool obtained during the previous testing season. 

Downhole commingled wells are to be tested in year for DOOI of lowermost 
prorated completion of well and shall use pool slope (n), and 
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deliverability pressure of lowermost pool. The total flow rate from the 
downhole commingled well will be used to calculate a value of 
deliverability. For each prorated gas zone of a downhole commingled 
well, a Form C-122-A is required to be filed and in the Summary portion 
of that form, all zones will indicate the same data for line h, Pc 0, 
Pw, and Pd. The value shown for Deliverability (D) will be that 
percentage of the total deliverability of the well that is applicable to 
this zone. A note shall be placed in the remarks column that indicates 
the percentage of deliverability to be allocated to this zone of the 
well. 

Any test prescribed herein will be considered acceptable if the average 
flow rate for the final 7-day or 8-day deliverability test is not more 
than ten percent in excess of any consecutive 7-day or 8-day average of 
the preceding two weeks. A deliverability test not meeting this 
requirement may be declared invalid, requiring the well to be re-tested. 

All charts relative to initial, annual, or biennial deliverability tests 
or copies thereof shall be made available to the Division upon its 
request. 

All testing agencies, whether individuals, companies, pipeline 
companies, or operators, shall maintain a log of all tests accomplished 
by them, including all field test data. The operator shall maintain the 
above data for a period of not less than two (2) years plus the current 
test year. 

All forms heretofore mentioned are hereby adopted for use in the San 
Juan Basin Area in open form subject to such modification as experience 
may indicate desirable or necessary. 

Initial and Annual or Biennial Deliverability and Shut-In Pressure Tests 
for gas wells in all formations shall be conducted and reported in 
accordance with these rules and procedures. Provided however, these 
rules shall be subject to any specific modification or change contained 
in Special Pool Rules adopted for any pool after notice and hearing. 

CHAPTER III INFORMATIONAL TESTS 

A. A one-point back pressure test may be taken on newly completed wells 
before their connection or reconnection to a gas transportation 
facility. This test shall not be a required official test but may be 
taken for informational purposes at the option of the operator. When 
taken, this test must be taken and reported as prescribed below: 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 
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1. This test shall be accomplished after a minimum shut-in of seven 
days. The shut-in pressure shall be measured with a deadweight gauge 
or other method approved by the Division. 

2. The flow rate shall be that rate in Mcf/d measured at the end of a 
three hour test flow period. The flow from the well shall be for 
three hours through a positive choke, which has a 3/4-inch orifice. 

3. A 2-inch nipple which provides a mechanical means of accurately 
measuring the pressure and temperature of the flowing gas shall be 
installed immediately upstream from the positive choke. 

4. The absolute open flow shall be calculated using the conventional 
back pressure formula as shown in this manual or the New Mexico Oil 
Conservation Division "Back Pressure Test Manual." 

5. The observed data and flow calculations shall be reported in 
duplicate on Form C-122, "Multi-Point Back Pressure Test for Gas 
Wells. " 

6. Non-critical flow shall be considered to exist when the choke 
pressure is 13 psig or less. When this condition exists the flow rate 
shall be measured with a pitot tube and nipple as specified in this 
manual or in the Division's Manual of "Tables and Procedure for Pitot 
Tests." The pitot test nipple shall be installed immediately 
downstream from the 3/4-inch positive choke. 

7. Any well completed with 2-inch nominal size tubing (1. 995-inch ID) 
or larger shall be tested through the tubing. 

B. Other tests for informational purposes may be conducted prior to 
obtaining a pipeline connection for a newly completed well upon 
receiving specific approval therefor from the Division's Aztec office. 
Approval of these tests shall be based primarily upon the volume of gas 
to be vented. 

CHAPTER IV Type of Tests Required for Wells Completed in Non-Prorated 
Pools 

SECTION 1: Initial Shut-in Pressure Tests for newly Completed Wells. 

A. (Same as Chapter I, Section 1, A) 

SECTION 2: Biennial Shut-in Pressure Tests 

A. Non-prorated wells will be tested biennially as required by the 
District Office except as follows: 
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1. Wells which meet the "exempt" qualification as shown in Chapter 
I, Section 2, paragraph A-2 of these rules shall also be exempt 
from shut-in test requirements. 

2. Wells classified as "hardship" wells during the test year shall 
also be exempt from shut-in test requirements. 

B. All shut-in tests required by these rules must be filed with the 
Division's Aztec office by January 31 of the following year. Failure 
to file the test will subject the well to being shut-in one day for 
each day the test is late. 

SECTION 3: Scheduling Tests 

A. By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to be 
scheduled for biennial shut-in pressure testing during the following 
testing period from January 1 through the last day of December of that 
test year. The District Supervisor will also provide a l i s t of 
"exempt" wells. 

Any well scheduled for testing during its test year may have the test 
flow period, and some of the seven day shut-in period conducted in 
December of the previous year. The earliest date that a well could be 
scheduled for Biennial Shut-In Pressure Test would be such that the 
Test Flow Period would end on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost completion of well. 

SECTION 4: Test Procedure 

A. To obtain the shut-in pressure of a well under test, the well 
shall be shut-in some time during the current testing season for a 
period of seven to fourteen consecutive days, which have been preceded 
by a minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured by deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be reported as the 
shut-in pressure of the well. 

SECTION 5: Filing of shut-in Pressure Data 

The results of this test will be filed in triplicate on Form C-125-B 
showing the pressures in psia in column labeled "S. I. PRESSURE PSIA 
(DWT)" with the Aztec District Office. 
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END OF THIS PROPOSED MANUAL FOR TESTING IN SJB 6/14/85 
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PLATE I 

STANDARD PITOT TUBE j 

APPROVEO BY NEW MEXICO OIL CONSERVATION COMMISSION ( 

Casta 



TABLE I 

VOLUMES FOR PITOT TUBES 

(Based on Ried's Formulas, M.C.F./24 hrs.) 
Bases: 15.025 psia; 60°F,- .65 sp. Gravity, Bar. pressure at wellhead 12.0 psia. 

IMPACT PRESSURE DIAMETER OF PIPE,IN. I.D. 
Inches Inches Lbs. 
of of per 

Water Mercury Sq. I n . 1.0" 2.0" 3.0" 4.0" 5.0" 6.0" 

.1 9.3 37.2 

.2 13.1 52.4 

.3 26.1 64.4. 

.4 18.6 74.4 

.5 20.8 83.2 

.6 22.8 91.2 

.7 24.6 98.4 

.8 26.3 1C5.2 

.9 27.9 111.6 
1.0 29.4 117.6 
1.1 30.9 123.6 
1.2 32.3 129.2 
1.3 33.5 134.0 
1.4 34.8 i ;? .2 
1.5 36.0 144.0 
1.6 .12 37.2 148.8 
1.7 38.4 153.6 
1.8 .13 39.5 158.0 
1.9 40.6 162.4 
2.0 .15 41.7 166.8 
2.2 .16 43.7 174.8 
2.4 .18 45.6 182.4 
2.6 47.5 190.0 
2.8 49.3 197.2 
3.0 .22 51.0 204.0 
3.2 .24 53.6 214.4 
3.4 54.3 217.2 
3.6 55.9 223.6 
3.8 .28 57.4 229.6 
4.0 .30 58.9 235.6 
4.2 60.3 241.2 
4.4 61.8 247.2 
4.6 62.4 249.6 
4.8 .36 63.2 252.8 
5.0 65.9 263.6 
5.5 68.4 273.6 
6.0 .44 71.4 285.6 
6.5 74.4 297.6 
7.0 .51 77.2 308.8 
7.5 80.7 322.8 
8.0 .58 82.8 331.2 
8.5 85.9 343.6 
9.0 .66 88.4 353.6 
9.5 90.7 362.8 

10.0 .74 93.1 372.4 

83.7 148.8 232.5 334.8 
117.9 209.6 327.5 471.6 
144.9 257.6 402.5 579.6 
167.4 297.6 465.0 669.6 
187.2 332.8 520.0 748.8 
205.2 364.8 570.0 820.8 
221.4 393.6 615.0 885.6 
236.7 420.3 657.5 946.8 
251.1 446.4 697.5 1004.4 
264.6 470.4 735.0 1058.4 
278.1 494.4 772.5 1112.4 
290.7 516.8 807.5 1162.8 
301.5 536.0 837.5 1206.0 
313.2 556.8 870.0 1252.8 
324.0 576.0 900.0 1296.0 
334.8 595.2 930.0 1339.2 
345.6 614.4 960.0 1332.4 
355.5 632.0 937.5 1422.0 
365.4 649.6 1015.0 1461.6 
375.3 667.2 1042.5 1501.2 
393.3 699.2 1092.5 1573.2 
410.4 729.6 1140.0 1641.6 
427.5 760.0 1137.5 1710.0 
443.7 788.8 1232.5 17"4.8 
459.0 816.0 1275.0 18%.0 
482.4 857.6 1340.0 1929.6 
488.7 868.8 1357.5 1954.8 
503.1 894.4 1397.5 

<•«---
516.6 918.4 1435.0 2066.4 
530.1 942.4 1472.5 2120.4 
542.7 964.8 1507.5 2170.3 
556.2 988.8 1545.0 2224.8 
561.6 998.4 1560.0 2246.4 
568.8 1011.2 1580.0 2275.2 
593.1 1054.4 1647.5 2372.4 
615.6 1094.4 1710.0 2462.4 
642.6 1142.4 1785.0 2570.4 
669.6 1190.4 1860.0 2678.4 
694.8 1235.2 1930.0 2779.2 
726.3 1291.2 2017.5 2905.2 
745.2 1324.8 2070.0 2980.8 
773.1 1374.4 2147.5 3092.4 
795.6 1414.4 2210.0 3182.4 
816.3 1451.2 2267.5 3265.2 
837.9 1489.6 2327.5 3351.6 
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TABLE I (Continued") 

VOLUMES FOR PITOT TUBES 

IMPACT PRESSURE 
Inches Inches Lbs. DIAMETER OF PIPE. IN. I.D. 

of of per 
Water Mercury Sq. In. 1.0" 2.0" 3.0" 4.0" 5.0" 6.0" 

10.5 95.4 381.6 858.6 1526.4 2385.0 3434.4 
11.0 97.8 391.2 880.2 1564.8 2445.0 3520.8 
11.5 .85 99.7 398.8 897.3 1595.2 2492.5 3589.2 
12.0 .88 101.0 404,0 909.0 1616.0 2525-0 
12.5 104.3 417.2 938.7 1668.8 2607.5 3754.8 
13,0 106.6 426.4 959.4 1705.6 2665.0 3837.6 
13.5 107.1 428.4 963.9 1713.6 2677.5 3855.6 
13.59 1.0 .5 108.4 433.6 975.6 1734.4 2710.0 3902.4 
u.o 110.1 440.4 990.9 1761.6 2752.5 3963.6 
H.5 112.0 448.0 1008.0 1792.0 2800.0 4032.0 

v 15.0 114.0 456.0 1026.0 1824.0 2850.0 4104.0 
15.5 116.0 464.0 1044.0 1856.0 2900.0 4176.0 
16.0 117.8 471.2 1060.2 1884.8 2945.0 4240.8 
16.3 1.2 118.9 475.6 1070.1 1902.4 2972.5 4280.4 
16.5 119.5 478.0 1075.5 1912.0 2987.5 4302.0 
17.0 121.5 486.0 1093.5 1944.0 3037.5 4374.0 
17.5 123.1 492.4 1107.9 1969.6 3077.5 4431.6 
18.0 124.8 499.2 1123,2 1996.8 3120.0 4492.8 
18.5 126.6 506.4 1139.4 2025.6 3163.0 4557.6 
19.0 128.4 513.6 1155.6 2054.4 3210.0 4622.4 
19.2 1.4 128.9 515.6 1160.1 • 2062.4 3222.5 4640.4 
19.5 130.1 520.4 1170.9 2081.6 3252.5 4683.6 
20.0 131.6 526.4 1184.4 2105.6 3290.0 4737.6 
21.0 134.8 539.2 1213.2 2156.8 3370.0 4852.8 
21.7 137.2 548.8 1234.8 2195.2 3430.0 4939.2 
22.0 138.1 552.4 1242.9 2209.6 3452.5 4971.6 
23.0 141.3 565.2 1271.7 2260.8 3532.5 5086.8 
24.0 144.3 577.2 1298.7 2308.^ - 3607.fr 5194.8 
24.46 1.8 145.4 581.6 1308.6 2326.4 3635.0 5234.4 
25.0 U7.2 588.8 1324.8 2355.2 3680.0 5299.2 
26.0 150.1 600.4 . 1350.9 2401.6 3752.5 5403.6 
27.0 153.1 612.4 1377.9 2449.6 3827.5 5511.6 
27.18 2.0 1.00 153.7 614.8 1383.2 2459.2 3842.5 5533.2 
28.0 155.8 623.2 1402.2 2492.8 3895.0 5603.8 
29.0 158.4 633.6 1425.6 2534.4 3960.0 5702.4 
29.89 2.2 160.8 643.2 1447.2 2572.8 4020.0 5788,8 
30. 161.4 645.6 1452.6 2582.4 4035.0 5810.4 
32.0 166.7 666.8 1500.3 2667.2 4167.5 6001.2 
32.6 2.4 168.2 672.8 1513.8 2691.2 4205.0 6055.2 
34.0 171.7 686.8 1545.3 2747.2 4292.5 6181.2 
35.33 2.6 174.9 699.6 1574.1 2798.4 4272.5 6296.4 
36.0 176.7 706.8 1590.3 2827.2 4417.5 6361.2 
38.0 2.8 181.4 725.6 1632.6 2902.4 4535.0 6530.4 
40.0 186.3 745.2 1676.7 2980.8 4657.5 6706.8 
40.77 3.0 1.5 187.9 751.6 1691.1 3006.4 4697.5 6764.4 
42.0 190.8 763.2 1717.2 3052.8 4770.0 6868.8 
43.48 3.2 194.1 776.4 1746.9 3105.6 4852.5 6987.6 
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TABLE IV 

IIULTIPLIERS FOR SPECIFIC GRAVITY 

.65 Base 

SPECIFIC SPECIFIC 
GRAVITY FACTOR GRAVITY FACTOR 

0.500 1.1400 0.665 .9885 
0.505 1.1344 0.670 .9349 
0.510 1.1289 0.675 .9311 
0.515 1.1234 0.680 .9776 
0.520 1.1180 0.685 .9740 
0.525 1.1126 0.690 .9705 
0.530 1.1074 0.695 .9671 
0.535 1.1022 0.700 .9636 
0.540 1.0971 0.705 .9601 
0.545 1.0920 0.710 .9568 
0.550 1.0871 0.715 .9535 
0.555 1.0822 0.72C .9501 
0.560 1.0773 0.725 .9463 
0.565 1.0724 0.730 .9436 
0.570 . 1.0678 0.735 .9403 
0.575 1.0631 0..740 .9372 
0.580 1.0585 0.745 .9340 
0.585 1.054o 0.750 .9303 
0.590 1.0495 0.755 .9277 
0.595 1.0450 0.760 .9247 
0.600 1.0403 0.765 .9217 
0.605 1.0364 0.770 .9187 
0.610 1.0322 0.775 .9151 
0.615 1.0279 0.780 .9328 
0.620 1.0233 0.785 .9099 
0.625 1.0197 0.790 .9070 
0.630 1.0157 0.795 .9041 
0.635 1.0117 0.800 .9013 
0.640 1.0077 0.805 .8937 
0.645 1.0030 0.810 .3953 
0.650 1.0000 0.815 .8930 
0.655 .9961 0.820 .8903 
0.660 .9924 0.825 .8875 
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TEST EXAMPLE NO. 7 

CALCULATION OF SUBSURFACE PRESSURE P f (sandface) WHERE THE WELLHEAD 
SHUT-IN PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

When the height of a liquid column in the wellbore and the specific gravity of the liquid 
are known, the reservoir pressure may be calculated by making the normal static column 
calculations to determine the pressure at the gas-liquid interface and adding the pressure 
exerted by the liquid column above the desired datum plane. 

Using the results obtained in this example, an equivalent wellhead pressure may be calcu
lated in accordance with the procedures in example 5 or 6. 

In this example, the depth "H" and "L" and pressure "Pf" will refer to the gas-liquid 
interface rather than at the datum plane. This pressure may be calculated by either the 
average temperature and compressibility factor method or the stepwise procedure. 

The additional pressure to be added to the calculated pressure at the gas-liquid interface 
"Pj" is determined as follows: 

Height of liquid column (ft.) x Sp. gr. (water = 1.00) x .433 = pressure psi. 

A. CALCULATION OF SUBSURFACE PRESSURE AT THE SANDFACE 
(Using Average Temperature and Compressibility Factors) 

Given: Shut-in wellhead pressure of 1878 psia, H = 8130 ft., L = 8130 ft., 
L /H = 1.00, gas gravity = 0.641, C 0 2 = 2.0%, N 2 = 3.0%, wellhead 
temperature = 74 F, and 1000 ft. of liquid having a specific gravity 
of 0.74. 

STEP 1. Begin calculation of pressure at the gas-liquid interface. 

a. Enter well information as shown at top of Form C-122-G. 

b. Obtain P c r and T c r from Table IX for a gas with a specific gravity 
of 0.641; obtain corrections for carbon dioxide = 2.0 percent, and 
nitrogen = 3.0 percent from Table X. 
Correct P c r and T c r as follows: 

P c r = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If the composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Determine H for the well and calculate L/H. In most gas wells L/H is 
unity as H is equal to L . However, L/H is greater than unity for di
rectionally drilled wells. In this example, both L and H are 8130 ft., 
and L/H is 1.000. 

d. GH = 0.641 x 8130 = 5211. 
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STEP 2, 

a. Enter "0" rate of flow on Line 1. (Line references are indicated in 
parenthesis following each step.) 

b. T w = Wellhead temperature, R = 74 + 460 = 534 R (Line 2). 
T g = Bottom-hole temperature, R = 155 + 460 = 615 R (Line 3). 

The bottom-hole temperature should be measured or estimated 
from reliable data on other wells in the area. 

c - T = (T + T )/2 = (534 + 6l5)/2 = 575 R (Line 4). 
w s 

STEP 3. (First Trial) 
Estimate effective compressibility factor. In this example Z was estimated 
to be 0.860 (Line 5). 

STEP 4. 

a. TZ = 575 x 0.860 = 495 (Line 6). 

b. GH/TZ = 5211/(495) = 10. 527 (Line 7). 

c. For GH/TZ = 10. 527 read e s in Table XIV. e s = 1.484 (Line 8). 

STEP 5. 

a. Enter wellhead shut-in pressure (Pc) = 1878 (Line 10). 

b. P c

2 = (1878)2/1000 = 3526.9 (Line 11). 

c. e s P c

2 = (1.484) (3526.9) = 5233.9 (Line 18). 

STEP 6. 

Lines 12 through 17 are not used in the static column calculation. 

STEP 7. 
a. Pf = e s P c

2 = 5233.9 (1000) = 2288 (Line 19). 

b. P = (Pc + Pf)/2 = (1878 + 2288)/2 = 2083 (Line 20). 

c. P r = P/P c r = 2083/673 = 3.10 (Line 21). 

d. T r = T / T c r = 575/360 = 1.60 (Line 22). 

STEP 8. 
Enter in Line 23 the compressibility factor from Table XI corresponding 
to a P r of 3.10 and a T r of 1.60. In this example, Z = 0. 822 (Line 23). 
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STEP 9. 
Since Z (Line 23) is not equal to Z (Line 5), enter Z = 0.822 on Line 5, 
2nd Trial, and repeat Steps 4 through 8. 

STEP 10. 
Since the final value of Z (Line 23, 2nd Trial) is equal to the assumed value of 
Z (Line 5, 2nd Trial), the value of e s P c

2 = Pf2 = 5332.7 and Pf = 2309. 

STEP 11. 

Now calculate the pressure exerted by the liquid column, 

a. 1000'x 0.74 x 0.433 = 320.4 psi. 

STEP 12. 
Calculate pressure at datum by adding 2309 psia (Pf) and 320.4 psi (pressure 
of liquid column). 
a. 2309 + 320.4 = 2629.4 psia at the sandface. This is the Pf which 

should be used in calculating a wellhead pressure in accordance with 
the procedures in example 5 or 6. 
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TEST EXAMPLE NO. 5 

CALCULATION OF WELLHEAD PRESSURE P c OR P w WHERE THE OBSERVED WELLHEAD 
PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

(Using Average Temperature and Pressure) 

The general instructions, page EI-1, provide that the stepwise procedure shall be used 
for wells with SIWHP in excess of 2000 psig. However, for purposes of comparison of 
results, Test Examples 5 and 6 are calculated using the same data. 

In some cases it may be necessary to calculate the wellhead pressure which would have 
existed had there been no liquid accumulation in the wellbore. This calculation depends 
upon a known reservoir pressure which has been determined by the use of a bottom-hole 
pressure gauge or calculated as in Example 7. 

With the known reservoir pressure, the adjusted wellhead pressure is determined by 
carrying out the normal static column calculations in reverse, i.e., by starting with 
pressure at the sandface and calculating the wellhead pressure. Since the calculations 
of P c and P w from measured bottom-hole pressures are based on conditions of "no flow, " 
the procedure set out in this example will apply to either shut-in (Pc) or flowing cases 
(Pw). Data from a shutnn case will be used in this example. 

Using the information given below, the calculations would be carried out as shown below. 

Given: 
H = 8130 
L = 8130 
Ggas = 0.625 
Oil Gravity = 50. 2° API 
CO2 = 2.0% 

N 2 = 3.0% 
T s = 155 F 
T w = 74 F 
P f = 2309 psia 
GOR = 193 Mcf/bbl. 

STEP 1. 
Since the well produces liquids with the gas, it is necessary to calculate the average 
specific gravity (G) of the flowing fluid (air = 1.000) for use in the pressure calcula
tions . 

+ 4595 G l 

r. = g GOR 
v l 

1 + cm 
where: 

G g = 0.625 (air = 1.000) 
4595 = Constant 
G x = 0.7787 (water = 1.000) Table XIII 
GOR = 193 Mcf/bbl. 
Vj = 721 (Appendix B, page B-l) 

(4595) (0.7787) 
G = 0. 625 + 193, 000 

721 
1 + 193, 000 

= 0.641 
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STEP 2. 

a. Enter well information at the top of Form C-122-D. 

b. Obtain P c r and T c r from Table IX for a gas with a gravity of 0.641. Obtain 
corrections for CO2 = 2.0% and N2 = 3.0% from Table X and correct P c r 

and T c r as follows: 
P = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Calculate L/H, the length of the flow string divided by the vertical depth. 

L/H = 1.000 

d. GH = 0.641 x 8130 = 5211 

STEP 3. 

a. T w = Wellhead temperature, R = 74 + 460 = 534 R (Line 1) 

b. T g = Bottom-hole temperature, R = 155 + 460 = 615 R (Line 2) 

c. T = (T w + T s ) /2 = (534 + 6l5)/2 = 575 (Line 3) 

STEP 4. 

Estimate effective compressibility factor. In this example Z was estimated 
to be 0. 860 (Line 4) 

STEP 5. 

a. TZ = 575 x 0.860 = 495 (Line 5) 

b. GH/TZ = 5211/495 = 10.527 (Line 6) 

c. For GH/TZ = 10. 527 read e s in Table XIV. e s = 1.484 (Line 7) 

STEP 6. 

a. Enter reservoir pressure (Pf) = 2309 (Line 8) 

b. P f

2 = (2309)2/l000 = 5331. 5 (Line 9) 

c. P c

2 = P f

2 /e s = 5331. 5/1. 484 = 3592. 7 (Line 10) 

d. P r = V3592.7 = 1895 (Line 11) 
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STEP 7. 

a. P = (P c + Pf)/2 = (1895 + 2309)/2 = 2102 (Line 12) 

b. P r = 2102/673 = 3.12 (Line 13) 

c. T r = T / T c r = 575/360 = 1.60 (Line 14) 

STEP 8. 
Enter in Line 15 the compressibility factor from Table XI corresponding to a 
P r of 3.12 and a T r of 1.60. In this example, Z = 0.822 (Line 15). 

STEP 9. 
Since Z (Line 15) is not equal to Z (Line 4), enter Z = 0. 822 on Line 4, 2nd 
Trial and repeat Steps 5 through 8. 

STEP 10. 
Since the final value of Z (Line 15, 2nd Trial) is equal to die assumed value 
of Z (Line 4, 2nd Trial), the value of P c = 1878 (Line 11, 2nd Trial) is used 
in the back-pressure computations. 
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GAS WELL TESTING MANUAL FOR SAN JUAN 
BASIN, NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN PRORATED GAS 
POOLS 

SECTION 1: Initial Deliverability and Shut-In Pressure Tests for Newly 
Completed WeLT 

A. Immediately upon completion of each gas well in the San Juan Basin, 
a shut-in pressure test of at least seven days duration shall be made. 
This initial shut-in pressure shall be filed with the Division's Aztec 
Office on either Form C-122 or C-104. 

B. Within 90 days after a well first delivers gas to a gas 
transportation facility, the well shall have been tested in accordance 
with Section 1 of Chapter I I of these rules, "Initial Deliverability and 
Shut-In Pressure Test Procedures", and the results of the test filed in 
triplicate with the Division's Aztec office and one copy filed with the 
gas transportation facility to which the well is connected. This test 
is to be filed on Form C-122-A. Failure to file said test within the 
above-prescribed 90-day period juill subject the well to the loss of one 
day's allowable for each day' the test is late. 

1. If the newly first delivered well is an i n f i l l well on a proration 
unit, the old well on the unit is not required to be tested provided 
i t has a valid test on file for the current proration year. Testing 
of the old well follows the regularly assigned test year for the pool 
in which the wells are located. The new well is required to be tested 
annually until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that pool. 

2. If the newly first delivered well is an i n f i l l well on a proration 
unit and the old well on the unit is "exempt", the old well is to be 
tested along with the new well for the Initial and Annual 
Deliverability and Shut-In Pressure Test. The old well will lose its 
"exempt" classification and must be tested biennially along with other 
wells in that pool. The new i n f i l l well is required to be tested 
annually until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that pool. 

C. The requirements for Initial Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly completed 
wells shall also apply to recompleted wells. 
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D. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as official tests for the assignment 
of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall 
be made on all gas wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested on an 
annual basis until a minimum of three annual tests have been taken, 
after which the well shall be tested biennially as is required for 
other wells in the pool in which the well is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status shall be 
done once each year immediately following the reporting of June 
production and shall be effective for the succeeding annual test 
period. 

Gas wells completed in the Pictured Cliffs or any shallower formation 
shall be classified "exempt" if at least three months of production 
history is available and the well failed to produce, and is incapable 
of producing, an average of 250 MCF or more per month during the 
months produced within the preceding 12-month period, and the well is 
classified as marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the Pictured Cliffs 
formation shall be classified "exempt" if at least three months of 
production history is available and the well failed to produce, and is 
incapable of producing, an average of 2000 MCF or more per month 
during the months produced within the preceding 12-month period, and 
the well is classified as marginal in the August Gas Proration 
Schedule. 

Gas wells on multiple well Gas Proration Units will not be classified 
"exempt" unless the Gas Proration Unit is classified as marginal. Any 
or all wells on a marginal multiple well Gas Proration Unit may be 
classified as "exempt" provided each Gas Proration Unit so classified 
meets the qualification for "exempt" status. Gas Proration Units for 
wells producing from formations deeper than the Pictured Cliffs 
formation shall be classified "exempt" if at least three months of 
production history is available and the Gas Proration Unit failed to 
produce, and is incapable of producing, an average of 2000 MCF or more 
per month during the months produced within the preceding 12-month 
period, and the Gas Proration Unit is classified as marginal in the 
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August Gas Proration Schedule. Gas Proration Units are to be 
classified as "exempt" because of their low producing ability. 

The District Supervisor of the Division's Aztec Office may classify a 
well or Gas Proration Unit as "exempt" at any time if the operator 
presents sufficient evidence to the District Supervisor indicating 
that the well or Gas Proration Unit is incapable of producing gas at a 
higher rate than that rate required for "exempt" classification for 
wells or Gas Proration Units in that pool. 

Once a well or Gas Proration Unit has been declared "exempt" for the 
following test year, i t shall remain classified "exempt" for that test 
year. 

3. If a test is filed on any well on a gas proration unit, the test 
requirement for the gas proration unit has been met. The 
deliverability of the unit is taken only as the resulting sum of all 
wells tested. 

4. A shut-in pressure must be filed on Form C-122-A even i f no gas is 
measured during the production phase of the test. "Exempt" wells do 
not require the filing of a shut-in pressure. 

B. All Annual and Biennial Deliverability and Shut-In Pressure Tests 
required by these rules must be filed with the Division's Aztec office 
and with the appropriate gas transportation facility within 90 days 
following the completion of each test. Provided however, that any test 
completed between October 31 of the test year and January 31 of the 
following year are due no later than January 31. No extension of time 
for filing tests beyond January 31 will be granted except after notice 
and hearing. 

Failure to file any test within the above-prescribed times will subject 
the well to the loss of one day's allowable for each day the test is 
late. A well classified as marginal shall be shut-in one day for each 
day the test is late. 

SECTION 3: Scheduling of Tests 

A. Notification of Pools to be Tested 

By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to be 
scheduled for biennial testing during the following testing period from 
January 1 through the last day of December of that test year. The 
District Supervisor will also provide a list of "exempt" wells and a 
list of wells that do not have a minimum of three Annual Deliverability 
and Shut-In Pressure Tests on file. 
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Any well scheduled for testing during its test year may have the 
conditioning period, test flow period, and some of the seven day shut-in 
period conducted in December of the previous year provided that i f the 7 
day shut-in period immediately follows the test flow period the 7 day 
shut-in pressure would be measured in January of the test year. The 
earliest date that a well could be scheduled for Annual or Biennial 
Deliverability and Shut-In Pressure Test would be such that the Test 
Flow Period would end on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost prorated completion of well. 

B. Annual and Biennial Deliverability Tests 

By November 1 of each year, each gas transportation facility shall, in 
cooperation with the operators involved, prepare and submit a schedule 
of the wells to which it is connected which are to begin testing in 
December and January. Said schedule shall be entitled, "Annual and 
Biennial Deliverability and Shut-In Pressure Test Schedule", and one 
copy shall be submitted to the Division's Aztec office and to each 
operator concerned. The schedule shall indicate the date of tests, 
pool, operator, lease, well number, and location of each well. 

At least 30 days prior to the beginning of each succeeding 2-month 
testing interval, a similar schedule shall be prepared and filed in 
accordance with the above. 

The gas transportation facility and the Aztec District Office of the 
Division shall be notified immediately by any operator unable to conduct 
any test as scheduled. 

In the event a well is not tested in accordance with the existing test 
schedule, the well shall be re-scheduled by the gas transportation 
facility, and the Division and the operator of the well so notified in 
writing. Every effort should be made to notify the Division of the new 
schedule prior to the conclusion of the newly assigned 14-day 
conditioning period. 

Notice to the Division of Shut-In Pressure Tests which are scheduled at 
a time other than immediately following the flow test must be received 
prior to the time that the well is shut-in. 

It shall be the responsibility of each operator to determine that all of 
its wells are properly scheduled for testing by the gas transportation 
facility to which they are connected, in order that all annual and 
biennial tests may be completed during the testing season. 

In the event a well is shut-in by the state for over production, the 
operator may produce the well for a period of time to secure a test 
after notification to the Division. All gas produced during this 
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testing period will be used in determining the over/under produced 
status of the well. 

C. Deliverability Re-Tests 

An operator may, in cooperation with the gas transportation facility, 
schedule a well for a deliverability re-test upon notification to the 
Division's Aztec office at least ten days before the test is to be 
commenced. Such re-test shall be for good and substantial reason and 
shall be subject to the approval of the Division. Re-tests shall in all 
ways be conducted in conformance with the Annual and Biennial 
Deliverability Test Procedures of these rules. The Division, at its 
discretion, may require the re-testing of any well by notification to 
the operator to schedule such re-test. These tests as filed on Form 
C-122-A should be identified as "RETEST" in the remarks column. 

SECTION 4: Witnessing of Tests 

Any Initial Annual or Biennial Deliverability and Shut-In Pressure Test 
may be witnessed by any or all of the following: an agent of the 
Division, an offset operator, a representative of the gas transportation 
facility connected to the well under test, or a representative of the 
gas transportation facility-taking gas from an offset operator. 

CHAPTER II PROCEDURE FOR TESTING 

SECTION 1: Initial Deliverability and Shut-In Pressure Test Procedure 

A. Within 90 days after a newly completed well is first delivered to a 
gas transportation facility, the operator shall complete a 
deliverability and shut-in pressure test of the well in conformance with 
the "Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedures", prescribed in Section 2 of this chapter. Results of the 
test shall be filed as required by Section 1 of Chapter I of these 
rules. 

B. In the event i t is impractical to test a newly completed well in 
conformance with Paragraph A above, the operator may conduct the 
deliverability and shut-in pressure test in the following manner 
(provided, however, that any test so conducted will not be accepted as 
the first annual deliverability and shut-in pressure test as described 
in Paragraph A-l of Section 2, Chapter I ) : 

1. A 7-day or 8-day production chart may be used as the basis for 
determining the well's deliverability, providing the chart so used is 
preceded by at least 14 days continuous production. The well shall 
produce through either the casing or tubing, but not both, into a 
pipeline during these periods. The production valve and the choke 
settings shall not be changed during either the conditioning or flow 
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period with the exception of the first ten (10) days of the 
conditioning period when maximum production would over-range the meter 
chart or location production equipment. 

2. A shut-in pressure of at least seven days duration shall be taken. 
This shall be the shut-in test required in Paragraph A, Section 1 of 
Chapter I of these rules. 

3. The average daily static meter pressure shall be determined in 
accordance with Section 2 of Chapter I I of these rules. This pressure 
shall be used as Pt in calculating Pw for the Deliverability 
Calculation. 

4. The daily average rate of flow shall be determined in accordance 
with Section 2 of Chapter I I . 

5. The static wellhead working pressure (Pw) shall be determined in 
accordance with Section 2 of Chapter II . 

6. The deliverability of the well shall be determined by using the data 
determined in Paragraphs 1 through 5 above in the deliverability 
formula in accordance with Section 2 of Chapter II. 

7. The data and calculations for Paragraphs 1 through 6 above shall be 
reported as required in Section 1 of Chapter I of these rules, upon 
the blue-colored Form C-122-A or on white Form C-122-A and write 
"INITIAL TEST ONLY" in remarks. 

SECTION 2: Annual and Biennial Deliverability and Shut-In Pressure Test 
Procedure 

This test shall begin by producing a well in the normal operating manner 
into the pipeline through either the casing or tubing, but not both, for 
a period of fourteen consecutive days. This shall be known as the 
conditioning period. The production valve and choke settings shall not 
be changed during either the conditioning or flow periods except during 
the first ten (10) days of the conditioning period when maximum 
production would over-range the meter chart or location production 
equipment. The first ten (10) days of said conditioning period shall 
not nave more than forty eight (48) hours of cumulative interruptions of 
flow. The eleventh to fourteenth days, inclusive, of said conditioning 
period shall have no interruptions of flow whatsoever. Any interruption 
of flow that occurs as normal operation of the well as stop-cock flow, 
intermittent flow, or well blow down will not be counted as shut-in time 
in either the conditioning or flow period. 

The daily flowing rate shall be determined from an average of seven or 
eight consecutive producing days, following a minimum conditioning 
period of 14 consecutive days of production. This shall be known as the 
flow period. 
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Instantaneous pressures shall be measured by deadweight gauge or other 
method approved by the Division during the 7-day or 8-day flow period at 
the casinghead, tubinghead, and orifice meter, and shall be recorded 
along with instantaneous meter-chart static pressure reading. 

When i t is necessary to restrict the flow of gas between the wellhead 
and orifice meter, the ratio of the downstream pressure, psia, to the 
upstream pressure, psia shall be determined. When this ratio is 0.57, 
or less, critical flow conditions shall be considered to exist across 
the restriction. 

When more than one restriction between the wellhead and orifice meter 
causes the pressures to reflect critical flow between the wellhead and 
orifice meter, the pressures across each of these restrictions shall be 
measured to determine whether critical flow exists at any restriction. 
When critical flow does not exist at any restriction, the pressures 
taken to disprove critical flow shall be reported to the Division on 
Form C-122-A in item (n) of the form. When critical flow conditions 
exist, the instantaneous flowing pressures required hereinabove shall be 
measured during the last 48 hours of the 7-day or 8-day flow period. 

When critical flow exists between the wellhead and orifice meter, the 
measured wellhead flowing pressure of the string through which the well 
flowed during test shall be used as Pt when calculating the static 
wellhead working pressure (Pw) using the method established below. 

When critical flow does not exist at any restriction, Pt shall be the 
corrected average static pressure from the meter chart plus friction 
loss from the wellhead to the orifice meter. 

The static wellhead working pressure (Pw) of any well under test shall 
be the calculated 7-day or 8-day average static tubing pressure if the 
well is flowing through the casing; i t shall be the calculated 7-day or 
8-day average static casing pressure i f the well is flowing through the 
tubing. The static wellhead working pressure (Pw) shall be calculated 
by applying the tables and procedures set out in this manual. 

To obtain the shut-in pressure of a well under test, the well shall be 
shut in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured with a deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in of 
the well. The 7-day shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two strings. 
The higher of such pressures shall be used as Pc in the deliverability 
calculation. When any such shut-in pressure is determined by the 
Division to be abnormally low or the well can not be shut-in due to 
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"HARDSHIP" classification, the shut-in pressure to be used as Pc shall 
be determined by one of the following methods: 

1. A Division-designated value. 

2. An average shut-in pressure of all offset wells completed in the 
same zone. Offset wells include the four side and four corner wells, 
if available. 

3. A calculated surface pressure based on a calculated bottom-hole 
pressure. Such calculation shall be made in accordance with the 
examples in this manual. 

All Wellhead pressures as well as the flowing meter pressure tests which 
are to be taken during the 7-day or 8-day deliverability test period as 
required hereinabove shall be taken with a deadweight gauge or other 
method approved by the Division. The pressure readings and the date and 
time according to the chart shall be recorded and maintained in the 
operator's records with the test information. 

Orifice meter charts shall be changed and so arranged as to reflect upon 
a single chart the flow data for the gas from each well for the full 
7-day or 8-day deliverability test period; however, no tests shall be 
voided if satisfactory explanation is made as to the necessity for using 
test volumes through two chart periods. Corrections shall be made for 
pressure base, measured flowing temperature, specific gravity, and 
supercompressibility; provided however, if the specific gravity of the 
gas from any well under test i s not available, an estimated specific 
gravity may be assumed therefor, based upon that of gas from near-by 
wells, the specific gravity of which has been actually determined by 
measurement. 

The average flowing meter pressure for the 7-day or 8-day flow period 
and the corrected integrated volume shall be determined by the 
purchasing company that integrates the flow charts and furnished to the 
operator or testing agency. 

The 7-day or 8-day flow period volume shall be calculated from the 
integrated readings as determined from the flow period orifice meter 
chart. The volume so calculated shall be divided by the number of 
testing days on the chart to determine the average daily rate of flow 
during said flow period. The flow period shall have a minimum of seven 
and a maximum of eight legibly recorded flowing days to be acceptable 
for test purposes. The volume used in this calculation shall be 
corrected to New Hexico Oil Conservation Division standard conditions of 
15.025 psia pressure base, 60°F. temperature base and 0.60 specific 
gravity base. 
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The daily volume? o-f flow as determined from the flow period chart 
readings shall be calculated by applying the Basic Orifice Meter Formula 
or other acceptable industry standard practices. 

Q - C {h wP f>
1 / 2 

Where: 

Q - Metered volume of flow Mcf/d 9 15.025 psia, 60° F., and 0.60 
specific gravity. 

C • The 24-hour basic orifice meter flow factor corrected for flowing 
temperature, gravity, and supercompressibility. 

h w * Daily average differential meter pressure from flow period chart. 

Pf - Daily average flowing meter pressure from flow period chart. 

The basic orifice meter flow factors, flowing temperature factor, and 
specific gravity factor shall,be determined from the tables in this 
manual. 

The daily flow period average corrected flowing meter pressure, psig, 
shall be used to determine the supercompressibility factor. 
Supercompressibility Tables may be obtained from the New Mexico Oil 
Conservation Division. 

When supercompressibility correction is made for a gas containing either 
nitrogen or carbon dioxide in excess of two percent, the 
supercompressibility factors of such gas shall be determined by the use 
of Table V of the C.N.G.A. Bulletin TS-402 for pressures 100-500 psig, 
or Table II, TS-461 for pressures in excess of 500 psig. 

The use of tables for calculating rates of flow from integrator readings 
which do not specifically conform to the New Mexico Oil Conservation 
Division "Back Pressure Test Manual", or this manual, may be approved 
for determining the daily flow period rates of flow upon a showing that 
such tables are appropriate and necessary. 

The daily average integrated rate of flow for the 7-day or 8-day flow 
period shall be corrected for meter error by multiplication by a 
correction factor. Said correction factor shall be determined by 
dividing the square root of the deadweight flowing meter pressure, psia, 
by the square root of the chart flowing meter pressure, psia. 

Deliverability pressure, as used herein, is a defined pressure applied 
to each well and used in the process of comparing the abilities of wells 
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in a pool to produce at static wellhead working pressures equal to a 
percentage of the 7-day shut-in pressure of the respective individual 
wells. Such percentage shall be determined and announced periodically 
by the Division based on the relationship of the average static wellhead 
working pressures (Pw) divided by the average 7-day shut-in pressure 
(Pc) of the pool. 

The deliverability of gas at the "deliverability pressure" of any well 
under test shall be calculated from the test data derived from the tests 
hereinabove required by use of the following deliverability formula: 

(Pc2 - Pd2) n 

D - 0 

(Pc2 ' Pw2) 
Where: 

D » Deliverability Mcf/d at the deliverability pressure, (Pd)* (at 
Standard Conditions of 15.025 psia, 60°F and 0.60 sp. gr.). 

Q - Daily flow rate in Mcf/d, at wellhead pressure (P w). 

Pc " 7-day shut-in Wellhead pressure, psia, determined in accordance 
with Section 2 of Chapter II . 

Pd » Deliverability pressure, psia, as defined above. 

Pw - Average static wellhead working pressure, as determined from 7-day 
or 8-day flow period, psia, and calculated from tables in this manual 
entitled "Pressure Loss Oue to Friction" Tables for San Juan Basin. 

n * Average pool slope of back pressure curves as follows: 

For Pictured Cliffs and shallower formations 0.85 
For formations deeper than Pictured Cliffs 0.75 

(Note: Special Rules for Any Specific Pool or Formation May Supersede 
The Above Values. Check Special Rules If In Doubt.) 

The value of the multiplier in the above formula (ratio factor after the 
application of the pool slope) by which Q is multiplied shall not exceed 
a limiting value to be determined and announced periodically by the 
Division. Such determination shall be made after a study of the test 
data of the pool obtained during the previous testing season. 

Downhole commingled wells are to be tested in year for oooi of lowermost 
prorated completion of well and shall use pool slope (n), and 
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deliverability pressure of lowermost pool. The total flow rate from the 
downhole commingled well will be used to calculate a value of 
deliverability. For each prorated gas zone of a downhole commingled 
well, a Form C-122-A is required to be filed and in the Summary portion 
of that form, all zones will indicate the same data for line h, Q, 
Pw, and Pd. The value shown for Deliverability (D) will be that 
percentage of the total deliverability of the well that is applicable to 
this zone. A note shall be placed in the remarks column that indicates 
the percentage of deliverability to be allocated to this zone of the 
well. 

Any test prescribed herein will be considered acceptable if the average 
flow- rate for the final 7-day or 8-day deliverability test is not more 
than ten percent in excess of any consecutive 7-day or 8-day average of 
the preceding two weeks. A deliverability test not meeting this 
requirement may be declared invalid, requiring the well to be re-tested. 

All charts relative to initial, annual, or biennial deliverability tests 
or copies thereof shall be made available to the Division upon its 
request. 

All testing agencies, whether individuals, companies, pipeline 
companies, or operators, shall'maintain a log of all tests accomplished 
by them, including all field test data. The operator shall maintain the 
above data for a period of not less than two (2) years plus the current 
test year. 

All forms heretofore mentioned are hereby adopted for use in the San 
Juan Basin Area in open form subject to such modification as experience 
may indicate desirable or necessary. 

Initial and Annual or Biennial Deliverability and Shut-In Pressure Tests 
for gas wells in all formations shall be conducted and reported in 
accordance with these rules and procedures. Provided however, these 
rules shall be subject to any specific modification or change contained 
in Special Pool Rules adopted for any pool after notice and heering. 

CHAPTER III INFORMATIONAL TESTS 

A. A one-point back pressure test may be taken on newly completed wells 
before their connection or reconnection to a gas transportation 
facility. This test shall not be a required official test but may be 
taken for informational purposes at the option of the operator. When 
taken, this test must be taken and reported as prescribed below: 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 
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1. This test shall be accomplished after a minimum shut-in of seven 
days. The shut-in pressure shall be measured with a deadweight gauge 
or other method approved by the Division. 

2. The flow rate shall be that rate in Mcf/d measured at the end of a 
three hour test flow period. The flow from the well shall be for 
three hours through a positive choke, which has a 3/4-inch orifice. 

3. A 2-inch nipple which provides a mechanical means of accurately 
measuring the pressure and temperature of the flowing gas shall be 
installed immediately upstream from the positive choke. 

4. The absolute open flow shall be calculated using the conventional 
back pressure formula as shown in this manual or the New Mexico Oil 
Conservation Division "Back Pressure Test Manual." 

5. The observed data and flow calculations shall be reported in 
duplicate on Form C-122, "Multi-Point Back Pressure Test for Gas 
Wells." 

6. Non-critical flow shall be considered to exist when the choke 
pressure is 13 psig or less. When this condition exists the flow rate 
shall be measured with a pitot tube and nipple as specified in this 
manual or in the Division's Manual of "Tables and Procedure for Pitot 
Tests." The pitot test nipple shall be installed immediately 
downstream from the 3/4-inch positive choke. 

7. Any well completed with 2-inch nominal size tubing (1. 995-inch ID) 
or larger shall be tested through the tubing. 

B. Other tests for informational purposes may be conducted prior to 
obtaining a pipeline connection for a newly completed well upon 
receiving specific approval therefor from the Division's Aztec office. 
Approval of these tests shall be based primarily upon the volume of gas 
to be vented. 

CHAPTER IV Type of Tests Required for Wells Completed in Non-Prorated 

SECTION 1: Initial Shut-in Pressure Tests for newly Completed Wells. 

A. (Same as Chapter I, Section 1, A) 

SECTION 2: Biennial Shut-in Pressure Tests 

A. Non-prorated wells will be tested biennially as required by the 
District Office except as follows: 
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1. Wells which meet the "exempt" qualification as shown in Chapter 
I, Section 2, paragraph A-2 of these rules shall also be exempt 
from shut-in test requirements. 

2. Wells classified as "hardship" wells during the test year shall 
also be exempt from shut-in test requirements. 

6. All shut-in tests required by these rules must be filed with the 
Division's Aztec office by January 31 of the following year. Failure 
to file the test will subject the well to being shut-in one day for 
each day the test is late. 

SECTION 3: Scheduling Tests 

A. By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to be 
scheduled for biennial shut-in pressure testing during the following 
testing period from January 1 through the last day of December of that 
test year. The District Supervisor will also provide a lis t of 
"exempt" wells. 

Any well scheduled for testing during its test year may have the test 
flow period, and some of the seven day shut-in period conducted in 
December of the previous year. The earliest date that a well could be 
scheduled for Biennial Shut-In Pressure Test would be such that the 
Test Flow Period would end on December 25 of the previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost completion of well. 

SECTION 4: Test Procedure 

A. To obtain the shut-in pressure of a well under test, the well 
shall be shut-in some time during the current testing season for a 
period of seven to fourteen consecutive days, which have been preceded 
by a minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured by deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be reported as the 
shut-in pressure of the well. 

SECTION 5: Filing of shut-in Pressure Data 

The results of this test will be filed in triplicate on Form C-125-B 
showing the pressures in psia in column labeled "S. I. PRESSURE PSIA 
(DWT)" with the Aztec District Office. 
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END OF THIS PROPOSED MANUAL FOR TESTING IN SJB 6/14/85 



n - w o r - * 

PLATE I 

STANDARD PITOT TUSE 

APPROVED BY NEW MEXICO OIL CONSERVATION COMMISSION 



TABLE I 

VOLUMES FOR PITOT TUBES 

(Based on Ried's Formulas, M.C.F./24 hrs.) 
Bases: 15.025 psia; 60°Fj .65 sp. Gravity, Bar. pressure at wellhead 12.0 psia. 

IMPACT PRESSURE DIAMETER OF PIPE,IN. I.D. 
Inches Inches Lbs. 

of of per 
Water Mercury Sq. In. 1.0" 2.0" 3.0" 4.0" 5.0" 6.0" 

. 1 9.3 37.2 83.7 148.8 

.2 13.1 52.4 117.9 209.6 

.3 26.1 64.4 144.9 257.6 

.4 18.6 74.4 167.4 297.6 

.5 20.8 83.2 187.2 332.8 

.6 22.8 91.2 205.2 364.8 

.7 24.6 98.4 221.4 393.6 

.8 26.3 1C5.2 236.7 420.3 

.9 27.9 111.6 251.1 446.4 
1.0 29.4 117.6 264.6 470.4 
1.1 30.9 123.6 278.1 494.4 
1.2 32.3 129.2 290.7 516.8 
1.3 33.5 134.0 301.5 536.0 
1.4 34.8 13?.2 313.2 556.8 
1.5 36.CL _ 144.0 324.0 576.0 
1.6 .12 37.2 148.8 334.8 595.2 
1.7 38.4 153.6 345.6 614.4 
1.8 .13 39.5 158.0 355.5 632.0 

40.6 162.4 365.4 649.6 
2.0 .15 41.7 166.8 375.3 667.2 
2.2 .16 43.7 174.8 393.3 699.2 
2.4 .18 45.6 182.4 410.4 729.6 
2.6 47.5 190.0 427.5 760.0 
2.8 49.3 197.2 443.7 788.8 
3.0 .22 51.0 204.0 459.0 816.0 
3.2 .24 53.6 214.4 482.4 857.6 
3.4 54.3 217.2 488.7 868.8 
3.6 55.9 223.6 503.1 894.4 
3.8 .28 57.4 229.6 516.6 918.4 
4.0 .30 58.9 235.6 530.1 942.4 
4.2 60.3 241.2 542.7 964.8 
4.4 61.8 247.2 556.2 988.8 
4.6 

.36 
62.4 249.6 561.6 998.4 

4.8 .36 63.2 252.8 568.8 1011.2 
5.0 65.9 263.6 593.1 1054.4 
5.5 68.4 273.6 615.6 1094.4 
6.0 .44 71.4 285.6 642.6 1142.4 
6.5 74.4 297.6 669.6 1190.4 
7.0 .51 77.2 308.8 694.8 1235.2 
7.5 

.58 
80.7 322.8 726.3 1291.2 

8.0 .58 82.8 331.2 745.2 1324.8 
8.5 

.66 
85.9 343.6 773.1 1374.4 

9.0 .66 88.4 353.6 795.6 1414.4 
9.5 90.7 362.8 816.3 1451.2 

10.0 .74 93.1 372.4 837.9 1489.6 

232.5 334.8 
327.5 471.6 
402.5 579.6 
465.0 669.6 
520.0 748.8 
570.0 820.8 
615.0 885.6 
657.5 946.8 
697.5 1004.4 
' 735.0 1058.4 
772.5 1112.4 
807.5 1162,8 
837.5 1206.0 
870.0 1252.8 
900.0 1296.0 
930.0 1339.2 
960.0 1382.4 
987.5 1422.0 
1015.0 1461.6 
1042.5 1501.2 
1092.5 1573.2 
1140.0 1641.6 
1187.5 1710.0 
1232.5 17-4.8 
1275.0 1836.0 
1340.0 1929.6 
1357.5 1954.8 
1397.5 r-r. . >o/5 
1435.0 2066.4 
1472.5 2120.4 
1507.5 2170.3 
1545.0 2224.8 
1560.0 2246.4 
1580.0 2275.2 
1647.5 2372.4_ 
1710.0 2462.4 
1785.0 2570.4 
1860.0 2678.4 
1930.0 2779.2 
2017.5 2905.2 
2070.0 2980.8 
2147.5 3092.4 
2210.0 3182.4 
2267.5 3265.2 
2327.5 3351.6 
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TABLE I (Continued"} 

VOLUMES FOR PHOT TUBES 

IMPACT PRESSURE 
Inches Lichee Lbs. DIAMETER OF PIPE. IN. I.D. 

of of per 
Water Mercury Sq. In. 1.0" 2.0" 3.0" 4.0" 5.0" 6.0" 

10.5 95.4 381.6 858.6 1526.4 2385.0 3434.4 
11.0 97.8 391.2 880.2 1564.8 2445.0 3520.8 
11.5 .85 99.7 398.8 897.3 1595.2 2492.5 3589.2 
12.0 .88 101.0 404,0 909.0 1616.0 2525.0 
12.5 104.3 417.2 938.7 1668.8 2607.5 3754.8 
13.0 106.6 426.4 959.4 1705.6 2665.0 3837.6 
13.5 107.1 428.4. 963.9 1713.6 2677.5 3855.6 
13.59 1.0 .5 108.4 433.6 975.6 1734.4 2710.0 3902.4 
U.0 110.1 440.4 990.9 1761.6 2752.5 3963.6 
14.5 112.0 448.0 1008.0 1792.0 2800.0 4032.0 

v 15.0 114.0 456.0 1026.0 1824.0 2850.0 4104.0 
15.5 116.0 464.0 1044.0 1856.0 2900.0 4176.0 
16.0 117.8 471.2 1060.2 1884.8 2945.0 4240.8 
16.3 1.2 118.9 475.6 1070.1 1902.4 2972.5 4280.4 
16.5 119.5 478.0 1075.5 1912.0 2987.5 4302.0 
17.0 121.5- _ 486.0 1093.5 1944.0 3037.5 4374.0 
17.5 123.1 492.4 1107.9 1969.6 3077.5 4431.6 
18.0 124.8 499.2 . 1123.2 1996.8 3120.0 4492.8 
18.5 126.6 506.4 1139.4 2025.6 3163.0 4557.6 
19.0 128.4 513.6 1155.6 2054.4 3210.0 4622.4. 
19.2 1.4 128.9 515.6 1160.1 • 2062.4 3222.5 4640.4 
19.5 130.1 520.4. 1170.9 2081.6 3252.5 4683.6 
20.0 131.6 526.4 1184.4 2105.6 3290.0 4737.6 
21.0 134.8 539.2 1213.2 2156.8 3370.0 4852.8 
21.7 137.2 548.8 1234.8 2195.2 3430.0 4939.2 
22.0 138.1 552.4 1242.9 2209.6 3452.5 4971.6 
23.0 141.3 565.2 1271.7 2260.8 3532.5 5086.8 
24.0 144.3 577.2 1298.7 2308.3 • 3607. 5194.8 
24.46 1.8 145.4 581.6 1308.6 2326.4 3635.0 5234.4 
25.0 147.2 588.8 1324.8 2355.2 3680.0 5299.2 
26.0 150.1 600.4 . 1350.9 2401.6 , 3752.5 5403.6 
27.0 153.1 612.4 1377.9 2449.6 3827.5 5511.6 
27.18 2.0 1.00 153.7 614.8 1383.2 2459.2 3842.5 5533.2 
28.0 155.8 623.2 1402.2 2492.8 3895.0 5603.8 
29.0 158.4 633.6 1425.6 2534.4 3960.0 5702.4 
29.89 2.2 160.8 643.2 1447.2 2572.8 4020.0 5788,8 
30. 161.4 645.6 1452.6 2582.4 4035.0 5810.4 
32.0 166.7 666.8 1500.3 2667.2 4167.5 6001.2 
32.6 2.4 168.2 672.8 1513.8 2691.2 4205.0 6055.2 
34.0 171.7 686.8 1545.3 2747.2 4292.5 6181.2 
35.33 2.6 174.9 699.6 1574.1 2798.4 4272.5 6296.4 
36.0 176.7 706.8 1590.3 2827.2 4417.5 6361.2 
38.0 2.8 181.4 725.6 1632.6 2902.4 4535.0 6530.4 
40.0 186.3 745.2 1676.7 2980.8 4657.5 6706.8 
40.77 3.0 1.5 187.9 751.6 1691.1 3006.4 4697.5 6764.4 
42.0 190.8 763.2 1717.2 3052.8 4770.0 6868.8 
43.48 3.2 194.1 776.4 1746.9 3105.6 4852.5 6987.6 
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TABLE 17 

MDLTIPLIERS FOR SPECIFIC GRAVITY 

•65 Base 

SPECIFIC 
GRAVITY FACTOR 

SPECIFIC 
GRAVITY FACTOR 

0.500 1.1400 0.665 .9885 
0.505 1.1344 0.670 .9849 
0.510 1.1289 0.675 .9811 
0.515 1.1234 0.680 .9776 
0.520 1.1180 0.685 .9740 
0.525 1.U26 0.690 .9705 
0.530 1.1074 0.695 .9671 
0.535 1.1022 0.700 .9636 
0.540 1.0971 0.705 .9601 
0.545 1.0920 0.710 .9568 
0.550 1.0871 0.715 .9535 
0.555 1.0822 0.72C .9501 
0.560 1.0773 0.725 .9463 
0.565 1.0724 0.730 .9436 
0.570 . 1.0678 0.735 .9403 
0.575 1.0631 0.740 .9372 
0.580 1.0585 0.745 .9340 
0.585 1.054U 0.750 .9308 
0.590 1.0495 0.755 .9277 
0.595 1.0450 0.760 .9247 
0.600 1.0408 0.765 .9217 
0.605 1.0364 0.770 .9137 
0.610 1.0322 0.775 .9151 
0.615 1.0279 0.780 .9128 
0.620 1.0238 0.785 .9099 
0.625 1.0197 0.790 .9070 
0.630 1.0157 0.795 .9041 
0.635 1.0117 0.800 .9013 
0.640 1.0077 0.805 .8937 
0.645 1.0030 0.810 .8958 
0.650 1.0000 0.815 .8930 
0.655 .9961 0.820 .8903 
0.660 .9924 0.825 .8875 
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TEST EXAMPLE NO. 7 

CALCULATION OF SUBSURFACE PRESSURE Pf (sandface) WHERE THE WELLHEAD 
SHUT-IN PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

When the height of a liquid column in the wellbore and the specific gravity of the liquid 
are known, the reservoir pressure may be calculated by making the normal static column 
calculations to determine the pressure at the gas-liquid interface and adding the pressure 
exerted by the liquid column above the desired datum plane. 

Using the results obtained in this example, an equivalent wellhead pressure may be calcu
lated in accordance with the procedures in example 5 or 6. 

In this example, the depth "H" and "L" and pressure 'Tf" will refer to the gas-liquid 
interface rather than at the datum plane. This pressure may be calculated by either the 
average temperature and compressibility factor method or the stepwise procedure. 

The additional pressure to be added to the calculated pressure at the gas-liquid interface 
"Pf" is determined as follows: 

Height of liquid column (ft.) x Sp. gr. (water = 1.00) x . 433 = pressure psi. 

A. CALCULATION OF SUBSURFACE PRESSURE AT THE SANDFACE 
(Using Average Temperature and Compressibility Factors) 

Given: Shut-in wellhead pressure of 1878 psia, H = 8130 ft., L = 8130 ft., 
L/H = 1.00, gas gravity = 0.641, CC^ = 2.0%, N 2 = 3.0%, wellhead 
temperature = 74 F, and 1000 ft. of liquid having a specific gravity 
of 0. 74. 

STEP 1. Begin calculation of pressure at the gas-liquid interface. 

a. Enter well information as shown at top of Form C-122-G. 

b. Obtain P c r and T c r from Table LX for a gas with a specific gravity 
of 0.641; obtain corrections for carbon dioxide = 2.0 percent, and 
nitrogen = 3.0 percent from Table X. 
Correct P c r and T c r as follows: 

P c r = 670 + 8 - 5 = 673 
Tcr = 372 - 3 - 9 = 360 

(If the composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Determine H for the well and calculate L/H. In most gas wells L/H is 
unity as H is equal to L. However, L/H is greater than unity for di
rectionally drilled wells. In this example, both L and H are 8130 ft., 
and L/H is 1.000. 

d. GH = 0.641 x 8130 = 5211. 

VI-43 



STEP 2. 

a. Enter "0" rate of flow on Line 1. (Line references are indicated in 
parenthesis following each step.) 

b. T w = Wellhead temperature, R = 74 + 460 » 534 R (Line 2). 
T s = Bottom-hole temperature, R - 155 + 460 • 615 R (Line 3). 

The bottom-hole temperature should be measured or estimated 
from reliable data on other wells in the area. 

c. T = ( T w + T s ) / 2 » ( 5 3 4 + 615)/2 = 575 R (Line 4). 

STEP 3. (First Trial) 
Estimate effective compressibility factor. In this example Z was estimated 
to be 0.860 (Line 5). 

STEP 4. 

a. TZ * 575 x 0.860 = 495 (Line 6). 

b. GH/TZ = 5211/(495) = 10.527 (Line 7). 

c. For GH/TZ = 10.527 read e 8 in Table XIV. e s = 1.484 (Line 8). 

STEP 5. 

a. Enter wellhead shut-in pressure (Pc) = 1878 (Line 10). 

b. P c

2 = (1878)2/1000 = 3526.9 (Line 11). 

c. e s P c

2 = (1.484) (3526.9) = 5233.9 (Line 18). 

STEP 6. 
Lines 12 through 17 are not used in the static column calculation. 

STEP 7. 

a. Pf 

b. P 

c. p r 

d. 

STEP 8. 

e s P c

2 = 5233.9 (1000) = 2288 (Line 19). 

(Pc + Pf)/2 = (1878 + 2288)/2 = 2083 (Line 20). 

P/P c r = 2083/673 = 3.10 (Line 21). 

T / T c r = 575/360 = 1.60 (Line 22). 

Enter in Line 23 the compressibility factor from Table XI corresponding 
to a P r of 3.10 and a T r of 1.60. In this example, Z = 0. 822 (Line 23). 
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STEP 9. 
Since Z (Line 23) is not equal to Z (Line 5), enter Z = 0.822 on Line 5, 
2nd Trial, and repeat Steps 4 through 8. 

STEP 10, 
Since the final value of Z (Line 23, 2nd Trial) is equal to the assumed value of 
Z (Line 5, 2nd Trial), the value of e 8 P c

2 = Pf2 = 5332.7 and Pf * 2309. 

STEP l l . 

Row calculate the pressure exerted by the liquid column, 

a. 1000* x 0.74 x 0.433 = 320.4 psi. 

STEP 12. 
Calculate pressure at datum by adding 2309 psia (Pf) and 320.4 psi (pressure 
of liquid column). 
a. 2309 + 320.4 = 2629.4 psia at the sandface. This is the Pf which 

should be used in calculating a wellhead pressure in accordance with 
the procedures in example 5 or 6. 
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TEST EXAMPLE NO. 5 

CALCULATION OF WELLHEAD PRESSURE P c OR P w WHERE THE OBSERVED WELLHEAD 
PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

(Using- Average Temperature and Pressure) 

The general instructions, page m-1, provide that the stepwise procedure shall be used 
for wells with SIWHP in excess of 2000 psig. However, for purposes of comparison of 
results, Test Examples 5 and 6 are calculated using die same data. 

In some cases it may be necessary to calculate the wellhead pressure which would have 
existed had there been no liquid accumulation in the wellbore. This calculation depends 
upon a known reservoir pressure which has been determined by the use of a bottom-hole 
pressure gauge or calculated as in Example 7. 

With the known reservoir pressure, the adjusted wellhead pressure is determined by 
carrying out the normal static column calculations in reverse, i. e., by starting with 
pressure at the sandface and calculating the wellhead pressure. Since the calculations 
of P c and P w from measured bottom-hole pressures are based on conditions of "no flow, " 
the procedure set out in this example will apply to either shut-in (Pc) or flowing cases 
(Pw). Data from a shut-in case will be used in this example. 

Using the information given below, the calculations would be carried out as shown below. 

Given: 
H = 8130 
L = 8130 
Ggas = 0.625 
Oil Gravity = 50.2° API 
CO2 = 2.0% 

N 2 = 3.0% 
T s = 155 F 
T w = 74 F 
Pf = 2309 psia 
GOR = 193 Mcf/bbl. 

STEP 1. 
Since the well produces liquids with the gas, it is necessary to calculate the average 
specific gravity (G) of the flowing fluid (air = 1.000) for use in the pressure calcula
tions . 

+ 4595 G l 

G = g GOR 
v l 

1 + cm 
where: 

Gp. = 0.625 (air = 1.000) 
4595 = Constant 
G 1 = 0.7787 (water = 1.000) Table XHI 
GOR = 193 Mcf/bbl. 
Vj =721 (Appendix B, page B-l) 

(4595) (0.7787) 
G = 0.625 + 193, 000 721 

1 + 193, 000 
= 0.641 

VI-34 



STEP 2. 

a. Enter well information at the1 top of Form C-122-D. 

b. Obtain P c r and T ^ from Table DC for a gas with a gravity of 0.641. Obtain 
corrections for CO2 = 2.0% and N2 = 3.0% from Table X and correct P c r 

and T c r as follows: 
P = 670 + 8 - 5 = 673 
Tcr= 372 - 3 - 9 = 360 

(If composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Calculate L/H, die length of the flow string divided by the vertical depth. 

L/H =1.000 

d. GH =0.641 x 8130 = 5211 

STEP 3. 

a. T w = Wellhead temperature, R = 74 + 460 = 534 R (Line 1) 

b. T g = Bottom-hole temperature, R = 155 + 460 = 615 R (Line 2) 

c. T = (T w + T s ) /2 = (534-+6l5)/2 = 575 (Line 3) 

STEP 4. 
Estimate effective compressibility factor. In this example Z was estimated 
to be 0.860 (Line 4) 

STEP 5. 

a. TZ = 575 x 0. 860 = 495 (Line 5) 

b. GH/TZ = 5211/495 = 10.527 (Line 6) 

c. For GH/TZ = 10. 527 read e s in Table XTV. e s = 1.484 (Line 7) 

STEP 6. 

a. Enter reservoir pressure (Pf) = 2309 (Line 8) 

b. Pf2 = (2309)2/l000 = 5331.5 (Line 9) 

c. P c

2 = P f

2 /e s = 5331.5/1.484 = 3592.7 (Line 10) 

d. P r = V 3592.7 = 1895 (Line 11) 
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STEP 7. 

a. P = (Pc + Pf)/2 = (1895 + 2309)/2 = 2102 (Line 12) 

b. P r = 2102/673 » 3.12 (Line 13) 

c. T r = T / T c r = 575/360 = 1.60 (Line 14) 

STEP 8. 
Enter in Line 15 the compressibility factor from Table XI corresponding to a 
P r of 3.12 and a T r of 1.60. In this example, Z = 0.822 (Line 15). 

STEP 9. 
Since Z (Line 15) is not equal to Z (Line 4), enter Z = 0.822 on Line 4, 2nd 
Trial and repeat Steps 5 through 8. 

STEP 10. 
Since the final value of Z (Line 15, 2nd Trial) is equal to the assumed value 
of Z (Line 4, 2nd Trial), the value of P c = 1878 (Line 11, 2nd Trial) is used 
in the back-pressure computations. 
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PREFACE 

An industry committee met during 1985 - 1986 to revise 
d e l i v e r a b i l i t y t e s t i n g procedures i n San Juan Basin wells. 
In the course of the meetings i t was decided a tes t i n g 
manual should be developed to replace Order R-333, as 
amended, and to incorporate a l l necessary procedures and 
tables. 

This manual was prepared to meet with the committee's 
decision. Sincere appreciation is extended to a l l the 
members of the committee, l i s t e d below, and p a r t i c u l a r l y to 
H. L. Kendrick of El Paso Natural Gas Company who chaired 
the committee and coordinated the preparation of t h i s 
manual. 
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INTRODUCTION 

Analysis of the performance of gas wells is an important part of the Petroleum 
Industry's operations. Gas well tests are used in regulatory work, various 
types of reservoir analyses, and in determining deliverability, or the capacity 
of a well to produce against a particular back-pressure. Historically, the 
capacity of gas wells to produce has been described in terms of the "open-flow" 
delivery rate or the "potential" of the well and the "shut-in pressure at the 
wellhead" or, less frequently, by some related quantity such as the "deliver
ability" at specified wellhead pressures. The open-flow capacity of a gas well 
is used for company operations, legal instruments such as contracts to buy or 
sell gas and governmental regulatory work. In the early days of the petroleum 
industry, the open-flow capacity of a gas well was measured directiy. As this 
is a wasteful and hazardous practice, methods of calculating open-flow capacity 
from well tests made at reasonable and controlled rates of flow have been devised. 

The first step toward calculating the open-flow potential or capacity of a gas 
well was made in the classic report of Rawlins and Schellhardt (1) which de
scribed, proposed, and explained the back-pressure method of determining the 
capacity of the gas well to produce under various conditions of back-pressure. 
This report was a milestone in the history of petroleum engineering and in the 
conservation of petroleum. These investigators analyzed data from 582 gas 
wells located throughout the United States. Specifically, they demonstrated that 
for the normal gas well, a plot of volume-rate-of-flow versus the difference 
between the square of the static reservoir pressure and the square of the cor
responding flowing bottom-hole pressure on log-log paper is a straight line. 
Although the term "absolute open-flow potential" as used by Rawlins and 
Schellhardt represented the capacity of a well to produce against atmospheric 
pressure at the bottom of the well, the absolute open-flow will not be changed 
whether measured against atmospheric back-pressure or zero psia, because 
for most wells atmospheric pressure is negligible as compared to the shut-in 
sand face pressure. Rawlins and Schellhardt also devised a method of calculat
ing the capacity of a well to produce against atmospheric pressure at the surface, 
i. e., the open-flow capacity, by taking into account the weight of the column of 
gas and the pressure drop due to frictional resistance in the flow string. In shal
low wells producing through large-diameter flow strings, the absolute open-flow 
capacity and open-flow capacity are nearly equal because the pressure loss 
due to friction and the weight of the column of gas in the flow string is small or 
trivial in comparison to reservoir pressure. Since that time, the term absolute 
open-flow potential has been used and will be used in this manual to mean the 
rate of flow that would be obtained if the bottom-hole pressure opposite the sand 
face were reduced to zero psia; consequently, the absolute open-flow potential is 
independent of well equipment and represents the maximum productivity of t̂ e 
reservoir rock adjacent to a particular well. 

(1) Rawlins, E . L . , and Schellhardt, M. A., Back-Pressure Data on Natural Gas 
Wells and Their Application to Production Practice. U.S. Bureau of Mines, 
Monograph 7, 1935. 

I - l 



From a theoretical standpoint, the validity of Rawlins' and Schellhardt's findings 
can be supported by a consideration of the radial flow equation for gas. This 
equation, which represents the isothermal flow of gas in the steady state to a 
well bore in a symmetrical reservoir, can be stated as: 

C TTKH (Pf2 - P s

2 ) T b 

I - l 

T f Z 

Where 
Q = flow to well, Mcf per day 
C = numerical constant to adjust units 
K = permeability of reservoir 
H = thickness of reservoir 
Pb = pressure base 
Pf = shut-in reservoir pressure 
Pe = flowing pressure at sand face 
Tf = formation temperature 
Z = average compressibility 

= average viscosity of the flowing gas 
ln = natural logarithm, i. e. logarithm to the base "e" 
re - drainage radius of well 
rw = well-bore radius 
Tb = temperature base 

For a particular well, the terms C, K, H, T b , /-t , Pb» la r e / rw , Tf, and Z 
may be considered constant and thus can be combined into a single well constant, 
"C", which reduces the flow equation to: Q = C (Pf2 - P s2). This equation 
assumes isothermal steady state streamline flow and requires an average com
pressibility factor. As neither of these assumptions holds absolutely true in a 
gas reservoir, an exponent, "n", must be introduced to match actual field con
ditions. The formula then becomes: Q = C (P f

2 - Ps 2) 1 1. This is the formula 
developed by Rawlins and Schellhardt. (For a "perfect" gas under isothermal 
steady state streamline flow, n = 1.) For a specific well and reservoir, "n" 
must be determined by measuring Q, Pf, and Ps under several different conditions 
and then solving for "n". By writing the equation as: log Q = logC + n log 
(Pf2 - P s

2 ) it can be seen that Q plotted versus Pf 2 - P s

2 on log-log paper is a 
straight line with a slope of "n". To determine the absolute open-flow potential 
of a well, the measured points are plotted on log-log paper and the straight line 
is extrapolated to a point where Pf2 - pg2 = pf2 ( m other words Ps - 0). "Q" 
read at this point is the absolute open-flow potential. The flow rate at other con
ditions of back pressure can also be determined by calculating Pf 2 - P s

2 , using 
the desired P s and reading Q at the corresponding point. 

rw 
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Rawlins and Schellhardt considered the coefficient "C" and the exponent "n" to 
be constants for a particular well. This is apparently true for a well operating 
under stabilized conditions; however, later studies indicate that for wells pro
ducing from low permeability reservoirs, the coefficient "C" is a variable 
related to time and can be considered as a constant only with respect to a par
ticular time. 

In general, the exponent "n" varies for individual wells between the limits of 0.5 
and 1.0 and it is generally accepted that back-pressure curves with exponents 
below 0.5 or above 1.0 are erroneous. From a theoretical standpoint, the vari
ation of the exponent "n" between different wells has not been satisfactorily 
explained; however, many investigators under both laboratory and actual field 
conditions have demonstrated the reliability of the back-pressure equation. 

The basic equation for calculating the absolute open-flow potential of a gas well 
uses bottom-hole pressures, whereas surface pressures are more frequently 
and easily obtained. The theory of calculating subsurface pressures from sur
face pressures is simple, namely that the closed-in static bottom-hole pressure 
is equal to the closed-in wellhead pressure plus the weight of the column of fluid 
and that the flowing bottom-hole pressure is equal to the flowing wellhead pres
sure plus the weight of the column of fluid plus the pressure differential required 
to overcome frictional resistance to the flow of the gas in the particular flow string. 

Several methods of calculating subsurface pressures in gas wells have been 
developed. Rawlins and Schellhardt used Weymouth's formula for calculating the 
pressure drop due to frictional resistance. As no corrections were made for 
compressibility and as an average temperature of flow of 80° F was taken, this 
method, generally termed the U. S. Bureau of Mines method,is applicable only to 
shallow, low-pressure gas wells. The technique of computation for this method 
was improved and simplified by Ferguson (2) (3). As the use of the method was 
extended to deep, high-pressure gas wells, the earlier simplifying assumptions 
had to be modified. Vitter (4) adapted the method to condensate wells. The cal
culation techniques described in this manual are based in principle on this early 
work but incorporate recent modifications to obtain a procedure that is as simple 
as possible, consistent with accuracy. 

Throughout this manual the pressure base is taken as 15.025 psia, and the temper
ature base is60°F. All gas volumes are referred to these base conditions which 
are sometimes designated as standard volumes or standard conditions. If maxi
mum accuracy is to be obtained, all flow data gathered for back-pressure tests 

(2) Ferguson, J. William, Calculation of Back-Pressure Tests on Natural Gas Wells; 
Oil and Gas Journal, January 19, 1939. pp. 47-53. 

(3) Ferguson, J.William, Calculation of Back-Pressure Tests; Oil and Gas Journal, 
May 7, 1942. p. 52. 

(4) Vitter, A. L . , Jr . , Back-Pressure Tests on Gas-Condensate Wells; A. P. I. 
Drilling and Production Practice, 1942. pp. 79-87. 

1-3 



must be measured under stabilized conditions. With reference to the production 
of gas wells, the term "stabilized" is generally used in a manner to infer that 
at a constant flow rate the flowing conditions within the well bore have become 
constant and are thus unchanging with time. This condition, of course, can 
never be attained when a well is producing at a constant rate because the mass 
content of the reservoir is being continually reduced. Associated with the 
reduction in mass content must be a continual decrease in the pressure level 
throughout the reservoir. In view of this, the term "stabilized" when applied to 
well conditions associated with gas well production tests will be used to denote 
that further changes in pressure, gas-oil ratio, and rate of flow will be negli
gible and can be ignored for the purpose of calculating a back-pressure test. 

The calculation techniques described in this manual can be divided into three 
categories: (1) stabilized multipoint back-pressure tests, (2) nonstabilized 
multipoint tests, and (3) surface tests. The stabilized multipoint back-pressure 
test procedure can be used in wells in which stabilized flowing conditions can be 
reached within a reasonable period of time. Prior to testing, the well should be 
flowed at sufficient rate and for a sufficient period of time to clear the well of 
accumulated liquids that might result in erroneous pressure data. After the well 
has been cleaned, it should be shut-in for a period long enough to permit the 
measurement of an accurate stabilized shut-in pressure. Normally, pressures 
are measured at four stabilized rates of flow for use in the equation: Q = 
C (Pf2 - P s

2 ) n . In taking the flowing pressures, the flow rates should be suffi
cient to prevent the accumulation of liquids in the well bore. A wide variation 
in flow rates is desirable to achieve a good spread in data points and thus permit 
accurate extrapolation of the back-pressure curve. 

Accurate wellhead temperatures are required in the calculation of subsurface 
pressures. Flowing temperatures can usually be measured accurately at the 
wellhead for each rate of flow; however, at low flow rates the observed well
head temperature may be distorted by atmospheric conditions. When this situ
ation exists, the mean annual temperature should be used as an approximation 
of the actual wellhead temperature. The static wellhead temperature usually 
cannot be measured accurately and in lieu thereof the mean annual temperature 
appropriate to the locality is sufficiently accurate for the computation. 

The rates of flow during the tests should be accurately measured with acceptable 
metering devices; and the gas-liquid ratios, gas and liquid gravites, and other 
pertinent information should be obtained. It is good practice to plot the data 
points as they are obtained or, at least, plot the difference of the squares of the 
surface pressures to check for alignmentand make sure the data are satisfactory 
and the well properly cleaned. This procedure often wil l indicate the condition 
of the test equipment and the well and make i t possible to make adjustments im
mediately that could eliminate the necessity for a re-test. After the field data 
have been obtained, the results canbe plotted cn log-log paper, with Q shown on 
the abscissa and Pf 2 - Ps2 on the ordinate. These points should fal l in a straight 
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line, the slope of which represents the reciprocal of "n". The absolute open-
flow potential can then be determined by extrapolating the straight line graphi
cally or by use of the back-pressure equation for which the numerical values of 
"n" and "C" are easily found. 

Whenever stabilization cannot be reached within a reasonable period of time 
because of reservoir conditions, or when flow rates of sufficient duration to 
reach stabilized conditions are impractical, the slope of the back-pressure curve 
can be obtained by using one of two different procedures; namely, the constant-
time multipoint test or the isochronal multipoint test. The constant-time multi
point test is identical to the stabilized test except that the duration shall be the 
same for each flow rate. The four points determined from the constant-duration 
flow tests can be used to determine the slope of the back-pressure curve. A line 
of this slope can men be drawn through the point determined from an extended 
flow test approximating stabilized conditions. The absolute open-flow capacity 
of the well is determined from this line. The precautions to be observed and 
the method of plotting the data are also identical to the stabilized test. 

The isochronal multipoint test can also be used where it is not possible to obtain 
stabilized flow conditions. This procedure is based on the work of Cullender (5) 
which showed that the slope of the back-pressure curve canbe obtained from data 
points taken prior to stabilization, providing that each flow rate is of the same 
duration and that each flow period starts from stabilized shut-in conditions. In 
making this test, the well is first cleaned and a shut-in pressure obtained in the 
same manner as would be done under stabilized conditions. Each flow rate fol
lowing the shut-in pressure should be of the same duration; but, after each flow
ing pressure is observed, the well should be shut in until a reasonable constancy 
in pressure is achieved. In plotting the points, the shut-in pressure preceding 
each flow rate should be used in conjunction with the flowing pressure corre
sponding to that rate used in the calculation of Pf 2 - P s

2 . The points so calcu
lated will determine the slope of the back-pressure curve. An extended flow 
test to obtain a flowing pressure approximating a "stabilized condition" is 
required to locate the position of the back-pressure curve. The curve is com
pleted by drawing a line of the slope determined from the four constant-time 
points through the point plotted from the extended ("stabilized condition") test. 
The absolute open-flow capacity of the well is obtained from this line. 

Redetermination of the absolute open-flow potential can be made by the "one-
point" test procedure once the slope of the back - pressure curve has been 
established. This method assumes that the slope of the back-pressure curve 
does not change with time. Accordingly, a one-point test requires only that a 
shut-in pressure and one stabilized flow rate be obtained. The new value of 

(5) Cullender, M. H. , The Isochronal Performance Method of Determining the 
Flow Characteristics of Gas Wells; AIME Trans., V 204, pp. 137-142, 1955. 
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absolute open flow is determined by drawing the back-pressure curve through 
this point using the known slope. This determination can also be made by using 
the following equation: 

n 
1-2 

These procedures require that the subsurface pressures be either measured or 
calculated. In shallow wells with large flow strings the differences between sur
face and subsurface pressures are usually small, and surface pressures can be 
used with litde error. If the error introduced by using the surface pressures 
does not warrant the use of subsurface pressures, then the static column well
head pressures can be substituted for the bottom-hole pressures. Surface 
pressures are used in determining the deliverability of a well or capacity of the 
formation to produce gas into the wellbore against a specified surface pressure. 
The deliverability is calculated by solving for "D" in the following equation: 

n 

1-3 

deliverability of well at back pressure, P<j 
rate of flow at a pressure of P w , during test 
shut-in wellhead pressure 

The ability of a well to produce into a gathering system can be determinedfor 
various wellhead pressures of the flow string corresponding to a specified line 
pressure after establishing a curve by first plotting Q versus Pc2 - p t

2 for 
several rates of flow in the same manner as is done for Q versus Pf2 - P s

2 in 
the standard back-pressure plot. Then the producing capacity of the well at a 
given back pressure can be read from the curve using the appropriate values of 
P c

2 - P t

2 or by replacing P^ and P w in the deliverability equation with the corre
sponding pressures of the flow string and utilizing the exponent "n" established 
by the plot of Q versus P c

2 - P t

2 . The plotted line may not be exactiy straight 
but by restricting its use to those situations which require little extrapolation, 
the producing capacity can be determined with reasonable accuracy. 

AOF = Q 
P f

2 - P6 

D = Q 
Pd2 

Pc 2 - P w

2 

Where 
D = 
Q = 
Pc = 
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S E C T I O N II 

T A B L E OF N O M E N C L A T U R E 



TABLE OF NOMENCLATURE 

AOF = absolute open flow, Mcfd 

C = coefficient of the particular back-pressure equation 

D = deliverability of well at back pressure, P(j, Mcfd 

Fb = basic orifice factor, Mcfd/V h w P m 

Fc = combined friction, temperature, and compressibility factor, F r TZ 

Fd = meter factor for direct reading L-10 chart = 0. OlV RhRp 

F e 
= energy loss factor = ( F r Q m ) 2 

F g = specific gravity factor, dimensionless 

F P 
- basic critical flow prover or positive nonadjustable choke factor, 

r Mcfd/psia 

F PV = supercompressibility factor = A / l / Z , dimensionless 

[ l . 6665 f "1 ° " 5 

F r 
— friction factor, TJT* 

F s 
= pressure loss factor = (L/H) (F cQ m) 2(eS - l ) = p g

2 - e s P t

2 

F t 
= flowing temperature factor, dimensionless 

F w = pressure loss factor = (L/H) ( F c Q m ) 2 ( l - e ' s ) = P w

2 - P t

2 

G = specific gravity of flowing fluid (air = 1.000), dimensionless 

G g = specific gravity of separator gas (air = 1. 000), dimensionless 

Gi = specific gravity of separator liquid (water = 1. 000), dimensionless 

GOR = gas-liquid ratio, cu f t of gas (15. 025 psia and 60F) per barrel of 
hydrocarbon liquid (60F) 

H - vertical depth corresponding to L, feet 

In = value of the right hand member of the flow equation corresponding to 
P n 
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I n _ l = value of the right hand member of the flow equation correspondLing to 
V i 

L = length of flow channel, feet (See General Instructions) 

M = computational aid 

Mcfd = thousand cubic feet per day (15.025 psia and 60F) 

M 2 cfd = million cubic feet per day (15.025 psia and 60F) 

N = computational aid 

P = pressure, psia 

P2 = (psia)2/l000 

P L = static pressure reading, L-10 chart 

Pa = field barometric pressure, psia 

p b = pressure at base conditions, psia 

Pc = shut-in wellhead pressure, psia 

Per = pseudocritical pressure, psia 

p d = designated deliverability pressure, psia 

Pf = shut-in pressure at vertical depth H, psia 

Pm = static pressure at point of gas measurement, psia 

Pn = pressure in the flow channel at a given point, psia 

V l = pressure in the flow channel at the preceding point, psia 

p r reduced pressure, dimensionless 

Ps = flowing pressure at vertical depth H, psia 

Pt = flowing wellhead pressure, psia 

Pw = static column wellhead pressure corresponding to P t, psia 

Q - rate of flow, Mcfd (15.025 psia and 60F) 
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rate of flow, M^cfd (15.025 psia and 60F) 

meter differential range, inches of water 

meter pressure range, psia 

meter temperature range, F 

absolute temperature, R 

absolute temperature at base conditions, R 

absolute pseudocritical temperature, R 

absolute temperature of fluid at point of gas measurement, R 

reduced temperature, dimensionless 

absolute temperature at vertical depth H, R 

absolute temperature of fluid at wellhead, R 

cu f t of vapor (15. 025 psia and 60F) equivalent to 1 barrel of hydro 
carbon liquid (60F) 

compressibility factor, dimensionless 

inside diameter, inches 

effective diameter, inches 

outside pipe diameter, inches 

natural logarithm base = 2. 71828+ 

weight of column factor, dimensionless 

coefficient of friction, dimensionless 

differential reading, L-10 chart 

meter differential pressure, inches of water 

exponent of the particular back-pressure equation, dimensionless 

pounds per square inch absolute 
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psig = pounds per square inch gauge 

s = 0. 0375 GH/TZ 

t d = temperature reading, L-10 chart 

NOTE: "F" as used in this Table of Nomenclature and throughout this manual is 
the symbol for degrees Fahrenheit. 

"R" as used in this Table of Nomenclature and throughout this manual is 
the symbol for degrees Rankine (degrees Fahrenheit absolute). 
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STATE OF NEW MEXICO 
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 

CASE NO: 8586 
ORDER NO: R-333-I 

IN THE MATTER OF THE HEARING CALLED 
BY THE OIL CONSERVATION DIVISION ON 
ITS OWN MOTION FOR RESCISSION OF 
DIVISION ORDER No. R-333, AS AMENDED, 
AND FOR RECODIFICATION AND REISSUANCE 
OF GAS WELL TESTING PROCEDURES FOR 
NORTHWEST NEW MEXICO. APPLICANT 
FURTHER SEEKS AN EXTENSION OF THE 
1986 TESTING PERIOD AND SUSPENSION OF 
THE 1987 TESTING PERIOD. MCKINLEY, 
RIO ARRIBA, SANDOVAL, AND SAN JUAN 
COUNTIES, NEW MEXICO. 

BY THE DIVISION: 

This cause came on for hearing at 8:00 a.m. on May 8, 
1985, and at 8:15 a.m. on December 3, 1986, in Santa Fe, 
New Mexico, before Examiners Gilbert P. Quintana and 
Michael E. Stogner, respectively. 

NOW, on t h i s __2nd__ day of October, 1987, the 
Div i s i o n D i r e c t o r , having considered the testimony, the 
record, and the recommendations of the Examiners, and 
being f u l l y advised i n the premises, 

FINDS THAT: 

(1) Due public notice having been given as required 
by law, the Div i s i o n has j u r i s d i c t i o n of t h i s cause and 
the subject matter thereof. 

(2) The applicant in the instant case seeks to 
rescind D i v i s i o n Order No. R-333, as amended, and to 
recodify and amend the Special Rules and Regulations for 
the t e s t i n g of gas wells i n Northwest New Mexico contained 
therein. 

(3) Special rules and regulations for the tes t i n g of 
gas wells i n MeKinley, Rio Arr i b a , Sandoval, and San Juan 
Counties, New Mexico, (Northwest New Mexico) have been 
adopted and amended by the Di v i s i o n and are embodied in 
Divi s i o n Order No. R-333, as amended. 
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(4) These e x i s t i n g r u l e s and r e g u l a t i o n s r e l a t i n g to 
gas w e l l t e s t i n g procedures i n Northwest New Mexico have 
been adopted over many years and are c o l l e c t e d i n numerous 
orders, t h e r e f o r e , making reference to them somewhat 
d i f f i c u l t . 

(5) I n a d d i t i o n some of the gas w e l l t e s t i n g 
procedures are out-dated and i n need of r e v i s i o n . 

(6) Because of the need to review these r u l e s 
r e l a t i n g to gas w e l l t e s t i n g i n Northwest New Mexico, the 
D i v i s i o n D i r e c t o r at that time appointed a committee to 
study the e x i s t i n g r u l e s and to recommend changes. 

(7) Harold L. Kendrick, Chairman of the 
D e l i v e r a b i l i t y Test Committee, appeared on i t s behalf at 
the May 8, 1985 (at which time i t was taken under 
advisement, however no order was issued) and December 3, 
1987 examiner hearings and made the f o l l o w i n g 
recommendations regarding gas w e l l t e s t i n g procedures i n 
Northwest New Mexico: 

(a) to r e c o d i f y the r u l e s and i s s u i n g them as 
the "Gas Well T e s t i n g Manual f o r Northwest 
New Mexi co"; 

(b) to r e q u i r e d e l i v e r a b i l i t y t e s t i n g i n 
prorat e d gas pools on a b i e n n i a l (every two 
years) b a s i s ; 

(c) to r e q u i r e b i e n n i a l s h u t - i n pressures i n 
non-prorated gas pools w i t h no 
d e l i v e r a b i l i t y t e s t i n g ; 

(d) to make thp d e l i v e r a b i l i t y test year 
be the same as the calendar year; 

(e) to make exemption from d e l i v e r a b i l i t y 
t e s t i n g i n the Blanco-Mesaverde and 
Basin-Dakota Pools based upon the combined 
p r o d u c i b i 1 i t y of a l l w e l l s on a gas 
pr o r a t i o n uni t ; 

( f ) to permit w e l l s s h u t - i n f o r overproduction 
to be produced f o r d e l i v e r a b i l i t y t e s t 
purposes a f t e r the operator n o t i f i e s the 
D i v i s i o n Aztec D i s t r i c t o f f i c e : 

(g) to r e l a x r e s t r i c t i o n on flow i n t e r r u p t i o n s 
d u r i n g the c o n d i t i o n i n g p e r i o d s l i g h t l y ; 
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(h) to permit the 7-day shut i n pressure to be 
measured at a time d u r i n g the current 
t e s t i n g season other than immediately 
f o l l o w i n g the t e s t flow p e r i o d ; 

( i ) t o set d e l i v e r a b i l i t y pressure (Pd) 
assigned as a percentage of the 7-day 
s h u t - i n pressure i n each pool to more 
n e a r l y approximate the pool average 
o p e r a t i n g c o n d i t i o n s ; 

( j ) the 7-day s h u t - i n pressure f o r w e l l s i n 
non-prorated gas pools should be f i l e d w i t h 
the D i v i s i o n and r e p o r t e d on Form C-125 or 
any other form designated by the D i v i s i o n ; 
and 

(k) to include i n the manual a l l r e q u i r e d 
t a b l e s . 

(8) A l l of the above proposals are embodied i n 
E x h i b i t "A" attached hereto and made a pa r t t h e r e o f . 

(9) A manual f o r w e l l t e s t i n g as set out i n said 
supplemental e x h i b i t should be adopted. 

(10) The e x i s t i n g D i v i s i o n Order No. R-333, as 
amended, should be rescinded, i n i t s e n t i r e t y , and a new 
order designated R-333-I should be promulgated. 

(11) I t i s f u r t h e r sought i n t h i s Case to extend the 
deadline f o r completing an<i f i l i n g 1986 d o H v e r n b i 1 i 1 y 
t e s t s to March 31, 1987, and f o r a one year suspension of 
b i e n n i a l d e l i v e r a b i l i t y t e s t i n g whereby the d e l i v e r a b i l i t y 
t e s t c y c l e w i l l begin again i n 1988 w i t h those pools which 
would have been t e s t e d i n 1987. 

(12) No testimony was received i n o p p o s i t i o n to t h i s 
request. 

(13) Approval of t h i s a p p l i c a t i o n i s i n the best 
i n t e r e s t of conservation and w i l l prevent waste and 
p r o t e c t c o r r e l a t i v e r i g h t s . 
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IT IS THEREFORE ORDERED THAT: 

(1) E f f e c t i v e September 1, 1987, the Special Rules 
and Regulations governing gas w e l l t e s t i n g i n Northwest 
New Mexico, which includes MeKinley, Rio A r r i b a , Sandoval 
and San Juan Counties, New Mexico, as set f o r t h i n E x h i b i t 
"A" attached hereto and made a part hereof, are hereby 
promulgated and adopted as an exception to Rules 401 and 
402 of the general statewide r u l e s and r e g u l a t i o n s of t h i s 
D i v i s i o n r e l a t i n g to gas w e l l t e s t i n g proredures, 
superseding the r u l e s and r e g u l a t i o n s contained in t h e i r 
e n t i r e t y i n D i v i s i o n Order No. R-333, as amended. 

(2) The deadline f o r completing and f i l i n g 1986 
d e l i v e r a b i l i t y t e s t s i s hereby extended to March 31, 1987. 

(3) The r e q u i r e d b i e n n i a l d e l i v e r a b i l i t y t e s t i n g of 
w e l l s i s hereby suspended f o r a one year p e r i o d whereby 
the d e l i v e r a b i l i t y t e s t cycle w i l l begin again i n 1988 
w i t h those pools which would have been test e d i n 1987. 

(4) J u r i s d i c t i o n of t h i s cause i s r e t a i n e d f o r the 
e n t r y of such f u r t h e r orders as the D i v i s i o n may deem 
necessary. 

DONE at Santa Fe , New Mexico, on the day and year 
hereinabove designated. 

STATE OF NEW r.inxiCO 
OIL CONSERVATION DIVISION 

S E A L 

WILL I API J . LEMAY 
D i r e c t o r 
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RULES OF PROCEDURE FOR NORTHWEST 
NEW MEXICO 

CHAPTER I TYPE DF TESTS REQUIRED FDR WELLS COMPLETED IN PRORATED GAS 
POOLS 

SECTION 1: In i t i a l Deliverability and Shut-In Pressure Tests for Newly 
Completed Well 

A. Immediately upon completion of each gas well in northwest New Mexico, 
a shut-in pressure test of at least seven days duration shall be made. 
This i n i t i a l shut-in pressure shall be filed with the Division's 
Aztec Office on either Form C-122 or C-104. 

B. Within 90 days after a well first delivers gas to a gas transportation 
facility, the well shall have been tested in accordance with Section 
1 of Chapter I I of these rules, " I n i t i a l Deliverability and Shut-In 
Pressure Test Procedures", and the results of the test filed in 
•triplicate with the Division's Aztec office and one copy filed with 
the gas transportation facility to which the well i s connected. This 
test is to be filed on Form C-122-A. Failure to file said test within 
the above-prescribed 90-day period will subject the well to the loss 
of one day's allowable for each day the test is late. 

1. If the newly first delivered well is an i n f i l l well on a 
proration unit, the old well on the unit is not required to 
be tested provided i t has a valid test on file for the 
current proration year. Testing of the old well follows the 
regularly assigned test year for the pool in which the wells 
are located. The new well i s required to be tested annually 
until at least three annual tests are on fi l e and then the 
well i s to be tested biennially with other wells in that 
pool. 

2. If the newly first delivered well is an i n f i l l well on a 
proration unit and the old well on the unit is "exempt", the 
old well i s to be tested along with the new well for the 
Initia l and Annual Deliverability and Shut-In Pressure 
Test. The old well will lose its "exempt" classification 
and must be tested biennially along with other wells in that 
pool. The new i n f i l l well i s required to be tested annually 
until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that 
pool. 
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C. The requirements for I n i t i a l Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly 
completed wells shall also apply to recompleted wells. 

D. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as o f f i c i a l tests for the 
assignment of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 
Tests 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall be 
made on a l l gas wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested 
on an annual basis until a minimum of three annual tests have 
been taken, after which the well shall be tested biennially 
as is required for other wells in the pool in which the well 
is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status 
shall be done once each year immediately following the 
reporting of June production and shall be effective for the 
succeeding annual test period. 

Gas wells completed in the Pictured Cliffs or any shallower 
formation shall be classified "exempt" i f at least three 
months of production history is available and the well failed 
to produce, and is incapable of producing, an average of 250 
HCF or more per month during the months produced within the 
preceding 12-month period, and the well is classified as 
marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the 
Pictured Cliffs formation shall be classified "exempt" i f at 
least three months of production history is available and 
the well failed to produce, and is incapable of oroducing, 
an average of 2000 HCF or more per month during the months 
produced within the preceding 12-month period, and the well 
is classified as marginal in the August Gas Proration 
Schedule. 
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Gas wells on multiple well Gas Proration Units will not be 
classified "exempt" unless the Gas Proration Unit is 
classified as marginal. Any or all wells on a marginal 
multiple well Gas Proration Unit may be classified as 
"exempt" provided each Gas Proration Unit so classified 
meets the qualification for "exempt" status. Gas F oration 
Units for wells producing from formations deeper :han the 
Pictured Cliffs formation shall be classified "exempt" if at 
least three months of production history is available and 
the Gas Proration Unit failed to produce, and is incapable 
of producing, an average of 2000 MCF or more per month 
during the months produced within the preceding 12-month 
period, and the Gas Proration Unit is classified as marginal 
in the August Gas Proration Schedule. Gas Proration Units 
are to be classified as "exempt" because of their low 
producing ability. 

The District Supervisor of the Division's Aztec Office may 
classify a well or Gas Proration Unit as "exempt" at any 
time i f the operator presents sufficient evidence to the 
District Supervisor indicating that the well or Gas 
Proration Unit is incapable of producing gas at a higher 
rate than that rate required for "exempt" classification for 
wells or Gas Proration Units in that pool. 

Once a well or Gas Proration Unit has been declared "exempt" 
for the following test year, it shall remain classified 
"exempt" for that test year. 

3. If a test is filed on any well on a gas proration unit, the 
test requirement for the gas proration unit has been met. 
The deliverability of the unit is taken only as the 
resulting sum of all wells tested. 

4, A shut-in pressure must be filed on Form C-122-A even if no 
gas is measured during the production phase of the test. 
The filing of shut-in pressures for "exempt" wells is not 
required. 

3. All Annual and Biennial Deliverability and Shut-In Pressure Tests 
required by these rules must be filed with the Division's Aztec 
office and with the appropriate gas transporta;ion facility within 90 
days following the completion of each test. Provided however, thai 
any test completed between October 31 of the test year and January 31 
of the following year are due no later than January 31. No extension 
of time for filing tests beyond January 31 will be granted except 
after notice and hearing. 
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Failure to f i l e any test within the above-prescribed times w i l l 
subject the well to the loss of one day's allowable for each day the 
test is late. A well classified as marginal shall be shut-in one day 
for each day the test is late. 

SECTION 3: Scheduling of Tests 

A. Notification of Pools to be Tested 

By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation f a c i l i t y and each operator of the pools which are to 
be scheduled for biennial testing during the following testing period 
from January 1 through the last day of December of that test year. 
The District Supervisor w i l l also provide a l i s t of "exempt" wells 
and a l i s t of wells that do not have a minimum of three Annual 
Deliverability and Shut-In Pressure Tests on f i l e . 

Any well scheduled for testing during i t s test year may have the 
conditioning period, test flow period, and some of the seven day 
shut-in period conducted in December of the previous year provided 
that i f the 7 day shut-in period immediately follows the test flow 
period the 7 day shut-in pressure would be measured in January of the 
test year. The earliest date that a well could be scheduled for 
Annual or Biennial Deliverability and Shut-In Pressure Test would be 
such that the Test Flow Period would end on December 25 of the 
previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of the lowermost prorated completion of the well. 

B. Annual and Biennial Deliverability Tests 

By November 1 of each year, each gas transportation f a c i l i t y shall, 
in cooperation with the operators involved, prepare and submit a 
schedule of the wells to which i t is connected which are to begin 
testing in December and January. Said schedule shall be entitlea, 
"Annual and Biennial Deliverability and Shut-In Pressure Test 
Schedule", and one copy shall be submitted to the Division's Aztec 
office and to each operator concerned. The schedule shall indicate 
the date of tests, pool, operator, lease, well number, and location 
of each well. 

At least 30 days prior to the beginning of each succeeding 2-month 
testing interval, a similar schedule snail be prepared and filed in 
accordance witn tne above. 
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RULES OF PROCEDURE FOR NORTHWEST 
NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN PRORATED GAS 
POOLS 

SECTION 1: I n i t i a l Deliverability and Shut-In Pressure Tests for Newly 
Completed Well 

A. Immediately upon completion of each gas well in northwest New Mexico, 
a shut-in pressure test of at least seven days duration shall be made. 
This i n i t i a l shut-in pressure shall be filed with the Division's 
Aztec Office on either Form C-122 or C-104. 

B. Within 90 days after a well first delivers gas to a gas transportation 
facility, the well shall have been tested in accordance with Section 
1 of Chapter I I of these rules, " I n i t i a l Deliverability and Shut-In 
Pressure Test Procedures", and the results of the test filed in 
•triplicate with the Division's Aztec office and one copy filed with 
the gas transportation facility to which the well is connected. This 
test is to be filed on Form C-122-A. Failure to fil e said test within 
the above-prescribed 90-day period will subject the well to the loss 
of one day's allowable for each day the test is late. 

1. If the newly first delivered well i s an i n f i l l well on a 
proration unit, the old well on the unit is not required to 
be tested provided i t has a valid test on file for the 
current proration year. Testing of the old well follows the 
regularly assigned test year for the pool in which the wells 
are located. The new well i s required to be tested annually 
until at least three annual tests are on file and then the 
well i s to be tested biennially with other wells in that 
pool. 

2. If the newly first delivered well is an i n f i l l well on a 
proration unit and the old well on the unit is "exempt", the 
old well i s to be tested along with the new well for the 
Init i a l and Annual Deliverability and Shut-In Pressure 
Test. The old well will lose i t s "exempt" classification 
and must be tested biennially along with other wells in that 
pool. The new i n f i l l well i s required to be tested annually 
until at least three annual tests are on file and then the 
well i s to be tested biennially with other wells in that 
pool. 
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C. The requirements for I n i t i a l Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly 
completed wells shall also apply to recompleted wells. 

D. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as of f i c i a l tests for the 
assignment of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 
Tests 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall be 
made on a l l gas wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested 
on an annual basis until a minimum of three annual tests have 
been taken, after which the well shall be tested biennially 
as is required for other wells in the pool in which the well 
is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status 
shall be done once each year immediately following the 
reporting of June production and shall be effective for the 
succeeding annual test period. 

Gas wells completed in the Pictured Cliffs or any shallower 
formation shall be classified "exempt" i f at least three 
months of production history is available and the well failed 
to produce, and is incapable of producing, an average of 250 
MCF or more per month during the months produced within the 
preceding 12-month period, and the well is classified as 
marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the 
Pictured Cliffs formation shall be classified "exempt" i f at 
least three months of production history is available and 
the well failed to produce, and is incapable of producing, 
an average of 2000 MCF or more per month during the months 
produced within the preceding 12-month period, and the well 
is classified as marginal in the August Gas Proration 
Schedule. 
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The aas transportation f a c i l i t y and the Aztec District Office of the 
Division shall be notified immediately by any operator unable to 
conduct any test as scheduled. 

In the event a well is not tested in accordance with the existing test 
schedule, the well shall be re-scheduled by the gas transportation 
f a c i l i t y , and the Division and the operator of the well so notified in 
writing. Every effort should be made to notify the Division of the 
new schedule prior to the conclusion of the newly assigned 14-day 
conditioning period. 

Notice to the Division of Shut-In Pressure Tests which are scheduled 
at a time other than immediately following the flow test must be 
received prior to the time that the well is shut-in. 

I t shall be the responsibility of each operator to determine that a l l 
of i t s wells are properly scheduled for testing by the gas 
transportation f a c i l i t y to which they are connected, in order that 
a l l annual and biennial tests may be completed during the testing 
season. 

In the event a well is shut-in by the state for over production, the 
operator may produce the well for a period of time to secure a test 
after notification to the Division. All gas produced during this 
testing period w i l l be used in determining the over/under produced 
status of the well. 

Deliverability Re-Tests 

An operator may, in cooperation with the gas transportation fac i l i t y , 
schedule a well for a deliverability re-test upon notification to the 
Division's Aztec office at least ten days before the test is to be 
commenced. Such re-test shall be for good and substantial reason and 
shall be subject to the approval of the Division. Re-tests shall in 
a l l ways be conducted in conformance with the Annual and Biennial 
Deliverability Test Procedures of these rules. The Division, at i t s 
discretion, may require the re-testing of any well by notification to 
the ooerator to schedule such re-test. These tests as filed on Form 
C-122-A should be identified as "RETEST" in the remarks column. 

TION 4: Witnessing of Tests 

Any I n i t i a l Annual or Biennial Deliverability and Shut-In Pressure 
Test may be witnessed by any or a l l of the following: an agent of the 
Division, an offset operator, a representative of the gas 
transportation f a c i l i t y connected to the well under test, or a 
representative of the gas transportation f a c i l i t y taking gas from an 
offset ooerator. 
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CHAPTER I I PROCEDURE FOR TESTING 

SECTION 1: I n i t i a l Deliverability and Shut-In Pressure Test Procedure 

A. Within 90 days after a newly completed well is f i r s t delivered to a 
gas transportation f a c i l i t y , the operator shall complete a 
deliverability and shut-in pressure test of the well in conformance 
with the "Annual and Biennial Deliverability and Shut-In Pressure 
Test Procedures", prescribed in Section 2 of this chapter. Results 
of the test shall be filed as required by Section 1 of Chapter I of 
these rules. 

B. In the event i t is impractical to test a newly completed well in 
conformance with Paragraph A above, the operator may conduct the 
deliverability and shut-in pressure test in the following manner 
(provided, however, that any test so conducted w i l l not be accepted 
as the f i r s t annual deliverability and shut-in pressure test as 
described in Paragraph A-l of Section 2, Chapter I ) : 

1. A 7-day or 8~day production chart may be used as the basis 
for determining the well's deliverability, providing the 
chart so used is preceded by at least 14 days continuous 
production. The well shall produce through either the 
casing or tubing, but not both, into a pipeline during these 
periods. The production valve and the choke settings shall 
not be changed during either the conditioning or flow period 
with the exception of the f i r s t ten (10) days of the 
conditioning period when maximum production would 
over-range the meter chart or location production 
equipment. 

2. A shut-in pressure of at least seven days duration shall be 
taken. This shall be the shut-in test required in Paragraph 
A, Section 1 of Chapter I of these rules. 

3. The average daily static meter pressure shall be determined 
in accordance with Section 2 of Chapter I I of these rules. 
This pressure shall be used as Pt in calculating Pw for the 
Deliverability Calculation. 

4. The daily average rate of flow shall be determined in 
accordance with Section 2 of Chapter I I . 

5. The static wellhead working pressure (Pw) shall be 
determined in accordance with Section 2 of Chapter I I . 

i n 
-5-



6. The deliverability of the well shall be determined by using, 
the data determined in Paragraphs 1 through 5 above in the 
deliverability formula in accordance with Section 2 of 
Chapter I I . 

7. The data and calculations for Paragraphs 1 through 6 above 
shall be reported as required in Section 1 of Chapter I of 
these rules, upon the blue-colored Form C-122-A or on white 
Form C-122-A and identified as "INITIAL TEST ONLY" in 
remarks. 

SECTION 2: Annual and Biennial Deliverability and Shut-In Pressure 
Test Procedure 

This test shall begin by producing a well in the normal operating 
manner into the pipeline through either the casing or tubing, but not 
both, for a period of fourteen consecutive days. This shall be known 
as the conditioning period. The production valve and choke settings 
shall not be changed during either the conditioning or flow periods 
except during the f i r s t ten (10) days of the conditioning.period when 
maximum production would over-range the meter chart or location 
production equipment. The f i r s t ten (10) days of said conditioning 
period shall not have more than forty eight (48) hours of cumulative 
interruptions of flow. The eleventh to fourteenth days, inclusive, of 
said conditioning period shall have no interruptions of flow 
whatsoever. Any interruption of flow that occurs as normal operation 
of the well as stop-cock flow, intermittent flow, or well blow down 
wi l l not be counted as shut-in time in either the conditioning or flow 
period. 

The daily flowing rate shall be determined from an average of seven or 
eight consecutive producing days, following a minimum conditioning 
period of 14 consecutive days of production. This shall be known as 
the flow period. 

Instantaneous pressures shall be measured by deadweight gauge or 
other method aDproved by the Division during the 7-day cr 8~day flow 
period at the casinghead, tubinghead, and orifice meter, and shall be 
recorded along with instantaneous meter-chart static pressure 
reading. 

I f a well is producing through a compressor that is located between 
the wellhead and the meter run, the meter run pressure and the 
wellhead casing pressure and the wellhead tubing pressure are to be 
reported cn Form C-122-A. (Neither the suction pressure nor the 
discharge pressure of the compressor is considered wellhead 
pressure.) A note shall be entered in the remarks portion on Form 
C-122-A stating "ihis well prcduces througn a compressor". 
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When i t is necessary to restrict the flow of gas between the wellhead 
and orifice meter, the ratio of the downstream pressure, psia, to the 
upstream pressure, psia shall be determined. When this ratio is 
0.57, or less, c r i t i c a l flow conditions shall be considered to exist 
across the restriction. 

When more than one restriction between the wellhead and orifice meter 
causes the pressures to reflect c r i t i c a l flow between the wellhead 
and orifice meter, the pressures across each of these restrictions 
shall be measured to determine whether c r i t i c a l flow exists at any 
restriction. When cr i t i c a l flow does not exist at any restriction, 
the pressures taken to disprove c r i t i c a l flow shall be reported to 
the Division on Form C-122-A in item (n) of the form. When c r i t i c a l 
flow conditions exist, the instantaneous flowing pressures required 
hereinabove shall be measured during the last 48 hours of the 7-day or 
8-day flow period. 

When cr i t i c a l flow exists between the wellhead and orifice meter, the 
measured wellhead flowing pressure of the string through which the 
well flowed during test shall be used as Pt when calculating the 
static wellhead working pressure (P w) using the method established 
below. 

When c r i t i c a l flow does not exist at any restriction, Pt shall be the 
corrected average static pressure from the meter chart plus friction 
loss from the wellhead to the orifice meter. 

The static wellhead working pressure (Pw) of any well under test 
shall be the calculated 7-day or 8-day average static tubing pressure 
i f the well is flowing through the casing; i t shall be tne calculated 
7-day or 8-day average static casing pressure i f the well is flowing 
through the tubing. The static wellhead working pressure (Pw) shail 
be calculated by applying the tables and procedures set out in this 
manual. 

To obtain the shut-in pressure of a well under test, the well shall be 
shut in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured with a deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of tne well. The 7-day shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be used as Pc in the 
deliverability calculation. When any such shut-in pressure is 
determined by the Division to be abnormally low or the well can not be 
shut-in due to "HARDSHIP" classification, the shut-in pressure to be 
used as Pc shail be determined by one of the following methods: 
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1. A Division-designated value. 
2. An average shut-in pressure of all offset wells completed in 

the same zone. Offset wells include the four side and four 
corner wells, if available. 

3. A calculated surface pressure based on a calculated 
bottom-hole pressure. Such calculation shall be made in 
accordance with the examples in this manual. 

All Wellhead pressures as well as the flowing meter pressure tests 
which are to be taken during the 7-day or 8-day deliverability test 
period as required hereinabove shall be taken with a deadweight*: gauge 
or other method approved by the Division. The pressure readings and 
the date and time according to the chart shall be recorded and 
maintained in the operator's records with the test information. 

Orifice meter charts shall be changed and so arranged as to reflect 
upon a single chart the flow data for the gas from each well for the 
full 7-day or 8-day deliverability test period; however, no tests 
shall be voided i f satisfactory explanation is made as to the 
necessity for using test volumes through two chart periods. 
Corrections shall be made for pressure base, measured flowing 
temperature, specific gravity, and supercompressibility; provided 
however, if the specific gravity of the gas from any well under test 
is not available, an estimated specific gravity may be assumed 
therefor, based upon that of gas from near-by wells, the specific 
gravity of which has been actually determined by measurement. 

The average flowing meter pressure for the 7-day or 8-day flow period 
and the corrected integrated volume shall be determined by the 
purchasing company that integrates the flow charts and furnished to 
the operator or testing agency. 

The 7-day or 8-day flow period volume shall be calculated from the 
integrated readings as determined from the flow period orifice meter 
chart. The volume so calculated shall be divided by the number of 
testing days on the chart to determine the average daily rate of flow 
during said flow period. The flow period shall have a minimum of 
seven and a maximum of eight legibly recorded flowing days to be 
acceptable for test purposes. The volume used in this calculation 
shail be corrected to New Mexico Oil Conservation Division standard 
conditions of 15.025 psia pressure base, 60°F. temperature base and 
0.50 specific gravity base. 
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The daily volume of flow as determined from the flow period chart 
readings shall be calculated by applying the Basic Orifice deter 
Formula or other acceptable industry standard practices. 

0 = C ( h w P f ) '
5 

Where: 

Q = Metered volume of flow Mcf/d @> 15.025 psia, 50° F., and 
0. 60 specific gravity. 

C = The 24-hour basic orifice meter flow factor corrected 
for flowing temperature, gravity, and 
supercompressibility. 

h w = Daily average differential meter pressure from flow 
period chart. 

Pf = Daily average flowing meter pressure from flow period 
chart. 

The basic o r i f i c e meter flow factors, flowing temperature factor, and 
specific gravity factor shall be determined from the tables in this 
manual. 

The daily flow period average corrected flowing meter pressure, psig, 
shall be used to determine the supercompressibility factor. 
Supercompressibility Tables may be obtained from the New Mexico Oil 
Conservation Division. 

When suDercompressibility correction i s maae for a gas containing 
either nitrogen or carbon dioxide in excess of two percent, the 
supercomoressibility factors of such gas shall be determined by the 
use of Table V of the C. N.G.A. Bulletin TS-402 for pressures 100-500 
psig, or Table I I , TS-451 for pressures in excess of 500 psig. 

The use of tables for calculating rates of flow from integrator 
readings which do not specifically conform to the New Mexico Oil 
Conservation Division "Back Pressure Test Manual", or this manual, 
may be approved for determining the daily flow period rates of flow 
uoon a showing that such tables are appropriate and necessary. 

The daily average integrated rate of flow for the 7-day or 8-day flow 
period snail be corrected for meter error by multiplication by a 
correction factor. Said correction factor shall be determined by 
dividing the square root of the deadweight flowing meter prsssurs, 
psia, by the square root of the chart flowing meter pressure, psia. 
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Deliverability pressure- as used herein- is a defined pressure 
applied to each well and used in the process of comparing the 
abilities of wells in a pool to produce at static wellhead working 
pressures equal to a percentage of the 7-day shut-in pressure of the 
respective individual wells. Such percentage shall be determined and 
announced periodically by the Division based on the relationship of 
the average static wellhead working pressures (P w) divided by the 
average 7-day shut-in pressure (P c) of the pool. 

The deliverability of gas at tha "deliverability pressure" of any 
well under test shall be calculated from the test data derived from 
the tests hereinabove required by use of the following deliverability 
formula: 

D =0 

Where: 

"(Pc2 " Pd2) 

(Pc2 - Pw2) 

n 

D = Deliverability Mcf/d at the deliverability pressure, 
(Pd). (at Standard Conditions of 15.025 psia, 60°F and 
0. 50 sp. gr.). 

Q = Daily flow rate in Mcf/d, at wellhead pressure (P w). 

Pc = 7-day shut-in Wellhead pressure, psia, determined in 
accordance with Section 2 of Chapter II. 

P(j = Deliverability pressure, psia, as defined above. 

Pw = Average static wellhead working pressure, as 
determined from 7-day or 8-day flow period, psia, and 
calculated from tables in this manual entitled 
"Pressure Loss Due to Friction" Tables for northwest 
New Mexico. 

n = Average pool slope of back pressure curves as 
follows: 

For Pictured Cliffs and shallower formations 0. 85 

For formations deeper than Pictured Cliffs 0. 75 

(Note: Special rules for any specific pool or formation may 
supersede the above values. Check special rules i f 
in doubt. ) 
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The value of the multiplier in the above formula (ratio factor after 
the application of the pool slope) by which Q i s multiplied shall not 
exceed a limiting value to be determined and announced periodically 
by the Division. Such determination shall be made after a study of 
the test data of the pool obtained during the previous testing 
season. 

Downhole commingled wells are to be tested in year for pool of 
lowermost prorated completion of well and shall use pool slope (n), 
and deliverability pressure of lowermost pool. The to t a l flow rate 
from the downhole commingled well w i l l be used to calculate a value of 
deliverability. For each prorated gas zone of a downhole commingled 
well, a Form 0122-A is required to be f i l e d and in the Summary 
portion of that form, a l l zones w i l l indicate the same data for line 
h, Pc, & Pw, and Pd. The value shown for Deliverability (D) w i l l be 
that percentage of the total deliverability of the well that i s 
applicable to this zone. A note shall be placed in the remarks column 
that indicates the percentage of deliverability to be allocated to 
this zone of the well. 

Any test prescribed herein w i l l be considered acceptable i f the 
average flow rate for the f i n a l 7-day or 8-day deliverability test i s 
not more than ten percent in excess of any consecutive 7-day or 8-day 
average of the preceding two weeks. A deliverability test not 
meeting this requirement may be declared invalid, requiring the well 
to be re-tested. 

A l l charts relative to i n i t i a l , annual, or biennial deliverability 
tests or copies thereof shall be made available to the Division upon 
i t s request. 

Al l testing agencies, whether individuals, companies, pipeline 
companies, or operators, shall maintain a log of a l l tests 
accomplished by them, including a l l f i e l d test data. The operator 
shall maintain the above data for a period of not less than two (2) 
years plus the current test year. 

Al l forms heretofore mentioned are hereby adopted for use in the 
nortnwest New Hexico Area in open form subject to such modification 
as experience may indicate desirable or necessary. 

I n i t i a l and Annual or Biennial Deliverability and Shut-In Pressure 
Tests for gas wells in a l l formations shall be conducted and reported 
in accoraance with these rules and procedures. Provided however, 
these rules shall be subject to any specific modification or cnange 
contained in Special Pool Rules adopted far any pool after notice and 
hearing. 
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CHAPTER I I I INFORMATIONAL TESTS 

A. A one-point back pressure test may be taken on newly completed wells 
before their connection or reconnection to a gas transportation 
fac i l i t y . This test shall not be a required o f f i c i a l test but may be 
taken for informational purposes at the option of the operator. When 
taken, this test must be taken and reported as prescribed belcw: 

ONE-POINT BACK PRESSURE POTENTIAL TEST PROCEDURE 

1. This test shall be accomplished after a minimum shut-in of 
seven days. The shut-in pressure shall be measured with a 
deadweight gauge or other method approved by the Oivision. 

2. The flow rate shall be that rate in Mcf/d measured at the end 
of a three hour test flow period. The flow from the well 
shall be for three hours through a positive choke, which has 
a 3/4-inch orifice. 

3. A 2-inch nipple which provides a mechanical means of 
accurately measuring the pressure and temperature of the 
flowing gas shall be installed immediately upstream from the 
positive choke. 

4. The absolute open flow shall be calculated using the 
conventional back pressure formula as shown in this manual 
or the New Mexico Oil Conservation Division "Back Pressure 
Test Manual." 

5. The observed data and flow calculations shall be reported in 
duplicate on Form C-122, "Multi-Point Back Pressure Test for 
Gas Wells. " 

6. Non-critical flow shall be considered to exist when the 
choke pressure is 13 psig or less. When this condition 
exists the flow rate shall be measured with a pitot tube and 
nipple as specified in this manual or in the Division's 
Manual of "Tables and Procedure for Pitot Tests." The pitot 
test nipple shall be installed immediately downstream from 
the 3/4-inch positive choke. 

7. Any well completed with 2-inch nominal size tubing 
(1.995-inch ID) or larger shall be tested through the 
tubing. 

3. Other tests for informational purposes may be conducted prior to 
obtaining a pipeline connection for a newly completed well upon 
receiving specific apDroval therefor frcm tne Division's Aztec 
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office. Approval of these tests shall be based primarily upon the 
volume of gas to be vented. 

CHAPTER IV TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN NON-PRORATED 
POOLS 

SECTION 1: I n i t i a l Shut-In Pressure Tests for Newly Completed Wells 

A. (Same as Chapter I , Section 1, A) 

SECTION 2: Biennial Shut-In Pressure Tests 

A. Non-prorated wells w i l l be tested biennially as required by the 
District Office except as follows: 

1. Wells which meet the "exempt" qualification as shown in 
Chapter I , Section 2, paragraph A-2 of these rules shall also 
be exempt from shut-in test requirements. 

2. Wells classified as "hardship" wells during the test year 
shall also be exempt from shut-in test requirements. 

B. All shut-in tests required by these rules must be filed with the 
Division's Aztec office by January 31 of the following year. Failure 
to f i l e the test w i l l subject the well to being shut-in one day for 
each day the test is late. 

SECTION 3: Scheduling Tests 

A. By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation f a c i l i t y and each operator of the pools which are to 
be scheduled for biennial shut-in pressure testing during the 
following testing period from January 1 through the" last day of 
December of that test year. The District Supervisor w i l l also 
proviae a l i s t of "exempt" wells. 

Any well scheduled for testing during i t s test year may have the test 
flow perioo, and some of the seven day shut-in period conducted in 
December of the previous year, ihe earliest date that a well could be 
scheduled fcr Biennial Shut-In Pressure Test would be such that the 
Test Flow Period would end on Decemoer 25 of the previous year. 
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Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost completion of well. 

SECTION 4: Test Procedure 

A. To obtain the shut-in pressure of a well under test, the well shall be 
shut-in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured by deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be reported as the 
shut-in pressure of the well. 

SECTION 5: Filing of Shut-In Pressure Data 

The result of this test shall be reported in the last column of 
Division Form C-125 showing the pressure in psia and shall be filed in 
triplicate with the Aztec District Office of tne Division. 
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SECTION IV 

FORMS 

SUGGESTED FIELD DATA SHEET 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL (Form C-122) 

GAS WELL TEST DATA SHEET - SAN JUAN BASIN (Form C-122-A) 

INITIAL POTENTIAL TEST DATA SHEET (Form C-122-B) 

DELIVERABILITY TEST REPORT (Form C-122-C) 

WORKSHEET FOR CALCULATION OF STATIC COLUMN WELLHEAD PRESSURE 
(P ) (Form C-122-D) w 

WORKSHEET FOR STEPWISE CALCULATION OF (SURFACE) (SUBSURFACE) PRESSURE 
(P & P ) (P- & P ) (Form C-122-E) c w f s 

WORKSHEET FOR CALCULATION OF WELLHEAD' PRESSURES (P or P ) FROM KNOWN 
BOTTOMHOLE PRESSURE (P f or P g) (Form C-122-F)

C w 

WORKSHEET FOR CALCULATION OF STATIC COLUMN PRESSURE AT GAS LIQUID INTERFACE 
(Form C-122-G) 

GAS V/ELL SHUT-IN PRESSURE TESTS (Form C-12 5) 



S U G G E S T E D F I E L D D A T A S H E E T (Not Requ i red T o F i l e ) S U G G E S T E D F I E L D D A T A S H E E T (Not Requ i red T o F i l e ) 

T y p e T o s t T e s t Da te 
1 1 I n i t i a l \~~2 A n n u a l \ Z 3 Spec ia l 

L e a s e No. or Ser ia l No. 

Company C o n n e c t i o n Allot tee 

F i e l d R e s e r v o i r L o c a t i o n Un i t 

Completion Date T o t a l Depth P l u g B a c k T D E l e v a t i o n F a r m or L e a s e Name 

C s g . S i z e Wt. d Set A t P e r f o r a t i o n s : F rom T o Well No. 

T b g . S i z e Wt. d Set A t P e r f o r a t i o n s : F r o m T o S e c . T w p . - B l k . Rge. -Sur . 

T y p * Complet ion (Descr ibe ) P a c k e r Set At County or P a r i s h 

Producing Thru R e s e r v o i r T e m p . F Mean Annual Temp. F Baro . P r e s s . - P a State 

L H G , % C O j % N 2 % H 2 S Prover Meter Run T a p s 

DATE 
Time ol 

Reading 

E L A P . 
T I M E 

Hrs. 

Wellhead Working Pressure 

Tbg. Pslg. Csg. Pslg. Temp. F 

M E T E R OR P R O V E R 

Pressure 

Psig. 
Diff. Temp. F Orifice 

REMARKS 
' Include liquid production data:\ 

' Type—A.P.I. Gravity—Amount 

NOT REQUIRED 

TO BE FILED 

Page of Data By 



O I L C O N S E R V A T I O N D I V I S I O N 
STATE OF NEW MEXICO p. o . B O X 2088 

ENERGY ANO MINERALS DEPARTMENT S A N T A F E , N E W M E X I C O 8 7 5 0 1 

form C-122 
Xtv l s td 10-1-78 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL 

Type Test 

[~1 Initial Q Annual \~} Special 
Test Date 

Company Connection • 

Pool Formation Unit 

Completion Date Tota l Depth Plug Back T D Elevation Farm or Lease Name 

Csq. Size Wl. d Set At Perforations: 

From To 

Well No. 

Tbg. Size Wt. d Set At Perforations: 

From To 

Unit Sec. Twp. Rge. ' 

Type Wcll— Single — Rrodenhead— G.G. or C O . Multiple Packer Set At County 

Producing Thru Heser»olr Temp. «F 

0 

Mean Annual Temp. *F Baro. Press. — 1^ Stale 

L H Gg % CO j % N 2 * H 2 S Prover Meter Run Taps 

FLOW DATA TUBING DATA CASING DATA Duration 

of 

F low 
NO. 

Prover Or i f ice 
L ine s u e 

Size 

Press, 
p . s . i .g . 

D i f f , 

h w 

Temp. 

• F 

Press, 
p .s . i .g . 

Temp, 

•r 
Press, 
p .s . i .g . 

Temp. 

• F 

Duration 

of 

F low 

SI 

1. 

2. 

3. 

.- ! 1 

R A T E O F FLOW C A L C U L A T I O N S 

KO. 

Coefficient 

(24 Hour) 
" ~ V " w P m 

Pressure 

- P_ 

Flow Temp. 

Factor 

Ft . 

Gravity 

Factor 

Fg 

Super 

Compress. 

Factor, Fpv 

Rate of Flow 

Q, Mcfd 

NO. 

2. 

3. 

Temp. *R Gas L iqu id Hydrocarbon Ratio 

A . P . l . Gravity of Liqu id Hydrocarbons 

Specific Gravity Separator Gas 

Specific Gravity Flowing F lu id 

Cr i t ica l Pressure 

Cr i t i ca l Temperature 

. M c f / b b l . 

Deg. 

x x x x x x x x ? : 

X X X X X 

. P.S.I.A. 

R 

. P.S.I .A. 

R 

NO • t Pw P 2 P 2 - P 2 

1 

2 

3 

4 -

5 

(2) 
p 2 __ p > 

r Pc2 > . 
L*2 - K? _ 

AOF = O 

L <?-«.'j 

Absolute Open Flow .Meld P 15.025 Angle of S l o p e © . Slopo, n . 

Remarks: 

Approved 13y D i v i s i o n Conducted By: Calculated By: Checked By: 



STATE OF NEW MEXICO 

ENERGY una MINERALS DEPARTMENT 
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S A N T A F E , N E W M E X I C O 8 7 5 0 1 

Form C-122-A 
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W E L L D E L I V E R A B I L I T Y TEST R E P O R T FOR 19. 

POOL MAMC FOOL SLOPC r O N U A T I O H COUHTV 

n = 
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DATE S H U T - I N P a C S S U M C U C A 3 U N E D 

PRESSURE DATA - ALL PRESSURES IN PSIA 

(a) Flowing Casing 
Pressure (DWt) 

O ) Flowing Tubing 
Pressure (DSft) 

(c) Flowing Meter 
Pressure (DWt) 

(d) Flow Chart 
Static Reading 

(e) Meter Error 
(Item c — Item d) 

(0 Friction Loss 
(a — c) or (b — c) 

(if) Average Ueter 
Pressure (Int eg r.) 

(h) Corrected Meter 
Pressure (g + e) 

(i) Avg. Wellhead 
Press. P t = (h + 0 

(j) Shut-in Casing 
Pressure (DWt) 

(I:) Shut-in Tubing 
Pressure (DWt) 

(1) P c ~ higher value 
of 0 ) or 0O 

(m) Del. Pressure 

P d = % P c 

(n) Separator or De
hy drat or i>r. (DWt) 
for critical (low only 

FLOW RATE CORRECTION (METER ERROR) 

Integrated Volume — M C F / D Quotient of 
Item c 

Item d 

Item c 

Item d 

Corrected Volume 

M C F / D 

WORKING PRESSURE CALCULATION 

R 2 = 
Pw = V P w 2 ( l - e — ) ( F c Q m > 2 (1000) ( l - e - * ) (Fc Q^Vooq P , 2 P w

2 = P , 2 + R 2 Pw = V P w 2 

DELIVERABILITY CALCULATION 

M C F / D 

REMARKS: 

SUMMARY 

Item h _ 
P c -

0 -

P w ~ 
p d -
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P s i a C o m p n n v 

P s i a n» 
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NEW MEXICO OIL CONSERVATION COMMISSION 

INITIAL POTENTIAL TEST DATA SHEET 
Form C-122-B 

Tnis form must be used for reporting a l l pitot tube tests made in the State. It is particularly important that i t be used for reporting 
Ini t ia l Potential Tests in the San Juan Basin as prescribed by Order No. R-333 and by the New Mexico Oi l Conservation Commis
sion Manual of Tables and Procedure for Ini t ia l Potential (Pitot Tube) Tests. 

Pool. 

County. 

Formation, 

Date Well Tested. 

Operator _ 

Unit Letter _ 

Casing O.D. 

Pay Zone: From. 

Wt. 

Tested Through: Casing. 

Test Nipple 

Lease 

Section. 

. Set A t . 

To_ 

. Township. 

Tubing O.D.. Wt.. 

Gas Gravity: Meas.. 

Tubing 

I .D. Type of Gauge Used: Spring | ! 

OBSERVED DATA 

Well No. . 

_ Range_ 

__ Set A t . 

Est. 

Monometer 1 | 

Shut-In Pressure: Casing 

Time Well Opened 

Volume (Table I) 

Multiplier For Pipe or Casing (Table I I ) 

Multiplier For Flowing Temperature (Table I I I ) 

Multiplier For Sp. Gravity (Table IV) 

Avg. Barometer Pressure at Wellhead (Table V) 

Multiplier For Barometric Pressure (Table VI) 

Ini t ia l Potential, MCF/24 Hrs. 

. Tubing. S.I. Period 

Time Well Gauged Impact Pressure_ 

(a) 

(b) 

(c) 

(d) 

(e) 

(a) x (b) x (c) x (d) x (e) = 

Witnessed By: Tested By_ 

Company: Company 

Ti t l e : T i t l e 



NEW MEXICO O I L C O N S E R V A T I O N COMMISSION 

DELIVERABILITY TEST REPORT 
Form C-122-C 
Revised 9-1-65 

Type Test 

• Initial I I Annual • Special 
Test Date 

Company Connection 

Pool Formation Unit 

Completion Total Depth Pluq Back TD Elevation Farm or Lease Name 

Csg. Size Wt. Set At Perforations: 

From 
Well No. 

To 

Set Al Twp. Rge Tbg. Size Perforations: 

From 

Unit 

To 

Type Well-Single-Bradenhead — C . G . or O.O. Multiple Packer Set At County 

Producing Thru Reservoir Tomp. °F 

8 

Moan Annual Temp. ° F Baro. Press . — P . State 

Gg. % co2 
% N, % H,S Prover Meter Run T<s?s 

N O 

FLOW DATA 
Prover 

Line 
SUe 

Choke 
Orifice 

Size 

Press . 
p.s.i.g. 

Di l i , 
hw 

Temp. 
° F 

T U B I N G DATA 

Press, 
p.s.i.g. 

Temp. 

CASING DATA 

Press, 
p.s.i.g. 

Temp. 
" F 

Duration 
of 

Flow 

NO 

TT 

NO. 

Coefficient 

(24-Hour) ~ \ / "wl 

Pressure 

Pm 

Flow Temp. 
Factor 

Ft 

Gravity 

Factor 

Fg 

Super 
Compress. 
Factor Fpv 

Rate of Flow 

0, Mcfd 

Pd2 

Pe-

Pr Temp. R. Tr Gas Liquid Hydrocarbon Ratio _ _ _ _ _ 

A.P.I . Gravity of Liquid Hydrocarbons 

Specific Gravity Separator Gas _ _ _ _ _ _ _ 

Specific Gravity Flowing Fluid m w 

Critical Pressure 

Critical Temperature _ _ _ — _ — — _ — _ 

Pf 

.p . s . l . a . 

R 

. Mcf/bbl. 

Deg. 

xxxxxxxxxx 

, p.s. l .a. 

R 

P f 2 

NO. P c 2 - P , 2 P 2 _ p 2 

r c — Pw P . ' P « 2 - P . 2 

f"pc2-Pd2i _r i _ 
LPC2-PW2J"L J" 

Log 
P c 2 - P d 2 

P c

2 - P w » 

= 2 - p d

2 

P 2 — p 2 

r V — r" w 

Dellv. = 0 
"pc 2-Pd 2T 

_pc2-Pw2J 

Dellv.. 

n _ 

(Source of n) 

.Mcfd 

n Log P c 2 ~ P d 2 

P 2 p 2 
c *%v 

Commission 

Company 

Others 
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SECTION V 

BASIC C A L C U L A T I O N S 

Determination of Compressibility Factor, Z, and 
Supercompressibility Factor, FpV . . V - l 

Calculation of the Rate of Flow, Using Orifice 
Meter Data V - l 

Calculation of the Hate of Flow, Using Critical 
Flow Prover Data V - 2 

Calculation of the Rate of Flow, Using Positive 
Choke Data V - 2 

Determination of the Exponent "n" of the 
Back-Pressure Equation V - 3 



BASIC C A L C U L A T I O N S 

Number 1. 

Determination of compressibility factor (Z) and supercompressibility 
factor ( F p y ) : 

Using the data from the Field Data Sheet, Test Example 1. 

G g = 0.625 
Carbon dioxide = 2% 
Nitrogen = 3% 

From Table IX determine P c r and T^-and make appropriate 
corrections for carbon dioxide and nitrogen content as 
determined from Table X, thus: 

P c r = 671 + 8 - 5 = 674 
T c r = 365 - 3 - 9 = 353 

Using the 3-hour data obtained from the f i rs t flow, 

P r = P m / P c r = 734. 2/674 = 1.09 
T r = T m / T c r = 526/353 = 1. 49 

From Table XI for P r = 1.09 and T r = 1.49, 

Z = 0.891 

From Table XII for Z = 0. 891, 

F p v = 1.059 

Number 2. 

Calculation of the rate of flow using meter data: 

Q = F b x V ( h w ) ( p m > x F t x F g x F p v 

Using the 3-hour data obtained from the f i rs t flow, 

Q = (16. 80)V(8.3)(734. 2) (0. 9943) (1. 265) (1. 059) 

= (16. 80) (78. 05) (0. 9943) (1. 265) (1. 059) 

= 1747 Mcfd 

V - l 



Number 2. (Continued) 

Source of factors: 

F b = 16. 80 (from Table II for 4-inch meter run and 1. 750 
inch orifice) 

Note: Use Table I for flange tap meters. 

pv 

Number 3. 

V<8- 3)(734.2) = (2. 881)(27. 09) (from Table III) 
= 78.05 

F t = 0. 9943 (from Table VII for temperature of 66 F) 

F g = 1. 265 (from Table VIII for G g = 0.625) 

F = 1.059 (from Basic Calculation Number 1, page V-l) 

Calculation of the rate of flow using critical flow prover data: 

Q = F p x P m x F t x F g x F p v 

Source of factors: 

F p (from Table V for appropriate prover size and orifice 
diameter) 

P m (prover pressure, psia) 

Note: Other factors are determined in the same manner as in 
Basic Calculation Number 2. 

Number 4. 

Calculation of the rate of flow using positive choke data: 

Q = F p x P m x F t x F g x F p v 

Source of factors: 

Fp (from Table VI for appropriate choke size and type) 

P m (choke pressure, psia) 

Note: Other factors are determined in the same manner as in 
Basic Calculation Number 2. 

V-2 



Number 5. 

Determination of the exponent "n" of the back-pressure equation: 

The exponent of the back-pressure equation, "n", may be 
determined as follows: 

at a point one cycle greater than (P c

z - Pw^) j , then 

n = logQ 2 - logQj , or 

n = logQ 2 /Q 1 

Using the back-pressure curve in Test Example 1 

at (P c

2 - P w

2 ) , = 2,250, 

Q x = 9,400 and log Q x = 3.9731 

n 
logQ2 - logQi 

log (P c

2 " Pw2)2 " log (P c

2 " Pw 2)l 

If (P, 

and 

a t < Pc 2 " PW

2>2 = 225, 

Q2 1,590 and log Q 2 
3. 2014 

0. 7717 

and 

n 0. 772 

When the back-pressure curve is plotted on equal cycle log-log paper, the expo
nent "n" is equal to the tangent of the angle formed with the (Pc* - P w

2 ) - axis or 
the cotangent of the angle formed with the "Q"-axis. 

The exponent "n" may also be determined by the use of curve fitting methods such 
as that of least squares. 
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SECTION VI 

TEST EXAMPLES 

TEST EXAMPLE NO. 1 V I - 1 

A. C a l c u l a t i o n of Absolute Open Flow on a Gas 
Well Where P Cannot be Measured (Using 
Average Temperature and C o m p r e s s i b i l i t y 
Factor, Step 6) V I - 1 

B. A l t e r n a t e Method of C a l c u l a t i o n P 
Corresponding to Flowing Wellhead 
Pressure, P. (Using Stepwise Procedure, 
Step 6-A) . VI-10 

TEST EXAMPLE NO. 2 - C a l c u l a t i o n of Absolute Open Flow 
on a Gas Well Where P Can be Measured VI-19 

w 
TEST EXAMPLE NO. 3 - C a l c u l a t i o n of Absolute Open Flow 

Using the One-Point Back-Pressure Test VI-25 

TEST EXAMPLE NO. 4 - C a l c u l a t i o n of D e l i v e r a b i l i t y (D) 
Using the One-Point Back Pressure Test VI-30 

TEST EXAMPLE NO. 5 - C a l c u l a t i o n of Wellhead Pressure 
P or P Where the Observed Wellhead Pressure 
i§ A f f e c t e d by Liqu i d s i n the Wellbore 
(Using Average Temperature and Pressure) VI-34 

TEST EXAMPLE NO. 6 - C a l c u l a t i o n of Wellhead Pressure 
P or P Where the Observed Wellhead Pressure 
i s A f f e c t e d by Liqu i d s i n the Wellbore 
(Using Stepwise Procedure) VI-38 

TEST EXAMPLE NO. 7 - C a l c u l a t i o n of Subsurface Pressure 
P f (sandface) Where the Wellhead Shut-in 
Pressure i s A f f e c t e d by Liquids i n the 
Wellbore VI-43 

A. C a l c u l a t i o n of Subsurface Pressure at the 
Sandface (Using Average Temperature and 
Co m p r e s s i b i l i t y Factors) VI-43 

B. C a l c u l a t i o n of Subsurface Pressure at the 
Sandface (Using Stepwise Procedure) VI-47 

TEST EXAMPLE NO. 8 - Well D e l i v e r a b i l i t y Test as 
Required f o r Prorated Gas Pools i n Northwest 
New Mexico VI-52 



TEST EXAMPLE NO. 1 

A. CALCULATION OF ABSOLUTE OPEN FLOW ON A GAS WELL WHERE P w CANNOT 
BE MEASURED 

NOTE: If liquids are known to exist in the wellbore under shut-in 
conditions, refer to Test Example 5 or 6 for calculation 
of effective wellhead shut-in pressure P c . 

ALL SQUARED PRESSURES IN THOUSANDS 

STEP 1. 

Using general data on suggested Field Data Sheet, fill in C-122 where applicable. 

STEP 2. 
Calculate the compressibility Factor, Z, and supercompressibility Factor, FpV, 
for flow rate calculations as follows: 

Obtain P c r and T c r from Table IX for a gas gravity of 0.625; 
obtain corrections for C 0 2 = 2.0% and N 2 = 3.0% from Table X. 
Correct P c r and T c r as follows: 

P c r = 671 + 8 - 5 = 674 
T c r = 365 - 3 - 9 = 353 
P m = 721 + 13.2 = 734.2 psia 
T m = 66 + 460 = 526 R 
p r = f V p c r =Z_i__ = 1-09 

674 

T r - W T c r = f | | =1-49 

From Table XI, for P = 1.09 and T_ = 1.49, Z = 0.891 
From Table XII for Z = 0. 891, F ^ = 1.059 

STEP3_ 
Calculate the flow rates as follows and record on C-122 

Q = F b ^ x P . x F j X F . x F p , 

a. Rate #1 
F b =16.80 Table II 
F t = . 9943 Table VII 
F = 1.265 Table VIE 
F p v = 1.059 Determined in Step 2 

Q, = 16.80 \ls.3 x 734.2 x 0.9943 x 1.265 x 1.059 
= 1747 Mcfd 

b. In like manner, the other three flow rates are calculated to be 
Rate #2 - 2590 Mcfd 
Rate #3 - 3398 Mcfd 
Rate #4 - 4082 Mcfd 

Record on Form C-122 

VI-1 



STEP 4. 
Since the well produces liquids with the gas, it is necessary to calculate the 
specific gravity (G) of the flowing fluid (air = 1.000) for use in the pressure 
calculations. 

G = G g + . 
4595 Gi 

GOR 

1 + 
GOR 

where: 
4595 = Constant 
G g = 0.625 (air = 1.000) 
Gi = 0. 7787 (water = 1.000) Table XIII - API = 50.2° 
GOR = 193 Mcf/bbl. 
V, =721 (Appendix B page B-l) 

0 625 + ( 4 5 9 5 ) < ° - 7 7 8 7 ) 

" ' 193,000 

1 + 
721 

193, 000 
= 0.641 

STEP 5. 

a. Obtain P c r and T c r from Table IX for a gas with a specific gravity of 
0. 641; obtain corrections for CO2 = 2.0% and N 2 = 3.0% from Table X. 
Correct P c r and T c r as follows: 

P c r = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If the composition of the gas is known, P__ and T c r may be calculated 
directly from critical pressure and temperature data, Table A, Appendix D) 

b. Calculate L/H, the length of the flow string divided by the vertical depth. 
L/H = 1.000 

c. GH = 0.641 x 8130 = 5211 

STEP 6. 
Calculate P w for the 1st flow rate using Average Temperature and Compressibility 
factors. (For greater accuracy, in wells with shut-in pressure in excess of 2000 
psig, the Stepwise Procedure should be used to calculate P w . The Stepwise Procedure 
is described starting on page VI - 10, Step 6-A.) 

a. Enter Q m = 1. 747 on Form C-122-D Line 1, 1st Trial 
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STEP 6. (Cont'd) 

b. T w = 74 + 460 = 534 (Line 2) 
T s = 155 + 460 = 615 (Line 3) 
T = ( T w + T s ) / 2 = (534 + 615V2 = 574.5 (Line 4) 

STEP 7. 

Estimate compressibility factor, Z. In this case Z is estimated to be 0. 825. 

STEP 8. 

a. TZ = 574.5 x 0.825 = 474.0 (Line 6) 
GH/TZ - 5211/474.0 - 10.994 (Line 7) 

STEP 9. 

For GH/TZ = 10.994, read e s and 1 - e"8 from Table XIV 

eS = 1.510 

1 - e"8 = 0.338 

STEP 10. 

a. ? t - flowing wellhead pressure = 1785.2 psia (Line 10) 

b. P t

2 = (1785.2)2 = 3186.9 (Line 11) 

STEP 11. 

For flow string with d = 1.995", F_. from Table XV is 0.018231 

STEP 12. 

a. F_ = F r TZ = (0.018231) (474.0) - 8.641 (Line 13) 

b. F c Q m = (8.641) (1.747) = 15.10 (Line 14) 

c. L /H ( F c Q m ) 2 = 1. 000 (15.10)2 = 228.0 (Line 15) 

d. F w = L/H (F c Q m ) 2 (1 - e" s) = (228.0) (. 338) - 77.06 (Line 16) 

e. P w

2 = P t

2 + F w = 3186.9 + 77.06 - 3264.0 (Line 17) 

STEP 13. 

a. P s

2 = e s P w

2 = (1. 510) (3264.0) = 4928.6 (Line 18) 
b. P s = V P S

2 = N/4928.6 = 2220.1 psia (Line 19) 
c. P = (Pt + P s)/2 = (1785.2 + 2220. l) /2 = 2002. 7 (Line 20) 
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STEP 13. (Cont'd.) 

d. P r = _____ = 2 0 0 2 - 7 = 2.98 (Line 21) 
r T~7 673 

e. T = T - 574.5 = 1.60 (Line 22) 
r T c r 360 

STEP 14. 
Enter on Line 23 the compressibility factor, Z, from Table XI corresponding to 
a P r of 2.98 and a T of 1.60. In this example Z = 0.826. 

STEP 15. 
Since Z in line 23 is not equal to Z in line 5, the estimation of Z in line 5 and 
subsequent calculations of P w

2 are in error. Enter Z from line 23, 1st Trial, 
on line 5, 2nd Trial, and repeat calculations, Line 4 through Line 23. When Z 
in Line 5 is equal to Z in Line 23, the calculated value of P w

2 is correct for the 
first flow rate. 

STEP 16. 

Repeat procedure for other flow rates and record the results on Form C-122. 

STEP 17. Determination of Absolute Open Flow. 
Calculated data points from Form C-122 are to be plotted upon log-log paper of 
at least three inches per cycle to establish the absolute open flow and exponent "n. " 
Q shall be plotted on the horizontal axis and the difference of the squared pressures, 
Pr 2 " P™2. o n m e vertical axis. (SQUARED PRESSURES IN THOUSANDS) 

Q Mcfd P r

2 - P-/ 

1. 1747 259.8 
2. 2590 425.8 
3. 3396 601.4 
4. 4083 770.5 

Absolute open flow is defined as ths calculated 24-hour rate of flow against atmos
pheric pressure. The rate of flow shall be expressed at New Mexico Oil Conserva
tion Commission base conditions of 15.025 psia and 60 F . 

The error caused in the value of the absolute open flow, when atmospheric pressure 
is ignored, is insignificant when the shut-in pressure is above 100 psia. Because 
of this fact, atmospheric pressure will not be considered in this example. 

The absolute open flow shall be read on the Q axis directly under the point where 
the value of P c

2 intersects the back-pressure curve. In this example, P c

2 = 3523.9. 
When plotted on the back-pressure curve the absolute open flow is 13, 250 Mcfd, 
see attached curve. 

STEP 18. 
Determination of exponent, n, of the back-pressure curve. 
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STEP 18. (Cont'd.) 
The numerical value of the exponent, n, is the cotangent of the angle formed by 
the back pressure curve and the horizontal axis of the log-log plot. 

The most accurate method to determine "n" is to find the difference of the logrithms 
of two values of Q which are exactly one vertical cycle apart. Exponent "n" is found 
as follows: 

Qj (where P_2 - P w

2 is 2250) = 9400 Mcfd 

Qj (where P c

2 - P w

2 is 225) = 1590 Mcfd 

Log 9400 (Q x) = 3.97313 

Log 1590 (Q 2) » 3.20140 

= 0.77173 n 

= 0.772 

STEP 19. 
The value of absolute open flow should be checked by substituting test data into the 
following formula. If a test data point does not fa l l on the curve as drawn, then any 
convenient value of Q and (P c

2 - P w

2 ) from the curve should be used. 

AOF = Q 

__ n 

p 2 P 2 r c r w 

where: 
AOF 
Q 
Pc 
Pw 
n 

= absolute open flow. 
= rate of flow from test data point or from back-pressure curve. 
- wellhead shut in pressure. 
= static column wellhead pressure. 
= exponent of back-pressure curve. 

NOTE: Where Q is taken from the back-pressure curve, (P c

2 - P w

2 ) is read 
directly from the curve. 

Substituting values in the equation (2nd flow rate) 

AOF = 2590 Mcfd 

.772 

3523.9 
3523.9 - 309^.1 

772 

AOF = 2590 (8.276) 
AOF = 2590 (5.112) 
AOF = 13, 240 Mcfd 

AOF from back-pressure curve is 13, 250 Mcfd which is in good agreement. Although 
the figure 13, 250 Mcfd as read from the curve cannot be used, it is a good method for 
checking the calculations. 
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S U G G E S T E D F I E L D D A T A S H E E T (Not Required To File) 

CD Initial C53 Annual • Special \ Y ) ¥ f t ? 6 4 
Lease No. or Serial No. 

Company , Connection „ _ 

Test Example No. 1 Blowe Gas Company 
Allottee 

1 I" ' 1 ' Reservoir Location 

Monument McKee 
Unit 

i ompl-tlnn p.ito Total Depth Pluq Back TD Elevation 

2-4-58 8293 
Farm or Lease Name 

H. I. Test 
i.ng. Su.f Wt. d Set At Perforations: From To 

7" 23. # 6.366 8293 8112 8138 
Well No. 

1 
I U i . Size wt. d Set At Perforations: From To 

2-3/8" 4.7# 1.995 8130 Open Ended W 3S6C- 19-?- 3fc_ 
Type Completion (Describe) Packer Set At 

Single 8100 
County or Parish 

Lea 
1'ro.tuctiui Thru Reservoir Temp. F Mean Annual Temp. F Baro. Press.— P 

Tbt?. 155 @ 8130' 60 13.2 
State 

New Mexico 
1- H G % C O - % N , % H,S Prover Meter Run Taps 

8130 8130 0.625 2.0 3.0 0 4" Pipe 
I>ATI: I;LAP. 

'1' It. 
Wellhead Working Pressure M E T E R OR P R O V E R R E M A R K S 

'I'Ime o( 

H ending 

1 I M t . 

H r s . T b g . P s i q . C s q . P s l q . Temp. F 
Pressure 

Pslq. 
DUI. Temp. F Orifice 

/ Include liquid production data:\ 
* Type—A.P.I. Gravity—Amount 

11-10-64 St Tk 3 ( - 7 1/8" 60F 

7:45A 1864.0 Packer 72 hour Shut-in Pressure 
8:00A Start 1st Flow 
R-30A 1809.0 74 718.0 7.0 60 1.75 
9:00A 1793.0 74 720.0 8.0 59 
9:30A 1772.0 74 721.0 8.4 64 

10:00 A 1772.0 74 721.0 8.3 66 St Tk 3' - 7 1/2" 60F 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

10:00A Increased Rate for 2nd Flow 
10:30A 1765.0 74 719.0 15.0 54 1.75 
11:00A 1742.0 74 719.0 15.0 54 
11:30A 1698.0 74 722.0 15.7 55 
12:00N 1698.0 74 729.0 17.5 56 StTk 3' - 8 1/4" 60F 

12:00N Increased Rate for 3rd Flow 
12:30P 1705.0 74 739.0 24.0 43 1.75 

1:00P 1672.0 74 740.0 25.5 46 
1:30P 1608.0 74 742.0 27.5 50 
2:00P 1608.0 74 744.0 29.3 54 St Tk 3' - 9 1/8" 60F 

2: OOP Increased Rate for 4th Flow 
2:30P 1630.0 74 745.0 38.0 44 1.75 
3: OOP 1587 0 74 746 0 3Q 3 46 
3:30P 1512.0 74 749.0 41.5 52 
4: OOP 1512.0 74 759.0 41.5 55 ! St Tk 3' - 10 1/4" 60F 

1 
i API - 50. 2 at 60F 

Tank Size - 12' Diameter 
1. 68 Barrels/inch 

1 
Paoe of [Jala By 
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N E W M E X I C O O I L C O N S E R V A T I O N C O M M S S I O N 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL 
Penn C - l 82 
Revised 9-1-65 

Type Test 

• Initial fx~1 Annual I I Special 
Test Date 

11-10-64 
Company 

Test Example No. 1 
Connection 

Blowe Gas Co. 
Pool Formation 

Monument McKee 
Unit 

Completion Date 

2-4-58 
Total Depth 

8293 
Pluq Back TD Elevation Farm or Lease Name 

H. I. Test 
Csg . Size 

7" 
Tba. Glxe 

3/8" 

23 6.366 
Set Al 

8293 
8*1 Al 

8130 

Perforations: 

From 8112 To 8148 
Well No. 

1 

4.7 1.995 
Type Well - Simile - Hrndenhead - C C . or O.O. Multiple 

Single 

Perloratlonsi 
F n m Open To Ended 

Unit Sec. Twp. Rtje. 

D 30 19-S 36-E 
Packer Sol Al County 

8100 Lea 
F'roduclnq Thru 

Tbg, 
Reservoir Tomp. »F 

155 • 8130' 
Annual Tomp. 

60 
Stale 

13.2 New Mexico 
L 

8130 
H 

8130 
Oq % CO 

0.625 
2 

2.0 
% N . 

3.0 
% H 2 S 

0.0 
Prover Meter Run 

4" 
Taps 

Pipe 
F L O W D A T A T U B I N G O A T A C A S I N G O A T A Duration 

ol 
Flow 

NO. Prover x Orlilco 

\ & 

Press. 
p.s.l.q. 

Dill. 
h» 

Tomp. 
• F 

Press. 
p.s.l.q. 

Tomp. 
•r 

Press. 
p.s.i.a. 

Tomp. 
• F 

Duration 
ol 

Flow 

SI 1864.0 Pkr 72 
1. 4x1.75 721.0 8.3 66 1772.0 74 2 
2. 4x1. 75 729.0 17.5 56 1698.0 74 2 
3. 4x1.75 744.0 29.3 54 1608.0 74 2 
4. 4x1. 75 759.0 41.5 55 l5l2.0 74 2 
5. 

R A T E O F F L O W C A L C U L A T I O N S 

CooKlclenl 

(24 Howl 

Pressure 

p » 

Flow Tomp. Gravity Super Rate ol Flow 

0. Meld NO. 

CooKlclenl 

(24 Howl V»wPm 
Pressure 

p » 
Factor 

F l . 
Factor 

Fq 
Compress. 

Factor, Fpv 

Rate ol Flow 

0. Meld 

1 16.80 78.06 734.2 .9943 1.265 1.059 1747 
2 16.80 114.0 742.2 1.004 1.265 1.065 2590 
3 16.80 149.0 757.2 1.006 1.265 1.066 3396 
4 16.80 179.0 772 .2 1.005 1.265 1.068 4083 
5 

NO. Temp. •R T r 
z 193 

NO. Temp. •R T r 
z 

50.2 
t 1.09 526 1.49 0. 891 SDOCKIC Gravity Seaarataf Gas 0 . 6 2 5 x x x x x x x x x 
2. 1.10 516 1.46 0. 882 Sneellle Gravity Flaalnn Fluid X X X X X 0.641 
3. 1. 12 514 1.46 0. 880 Critical Pressure 674 D R I * 6 7 3 D C 1 A 
4 1.15 515 1.46 0.877 Critical Temperature 353 n 360 . 
S 

1877.T P* 3523.9 
p , 2 

1186.9 
?928.2 

>326.2 

Pw *w 

3264.1 
3098.1 
2922.5 
2753.4 

r 
259.8 
425.8 
601 4 
770.5 

8.276 
Pc2 - H? 

(2) 
r > . 5.1 
L %2 - & J 

12 

AOF = O 
[" it» > . 13, 

L Pc2-Pw2J " 

240 

A h s o l u l e Op^n F low 1 3 , 2 4 0 u ^ M » I S . O ? ^ j Anqie o( S l o p * •& 5i«r» - • 772* 

Approved Hy C o m m i s s i o n : Conducted B y : C a l c u l a t e d B y : C h e c k e d By: 
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Company 
Well 
Location 
County 
Date 

Test Example No. 1 
H. I. Test No. 1 
D, 30-20S-36E 

.Lsa 
11-10-64 

i e 9 io 
10,000 

8 9 I i 

SP* 

API 

Q. = 

Q t ' 

P c

a— P w* = 2250 

P c 2 - Pw* = 2 25 

9 4 0 0 Mcfd 

1590 Mcfd 

Q, Mcfd 
LOG Q, = 3.97313 

LOG Q2= 3.20140 

n = .77173 = 0.772 
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B. ALTERNATE METHOD OF CALCULATION P w CORRESPONDING TO FLOWING 
WELLHEAD PRESSURE, P t 

(This method is based on Stepwise Procedure rather than 
using average temperature and compressibility factors.) 

NOTE: This method of calculation is to be used when shut-in wellhead 
pressures exceed 2000 psi. However, in order to be consistent 
in the use of basic data, this example uses a shut-in wellhead 
pressure of 1864 psig. 

STEP 6-A. 

a. Fill in the required information at the top of Form C-122-E. 

b. Obtain the inside diameter of the flow string and corresponding F r value. 

Enter at the top of Form C-122-E. 

d = 1.995" 
F r = 0.018231 Table XV 

c. Calculate (L/H) ( F r Q m ) 2 and enter on Form C-122-E 
(1.000) (0.018231 x 1.747)2 = 0.001014 

STEP 7-A. 
Determine the flowing temperature at the surface, mid-point of the flow string, 
and at the bottom of the hole for use in the pressure calculations. 

T @ H = 0 = 74 + 460 = 534 R 
T @ H = 8130/2 = (74 + 155)/2 + 460 = 574.5 R 
T @ H = 8130 = 155 + 460 = 615 R 

STEP 8-A. 
Enter H = 0 on Line 1, Column 1. Form C-122-E. (Line references are indicated 
in parenthesis following each step; column references remain unchanged unless 
indicated.) 

a. Lines 1, 2, and 3 in Column 1 are zero. 

b. Pt = 1785.2 psia (measured wellhead pressure) (Line 4) 

_ n Pf 1785.2 . . . _. 
c. P r =_L_= = 2.65 (Line 5) 

P c r 673 
d. T = wellhead temperature, 534 R (Line 6) 

T a 534 
T c r 360 

f. Z = 0. 777 Table XI (Line 8) 
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STEP 8-A, (Cont'd.) 

g. P/Z = (1785.2)/. 777 = 2297.6 (Line 9) 

h. P/TZ= 2297.6/534 = 4.3026 (Line 10) 

i . (P/TZ)2/1000 = (4.3026)2/l000 = 0.018512 (Line 11) 

j . (L/H) ( F r Q m ) 2 = 0.001014 (previously calculated) (Line 12) 

k. Add (Une 11) and (Line 12); 
0.018512 + 0.001014 = 0.019526 (Line 13) 

1. If = (Line 10)/(Line 13) = 4.3026/0.019526 = 220.352 (Line 14) 

STEP 9-A. 
Make f i rs t t r ia l calculation for the pressure at the midway point, H = 8130/2 = 
4065'. (Line 1, Column 2) 

a. Compute GH and 37.5 GH 
GH = 0.641 x 4065 = 2605. 67 (Line 2) 
37. 5 GH * 37. 5 x 2605.67 = 97, 713 (Line 3) 

b. Estimate value of M as follows: 
(37.5 GH/2L. = 97, 713/2 (220.352) = 222 (Line 15, Column 2) 

c. Add M to Pt, 222 + 1785.2 = 2007.2 (Line 4) 

d. Compute P r and T r using the estimated pressure and temperature at 
H = 4065, and obtain Z from Table XI. 

P r = = 2 - 9 8 < L i n e 3> 

T = 574. 5 R (Line 6) 

T r = = 1.60 (Line 7) 

Z = 0.826 (Line 8) 

2 
e. Compute P/Z, P/TZ, and (P/TZ) /1000 and enter appropriate values in Lines 

9, 10, and 11, respectively. 

f. Since L /H = 1.000 and neither F r or Q m have changed, L/H ( F r Q m ) 2 is 
still equal to the previously calculated value of 0.001014 (Line 12) 

g. (Line 11) plus (Line 12) = 0.017891 + 0.001014 = 0.018905 (Line 13) 

h. I A = (Line 10)/(Line 13) = 223.740 (Line 14) 

i . N = I + Trial I , = 220.352 + 223.740 = 444.092 (Line 16) 
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STEP 9-A. (Cont'd.) 

j . Calculate M by dividing 37.5 GH by N, 97, 713/444.092 = 220 (Line 15, 
Column 3) 

k. When M has been estimated correctly, the value determined under item (j) 
wi l l equal M under item (b). 

1. Enter 220 under M (Line 15, Column 3) and repeat items (c) through (j) until 
the correct M is estimated. 

m. By repeating the calculations, the correct value of M is determined to be 220. 

n. Multiply final values of M and N 

(220) (444.284) = 97,742 (Line 17) 

0. Enter the value of M x N under > (M x N) (Line 18) 

STEP 10-A. 
Make f i rs t trial calculation for the pressure at H = 8130'. (Line 1, Column 4) 
a. Compute GH and 37. 5 GH and enter on the appropriate line. 

GH = 0.641 x 8130 = 5211. 33 (Line 2) 
37.5 GH = 37.5 x 5211.33 = 195,425 (Line 3) 

b. Estimate value of M by dividing N (Line 16, Column 3) into the difference 
between 37.5 GH (Line 3, Column 4) and M x N (Line 17, Column 3) 
M = (195, 425 - 97, 742)/444.284 = 220 (Line 15, Column 4) 

c. P2 = M +P x = 220 + 2005.2 = 2225.2 

d. Compute P^and T r at H = 8130; obtain appropriate Z. Compute P/Z, P/TZ, 
and (P/TZ)V1000. Enter all these values on the appropriate Lines 5 through 11. 

e. L/H ( F r Q m ) 2 = 0.001014 (Line 12) 

f. (Line 11) + (Line 12) = 0.018632 (Line 13) 

g. I 2 = (Line l0)/(Line 13) = 4.1974/. 018632 = 225.279 (Line 14) 

h. N = I j + Trial I 2 = 223.932 + 225. 279 = 449.211 (Line 16) 

1. Compute M by dividing N (Line 16) into the difference, 37. 5 GH (Line 3) 
minus (M x N) (Line 17, Column 3) thus 
M = (195, 425 - 97, 742)/449.473 = 217 (Line 15, Column 5) 

j . When M has been estimated correctly, the value determined under item (i) is 
equal to that determined under item (b). 
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STEP 10-A. (Cont'd.) 

k. Enter M = 217 on Line 15, Column 5, and repeat items (c) through (i) until 
the correct value of M is determined. 

1. By repeating the calculations, the correct M is determined to be 217. 

m. Multiply final values c M and N 
217 x 449.473 = 97, 53o (Line 17) 

n. Add M x N (Line 17) to ^Z(M x N) (Line 18, Column 3) and enter on Line 18, 
Column 5. ^ _ (M x N) = 97, 742 + 97, 536 = 195, 278 

STEP 11-A. 
Using the following equations, compute the flowing pressure (P s) at H = 8130 feet. 

A P = 3(37.5 GH) 
I t + 4I 1 + I 2 

P s = P t + Z ^ P 

where: 
G = 0.641 
H = 8130* 
It = 220.352 (Line 14, Column 1) 
I x = 223.932 (Line 14, Column 3) 
I 2 = 225.541 (Line 14, Column 5) 
P t = 1785. 2 (Line 4, Column 1) 

A P = 3(195, 425) 
220.352 + 4(223.932) + 225.541 

Z _ \ P = 586,275 = 437.0 
1341.621 

P s = 1785.2 + 437.0 
P s = 2222.2 psia at H = 8130' 
P g is to be used in the next major step in the calculations, which is to convert 

P g to a static column pressure at the wellhead, P w . 

STEP 12-A. 
Transfer the following from the last column on page 1, Form C-122-E, to Column 1, 
Page 2: H = 8130', GH = 5211.33, 37. 5 GH = 195, 425, P n = 2222.2, P r = 3.30, 
T = 615, T r = 1. 71, Z = 0. 862, P/Z = 2578. 0, and P/TZ = 4.1919. 

a. Lines 11, 12, and 13 can be omitted in the static column case where Qm is 
zero. Where Q m = 0, L /H ( F r Q m ) 2 must necessarily = 0. Therefore, 
IJJ resolves. 

P/TZ = P/TZ 
TP7TZH/1000 + L /H(F r Q r a)^ (P/TZ)^/1000 + 0 
1000 
P/TZ 
(]000)/4.1919 = 238. 555 (Line 14) 

*n = 

In = 

Is = 
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STEP 12-A. (Cont'd.) 

b. Enter value of 37.5 GH = 195,425 from Line 3 to 18. 

STEP 13-A. 
Make first trial calculation for the pressure at H/2 = 8130/2 = 4065 (Line 1, 
Column 2) 

a. H = 4065 (Line 1) 

b. GH = 2605.67 (Line 2) . 

c. 37.5 GH = 97, 713 (Line 3) 

d. Estimate value of M by dividing 2I S (Line 14, Column 1) into the difference 
between ^ (MxN) (Line 18, Column 1) and 37.5 GH (Line 3, Column 2) 
M = (195, 425 - 97, 713)/2 (238.555) = 205 (Line 18, Column 2) 

e. Pl = P n - M = 2222.2 - 205 = 2017.2 (Line 4) 

f. Pr = 2017.2/673 = 3.00 (Line 5) 

g. T = estimated temperature at 4065' = (74 + l55)/2 + 460 = 574.5 (Line 6) 

(Since the temperature of a static column will approach the temperature of 
the adjoining flowing column, the temperatures used in the calculations of 
pressure at H = 4065 and H = 0 should be the temperatures of the flowing 
column.) 

h. T r = 574.5/360 = 1.60 (Line 7) 

i . Z = 0.825 (Line 8) 

j . P/Z = 2017.2/0. 825 = 2445.1 (Line 9) 

k. P/TZ = 2445.1/574.5 = 4.2560 (Line 10) 

1. Ij = 1000/(P/TZ) = 1000/4.2560 = 234.962 (Line 14) 

m. N = I s (Column 1) + Trial I : (Column 2) = 238. 555 + 234.962 = 473.517 (Line 16) 

n. M = 37.5 GH/N = 97, 713/473.517 = 206. When M has been estimated correctly, 
the value determined under this step will be equal to M as estimated under (d). 

o. Enter M = 206 (Line 15, Column 3) 

p. Pi is then P n - M = 2222.2 - 206 = 2016.2 (Line 4, Column 3) 

q. Repeat Steps (f) through (n) until the correct value of M is determined. M = 206 
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STEP 13-A. (Cont'd.) 

r. Multiply final values of M x N 
206 x 473.628 = 97, 567 (Line 17) 

s. Subtract M x N (Line 17) from ]5~ (M x N) (Line 18, Column 1) 
195, 425 - 97, 567 = 97, 858 (Line 18) 

STEP 14-A. 
Make first trial calculation for the pressure at H = 0 (Line 1, Column 4) 

a. GH = 0 

b. 37.5 GH = 0 

c. Estimate M by dividing N (Line 16, Column 3) into ̂  (M x N) (Line 18, Column 3) 
M = 97,858/473.628 = 207 (Line 15, Column 4) 

d. Subtract M from P 1 (H = 4065) 
2016.2 - 207= 1809.2 (Line 4) 

e. P r = 1809.2/673 = 2.69 (Line 5) 

f. T = 74 + 460 = 534 (Line 6) 

g. T r = 534/360 = 1.48 (Line 7) 

h. Z = 0.775 (Line 8) 

i. P/Z = 2334.5 (Line 9) 

j . P/TZ = 4.3717 (Line 10) 

k. I c = 1000/4.3717 = 228.744 (Line 14) 

1. N = 235.078 + 228.744 = 463.822 (Line 16) 

m. Compute M by dividing ^ ( M x N) (Line 18, Column 3) by N (Line 16, Column 4) 
M = 97, 858/463.822 = 211 
When M has been estimated correctly, the value determined under this item 
will be equal to that determined under item (c). 

n. Enter M = 211 on Line 15, Column 5 and repeat the calculations (d) through (m). 
M = 210 

o. Multiply final values of M and N 
210 x 465.053 = 97, 661 (Line 17) 
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STEP 15-A. 
Using the following equations calculate the static column wellhead pressure P-„. 

^ p = 3(37.5 GH) 
Iw + 4Ij + I 2 

Pw = p s " A P 

where: 
O * 0.641 
H = 8130 
Iw = 229.975 (Line 14, Column 6) 
11 = 235.073 (Line 14, Columr 3) 
12 = 238.555 (Line 14, Column 1) 
P 8 = 2222.2 (Line 4, Column 1) 

A P = 3(37.5) (.641) (8130) = 586.275 = 416.1 
229.975 + 4 (235.073) + 238.555 1408.822 

P w = 2222.2 - 416.1 = 1806.1 

STEP 16-A. 
Using the same procedure as outlined, the other three pressure points are then 
calculated. After calculating P w for all flow rates, refer to Steps 17, 18, and 
19 on pages VI-4 and VI-5 for the procedure to be followed in determining the 
absolute open flow. 
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TEST EXAMPLE NO. 2 

CALCULATION OF ABSOLUTE OPEN FLOW ON A GAS WELL WHERE P w CAN BE MEASURED 

Producing through tubing with casing pressures available. 

STEP 1. 

Using general data on suggested Field Data Sheet, f i l l in C-122 w re applicable. 

STEP 2. 

Calculate Flow rates as follows, and record on C-122: 
F b Vbw x P m x F t x F g x Fpy 
#1 
= 669 Table IX 
= 382 Table IX 
= 754+ 13.2 = 767.2 
= 74 + 460 = 534 
= 767.2 = 1.15 

669 
= 534 = 1.40 

382 
- . 856 Table XI 
= 1.081 Table XII 
= 10.84 Table I 
= .9868 Table VII 
= 1.217 Table VIE 
= 10.84 x 95.94 x .9868 x 1.217 x 1.081 = 1350 Mcfd 

Q = 

a. Rate 
Per 
Tcr 
Pm 
T 

m 

Z 
F pv 
Fb 
F. 
F g 

b. In like manner, the other three flow rates are found to be (see Form C-122): 
Rate #2 Q2 = 1839 Mcfd 
Rate #3 Q3 = 2032 Mcfd 
Rate #4 Q 4 = 2432 Mcfd 

STEP 3. 
Pressure calculations -
Since the static wellhead working pressures (Pw) are measured, the pressure 
loss due to friction calculations are not necessary. 
Data for plotting back pressure curve: 

Q vs. (P c

2 - P w

2 ) 
where: 

Q = rate of flow, Mcfd @ 15.025 psia & 60 F. 
P c = wellhead shut-in pressure, casing or tubing whichever is higher. 
Pw = static wellhead working pressure at the termination of each flow 

period. (Casing if flowing through tubing, tubing if flowing through 
casing.) 

ALL SQUARED PRESSURES IN THOUSANDS 
Values of P c and Pw are calculated by adding 13.2 (Northwest New Mexico 
use 12. 2) to the casing pressures recorded on Suggested Field Data Sheet. 
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Q pc P 2 
r c Pw P 2 

P c

2"Pw 2 

Rate (Mcfd) (Psia) (Thsnds) (Psia) (Thsnds) (Thsnds) 
1 1350 999.2 998.4 855.2 731.4 267.0 
2 1839 999.2 998.4 795.2 632.3 366.1 
3 2032 999.2 998.4 767.2 588.6 409.8 
4 2432 999.2 998.4 711.2 505.8 492.6 

STEP 4. 
The above data shall then be plotted on log-log paper of at least three inch cycles 
in accordance with rule 5a of the Stabilized Multipoint Test instructions. Q shall 
be plotted on the horizontal axis and (P c

2 - P w

2 ) on the vertical axis as shown at 
the end of this example. 

Enter values of Pc, Pc2, Pw, P w

2 , and (P c

2 - P w

2 ) on Form C-122. 

STEP 5. 
Determining the value of the exponent "n" of the back-pressure curve. The 
numerical value of "n" is the cotangent of the angle formed by the back-pressure 
curve and the horizontal axis of the log-log plot. 
However, a more convenient and accurate method may be used to determine the 
value of "n. " The difference of the logarithm of two values of Q which are exactly 
one vertical cycle apart shall be determined in the following manner: (see attached 
curve) 

Value of Q where curve intersects the (Pc** - Pw ) scale exactly one cycle higher 
than the (P c

2 - Pw2) value used for Qj . In this example, this value is 2000 
(thousands). 

Q 2 = 8910; Log Q 2 = 3. 949878 

Value of Q where curve intersects the lowest convenient value of (P c

2 - P w

2 ) . 
In this example this value is 200 (thousands) 

Q x = 1045; Log Qj = 3.019116 
n = .930762 

Rounded off to three decimals, "n" is then 0.931. This value shall be entered 
on Form C-122. 

STEP 6. 
Determining Absolute Open Flow. 
Absolute open flow is defined as the calculated 24-hour rate of flow against atmos
pheric pressure. The rate of flow shall be expressed at New Mexico Oil Conserva
tion Commission base conditions of 15.025 psia and 60 F. 

The error caused in the value of the absolute open flow, when atmospheric pressure 
is ignored, is insignificant when shut-in pressure is above 100 psia. Because of 
this fact, atmospheric pressure wil l not be considered in this example. 

The absolute open flow shall be determined by plotting the value of (P c

2 - P w

2 ) 
on the back-pressure curve when Pw equals zero. The absolute open flow is 
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STEP 6. (Cont'd.) 

read on the Q or horizontal scale of the log-log plot directly under the plotted 
point -where the (P 2 - P 2 ) value intersects the back-pressure curve. 

c w 
In this example P c

2 equals 998.4 (thousands). When plotted on the back-pressure 
curve, the value of the absolute open flow is 4670 Mcfd, Record this value on 
Form C-122. 

The value of AOF should be checked by substituting test data in the following 
formula. If a data point does not fall on the curve as drawn, then any convenient 
value of Q and (P c

2 - P w

2 ) from the curve should be used. 

where: 

AOF = Q 

AOF 
Q 

w 

(Pc2 • Pw2) 

n 

absolute open flow 
rate of flow from test data point, or from back-pressure curve 
wellhead shut-in pressure psia 
static column wellhead pressure 
exponent of back-pressure curve 

Note: Where Q is taken from the back-pressure curve, (P c

2 - P^2) f S Te&d 
directly from the curve. 

Substituting values in equation (4th flow rate): 

AOF = 2432 
, 0.931 

998.4 
(998.4 - 505.8) 

AOF = 2432 (2.027) 
AOF = 2432 (1.931) 
AOF = 4696 Mcfd 

931 

The calculation checks the value of 4670 Mcfd as read from the back-pressure 
curve and is correct. 

Although the figure 4670 as read from rhe curve cannot be used, it is a good 
method for checking the calculations. 
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S U G G E S T E D F I E L D D A T A S H E E T (Not Required To Fi le) 

Type Test T e „ D a . _ 
• i n i t i a l Q D Annual • S p e c i a l 1 1 - 1 U - 0 4 

Lease No. or Serial No. 

Company Connection 

Test Example No. 2 Blowe Gas Co. 
Allottee 

r"" i Eumont R , " r v o l r Queen L o c m , o n Unit 

Completion Date Total Depth Plug Back T D Elevation 

6-4-50 3593 
Farm or Lease Name 

H. I. Test 
""5-1/2 W , i5 .5 4.950 ^ 3 P ^ l o n " ! Fr<3550 %60 

Well No., 
0 

Tbq. Slie Wl. d Set At Perforations: rrom To 

2-3/8 4.7 1.995 3573 Open End 
Unit Sec. Twp. Rae. 

A 36 22-S 35-E 
Type Completion (Deacribe) Packer Set At 

Single None 
County or Parish 

Lea 
Producing Thru Reservoir Temp. F Mean Annual Temp. F Bare. Press . - P_ 

Tbcr. @ 130° F 13.2 
State 

New Mexico 
L H G % C O , % N , % H,S Prover Meter Run Tape 

3573 3573 0.67% 4" Flange 
D A T E E L A P . Wellhead Working P r e s s u r e M E T E R O R P R O V E R R E M A R K S 

Time ol 
Reading 

1 I M L 

Hrs. Tbg. Pslg. Csg . Psig. Temp. F 
Pressure 

Pslg. 
DIM. Temp. F Orifice 

/ Include liquid production data:\ 
v Type-A.P . I . Gravity—Amount ' 

11-10-64 

7:00A 72 986 984 75 - - - - 72 nr. S. I. Press 

11-11-64 

7:00A 24 754 842 75 754 12.0" 74 1.5" 1st Flow rate 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

11-12-64 

7:00A 24 652 782 75 652 26.0" 71 1.5" 2nd Flow rate 

11-13-64 

7:00 A 24 598 754 75 598 35.0" 71 1.5" 3rd Flow rate 

11-14-64 

7:00A 24 401 698 75 401 77.0" 71 1.5" 4th Flow rate 

Page ol 
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NEW M E X I C O O I L C O N S E R V A T I O N COMMSSION 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL 
Form C-122 
Revlaed 9-1-65 

Tyt't? T e s t 

• Initial [ y l Annual I 1 Special 
T e s t Date 

11-10-64 
Company 

Test Example No. 2 
Connect Ion 

Blowe Gas Company 
Pool Formation Unit 

Eumont Queen 
Completion Date 

6-4-50 
Total Depth 

3593 
Bet Al 

3593 
S e T T I — 

3573 

Plug Back TD Elevation Farm or Lease Name 

H. I. Test 
Csg. SUe 

5-1/2 
Tlx]. CUe 

2-3/8 

15.5 4.950 
Perforations: 
From 3 5 5 0 TO 3560 

Well No. 

WtT 
4.7 1.995 

Perlorationst 

Pram Open TO Ended 
Unit Sec. Twp. Rge. 

A 36 22-S 35-E 
Type Weil — Single — tVndanhaod — O.O. or C o . Multiple 

Single 
Packer Set Al 

None 
County 

Lea 
Producing Thru Reservoir Temp. *F 

• 130 
Mean Annual Temp. *F Slate 

3.2 New Mexico 

3573 
H 

3573 0.675 
* C O j %N, »H«S Prover Run 

4" 
Taps 

Flange 
FLOW OATA TUBING OATA CASINO DATA Duration 

of 
n o w 

NO. Prover Orifice 

SAT 
Press. 

p.s. i .g. 
Dllf. 
hvr 

Temp. 
• F 

Press . 
p.s.i .g. 

Tamp. 
• F 

Proas, 
p.s.l.g. 

Temp. 
• F 

Duration 
of 

n o w 

SI 4" 1.5" 986 75 984 75 Si ?2 hr. 
1. 4» " 754 12.0" 74 754 t i 842 II 24 
2. 4» «« 652 26.0 71 652 f I 782 • i 24 
3. 4» " 598 35.0 71 598 f t 754 i t 24 
4. 4» " 401 77.0 71 401 i t 698 t i 24 
5. 

R A T E O F F L O W C A L C U L A T I O N S 

Coefficient 

(24 Hour) 

! Flow Tamp. Gravity Super Rale of Flow 

O, Mcfd Na 
Coefficient 

(24 Hour) 
— V h w p m 

! 

Factor 
F l . 

Factor 

Fg 

Compress. 
Factor, Fpv 

Rale of Flow 

O, Mcfd 

i 10.84 95.95 767.2 .9868 1.217 1.081 1350 
2 10.84 131.51 665.2 .9896 1.217 1.071 1839 
3 10.84 146.26 611.2 1 217 1 064 9039 
4 10.84 178.59 414.2 .9896 1.217 1 043 9439 
S 

NO Temp. *R Tr 
Dry Gas 

NO Temp. Tr 
A . P . I . Gravity of Llauld Hydrocarbons Dry 

1 1.15 534 1.40 .856 Specific Gravity Separator Gas • 6 7 5 x x x x x x x x x 
2. .99 531 1.39 .872 Specific Gravity Flowlna Fluid X X X X X Dry Gas 
3. .91 531 1.39 .883 Critical Pressure 669 O R I A o e i A 

4. .62 531 1.39 .919 Critical Temperature 382 R B 

5 
fh 999.2 99* 1.4 o 2 2.027 

r D 2 | r 

' - 1.931 NO P S 

*w 
P 2 _ p 2 ( I ) 

c s 2.027 ml Pc ' - 1.931 
1 855.2 731.4 267.0 

p2 _ p ? t — "w 1 2 795 2 3 SfSfS l 
"1" 4696 3 767.2 588.6 409.8 AOF = o r * 
"1" 4696 

4 711. 2 505.8 492.6 
AOF = 

J 5 

Ato olule Open Tlow 4696 Mcfd «? IS.OiS Angle of Slope ^ Slnp. - • 9 3 1 

Remarks: . 

Approved Hy Commission: I Conducted By: Calculated By: Checked By: 
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Company Test Example No. 2 
Well H. I. Test No. 6 
Location A, 36-22S-35E 
County Lea 
Date 11-10-64 

tn a z 
< 
to 

8"-

a? 
| i.s. 

0? 

ion 

o« *• 

K 
65 
o o 

K >• 

KM 

O S 

azssssn: : : : : : : 
ssaaei:::::::t: 

:sz::s3: 
i i lHii i 

24 

1.5. 

lOOt 

• I U I 1 1 M M 

i i i u u u i i i i t i i i u i M i t m i i i 

ft 1 
1 
1000 

l . i 2.5 

Q, = 8910 Mcfd % 

Q t = J 0 4 5 Mcfd-, 

LOG 0, 

LOG Q 2 

n 

8 9 tti 1.5 
10,000 

Q, Mcfd 

3 .949878 

3 . 0 I 9 M 6 

0 . 9 3 0 7 6 2 = 0.931 
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TEST EXAMPLE NO. 3 

CALCULATION OF ABSOLUTE OPEN FLOW USING THE ONE-POINT BACK-PRESSURE TEST 

This example assumes that casing pressures can be measured. 
If P w cannot be measured, the point can be calculated using the 
procedure used in Example No. 1. 

NOTE: A copy of the back-pressure curve used to establish the value 
of "n" must be submitted with Form C-122. (Refer to Testing 
Procedure, page IU-12.) 

STEP 1. 

Using general data on suggested Field Data Sheet, f i l l in C-122 where applicable. 

STEP 2. 
Calculate flow rate as follows and record on C-122. 

Q = F b \ l K x p m x F t x F g x F p v 

G = 0.675 
P c r = 669 Table IX 
T c r = 382 Table IX 
P m = 754+ 13.2 = 767.2 
T m = 74 + 460 = 534 
P r = 767.2 = 1.15 

669 
T r = 534 = 1.40 

382 
Z = 0.856 Table XI 
F p v = 1.081 Table XII 
F b = 10.84 Table I 
F t = 0.9868 Table VII 
F = 1.217 Table VIII 

Q = 10. 84 x 95.94 x 0.9868 x 1.217 x 1.081 = 1350 Mcfd 

ALL SQUARED PRESSURES IN THOUSANDS 

STEP 3. 
The absolute open flow may be calculated from the one-point back-pressure test 
by use of the following equation: 

r P 2 "In 
AOF = Q 1 c 

i P - P ' 
where: *— — 

AOF - absolute open flow 
Q = rate of flow from test data point 
F r = wellhead shut-in pressure, psia 
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STEP 3. (Cont'd.) 

Pw = static column wellhead pressure (casing if flowing through 
tubing, tubing if flowing through casing); since Pw is measured, 
the pressure loss due to friction calculations are not necessary. 

n = exponent of back-pressure curve (0.931 as determined from 
the latest back-pressure test) 

AOF 1350 

AOF = 1350 (3.739) 
AOF = 1350 (3.414) 
AOF • 4609 Mcfd 

.931 

Enter 4609 Mcfd on C-122. 
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S U G G E S T E D F I E L D D A T A S H E E T (Not Required To File) 

Type Test Test Date 
• initial E Annual • Special 1 - 1 5 - 6 5 

Lease No. or Serial No. 

Company Connection 

Test Example No. 3 Blowe Gas Co. 
Allottee 

Field Reservoir Location 

Eumont Queen 
Unit 

Completion Date Total Depth Plug Back TD Elevation 

6-4-50 3593 
Farm or Leass Name 

H. I. Test 
Csg. Size Wt. d Set At Perforations: From. To 

5.50 15.5 4.950 3593 3550 3560 
Well No. 

6 
Tbg. Site Wt. d Set At Perforations: From To 

2.375 4.7 1.995 3573 Onen Ended 
Unit Sec. Twp. Rge. 

A 36 22-S 35-E 
Type Completion (Describe) Packer Set At 

Single None 
County or Parish 

Lea 
Producing Thru Reservoir Temp. F Mean Annual Temp. F Baro. Press. — P . 

Tubinir 130 @ 3573 13/2 
Stats 

New Mexico 
L H G % CO, % No % H,S Provsr Meter Run Taps 

3573 3573 .675 4" Flanee 
DATE E L A P . 

TIME 

Hrs. 

Wellhead Working Pressure METER OR PROVER REMARKS 
Tims of 
Reading 

E L A P . 
TIME 

Hrs. Tbg. Pslg. Csg. Pslg. Temp. F 
Pressure 

Pslg. Diff. Temp. F Orifice 
/ Include liquid production datatv 
* Type-A.P.I. Gravity—Amount 

1-15-65 

7:00A 72 986 984 75 - - - 72 hr. S. I. PTPSR. 

1-16-65 

7:00 A 24 754 842 75 754 12.n 74 1,5 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

i • 

! 
i 

i 

i 

I ! 
| 

i 

! ! 
! j 

1 1 
• 1 1 

J i i 
i 

i : 

Data By . 
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NEW Mf ICO O I L C O N S E R V A T I O N COMMSSION 

MULTIPOINT AND i NE POINT BACK PRESSURE TEST FOR GAS WELL 
Form C-122 
Revissd 9-1-SS 

Type Teet 

• Initial I I Annual |~| Special 
Test Dot* 

1-15-65 
Company 

Test Example No. 3 
Connect ton 

Blowe Gas Co. 
Pool Formation Unit 

Eumont jueen 
Completion Dala 

6-4-50 
Tola! Depth Plug Back T D 

3593 

3593 

Elevation Farm or Leaee Noma 

H. I. Test 
Cag. Slsa 

5.50 
Tbg. II*. 

2.375 
•wrr 

15.5 4.95 
"XT 
3573 

Per (oral lansi 

Frost 3550 

Porioratlaaai 

proM None 

Wall No. 

Ta 3560 
T55T™ - TWP - ™ 

36 22-S 35-E 4.7 1.99' To 

UMI 

A 
T m - _U>qlo - nradenhead _ O.O. or a.O. Multiple 

Single 
Paakor Set At County 

None Lea 
tres using Thru 

Tubing 
Reservoir Tamp. >F 

130 * 3573 
Maori Annual Tamp. «r Slate 

13.2 New Mexico 
L 

3573 3573 
%co. 

.675 
Prove* Malar ftun 

4" 
Tape 

Flange 
F L O W O A T A T U S I N O O A T A CASINO O A T A Duration 

•( 
Plow 

NO. 
Pf**** y Orlllo. 
Lina * 
Slsa 

Proa*. 
p.s.i.g. 

DIM. Tama. 

•r 
Proa*. 
p.s.l.q. 

Tama. 

•r 
Pf - raWt 

»• •*.•«)• 
Temp. 

•r 

Duration 
•( 

Plow 

SI - - — - - 986 984 75 72 
1. 4" 1.5 754 12.0 74 754 75 842 75 24 
2. 

3. 

4. 

5. 

R A T E O F F L O W C A L C U L A T I O N S 

NO. 

Coalflelanl 

(24 Hear) 

Pressure 

P_ 

Flew Tamp. 

Factor 

F l . 

Gravity 

Factor 

Fg 

Supar 

Compraaa. 
Focior, F p * 

Rata et Flow 

O. Meld 

10.84 95. 95 767.2 0. 9868 1.217 1.Q31 

NO 

999.2 p.' 998. 4 

1. 15 

Temp. «R 

534 1.40 0. 856 

Gaa Liquid Hydrocarbon Ratio _ _ _ _ _ 

A . P . I . Gravity oi Liquid Hydrocarbon. 

Specific Gravity Separator Gae 

Dry Gas 
Dry 

675 
Specific Gravity Flowing Fluid _____ 

Critical Pressure 669 

Critical Temperature 382 

. P . S . I . A . 

R 

. Mcf/bbl. 

Deg. 

X X X X X X X X X 

.P .6 . I .A . 

R 

NO P , 2 

855.2 
P 2 

•w 
731.4 267 

in P c J 3.739 (2) r Pc2 > =_3_ 
L *2 - & j 

414 

AOF = O [_____]• 4609 

Absolute Open Flow 4609 .Mcfd* IS.02S Angle ol Slope «>. - 0- 931* 

R.marks: * Previous Back Pressure Test 

Approved Hy Commission: Conducted By: Calculated By: Checked By: 
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C o mpany 
Well 
Location 
County 
Date 

Test Example No. 3 
H. I. Test No. 6 
A, 36-22S-35E 
Lea 
11-10-64 

(Curve from Latest Previous Test) 
i o_ 

\mmLmLmmmmwmmwm 

i 
1000 

5 d 7 B 3 10 
10,000 

Q , Mcfd 

Q, = 8910 M c f d , LOG Q, = 3 . 9 4 9 8 7 8 

Q 2 = 1 0 4 5 M c f d ; LOG Q 2 =3 .019116 

n ; 0.930762 = 0.931 
VI-29 
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TEST EXAMPLE NO. 4 

CALCULATION OF DELIVERABILITY (D) USING THE ONE-POINT BACK-PRESSURE TEST 
(Refer to Testing Procedure, page 111-14) 

The calculations for Deliverability are the same as for the absolute open flow except 
that a deliverability pressure, Pg, is used instead of atmospheric pressure. The de
liverability pressure is defined by the New Mexico Oil Conservation Commission as a 
percent of the shut-in wellhead pressure. The exact percent is determined at the time 
deliverability is adopted in a field's special pool rules and is not a calculated value. 
For this example, P d is used as 80% of P c . 

NOTE: A copy of the latest back-pressure curve must be submitted with Form 
C-122-C. The data in this example is the same as in Example 3 and 
Steps l and 2 are also the same. 

STEP 3. 
Calculate the deliverability using the following equation: 

D = Q 

where: 
D = 
Q = 
P c = 
P d " 
Pw = 

n = 

Pc - W 
p 2 . p 2 r c r w 

deliverability of the well at back-pressure P d 

rate of flow from test data point (1350 Mcfd) 
wellhead shut-in pressure (999.2 psia) 
deliverability pressure (80% of P c) 
static column wellhead pressure (casing if flowing through 
tubing, tubing if flowing through casing) 
exponent of back-pressure curve (0.931 as determined 
from the latest back-pressure test) 

ALL SQUARED PRESSURE IN THOUSANDS 

D = 1350 
(999.2)2 - (.80 x 999.2)2 

(999.2)2 - (855.2)2 

- 0.931 

D - 1350 (1.346V 9 3 1 

D = 1350 (1.319) 
D = 1781 Mcfd 
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S U G G E S T E D F I E L D D A T A S H E E T (Not Required To Fi le) 

Typ 
LZ3 Initial G S Annual • Special 

Test .Dai f*ft-65 Lease No. or Serial No. 

Company 
Test Example No. 4 

Connection 

Field 
Eumont 

Completion Date 
6-4-50 

Blawe Gas Co. 
Allottee 

Reservoir 

Total Depth 
Queen 

Location Unit 

35?3h Plug Back TD Elevation 

Csq. S l ie 

Farm or Lease Name 

H. I. Test 

Tbg. S l l 
5.50 

WtT 

15.5 4.950 
Set At 

3593 
Perforations: Froi 

•3550 T°3560 
Well No. 

Perforations: From Wt. 

2,375 4,7 1,995 
Type Completion (Describe) 

At 

3573 Open ̂ Ended 
Unit See. Twp. Rge. 

- 36 22-S 35-E 

Producing Thru 
Single None 

Packer Sat At County or Parish 

Lea 
ng Thru Reservoir Tamp. F 

Tubing 130 & 3573 
Mean Annual Tamp. F Baro. Press .— P . 

3573 
— — B T 

13.2 
Stats 

New Mexico 
% N , 

3573 '.675 
% H 2 S Prover ^""Flange"'" 

D A T E 

Time of 
Reading 

1-15-65 

E L A P , 
T I M E 

Hrs. 

Wallhaad Working P r a s s u r a 

Tbg. Pslg. Cag. P s l g . Tamp. F 

M E T E R O R P R O V E R 

Pressure 
Pslg. 

Diff. Tamp. F Orifice 

R E M A R K S 

/ Include liquid production datatt 
' Type -A .P . I . Qravlty-Amount ' 

7:00 A IT 7T 72 nr. t». i. Press. 

1-16-65 

7:00A 24 754 842 75 754 12.0 74 1.5' 

NOT REQUIRED 

TO BE FILED 

i 

Page of 

VI-31 

Data By 



NEW M E X I C O O I L C O N S E R V A T I O N COMMISSION 

DELIVERABILITY TEST REPORT 
Form C - l 22-C 
Revised 9-1-05 

Type Teat 

f~] Initial C _ Annual L_] Special 
Test Date 

1-15-65 
Company 

poSr 
Test Example No. 4 

Connection 

Blowe Gas Co. 
Formation UHit 

Eumont 
Completlor. 

6-4-50 

Queen 

Csg 

Total Depth 

3593 
Plug Back T O Elevation Farm or L v . i - - Nama 

H. I. Test 
Slie 

5.50 
Tbg. Site 

2.375 

Wl. 

15.5 4.95 
Sat Al 

3593 
Perforation st 

rrom 3 5 5 0 T a 3 5 6 0 
Well No. 

4.7 1.995 
Bel At 
3573 

Perforation st 

From 

Type Wel l -S ing le -Bradenhead-Q.O. or C O . Multiple" 

Single 

Open .To Ended 
!e_9f 8*jt At 

T~T R«: Twp. Rge. 
A 36 T-22S R 3_5j: 

Packet 

None 
County 

Lea 
Producing Thru 

Tubing 
Reservoir Temp. * F 

130 • 3573 
Mean Annual Tamp. * F i. Press . — P 0 

3.2 
Slats 

New Mexico 
L 

3573 
H 

3573 
Qg. 

.675 
%co, %N« % H}8 Prover Motor 

4" 
P_3i PT 

r 
Topi 

lange 
FLOW OATA 

NO 
Prover 

Lino 
Sl»e 

Choko 
Orifice 

S u e 

Press . 
p.s.i.g. 

Diff. 
hw 

TUBING DATA 

Press. 
p.s.i.g. 

CASING OATA 

Press. 
p.s.l.g. 

Duration 
of 

Flow 

SI 986 984 72 
1.5 754 12.0 74 754 75 842 75 24 

NO. 
Coefficient 

(24-Hour) 

•e sours 

Pm 

Flaw Tomp. 

Factor 

Ft 

Gravity 

Factor 

Fg 
Compress. 
Factor Fp* 

Rota ef Flow 

O, Mcfd 

1. 10.84 ~5~9T JFT3 0.9868 1.217 1.081 

NO. 

i . 1.15 

Tamp. R. 

534 
p 0.8 (999.2) = 79974 

1.40 0.856 

Oas Liquid Hydrocarbon Ratio 

A.P.1. Gravity ef Liquid Hydrocarbons 

Specific Gravity Separator Gas _ _ _ _ _ _ 

>rv Gas 
Dry 

Pd^ 639. Q 
2 998.4 

Spec.tic Gravity Flowing Flu-.d _ _ _ _ _ _ _ _ _ 

CrtUcal Pressure 6 6 9 

Critical Temperature 

Pf 

382 
. p.s . l .a. 

R 

. Mcl/bbl 

Dag. 

xxxxxxxxxx 

, P .S . I .O. 

R 

P I * 

NO. P c S - P , J 

P c 2 - P w 2 P s p . a 

P c 2 - P . 2 

1. 855.2 731.4 267.0 

[V-Pd2"! ["359.4 1 1 
Ij'c'-Pw'jL 2 6 7 J" 

_1______T- L319 
P c 2 - P w l J " 

.346 Log 

n Log 

[_____! JL 
LPC 2 -P- , J 

r_____i o. 
[Pc 2 -Pw 2 J 

129045 

120141 

I >rllv. = o 
P c 2 " P d 2 

p 2 _ p 2 
= (1.350) (1.319) 

I'-eliv. 
1781 

.Meld 

Previous back-pressure test 
(Source ol n) 

Commission 

Company 

Others 
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Company 
Well 
Location 
Counry 
Date 

Test Example No. 4 
H. I. Test No. 6 
A, 36-22S-35E 
Lea 
11-10-64 

(Curve from Latest Previous Test) 

1 8 9 to 
10,000 

6 1 8 9 tO 

0, s 8 9 1 0 Mcfd ; 

Q- - I 0 4 5 Mc fd ; 

LOG Q, 

LOG Q 2 

n 

Q, Mcfd 

3 . 9 4 9 8 7 8 

3.0191 16 

0.930762 = 0.931 
VI-33 



TEST EXAMPLE NO. 5 

C.N LCULATION OF WELLHEAD PRESSURE P c OR P w WHERE THE OBSERVED WELLHEAD 
PRESSURE IS A F F E C T E D BY LIQUIDS IN THE WELLBORE 

(Using Average Temperature and Pressure) 

The general instructions, page I I I - l , provide that the stepwise procedure shall be used 
for wells with SIWHP in excess of 2000 psig. However, for purposes of comparison of 
^results, Test Examples 5 and 6 are calculated using the same data. 

In some cases it may be necessary to calculate the wellhead pressure which would have 
existed had there been no liquid accumulation in the wellbore. This calculation depends 
upon a known reservoir pressure which has been determined by the use of a bottom-hole 
pressure gauge or calculated as in Example 7. 

With the known reservoir pressure, the adjusted wellhead pressure is determined by 
carrying out the normal static column calculations in reverse, i .e . , by starting with 
pressure at the sandface and calculating the wellhead pressure. Since the calculations 
of P c and P w from measured bottom-hole pressures are based on conditions of "no flow, " 
the procedure set out in this example will apply to either shut-in (P c) or flowing cases 
(P w ) . Data from a shut-in case will be used in this example. 

Using the information given below, the calculations would be carried out as shown below. 

Given: 
H = 8130 
L = 8130 
Ggas = 0.625 
Oil Gravity = 50.2° API 
CO2 = 2.0% 

N 2 = 3.0% 
T s = 155 F 
T w = 74 F 
Pf = 2309 psia 
GOR = 193 Mcf /bb l . 

STEP 1. 
Since the well produces liquids with the gas, i t is necessary to calculate the average 
specific gravity (G) of the flowing f lu id (air = 1.000) for use in the pressure calcula
tions . 

4595 G 

where: 

V 

1 
GOR 

V l 
G7JR" 

G = 0.625 (air = 1.000) 
4595 = Constant 
C L = 0.7787 (water = 1.000) Table XIII 
GOR = P3 Mcf /bb l . 

= 721 (Appendix E, page B- l ) 
(4595) (0. 7787) 

= 0.b25 + 193, OOG 
721 

193,000 
- 0.641 

VI-34 



STEP 2, 

a. Enter well information at the top of Form C- 122-D. 

b. Obtain P c r and T c r from Table IX for a gas with a gravity of 0.641. Obtain 
corrections for CO2 = 2.0% and N2 = 3. 0% from Table X and correct P c r 

and T c r as follows: 
P c r = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Calculate L / H , the length of the flow string divided by the vertical depth, 
L/H = 1.000 

d. GH = 0.641 x 8130 = 5211 

STEP 3. 

a. T w = Wellhead temperature, R = 74 + 460 = 534 R (Line 1) 

b. T s = Bottom-hole temperature, R = 155 + 460 = 615 R (Line 2) 

c. T = ( T w + T s ) /2 = (534 + 6l5)/2 = 575 (Line 3) 

STEP 4. 
Estimate effective compressibility factor. In this example Z was estimated 
to be 0.860 (Line 4) 

STEP 5. 

a. TZ = 575 x 0. 860 = 495 (Line 5) 

b. GH/TZ = 5211/495 = 10.527 (Line 6) 

c. For GH/TZ = 10. 527 read e s in Table XIV. e s = 1. 484 (Line 7) 

STEP 6. 

a. Enter reservoir pressure (Pf) = 2309 (Line 8) 

b. Pf2 = (2309)2/l000 = 5331. 5 (Line 9) 

c. ? c

2 = P r

2 /e s - 5331. 5/ 1. 484 = 3592. 7 (Line 10) 

ci. £>.. = V 3592.7 = 1H95 (Line i l ) 
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STEP 7. 

a. P = (Pc + Pf)/2 = (1895 + 2309)/2 = 2102 (Line 12) 

b. P r = 2102/673 = 3.12 (Line 13) 

c. T r = T / T c r = 575/360 = 1.60 (Line 14) 

STEP 8. 
Enter in Line 15 the compressibility factor from Table XI corresponding to a 
P r of 3.12 and a T r of 1.60. In this example, Z = 0.822 (Line 15). 

STEP 9. 
Since Z (Line 15) is not equal to Z (Line 4), enter Z = 0. 822 on Line 4, 2nd 
Trial and repeat Steps 5 through 8. 

STEP 10. 
Since the final value of Z (Line 15, 2nd Trial) is equal to the assumed value 
of Z (Line 4, 2nd Trial), the value of P c = 1878 (Line 11, 2nd Trial) is used 
in the back-pressure computations. 
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TEST EXAMPLE NO. 6 

CALCULATION OF WELLHEAD PRESSURE P c OR P„ WHERE THE OBSERVED WELLHEAD 
PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

(Using Stepwise Procedure) 

The general instructions, page HI-1, provide that the stepwise procedure shall be used 
for wells with SIWHP in excess of 2000 psig. However, for purposes of comparison of 
results, Test Examples 5 and 6 are calculated using the same data. 

In some cases it may be necessary to calculate the wellhead pressure which would have 
existed had there been no liquid accumulation in the wellbore. This calculation depends 
upon a known reservoir pressure which has been determined by the use of a bottom-hole 
pressure gauge or calculated as in Example 7. 

With the known reservoir pressure, the adjusted wellhead pressure is determined by 
carrying out the normal static column calculations in reverse, i.e., by starting with 
the pressure at the sandface and calculating the wellhead pressure. Since the calcula
tions of P c and P w from measured bottom-hole pressures are based on conditions of 
"no flow, " the procedure set out in this example will apply to either shut-in (Pc) or flow
ing (Pw) cases. Data from a shut-in case will be used in this example. 

Using the information given below, the calculations would be carried out as shown below. 

Given: 
H = 8130 N 2 = 3.u7o 
L = 8130 T s = 155 F 
G = 0.625 T w = 74 F 
Oil Gravity = 50.2° API Pf = 2309 psia 
CO2 = 2.0% GOR= 193 Mcf/bbl. 

STEP 1. 
Since the well produces liquids with the gas, it is necessary to calculate the average 
specific gravity (G) of the flowing fluid (air = 1.000) for use in the pressure calcula
tions. 

4595 Gi 

G + GOR 
G • -jr 

1 + GOR 
where: 

= 0. 625 (air = 1. 000) 
4595 = Constant 
CM -- 0.7787 (water = .1.000) Table XD.I 
GOK - 193 Mcf/bbi. 
Vi = 7 2 1 (Appendix B, page B-l) 

(4595) (0.77S7) 
n _ ('.625 + 193, 000 

1 + 193,000 

G - 0.641 
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STEP 2. 

a. Enter well information at the top of Form C-122-E. 

b. Obtain P c r and T c r from Table IX for a gas with a gravity of 0.641. Obtain 
corrections for C 0 2 = 2.0% and N 2 = 3.0% from Table X and correct P c r 

STEP 3. 

STEP 4. 

and T c r as follows: 
P c r = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Enter H = 8130 on Line 1, Column 1. (Line references are indicated following 
each step. Column references remain unchanged unless indicated.) 

d. GH = 0.641 x 8130 = 5211 (Line 2) 

e. 37.5 GH = 37. 5 x 5211 = 195, 413 (Line 3 and Line 18) 

a. Enter P n = 2309 on Line 4 

b. P f = P n / P c r - 2309/673 = 3.43 (Line 5) 

c. Enter T = 155 + 460 = 615 R (Line 6) 

d. T r = T / T c r = 615/360 = 1.71 (Line 7) 

e. Z = 0.861 from Table XI (Line 8) 

f. P/Z = 2309/0. 861 = 2682 (Line 9) 

g. P/TZ = 2682/615 = 4.3610 (Line 10) 

h. Lines 11, 12, and 13 may be omitted in the static column case. Where 
Q m = 0, L /H ( F r Qm)2 must necessarily = 0; therefore, I n resolves to: 

I n = (P/TZ)/ (P/TZ)2/1000 + L/H <F r Q m ) 2 = 1000/(P/TZ) + 0 

^ = 1000/(P/TZ) = 229.305 (Line 14) 

Make f i rs t tr ial calculation tor the pressure at H/2 = 8130/2 = 4065 (Line 1, 
Column 2) as follows: 

a. H = 4065 (Line 1) 

b. GH = 0.641 x 4065 - 2606 (Line 2) 
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STEP 4. (Cont'd.) 

c. 37.5GH = 37.5 x 2606 = 97,725 

d. Estimate value of M by dividing 2I n (Line 14, Column 1) into the difference 
between . ^ ( M x N) (Line 18, Column 1) and 37.5 GH (Line 3, Column 2). 
(195. 413 - 97, 725)/2 x 229.305 = 213 (Line 15), then Pj = Pf - M = 
2309 - 213 = 2096 (Line 4). 

e. P r = 2096/673 = 3.11 (Line 5) 

f. T = estimated temperature at 4065 ft. = (74 + 155)/2 + 460 = 575 R (Line 6) 

g. T r = 575/360 = 1.60 (Line 7) 

h. Z = compressibility factor of a gas at a P r of 3.11 and a T r of 1.60 = 
0. 822 (Line 8) 

i. P/Z = 2096/0. 822 = 2550 (Line 9) 

j . P/TZ = 2550/575 = 4.4348 (Line 10) 

lc. I L = 1000/(P/TZ) = 225.489 (Line 14) 

1. N = I 2 (Column 1)+ Ij (Column 2)= 229.305 + 225.489 = 454.794 (Line 16) 

m. M = 37. 5 GH/N = 97, 725/454.794 = 215. When M has been estimated correctly, 
the value determined under this step will be equal to M as estimated under (d). 

n. Enter M = 215 (Line 15, Column 3). Pj (Line 4, Column 3) is then Pf - M = 
2309 - 215 = 2094. 

o. Repeat steps (e) through (m) until the correct value of M is determined (Line 15, 
Column 4). 

p. Multiply final values of M and N. 215 x 455. 059 = 97838 (Line 17, Column 3). 

q. Subtract (M x N) (Line 17, Column 3) from ^ ~ (M x M) (Line 18, Column 1). 
195, 413 - 97, 838 = 97, 575 (Line 18, Column 3). 

STEP 5. 
Make first trial calculation for the pressure at H = 0 (Line 1, Column 5) 

a. GH - 0 (Line 2) 

b. 37.5 GH = 0 (Line 3) 

c. Estimate M by dividing N (Line 16, Column 3) into Line 18, Column 3 = 
97, 575/455.059 = 214 (Line 15, Column 5) 
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STEP 5. (Cont'd.) 

d. Subtract M from P f l value found at H = 4065 . 2094 - 214 = 1880 (Line 4, 
Column 5) 

e. P r = 1880/673 = 2.79 (Line 5) 

f. T = 74+ 460 = 534 R (Line 6) 

g. T r = 534/360 = 1.48 (Line 7) 

h. Z = compressibility factor of gas at a P r of 2.79 and a T r of 1.48 = 0.771 
(Line 8) 

i. P/Z= 1880/0. 771 = 2438 (Line 9) 

j . P/TZ = 2438/534 = 4.5655 (Line 10) 

k. I c = 1000/4.5655 = 219.034 (Line 14) 

1. N = 225.754 + 219.034 = 444.788 (Line 16) 

m. Divide ~ ( M x N ) (Line 18, Column 3) by N (Line 16, Column 5) = 97, 575/ 
444.788 = 219. When M has been estimated correctly, the value determined 
under this step will be equal to M as estimated under (d). 

n. Enter M = 219 (Line 15, Column 6). Pj (Line 4, Column 6) is then ? l - M = 
2094 - 219 = 1875 (Line 4, Column 6). 

o. Repeat steps (e) through (m) until the correct value of M is determined. 

p. Multiply final values of M and N. 219 x 445.327 = 97, 527 (Line 17, Column 6). 

q. Subtract Line 17, Column 6 from Line 18, Column 3. 97, 575 - 97, 527 = 48 
(Line 18, Column 6). 

STEP 6. 
Using the equation Z_\ P = 3 (37. 5 GH)/(IC + 4Ij + I 2 ) , calculate A P by substituting 
219. 573 (Line 14, Column 6) for L ,̂ 225.754 (Line 14, Column 3) for I l t and 229.305 
(Line 14, Column 1) for -2 as indicated by calculations near the bottom of Form 
C- 122-E. The result is ZX P = 434. By use of the equation Pf = P c + Z i P, P c = 
2309 - 434 = 1875. 
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TEST EXAMPLE NO. 7 

CALCULATION OF SUBSURFACE PRESSURE Pf (sandface) WHERE THE WELLHEAD 
SHUT-IN PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

When the height of a liquid column in the wellbore and the specific gravity of the liquid 
are known, the reservoir pressure may be calculated by making the normal static column 
calculations to determine the pressure at the gas-liquid interface and adding the pressure 
exerted by the liquid column above the desired datum plane. 

Using the results obtained in this example, an equivalent wellhead pressure may be calcu
lated in accordance with the procedures in example 5 or 6. 

In this example, the depth "H" and "L" and pressure "Pf" will refer to the gas-liquid 
interface rather than at the datum plane. This pressure may be calculated by either the 
average temperature and compressibility factor method or the stepwise procedure. 

The additional pressure to be added to th° calculated pressure at the gas-liquid interface 
"Pf" is determined as follows: 

Height of liquid column (ft.) x Sp. gr. (water = 1.00) x . 433 = pressure psi. 

A. CALCULATION OF SUBSURFACE PRESSURE AT THE SANDFACE 
(Using Average Temperature and Compressibility Factors) 

Given: Shut-in wellhead pressure of 1878 psia, H = 8130 f t . , L = 8130 f t . , 
L/H = 1.00, gas gravity = 0.641, COo, = 2.0%, N 2 = 3.0%, wellhead 
temperature = 74 F, and 1000 f t . of liquid having a specific gravity 
of 0.74. 

STEP 1. Begin calculation of pressure at the gas-liquid interface. 

a. Enter well information as shown at top of Form C-122-G. 

b. Obtain P c r and T c r from Table IX for a gas with a specific gravity 
of 0. 641; obtain corrections for carbon dioxide = 2.0 percent, and 
nitrogen = 3.0 percent from Table X. 
Correct P c r and T c r as follows: 

P c r = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If the composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Determine H for the well and calculate L /H . In most gas wells L/H is 
unity as H is equal to L. However, L/H is greater than unity for di
rectionally drilled wells. In this example, both L and H are 8130 f t . , 
and L/H is 1.000. 

d. GH - 0.641 x 8130 = 5211. 
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STEP 2. 

a. Enter "0" rate of flow on Line 1. (Line references are indicated in 
parenthesis following each step.) 

b. T w = Wellhead temperature, R = 74 + 460 = 534 R (Line 2). 
T s = Bottom-hole temperature, R = 155 + 460 = 615 R (Line 3). 

The bottom-hole temperature should be measured or estimated 
from reliable data on other wells in the area. 

c. T = (T + T )/2 = (534 + 6l5)/2 = 575 R (Line 4). 
w s 

STEP 3. (First Trial) 
Estimate effective compressibility factor. In this example Z was estimated 
to be 0.860 (Line 5). 

STEP 4. 

a. T Z = 575 x0.860 = 495 (Line 6). 

b. GH/TZ = 5211/(495) = 10. 527 (Line 7). 

c. For GH/TZ = 10.527 read e s in Table XXV. e s = 1.484 (Line 8). 

STEP 5. 

a. Enter wellhead shut-in pressure (P c) = 1878 (Line 10). 

b. P c

2 = (1878)2/1000 = 3526.9 (Line 11). 

c. e s P c

2 = (1.484) (3526.9) = 5233.9 (Line 18). 

STEP 6. 

Lines 12 through 17 are not used in the static column calculation. 

e s P c

2 = 5233.9 (1000) = 2288 (Line 19). 

(P c + P f)/2 = (1878 + 2288)/2 = 2083 (Line 20). 

P /P c r = 2083/673 = 3.10 (Line 21). 

T / T c r = 575/360 = 1.60 (L?.ne 22). 

Enter in Line 23 the compressibility factor f rom Table XI corresponding 
to a P r of 3. 10 and a T r of 1.60. In this example, Z = 0. 822 (Line 23). 

STEP 7. 

a. Pf = 

b. P = 

p r 

d. T r 

STEP 8. 
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STEP 9. 
Since Z (Line 23) is not equal to Z (Line 5), enter Z = 0.822 on Line 5, 
2nd Trial, and repeat Steps 4 through 8. 

STEP 10. 
Since the final value of Z (Line 23, 2nd Trial) is equal to the assumed value of 
Z (Line 5, 2nd Trial), the value of eS P c

2 = Pf2 = 5332.7 and Pf = 2309. 

STEP 11. 

Now calculate the pressure exerted by the liquid column, 

a. 1000'x 0.74 x 0. 433 = 320.4 psi. 

STEP 12. 
Calculate pressure at datum by adding 2309 psia (Pf) and 320.4 psi (pressure 
of liquid column). 
a. 2309 + 320.4 = 2629.4 psia at the sandface. This is the Pf which 

should be used in calculating a wellhead pressure in accordance with 
the procedures in example 5 or 6. 
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B. CALCULATION OF SUBSURFACE PRESSURE AT THE SANDFACE 
(Using Stepwise Procedure) 

Given: Shut-in wellhead pressure = 3573 psig, gas gravity = 0.865, P c r = 664, 
T c r = 444, H = 14,998 feet, wellhead temperature = 74 F, temperature 
at 14,998 feet = 238 F (therefore, the temperature at 7499 feet = 156 F 
or the arithmetic average of wellhead and bottom-hole temperature), and 

1000 feet of liquid having a specific gravity of 0.74. 

STEP 1. 
Begin calculation of bottom-hole shut-in pressure, P f. 

a. Enter H = 0 on Line 1, Column 1, Form C-122-E (Line references 
are indicated in parentheses following each step; column references 
remain unchanged unless indicated.) 

b. GH = 0 (Line 2) 

c. 37.5 GH = 0 (Line 3) 

d. Pc = 3573 + 13.2 = 3586.2 (Line 4) 

e. P r 
- P c / P c r = 3586.2/664 = 5.40 (Line 5) 

f. T = 534 R (Line 6) 

g. T = T / T c r = 534/444 = 1.20 (Line 7) 

h. Z = 0.731 Table XI (Line 8) 

i. P /Z = 3586.2/. 733 = 4905.9 (Line 9) 

j . P /TZ = 4905.9/534 = 9.1871 (Line 10) 

k. Since this calculation deals with shut-in conditions and Q = 0, Lines 
11, 12, and 13 may be omitted. 
Where Q m = 0, L/H ( F r Q m ) 2 must = 0. Therefore, Lj resolves to: 

P/TZ _ P/TZ 
" ~ (P/TZV/1000 + L/H ( F r Q m )^ " (P/TZ)2/1000 

T _ 1000 n ~ • 
P/TZ 

L. = 1000/(P/TZ) = 1000/9. 1871 = 108. 848 (Line 14) 
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STEP 2. 
Make first trial calculation for the pressure at the midway point, H = 
14, 998/2 = 7499. (Line 1, Column 2). 

a. Compute GH and 37.5 GH 
GH = 0.865 x 7499 = 6486.64 (Line 2) 

37. 5 GH = 37.5 x 6486.64 = 243, 249 (Line 3) 

b. Estimate value of M as follows: 
M = 37. 5 GH/2\ = 243, 249/2 (108.848) = 1117.4 (Line 15) 

c. Add M to P c for estimate of Pj 
? 1 = 1117.4 + 3586.2 = 4703.6 (Line 4) 

d. Compute P r and T r for H = 7499 
p r = Pl/P C r = 4703.6/664 = 7.08 (Line 5) 
T = 616 R (Line 6) 

T r = T / T c r = 616/444 = 1.39 (Line 7) 

e. Z = 0.907 Table XI (Line 8) 

f. P/Z= 4703.6/0.907 = 5185.9 (Line 9) 

g. P/TZ = 5185.9/616 = 8.4187 (Line 10) 

h. Ii = 1000/(P/TZ) = 1000/8.4187 = 118.783 (Line 14) 

i. N = I t + Trial I j = 108. 848 + 118.783 = 227.631 (Line 16) 

j . Calculate M as follows: 
M = 37. 5 GH/N = 243, 249/227.631 = 1069 

k. When M has been estimated correctly, the value determined under 
Item (j) will equal M under item (b). Since the values of M are different, 
enter M = 1070 on Line 15, Column 3 and repeat items (c) through (j) 
until the correct value of M is determined. 

1. By repeating the calculation, the correct value of M is determined to 
be 1066. 

m. Multiply final values of M and N. 
1066 x 228. 284 = 243, 351 (Line 17) 

Make first trial calculation for the pressure at H = 14, 998. (Line 1, Column 5). 

a. Compute GH and 37. 5 GK 
GH = 0.865 x 14, 998 = \2, 973.27 (Line 2, Column 5) 
37. 5 GH = 37. 5 x 12, 973. 27 = 486, 498 (Line 3) 

n. Enter tiie value of M x N under 

STEP 3. 
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STEP 3. (Cont'd.) 

b. Estimate value of M as follows: 
M = (37.5 GH) - X I (M x N)/N (Line 16, Column 5) 
M = (486,498 - 243,351)/228.284 = 1065 (Line 15) 

c. P 2 = M + ? i = 1065 + 4652.2 = 5717.2 (Line 4) 

d. Compute P r and T r at H = 14,998. Obtain appropriate Z from 
Table XI . Compute P/Z and P/TZ. Enter all these values on 
the appropriate lines 5 through 10. 

e. 12 = 1000/(P/TZ)= 1000/7.8940= 126.678 (Line 14) 

f. N B I j + Trial Ig - 119.436 + 126.678 - 246.114 (Line 16) 

g. Compute M as follows: 
M = (37. 5 GH) - X ! ( M x N)/N 
M = (486, 498 - 243, 351)/246.114 = 987.9 

h. When M has been estimated correctly, the value determined under 
item (g) w i l l be equal to M as estimated under item (b). Since the values 
of M are not the same, enter M = 987.9 on Line 15, Column 6, and 
repeat items (c) through (g). 

i . By repeating the calculations, the correct value of M is determined to 
be 985.1. 

j . Multiply final values of M and N 
M x N = 985.1 x 246.831 = 243, 153 (Line 17) 

k. 2 3 (M x N) = 243, 153 + 243, 351 = 486, 504 (Line 18) 

STEP 4. 
Using the following equations, compute the bottom-hole shut-in pressure, 
Pf, at H = 14, 998. 

A P = 3 (37. 5 GH) 
It + 4I i + I 2 

Pf - P c + A P 

where: 
G = 0.865 
H = 14,998 
I t = 108.848 (Line 14, Column 1) 
I t = 119.436 (Line 14, Column 4) 
I 2 = 127.395 (Line 14, Column 7) 
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STEP 4. (Cont'd.) 

P = 3586.2 (Line 4, Column 1) 
3(37.5 x . 865 x 14,998) 

= 108. 845 + 4(119.436) + 127.395 
A P = 2044.2 

Pf = 3586.2 + 2044.2 = 5630.4 psia 

STEP 5. 

Now calculate pressure exerted by liquid column, 

a. 1000 x 0.74 x 0.4333 = 320.6 

STEP 6. 
Add pressure at the gas-liquid interface and pressure exerted by the liquid 
column to get pressure at sandface. 
a. 5630.4 + 320.6 = 5951 psia 
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TEST EXAMPLE NO. 8 

WELL DELIVERABILITY TEST AS REQUIRED FOR PRORATED GAS POOLS 
IN NORTHWEST NEW MEXICO 

This test i s a part of the basis upon which gas wells are 
prorated in the northwest. Division Form C-122-A i s to be 
used for reporting both the i n i t i a l , annual, and biennial 
test results as required by Division Order No. R-333-I and 
f i l e d in t r i p l i c a t e with the Aztec D i s t r i c t Office of the 
Division. 

I . LINE-BY-LINE INSTRUCTIONS FOR ENTERING INFORMATION AND 
DATA TO PROPERLY COMPLETE FORM C-122-A. 

A. The calendar year for which the annual or biennial 
test i s required. For i n i t i a l tests, enter the calendar year 
of f i r s t delivery. 

B. The name of the pool as separate from the formation. 
C. The pool slope as determined by Order No. R-333-1 or 

any Special Pool Rules superseding same. 
D. The f u l l formation name. 
E. County in which the well i s located. 
F. Complete operator name, well name and number, and 

well location (unit, section, township, and range). 
G. Name of pipeline that i s transporting the gas. 
H. Well completion information. 
I . Top and bottommost perforations for cased wells and 

the depths of the casing shoe and TD for open holes. 
J. Indicate type of flow stream. 
K. Gas gravity for latest test (this data i s usually 

obtained from the transporter). 
L. The product of (K) times the depth in feet of the 

uppermost casing perforation, casing shoe depth, or 
uppermost tubing perforation, which ever i s applicable. 

M. The appropriate test dates. 
N. Pressure data corrected to PSIA. 
O. Calculate meter error and fr i c t i o n loss as shown. 
P. Average meter pressure (usually supplied by the 

transporter). 
Q. Calculate corrected meter pressure and average 

wellhead pressures as shown. I f the ratio of average 
wellhead pressure to corrected meter pressure i s 0.57 or 
less, c r i t i c a l flow w i l l be considered to exist and the 
(measured) average wellhead pressure as shown in item (b) of 
this form s h a l l be used as the average wellhead pressure. A 
notation of such s h a l l be made in the "Remarks" section of 
the form, unless an intermediate pressure entry in item (n) 
of the form disproves c r i t i c a l flow. 

R. Select the highest shut-in pressure, casing or 
tubing, and multiply i t by the appropriate percentage, 
pursuant to Order No. R-333-I, to find the de l i v e r a b i l i t y 
pressure, P,. 
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S. The integrated average daily volume produced during 
the test corrected for meter error as shown (S., x S 3 ) . 

T. Calculate working pressure using tables and 
equations from "Method of Calculating Pressure Loss Due To 
Friction In Gas Well Strings". Note: If R i s greater than 
or equal to P. then friction loss i s negligible, therefore 
P w = Pt. 

U. Calculate for deliverability "D" as shown. 
V. Use "Remarks" section for the following: 

1. Critical flow notations 
2. Commingled well allocations 
3. Delinquent test 
4. I n i t i a l test 
5. Other information which i s pertinent 

W. Summary of data. 
X. Show company doing the testing and person(s) 

responsible. 
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STATE OF NEW MEXICO 
ENERGY ANO MINERALS DEPARTMENT 

O I L C O N S E R V A T I O N D I V I S I O N 
P. O . O O X 2 0 8 8 

S A N T A F E , N E W M E X I C O 8 7 5 0 1 
Form C-122-A 
Revised 10-1-78 

W E L L D E L I V E R A B I L I T Y T E S T R E P O R T F O R 19 A . 

POOL »AMC COVOTV 

B. n= C. D. E . 

C O W * A * * 

F. F. 
V m t l L C T T f M 

F. 
S E C T I O N 

F. F. 
H A O C t 

F. G. 
C A S I « « O . O . - I H C W C S 

H. 
C A S f « « 1 O - I H C W C S 

H. 
s e r « r o t » r « - r c c r 

H. 
r u e » « O M — m e m 

H. 
rw«iM« f o — luet ics 

H. 
T O * - T U « I M « p c n r . _ r c c T 

H. 

r « o u i e * C A S I H C T U I I N C ^ * 

C A * S U A V I T Y 

K. 

C K A V I T T K L t H C T H 

L. 
D A T C O r r i O W T O T | y | 

P N O M T O 

O A T C O M U T - . H M t S S U R C M I A S U M U 

PRESSURE OATA - ALL PRESSURES IN PSIA 

(e) Flowing Casinr . 

N. 

0») Klowinf Tubing 
Pressure (DWt) 

N. 

( c ) Flowing Meter 
Pressure (DWt) 

N. 

(d) F low Chart 
Static Reading 

N. 

(e) Meter Error 
(Item c — Item d) 

0. 

(f) Fr ic t ion L O B S 

( a - c > o r ( b - c ) 

0. 

(C) Averse, e Meter 
Pressure (Intepjr.) 

P. 
(h) Corrected Meter 

Pressure {«, + e) 

Q. 

(1) Ave. Wellhead 
P r e s s . P, = (h + 0 

Q. 

0 ) Shut-in Cos ing 
Pressure (DWt) 

N. 

(It) Sbul-Ln Tub inc 
Pressure (DWt) 

N. 

(1) P c = h i (her value 
o l 0 ) or (Ir) 

R. 

(tn) D e l . Pressure 

Pd = w c 

R. 

(n) Separator or Oe* 
hydrotor Pr. (DWl) 
for cr i t i ca l flow* only 

FLOW RATE CORRECTION (METER ERROR) 

Inlet-rated Volume - M C F / D 
Item c 

Quotient of 
Item d 

S 2 . 

/ l l i m c 

S 3 . 

Corrected Volume 

0 = ^ 4 . MCF/D 

WORKING PRESSURE CALCULATION 

( I - . - ' ) ( F c 0 B ) J (1000) 

R 1 * 

( l - e ~ " ) ( F e Q m ) * ( 1 0 0 q P w * = P , * + R J 

T. T. T. T. T. 

DELIVERABILITY CALCULATION 

7 Y( r 
M C F / D 

u. LV A J 
REMARKS: 

V. 

SUMMARY 
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T A B L E I 

BASIC O R I F I C E F A C T O R S - FLANGE TAPS - Mcfd/A/h w P m - F b 

T b = 520R(60F) T m = 520R (60F) 

P b = 15.025 psia G =1.000 

All other factors = 1. 000 

Norn. Diameter, Inches 2 3 4 
ASA Schedule 160 80 40 xxHvy 160 80 40 xxHvy 160 

Inside Diameter, Inches 1.689 1.939 2.067 2.300 2.626 2.900 3.068 3.152 3.438 
Orifice Diameter 

Inches a • 

0.250 0.2987 0. 2990 0. 2991 0.2991 0. 2991 0.2990 0.2989 0.2989 0.2987 
0. 375 0.6700 0.6691 0.6689 0.6685 0.6681 0.6678 0.6677 0.6676 0.6674 
0.500 1.195 1.190 1.189 1.187 1.185 1.184 1.183 1.183 1.183 
0.625 1.884 1.871 1.866 1.860 1.854 1.851 1.850 1.849 1.848 
0.750 2. 755 2.720 2. 709 2.695 2.682 2.675 2.672 2.671 2.667 

0.875 3.834 3. 754 3.729 3.697 3.670 3.657 3. 650 3.648 3.640 
1.000 5. 171 4.999 4.946 4.881 4. 828 4.801 4.789 4.784 4.770 
1.125 6.847 6. 499 6.393 6.267 6.165 6.116 6.095 6.086 6.062 
1.250 9.077 8,319 8.120 7.885 7. 703 7.615 7. 577 7.561 7. 520 
1.375 — 10.55 10.20 9. 782 9. 463 9.313 9.249 9. 223 9.153 

1.500 . . . . 12.76 12.02 11. 48 11.23 11.13 11.09 10.97 
1.625 — 14.68 13.81 13. 40 13.24 13.17 13.00 
1.750 — 16.50 15.87 15.61 15. 50 15.24 
1.875 — 19. 64 18.68 18. 29 18.13 17. 72 
2.000 — 21.90 21.32 21.08 20.48 

2. 125 . . . . . 25.67 24.76 24. 43 23.56 
2. 250 — 28.78 28.23 27.00 
2. 375 — 30.86 
2. 500 — 35.26 

Adapted from American Gas Association Gas Measurement 
Committee Report No. 3 

Use this column if only the nominal diameter is known. 
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T A B L E 1, Continued 

BASIC O R I F I C E F A C T O R S — FLANGE TAPS — M c f d / ^ / h ^ P m ~~ F ] 

T b = 520R(60F) T m = 520R (60F) 

P b = 15.025 psia G =1 .000 

A l l other factors = 1.000 

4 6 8 Nom. Diameter. Inches 
80 40 xxHvy 160 80 40 80 40 30 ASA Schedule 

3.826 4.026 4.897 5.189 5.761 6.065 7.625 7.981 8.071 Inside Diameter. Inches 
Orifice Diameter 

* * Inches 

0. 2985 0.2984 _ . _ _ _ _ _ _ . _ _ _ 0.250 
0.6671 0.6670 0.375 
1.182 1.182 1.181 1.181 1.181 1.181 0.500 
1.846 1.845 1.843 1.843 1.842 1.842 0.625 
2.662 2.661 2.656 2.655 2.653 2.652 0.750 

3.633 3.630 3.621 3.618 3.615 3.613 3.608 3.607 3.607 0.875 
4.758 4.753 4.737 4.734 4.728 4.726 4.717 4.715 4.715 1.000 
6.040 6.031 6.007 6.002 5.993 5.989 5.976 5.974 5.973 1.125 
7. 483 7. 469 7. 431 7.423 7.410 7.405 7.386 7.383 7.382 1.250 
9.093 9.071 9.011 8.999 8.981 8.973 8.947 8.942 8.941 1.375 

10.88 10.84 10.75 10.73 10.71 10.70 10.66 10.65 10.65 1.500 
12. 84 12.79 12.65 12.63 12.59 12.57 12.52 12.52 12.51 1.625 
15.01 14.93 14.72 14.68 14.63 14.61 14.54 14.53 14.53 1.750 
17. 38 17.26 16.96 16.91 16. 83 16.80 16.71 16. 70 16.70 1.875 
19.99 19.81 19.39 19.31 19.20 19.16 19.04 19.02 19.02 2.000 

22. 85 22. 60 22.00 21.89 21.74 21.69 21.52 21.50 21.50 2.125 
25.99 25.64 24.81 24.66 24.46 24.38 24.17 24.14 24.13 2.250 
29. 46 28. 98 27.83 27.63 27. 35 27. 25 26.97 26.93 26.92 7.375 
33. 29 32.64 31.08 30.81 30.44 30.31 29.94 29.89 29.88 2.500 
37. 54 36.66 34.57 34. 21 33.73 33.55 33.07 33.01 32.99 2.625 

42. 28 41.10 38.33 37.85 37.22 36.99 36.37 36.29 36.28 2.750 
46.01 42. 38 41. 75 40.94 40.65 39.84 39.75 39.73 2.875 
51.64 46. 74 45. 94 44. 89 44.51 43.50 43. 38 43. 35 3.000 

51.46 50. 43 49.09 48.61 47. 33 47.18 47.15 3.125 
56. 57 55. 26 53. 56 52.96 51.35 51.17 51.13 3.250 

62.10 60.46 58. 33 57. 57 55. 57 55.34 55. 29 3.375 
68. 13 66.07 63.41 62.47 59.99 59.71 59.65 3.500 
74. 84 72.12 68. 84 67. 67 64.62 64.28 64. 20 3.625 

78. 72 74.64 73. 20 69. 47 69.05 68.96 3. 750 
86.06 80.84 79.09 74. 55 74.04 73.93 3.875 

87.48 85. 37 79. 86 79.26 79.12 4.000 
102.5 99.21 91.28 90.40 90.21 4.250 

115.3 103.8 102.6 102.3 4.500 
117.7 116.0 115.6 4.750 
132.9 130.6 130.1 5.000 

149.9 146.7 146.1 5.250 
168.7 164.5 163.6 5.500 

184.2 183.0 5.750 
j 204.9 6.000 
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TABLE I I 

BASIC ORIFICE FACTORS - PIPE TAPS - Mcfd/ W m _ F b 

T b = 520R(60F) T m = 520R (60F) 

Pb = 15.025 psia G =1.000 

All other factors = 1.000 

Num. Diameter, Inches 2 3 4 
ASA Schedule 160 80 40 rxHvy 160 80 40 xxHvy 160 

Inside Diameter, Inches 1.689 1.939 2.067 2.300 2.626 2.900 3.068 3.152 3.438 
Orifice Diameter 

Inches • • 

0.250 0.3023 0. 3015 0. 3012 0.3007 0.3003 0.3001 0.2999 0.2999 0.2997 
0.375 0.6908 0.6846 0.6825 0. 6796 0. 6769 0.6755 0.6749 0.6745 0.6737 
0.500 1.264 1.243 1.235 1.224 1.214 1.208 1.206 1.205 1.201 
0.625 2.052 1.998 1.978 1.951 1.925 1.909 1.902 1.899 1.890 
0.750 3.111 2.985 2.941 2.881 2.825 2.792 2.776 2.769 2. 750 

0.875 4.535 4.259 4.166 4.045 3.935 3.872 3.842 3. 830 3.792 
1.000 6.481 5.908 5.724 5.489 5.284 5.171 5.118 5.095 5.030 
1.125 9.222 8.070 7.717 7.281 6.913 6.717 6.627 6.589 6.480 
1.250 — 10.96 10.31 9.518 8.879 8.551 8.403 6.340 8.165 
1.375 — 13.74 12.35 11.26 10.72 10.49 10.39 10.11 

1.500 . . . . . . . . . . . 15.98 14.17 13.31 12.94 12.78 12.36 
1.625 — 17.77 16.41 15.83 15.60 14.96 
1.750 — 22.28 20.15 19.27 18.91 17.96 
1.875 — 24.71 23.39 22.85 21.46 
2.000 — - - - - 30.37 28.37 27.57 25.54 

2.125 - - - . . . . 34.47 33.29 30.35 
2.250 — 36.05 
2.375 — 42.89 

Adapted from American Gas Association Gas Measurement 
Committee Report No. 3 

* Use this column if only the nominal diameter is known. 
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T A B L E I I , Continued 

BASIC O R I F I C E FACTORS - PIPE TAPS — Mcfd/ W m — F| 

T b * 520R(60F) T m » 520R (60F) 

P b = 15.025 psia G * 1.000 

All other factors = 1.000 

4 6 8 Nom. Diameter, Inches 
80 40 xxHvy 160 80 40 80 40 30 ASA Schedule 

3. 826 4. 026 4.897 5.189 5.761 6.065 7.625 7.981 8.071 Inside Diameter, Inche9 
Orifice Diameter 

• • • Inches 

0.2995 0.2993 . _ . . . . _— „ _ _ _ _ . . . . 0.250 
0.6729 0.6725 0.375 
1.198 1.197 1. 194 1.193 1.192 1.191 0.500 
1. 882 1. 878 1.869 1.867 1.864 1.863 0.625 
2.731 2. 723 2. 701 2.697 2.690 2.687 . . . . 0.750 

3.754 3. 740 3.697 3.687 3.674 3. 668 3.649 3.647 3.646 0.875 
4.965 4.939 4. 862 4. 845 4. C20 4.810 4.776 4. 772 4. 770 1.000 
6.374 6. 332 6.203 6.177 6.134 6. 117 6.061 6.053 6.052 1.125 
7.997 7.930 7.735 7.690 7.624 7. 597 7.508 7. 495 7. 493 1.250 
9.854 9. 753 9. 460 9. 395 9. 296 9.255 9.120 9.101 9.097 1.375 

11.97 11.82 11. 39 11.30 11. 16 11.10 10.90 10. 87 10.87 1.500 
14.38 14.16 13. 55 13.41 13. 22 13.13 12. 86 12.82 12.81 1.625 
17.12 16.80 15.94 15.76 15. 48 15. 37 15.00 14.95 14.93 1.750 
20.24 19. 79 18. 59 18. 34 17.97 17.82 17. 33 17.25 17.24 1.875 
23.80 23.18 21. 52 21.18 20.69 20. 49 19. 84 19. 75 19.73 2.000 

27. 89 27.02 24. 76 24.31 23.66 23. 40 22. 56 22. 44 22. 41 2.125 
32.60 31.40 28.35 27.75 26. 90 26. 56 25. 48 25. 33 25.29 2.250 
38.05 36.41 32.31 31.53 30. 43 29.99 28. 62 28. 42 28. 38 2. 375 
44.41 42.17 36.72 35. 70 34.27 33.71 31.98 31.74 31.68 2.500 
51.90 48.84 41.61 40.29 38. 45 37.75 35. 58 35. 27 35.21 2.625 

56. 63 47.05 45.35 43.02 42.12 39. 42 39.05 38.97 2.750 
53.14 50. 96 48.00 46.87 43. 53 43.07 42.97 2.875 
59. 97 57.18 53. 44 52.04 47.90 47. 36 47. 23 3.000 
67.65 64.10 59. 39 57. 65 52. 58 51.91 51.76 3.125 
76. 35 71. 83 65.92 63. 76 57.56 56.76 56. 58 3.250 

. . . . 86. 25 80.49 73. 10 70. 43 62. 88 61.92 61.70 3.375 
90.25 81.01 77. 72 68. 56 67. 40 67.14 3.500 

101.3 89. 75 85. 70 74.61 73.24 72.93 3.625 
99.44 94.46 81.08 79. 45 79.08 3.750 

110.2 104.1 88.00 86.06 85.63 3.875 

....... . . . . - - - - . . . . 122.3 114.8 95. 39 93.10 92. 59 4.000 
111.8 108.6 107.9 4.250 
130.7 126.3 125.4 4.500 
152.6 146.6 145.3 4.750 

----- 178.1 170.0 168.2 5.000 

. . . . 208.2 197.1 194.7 5.250 
223. £ 225. 5 5. 500 
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T A B L E I I I 
SQUARE ROOTS 

N 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
0 0.000 0.317 0.447 0.548 0.632 0.707 0. 775 0.837 0. 894 0.949 
1 1.000 1.049 1.095 1.140 1.183 1,225 1.265 1.304 1.342 1.378 
2 1.414 1.449 1.483 1.517 1.549 1.581 1.612 1.643 1.673 1.703 
3 1.732 1.761 1.789 1.817 1.844 1,871 1.897 1.923 1.949 1.975 
4 2.000 2.025 2.049 2.074 2.098 2.121 2.145 2.168 2.191 2.214 

5 2.236 2.258 2.280 2. 302 2.324 2. 345 2.366 2.387 2.408 2.429 
6 2.449 2.470 2.490 2.501 2.530 2.550 2.569 2.588 2.608 2.627 
7 2.646 2.665 2.683 2. 702 2.720 2.739 2.357 2.775 2.793 2.811 
8 2.828 2.846 2. 864 2.881 2.893 2.915 2.933 2.950 2.966 2.983 
9 3.000 3.017 3.033 3.050 3.066 3.082 3.098 3.114 3.130 3.146 

10 3.162 3.178 3.194 3.209 3. 225 3. 240 3.256 3.271 3.286 3.303 
11 3,317 3.332 3. 347 3.362 3. 376 3.391 3.406 3. 421 3.435 3.450 
12 3. 464 3.479 3. 493 3. 507 3. 521 3.536 3.550 3.564 3. 578 3.592 
13 3.606 3.619 3.633 3.647 3.661 . 3.674 3.688 3.701 3.715 3.728 
14 3.742 3.755 3.768 3.782 3.795 3.808 3.821 3.834 3.847 3.860 

15 3.873 3.886 3.899 3.912 3. 924 3.937 3.950 3.962 3.975 3.987 
16 4.000 4. 012 4.025 4.037 4.050 4.062 4.074 4.087 4.099 4.111 
17 4.123 4. J35 4. 147 4.159 4.171 4.183 4.195 4.207 4.219 4.231 
18 4.243 4. 254 4.266 4. 278 4. 290 4.301 4.313 4.324 4.336 4.347 
19 4.359 4.370 4.382 4.393 4. 405 4. 416 4.427 4. 438 4.450 4.461 

20 4.472 4. 433 4.494 4.506 4.517 4. 528 4. 539 4.550 4.561 4.572 
21 4.583 4.593 4.604 4.615 4.626 4.637 4.648 4.658 4.669 4.680 
22 4.690 4.701 4.712 4.722 4.733 4.743 4.754 4.764 4.775 4.785 
23 4.796 4.806 4.817 4.827 4.337 4.848 4.858 4.868 4.879 4.889' 
24 4.899 4.909 4.919 4.930 4.940 4.950 4. 960 4.970 4.980 4.990 

25 5.000 5.010 5.020 5.030 5.040 5.050 5.060 5.070 5.079 5.089 
26 5.099 5.109 5.119 b. 128 5.138 5.148 5.158 5.167 5.177 5.187 
27 5.196 5.206 5.215 5.225 5.235 5.244 5.254 5.263 5.273 5.282 
28 5.292 5.301 5.310 5. 320 5.329 5.339 5. 348 5.357 5.367 5.376 
29 5.385 5. 394 5. 404 5.413 5.422 5. 431 5. 441 5.450 5.459 5.468 

30 5.477 5. 486 5.495 5.505 5.514 5.523 5. 532 5.541 5.550 5.559 
31 5. 568 5. 577 5. 586 5.595 5.604 5.612 5.621 5.630 5. 639 5.648 
32 5.657 5.666 5.675 5.683 5.692 5.701 5.710 5.718 5.727 5.736 
33 5. 745 5.753 5.7G2 5.771 5.779 5.788 5. 797 5.805 5.814 5. 822 
34 5.831 5. 840 5. 848 5.857 5. 865 5.874 5.882 5.891 5.899 5.908 

35 5.916 5.925 5.933 5. 941 5.950 5.958 5. 967 5.975 5.983 5.992 
36 6.000 6.008 6.017 6.025 6.033 6.042 6.050 6.058 6.066 6.075 
37 6.033 6.091 6.099 6.107 6.116 6.124 6.132 6.140 6.145 6.156 
38 6.164 6.173 6.181 6.189 6.197 6.205 6.213 6.221 6.229 6.237 
39 6.245 6.253 6.261 6.269 6.277 6.285 6.293 6.301 6.309 6.317 

40 6.325 6.332 6.340 6.348 6.356 6. 364 6. 372 6.380 6.387 6.395 
41 6. 403 6.411 6. 419 6.427 6.434 6. 442 6. 450 6.458 6. 465 6.473 
<42 6.481 6.488 6. 496 6.504 6.512 6.519 6. 527 6.535 6. 542 6.550 
43 6.557 6.565 6.573 6.5G0 6. 588 6.595 6.603 6.611 6.618 6.626 
44 6.633 6.641 6.648 6.656 6.663 6.671 6.678 6.686 6.693 6.701 

45 6.708 6.716 6.723 6.731 6. 738 6.745 6.753 6.760 6. 768 6.775 
46 6. 782 6. 790 6.797 6.804 6.812 6.819 6.826 6.834 6. 841 6.848 
47 6.856 6.863 6.870 6. 877 6. 885 6.892 6. 899 6.907 6.914 6.921 
48 6.92D 6.935 6. 943 6.950 6.957 6.964 6. 971 6.979 6.986 6.993 
49 7.000 7.007 7.014 7.021 7.029 7.036 7. 043 7.050 7.057 7.064 

VII - 6 



T A B L E I I I , Continued 

u 0 1 2 3 4 5 6 7 8 9 
50 7.071 7.141 7.211 7.280 7.348 7.416 7.483 7.550 7.616 7.681 
60 7. 746 7.810 7. 874 7.937 8.000 8.062 8.124 8.185 8.246 8.307 
70 8.367 8.426 8.485 8.544 8.602 8.660 8.718 8.775 8.832 8.888 
80 8. 944 9.000 9.055 9.110 9.165 9.220 9. 274 9.327 9. 381 9.434 
90 9.487 9.539 9.592 9.644 9. 695 9.747 9.798 9.849 9.899 9. 950 

100 10.00 10.05 10.10 10.15 10.20 10.25 10.30 10.34 10.39 10.44 
110 10.49 10.54 10.58 10.63 10. 68 10.72 10.77 10.82 10.86 10.91 
120 10.95 11.00 11.05 11.09 11.14 11.18 11.22 11.27 11.31 11.36 
130 11.40 11.45 11.49 11.53 11.58 11.62 11.66 11.70 11.75 11.79 
140 11.83 11.87 11.92 11.96 12.00 12.04 12.08 12.12 12.17 12.21 

150 12.25 12.29 12.33 12.37 12. 41 12. 45 12.49 12.53 12.57 12.61 
160 12. 65 12.69 12.73 12.77 12.81 12.85 12.88 12.92 12.96 13.00 
170 13.04 13.08 13.11 13.15 13.19 13.23 13.27 13.30 13.34 13.38 
180 13. 42 13.45 13.49 13. 53 13. 56 13.60 13.64 13.67 13.71 13.75 
190 13.78 13.82 13. 86 13. 89 13. 93 13.96 14.00 14.04 14.07 14.11 

200 14.14 14.18 14.21 14.25 14.28 14.32 14.35 14.39 14.42 14.46 
210 14. 49 14.53 14.56 14.59 14.63 14.66 14. 70 14.73 14.76 14.80 
220 14.83 14.87 14.90 14.93 14.97 15.00 15.03 15.07 15.10 15.13 
230 15.17 15.20 15.23 15.26 15.30 15. 33 15.36 15.39 15. 43 15.46 
240 15. 49 15.52 15.56 15. 59 15.62 15.65 15.68 15.72 15.75 15.78 

250 15.81 15.84 15. 87 15. 91 15. 94 15.97 16.00 16.03 16.06 16.09 
260 16.12 16.16 16.19 16.22 16.25 16.28 16.31 16.34 16.37 16.40 
270 16. 43 16.46 16.49 16. 52 16.55 16. 58 16.61 16.64 16.67 16.70 
280 16.73 16.76 16.79 16.82 16.85 16.88 16.91 16.94 16.97 17.00 
290 17.03 17.06 17.09 17.12 17.15 17.18 17.20 17.23 17.26 17.29 

300 17. 32 17.35 17.38 17.41 17. 44 17.46 17.49 17.52 17. 55 17.58 
310 17.61 17.64 17.66 17. 69 17.72 17.75 17.78 17.80 17.83 17.86 
320 17. 89 17. 92 17.94 17. 97 18.00 18.03 18.06 18.08 18.11 18.14 
330 18.17 18.19 18.22 18. 25 18. 28 18.30 18. 33 18.36 18.38 18.41 
340 18. 44 18. 47 18.49 18.52 18. 55 18.57 18.60 18.63 18.65 18.68 

350 18.71 18.73 18. 76 18. 79 18.81 18. 84 18. 87 18.89 18. 92 18.95 
360 18. 97 19.00 19.03 19.05 19. 08 19.10 19.13 19.16 19.18 19.21 
370 19.24 19.26 19.29 19.31 19. 34 19.36 19. 39 19. 42 19. 44 19.47 
380 19. 49 19.52 19.54 •9.57 19. 60 19.62 19.65 19.67 19.70 19.72 
390 19.74 19.77 19. 80 .9. 32 19. 85 19.87 19. 90 19.92 19. 95 19.97 

400 20. 00 20. 02 20.05 20.07 20. 10 20.12 20.15 20.17 20.20 20.22 
410 20. 25 20. 27 20. 30 20. 32 20. 35 20. 37 20.40 20.42 20. 45 20.47 
420 20.49 20. 52 20.54 20.57 20. 59 20.62 20.64 20.66 20.69 20.71 
430 20. 74 20. 76 20. 78 20. 81 20. 83 20. 86 20. 88 20.90 20.93 20.95 
440 20.98 21. 00 21.02 21.05 21.07 21.10 21.12 21.14 21.17 21.19 

450 21.21 21. 24 21. 26 21.28 21. 31 21.33 21. 35 21.38 21. 40 21.42 
460 21. 45 21.47 21. 49 21. 52 21. 54 21.56 21. 59 21.61 21. 63 21.66 
470 21.68 21. 70 21.73 21.75 21. 77 21.79 21.82 21.84 21.86 21.89 
4S0 21.91 2:. 9o 21.95 21.98 22. 00 22.02 22.05 22.07 22.09 22.11 
490 22. l-i 22. ii, 22.18 22. 20 22. 23 22. 25 22. 27 22.29 22. 32 22.34 

SOO 22. .56 22. ')>• 22. 41 22. 13 22. 45 22. 47 22. 49 22.52 22. 54 22.56 
5 JO 22. 58 22. hi 22. 63 22. bb 22. 67 22. 6« 22. 72 22. 74 22. 76 22.78 
520 22. 80 22. S3 22. 85 22. K? 22. 8 ) 22.91 22.93 22.96 22.98 23.00 

j S30 23. v;i 2 •'. .'is 23. 07 23.09 23. ] 1 23.13 23. 15 23.17 23.19 23.22 
! 510 
i 

23. 24 -"• 23. 2S 23. 30 23. 32 2v>. o5 23. 37 23. 39 23. 41 23.43 
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T A B L E I I I , Cont inued 

N 0 1 2 3 4 5 6 7 8 9 
550 23.45 23.47 23.49 23.52 23.54 23.56 23.58 23.60 23.62 23.64 
560 23.66 23.69 23.71 23.73 23.75 23.77 23.79 23.81 23.83 23.85 
570 23.87 23.90 23.92 23.94 23.96 23.98 24.00 24.02 24.04 24.06 
580 24.08 24.10 24.12 24.15 24.17 24.19 24.21 24.23 24.25 24.27 
590 24.29 24.31 24.33 24.35 24.37 24.39 24. 41 24.43 24.45 24.47 

60C 24.49 24.52 24.54 24.56 24.58 24.60 24.62 24.64 24.66 24.68 
610 24.70 24.72 24.74 24.76 24.78 24.80 24.82 24.84 24.86 24.88 
620 24.90 24.92 24.94 24.96 24.98 25.00 25.02 25.04 25.06 25.08 
630 25.10 25.12 25.14 25.16 25.18 25.20 25.22 25.24 25.26 25.28 
640 25.30 25.32 25.34 25.36 25.38 25.40 25.42 25.44 25.46 25.48 

650 25.50 25.51 25.53 25.55 25.57 25.59 25.61 25.63 25.65 25.67 
660 25.69 25.71 25.73 25.75 25.77 25.79 25.81 25.83 25.85 25.87 
670 25.88 25.90 25.92 25.94 25.96 25.98 26.00 26.02 26.04 26.06 
680 26.08 26.10 26.12 26.13 26.15 26.17 26.19 26.21 26.23 26.25 
690 26.27 26. 29 26.31 26. 32 26.34 26.36 26. 38 26.40 26.42 26.44 

700 26.46 26.48 26.50 26.51 26.53 26.55 26.57 26.59 26.61 26.63 
710 26.65 26.66 26.68 26.70 26.72 26.74 26.76 26.78 26.80 26.81 
720 26.83 26.85 26.87 26.89 26.91 26.93 26.94 26.96 26.98 27.00 
730 27.02 27.04 27.06 27.07 27.09 27.11 27.13 27.15 27.17 27.18 
740 27.20 27.22 26.24 27.26 27.28 27.29 27.31 27.33 27.35 27.37 

750 27.39 27.40 27.42 27.44 27.46 27.48 27.50 27.51 27.53 27.55 
760 27.57 27.59 27.60 27.62 27.64 27.66 27.68 27.69 27.71 27.73 
770 27.75 27.77 27.78 27.80 27.82 27.84 27.86 27.87 27.89 27.91 
780 27.93 27.95 27.96 27.98 28.00 28.02 28.04 28.05 28.07 28.09 
790 28.11 28.12 28.14 28.16 28.18 28.20 28.21 28.23 28.25 28.27 

800 
810 
820 
830 
840 

850 
860 
870 
880 
890 

900 
910 
920 
930 
940 

950 
960 
970 
980 
990 

28.28 
28.46 
28.64 
28.81 
28.98 

29.15 
29. 33 
29.50 
29.66 
29.83 

30.00 
30.17 
30.33 
30.50 
30.66 

30.82 
30.98 
31.14 
31. 30 
31.46 

28.30 
28.48 
28.65 
28.83 
29.00 

29.17 
29. 34 
29.51 
29.68 
29. 85 

30.02 
30.18 
30.35 
30.51 
30.68 

30.84 
31.00 
31.16 
31.32 
31.48 

28.32 
28.50 
28.67 
28.84 
29.02 

29.19 
29.36 
29.53 
29.70 
29.87 

30.03 
30.20 
3a 36 
3a 53 
30.69 

30.85 
31.02 
31.18 
31.34 
31.50 

28.34 
28.51 
28.69 
28.86 
29.03 

29.21 
29.38 
29.55 
29.72 
29.88 

30.05 
30.22 
30.38 
30.55 
30.71 

30.87 
31.03 
31.19 
31.35 
31.51 

28.35 
28.53 
28.71 
28.88 
29.05 

29.22 
29. 39 
29.56 
29.73 
29. 90 

30.07 
30.23 
30.40 
30.56 
30.72 

30.89 
31.05 
31.21 
31.37 
31.53 

28.37 
28.55 
28.72 
28.90 
29.07 

29.24 
29.41 
29.58 
29. 75 
29.92 

30.08 
30.25 
30.41 
30.58 
30.74 

30.90 
31.06 
31.22 
31.38 
31.54 

28. 39 
28.57 
28.74 
28.91 
29.09 

29. 26 
29.43 
29.60 
29.77 
29.93 

30. 10 
30.27 
30.43 
30.59 
30.76 

30.92 
31.08 
31.24 
31.40 
31.56 

28.41 
28.58 
28.76 
28.93 
29.10 

29.27 
29.44 
29.61 
29.78 
29.95 

30.12 
30.28 
30.45 
30.61 
30.77 

30.94 
31.10 
31.26 
31.42 
31.58 

28.43 
28.60 
28.77 
28.95 
29.12 

29.29 
29.46 
29.63 
29.80 
29.97 

30.13 
30.30 
30.46 
30.63 
30.79 

30.95 
31.11 
31.27 
31.43 
31. 59 

28.44 
28.62 
28.79 
28.97 
29.14 

29.31 
29.48 
29.65 
29.82 
29.98 

30.15 
30.32 
30.48 
30.64 
30.81 

30.97 
31.13 
31.29 
31.45 
31.61 
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T A B L E I V 

M E T E R F A C T O R S F O R L - 1 0 ( S Q U A R E R O O T ) C H A R T S - F d 

F d = 0.01 V R h - R p 

Meter 
Pressure Meter Differential Range, Inches - Rh 

Range 
psia - Rp 10 20 50 100 200 

24.7 0.1572 0.2223 0.3514 m — 

50.0 0.2236 0.3162 0.5000 0.7071 1.000 
100.0 0. 3162 0. 4472 0.7071 1.000 1.414 
150.0 - 0.5477 0.8660 1.22 1.732 
250.0 - 0. 7071 1.118 1.581 2.236 

300.0 - 0.7746 1.225 1.732 2.449 
350.0 - 0.8367 1.323 1.871 2.646 
500.0 - 1.000 1.581 2.236 3.162 
750.0 - - 1.936 2.739 3.873 

1000.0 - - 2.236 3.162 4.472 

1500. 0 - - 2. 739 3.873 5. 477 
2000.0 - - 3.162 4.472 6.325 
2500.0 - - - 5.000 7.071 
3000.0 - - - 5. 477 7.746 
4000.0 - - - 6. 325 8. 944 

5000.0 - - - 7.071 10.00 
6000.0 - - 7.746 10.95 

10000.0 - _ - 10.00 14.14 
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T A B L E V 

BASIC C R I T I C A L FLOW PROVER FACTORS - Mcfd/psia - F p 

T b = 520R(60F) T m = 520R (60F) 

P b = 15.025 psia G = 1.000 

Two-Inch Prover Four-Inch Prover 
Or i f ice Diameter, Inches F D 

Orifice Diameter, Inches Fo 

1/16 0.06405 1/4 1.047 
3/32 0.1410 3/8 2.354 
1/8 0.2648 1/2 4.211 
3/16 0. 6082 5/8 6.561 
7/32 0. 8393 3/4 9.402 

1/4 1.087 7/8 12. 79 
5/16 1.672 1 16.66 
3/8 2. 378 1 1/8 20.98 
7/16 3. 408 1 1/4 25.91 
1/2 4. 279 1 3/8 31.19 

5/8 6. 473 1 1/2 37.17 
3/4 9. 453 1 3/4 50. 77 
7/8 13. 00 2 67. 08 

1 17. 09 2 1/4 85.99 
1 1/8 21.89 2 1/2 107.8 

1 1/4 27. 63 2 3/4 133.5 

1 3/8 33. 95 3 164.1 
1 1/2 42. 11 

Based on data irom USBM Monograph 7, Tables 26 and 27, pages 122 and 123. 
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T A B L E VI 

BASIC POSITIVE CHOKE FACTORS - Mcfd/psia - F p 

T b = 52CR(60F) T m = 520R (60F) 

P. = 15.025 psia G = 1.000 

Factor • • F D 

Nominal Choke Inside Diameter Six-Inch (1) Choke Thornhill-Carver (2) 
Size, Inches Inches Nipple Positive Choke 

1/8 0.1250 0. 2618 0.2416 
9/64 0.1406 0. 3346 0. 3105 
5/32 0.1563 0. 4173 0.3885 

11/64 0.1719 0.5090 0. 4758 
3/16 0.1875 0.6101 0. 5725 

13/64 0. 2031 0.7208 0. 6778 
7/32 0.2188 0.8419 0. 7924 

15/64 0. 2344 0.9720 0. 9165 
1/4 0. 2500 1.112 1.050 

17/64 0.2656 1.262 1.187 

9/32 0. 2813 1.422 1.331 
19/64 0.2969 1.592 1.484 
5/16 0. 3125 1.771 1.645 

21/64 0.3281 1. 961 1.817 
11/32 0. 3438 2.162 1.999 

23/64 0. 3594 2. 371 2.189 
3/8 0. 3750 2.591 2.388 

25/64 0.3906 2.821 2.587 
13/32 0.4063 3.063 2. 794 
27/64 0.4219 3.313 3.009 

7/16 0. 4375 3.574 3.231 
29/64 0. 4531 3.845 3.460 
15/32 0. 4688 4.128 3.697 
31/64 0. 4-844 4.420 3.942 

1/2 0. 5000 4.722 4. 194 

9/16 0.5625 6.038 5. 290 
5/8 0.6250 7.522 6. 510 

11/16 0. 6875 9.177 7.978 
3/4 0. 7500 11.00 9.604 

(1) Based on data published on page 294 of Diehl's Natural Gas Handbook. 

(2) Based on data published ln 1946 on page 15 of the "Report on the Calibration of Positive Flow Beans" by 
the Texas College of Arts and Industries, Kingsvllle, Texas. 
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T A B L E VII 

FLOWING T E M P E R A T U R E FACTORS — F t 

Observed 
Temperature 

Op 
0 1 2 3 4 5 6 7 8 9 

0 1.063 1.062 1.061 1.060 1.059 1.057 1.056 1.055 1.054 1.053 
10 1.052 1.051 1.050 1.049 1.047 1.046 1.045 1.044 1.043 1.042 
20 1.041 1.040 1.039 1.038 1.037 1.035 1.034 1.033 1.032 1.031 
30 1.030 1.029 1.028 1.027 1.026 1.025 1.024 1.023 1.022 1.021 
40 1.020 1.019 1.018 1.017 1.016 1.015 1.014 1.013 1.012 1.011 

SO 1.010 1.009 1.008 1.007 1.006 1.005 1.004 1.003 1.002 1.001 
60 1.000 0.9990 0.9981 0.9971 0.9962 0.9952 0.9943 0.9933 0.9924 0.9915 
70 0.9905 0. 9896 0.9887 0.9877 0.9868 0.9859 0.9850 0.9840 0.9831 0. 9822 
80 0.9813 0.9804 0.9795 0.9786 0.9777 0.9768 0.9759 0. 9750 0.9741 0.9732 
90 0. 9723 0.9715 0.9706 0.9697 0. 9688 0.9680 0. 9671 0.9662 0.9653 0.9645 

100 0. 9636 0.9628 0.9619 0.9610 0.9602 0. 9594 0.9585 0.9577 0.9568 0.9560 
110 0. 9551 0. 9543 0.9535 0.9526 0.9518 0.9510 0.9501 0.9493 0.9485 0.9477 
120 0.9469 0.9460 0.9452 0.9444 0.9436 0.9428 0.9420 0.9412 0.9404 0.9396 
130 0. 9388 0.9380 0.9372 0. 9364 0.9356 0.9349 0. 9341 0. 9333 0.9325 0.9317 
140 0. 9309 0.9302 0. 9294 0.9286 0.9279 0.9271 0.9263 0. 9256 0.9248 0. 9240 

150 0. 9233 0. 9225 0.9217 0.9210 0.9202 0. 9195 0. 9187 0. 9180 0.9173 0. 9165 
160 0. 9158 0.9150 0.9143 0.9135 0. 9128 0.9121 0.9114 0.9106 0.9099 0.9092 
170 0. 9085 0. 9077 0.9071 0.9063 0.9055 0.9048 0. 9042 0. 9035 0.9028 0.9020 
180 0.9014 0.9007 0.9000 0. 8992 0. 8985 0.8979 0. 8972 0. 8965 0.8958 0.8951 
190 0.8944 0. 8937 0.8931 0.8923 0.8916 0. 8910 0. 8903 0. 8896 0.8889 0. 8882 

200 0. 8876 0.8870 0.8863 0. 8856 0.8849 0. 8843 0. 8836 0.8830 0.8823 0.8816 
210 0.8810 0.8803 0.8797 0. 8790 0.8784 0. 8777 0. 8770 0. 8764 0.8758 0. 8751 
220 0.8745 0.8738 0. 8732 0.8725 0.8719 0.8713 0. 8706 0.8700 0.8694 0.8687 
230 0. 8681 0. 8675 0. 8668 0. 8662 0.8656 0.8650 0.8644 0. 8637 0.8631 0.8625 
240 0. 8619 0.8613 0.8606 0.8600 0.8594 0. 8588 0. 8582 0.8576 0.8570 0.8564 
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T A B L E V I I I 

SPECIFIC G R A V I T Y FACTORS — F 
g 

F = A / i 
8 W G 

Specific 
Gravity 

G 
.000 .001 .002 .003 .004 .005 .006 .007 .008 .009 

0. 550 1.348 1.347 1.346 1.345 1. 344 1.342 1.341 1.340 1.339 1. 338 
0. 560 1.336 1.335 1.334 1.333 1.332 1.330 1.329 1.328 1.327 1.326 
0. 570 1.325 1.323 1.322 1.321 1.320 1.319 1.318 1.316 1.315 1.314 
0. 580 1.313 1.312 1.311 1.310 1.309 1.307 1.306 1.305 1.304 1.303 
0. 590 1.302 1.301 1.300 1.299 1.298 1.296 1.295 1.294 1.293 1.292 

0.600 1.291 1.290 1.289 1.288 1.287 1.286 1.285 1.284 1.282 1.281 
0.610 1.280 1.279 1.278 1.277 1.276 1.275 1.274 1.273 1.272 1.271 
0. 620 1.270 1.269 1.268 1.267 1.266 1.265 1.264 1.263 1.262 1.261 
0. 630 1.260 1.259 1.258 1.257 1.256 1.255 1.254 1.253 1.252 1.251 
0. 640 1.250 1.249 1.248 1.247 1.246 1.245 1.244 1.243 1.242 1.241 

0.650 1.240 1.239 1.238 1.237 1 237 1.236 1.235 1.234 1.233 1.232 
0.660 1.231 1.230 1.229 1.228 : 27 1.226 1.225 1.224 1.224 1.223 
0. 670 1.222 1.221 1.220 1.219 i .3 1.217 1.216 1.215 1.214 1.214 
0. 680 1.213 1.212 1.211 1.210 1. ,09 1.208 1.207 1.206 1.206 1.205 
0. 690 1.204 1.203 1.202 1.201 1.200 1.200 1.199 1.198 1.197 1.196 

0. 700 1.195 1.194 1.194 1.193 1.192 1.191 1.190 1.189 1.188 1.188 
0.710 1.187 1.186 1.185 1.184 1.183 1.183 1.182 1.181 1.180 1.179 
0. 720 1.179 1.178 1.177 1.176 1.175 1.174 1.174 1.173 1.172 1.171 
0. 730 1.170 1.170 1.169 1.168 1.167 1.166 1.166 1.165 1.164 1.163 
0. 740 1.162 1.162 1.161 1.160 1.159 1.159 1.158 1.157 1.156 1.155 

0. 750 1.155 1.154 1.153 1.152 1.152 1.151 1.150 1.149 1.149 1.148 
0. 760 1.147 1.146 1.146 1.145 1.144 1.143 1.143 1.142 1.141 1.140 
0. 770 1.140 1.139 1.138 1.137 1.137 1.136 1.135 1.134 1.134 1.133 
0. 780 1.132 1.132 1.131 1.130 1.129 1.129 1.128 1.127 1.127 1.126 
0. 790 1.125 1.124 1.124 1.123 1.122 1.122 1.121 1.120 1.119 1.119 

0.800 1.118 1.117 1.117 1.116 1.115 1.115 1.114 1.113 1.112 1.112 
0.810 1. I l l 1.110 i . no 1.109 1.108 1.108 1.107 1.106 1.106 1.105 
0. 820 1.104 1.104 1.103 1.102 1.102 1.101 1.100 1.100 1.099 1.098 
0. 830 1.098 1.097 1.096 1.096 1.095 1.094 1.094 1.093 1.092 1.092 
0. 840 1.091 1.090 1.090 1.089 1.089 1.088 1.087 1.087 1.086 1.085 

0. 850 1.085 1.084 1.083 1.083 1. 082 1.081 1.081 1.080 1.080 1.079 
0. 860 1.078 1.078 1.077 1.076 1.076 1.075 1.075 1.074 1.073 1.073 
0. 870 1.072 1.072 1.071 1.070 1.070 1.069 1.068 1.068 1.067 1.067 
0. 880 1.066 1.065 1.065 1.064 1.064 1.063 1.062 1.062 1.061 1.061 
0. 890 1.060 1.059 1.059 1.058 1.05B 1.057 1.056 1.056 1.055 1.055 

0. 900 1.054 1.054 1.C53 1.052 1.052 1. 051 1.051 1.050 1.049 1.049 
0.910 1.048 1.048 1.047 1.047 1.046 1.045 1.045 1.044 1.044 1.043 
0. 920 1.043 1.042 1.041 1.041 1.040 1. 040 1.039 1.039 1.038 1.038 
0. 930 1.037 1 1.036 1.036 1.035 1. 035 1.034 1.034 1.033 1.033 1.032 
0. 940 1.031 1.031 1.030 1. 030 1.029 1.029 j 1.028 

I 

1.028 1.027 1.027 

0. 950 1.026 1. 025 1. 025 1. 024 i. 02-; 1. 023 i 
| 1.023 

1.022 1.022 1.021 
0. 960 1.021 1.020 j 1.020 1. 019 i.01'> 1. 018 ! 1.017 1.017 1.016 1.016 
0. 970 1.015 1. 015 j 1.014 1. 014 1.013 1. 013 j 1.012 1.012 1.011 1.011 
0. 980 1.010 1.010 1.009 1. 009 1.003 1.008 j 1.007 1.007 1.006 1.006 
0. 990 1.005 1. 005 j 1.004 1. 004 1.003 1. 003 1 1.002 1.002 1.001 1.001 
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T A B L E IX 

PSEUDOCRITICAL PROPERTIES OF HYDROCARBON GASES — P and T rcr Acr 

G Per Tcr G Per T *cr 

0.55 673 336 0.85 664 441 
0.56 673 341 0.86 664 444 
0.57 672 346 0.87 663 448 
0.58 672 350 0.88 663 451 
0.59 672 354 0.89 662 454 

0.60 671 358 0.90 662 457 
0.61 671 362 0.91 662 461 
0.62 671 365 0.92 662 464 
0.63 670 368 0.93 661 467 
0.64 670 372 0.94 661 471 

0. 65 670 375 0.95 660 474 
0. 66 670 378 0.96 660 477 
0.67 669 382 0.97 659 481 
0. 68 669 385 0.98 659 484 
0.69 669 388 0.99 659 487 

0.70 668 392 1.00 658 491 
0.71 668 395 1.01 658 494 
0.72 668 398 1.02 657 497 
0.73 668 401 1.03 656 500 
0.74 667 405 1.04 656 504 

0. 75 667 408 1.05 655 507 
0. 76 667 411 1.06 655 510 
0.77 666 415 1.07 654 514 
0.78 666 418 1.08 654 517 
0.79 666 421 1.09 653 520 

0. 80 665 424 1.10 652 524 
0.81 665 428 1.11 652 527 
0. 82 665 431 1.12 651 530 
0. 83 665 434 1.13 651 534 
0. 84 664 438 1.14 650 537 

Do not Interpolate, values are inclusive to tbe next higher value. 

Reproduced by permission of the California Natural Gasoline Association from Bulletin 
No. TS - 461. 
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T A B L E X 

C O R R E C T I O N TO P S E U D O C R I T I C A L P R O P E R T I E S OF H Y D R O C A R B O N G A S E S 
F O R CARBON D I O X I D E AND N I T R O G E N 

Values given below are to be added if positive, or subtracted if negative, from values taken from 
Table IX, Pseudocritical Properties of Hydrocarbon Gases. 

Volume Percent of 
CO2 or N2 in Gas 

Carbon Dioxide, CO2 
Per T c r Per 

Nitrogen, N2 
T C r 

1 + 4 1 - 1 - 3 
2 + 8 - 3 - 3 - 6 
3 + 12 - 5 - 5 - 9 
4 17 - 7 - 7 - 11 
5 + 21 - 9 - 9 - 14 
6 + 25 - 11 - 11 - 17 
7 + 30 - 12 - 12 - 20 
8 + 34 - 14 - 14 - 22 
9 + 39 - 16 - 16 - 25 
10 + 44 - 17 - 17 - 28 
11 48 - 19 - 19 - 30 
12 + 53 - 21 - 21 - 33 
13 + 57 - 22 - 22 - 36 
14 + 61 - 24 - 24 - 39 
15 + 66 - 26 - 26 - 42 
16 + 70 - 27 - 27 - 44 
17 + 74 - 29 - 29 - 47 
18 + 79 - 31 - 31 - 50 
19 + 83 - 32 - 32 - 52 
20 + 87 - 34 - 34 - 55 
21 + 92 - 36 - 36 - 58 
22 + 96 - 37 - 37 - 60 
23 + 100 - 39 - 39 - 63 
24 + 104 - 41 - 41 - 66 
25 + 109 - 42 - 42 - 68 
26 113 - 44 - 44 - 71 
27 + 117 - 46 - 46 - 74 
28 + 122 - 47 - 47 - 77 
29 + 126 - 49 - 49 - 79 
30 + 130 - 51 - 51 - 82 
31 + 134 - 52 - 52 - 85 
32 + 139 - 54 - 54 - 87 
33 + 143 - 56 - 56 - 90 
34 + 147 - 57 - 57 - 93 
35 + 152 - 59 - 59 - 95 
36 + 156 - 61 - 61 - 98 

Based on data from the California Natural Gasoline Association Bulletin No.TS-461. 
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T A B L E XI 

C O M P R E S S I B I L I T Y F A C T O R S 

F O R N A T U R A L GAS 

Expanded from Tables of Compressibility Factors and Integral Functions for 

Natural Gas as a function of pseudo-reduced pressure and temperature, Table 3, 

The Multiphase Flow of Gas, Oil, and Water Through Vertical Flow Strings with 

Application to the Design of Gas-lift Installations; F. H. Poettmann and P. G. 

Carpenter; Drilling and Production Practice, pages 279-291, 1952, American 

Petroleum Institute. 

Interpolation between T r values required. 

(Values of P r and T r shall be calculated to four significant figures and rounded 
off to two significant figures following the decimal point before determining the Z 
value from Table XI.) 

P r and T f in this table are pseudo-reduced pressure and pseudo-

reduced temperature. 
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1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

0. 20 0.938 0. 948 0. 953 0. 959 0.964 0.969 0.971 0.973 0. 978 0.979 
0.21 0. 935 0. 945 0.951 0. 957 0.962 0.967 0. 970 0.972 0.977 0.978 
0.22 0. 932 0.942 0. 948 0. 955 0.960 0.965 0. 968 0. 971 0. 976 0.977 
0. 23 0. 928 0.940 0.946 0. 853 0.959 0.964 0. 967 0.970 0. 974 0.976 
0. 24 0.925 0.937 0.943 0.951 0.957 0.962 0. 965 0.969 0.973 0.975 

0.25 0. 922 0.934 0. 941 0.949 0.955 0. 960 0. 964 0.968 0. 972 0. 974 
0.26 0.919 0. 931 0.938 0.947 0.953 0.958 0. 962 0.967 0.971 0.973 
0. 27 0. 915 0. 928 0.936 0.945 0.951 0.956 0.961 0.966 0. 969 0. 972 
0. 28 0.912 0.926 0.933 0.942 0.950 0.955 0. 959 0.964 0. 968 0.971 
0.29 0. 908 0. 923 0. 931 0. 940 0.948 0. 953 0. 958 0.963 0. 966 0.970 

0. 30 0.905 0. 920 0. 928 0. 938 0.946 0.951 0. 956 0.962 0.965 0. 969 
0.31 0. 901 0.917 0.925 0. 936 0.944 0.949 0. 955 0.961 0. 964 0.968 
0.32 0. 898 0.914 0.922 0.934 0.942 0.948 0. 953 0.960 0.963 0.967 
0. 33 0. 894 0.911 0.920 0.931 0.941 0.946 0.952 0.958 0.961 0.966 
0. 34 0. 891 0.908 0.917 0.929 0.939 0.945 0. 950 0.957 0. 960 0.965 

0. 35 0.887 0.905 0. 914 0.927 0.937 0. 943 0. 949 0.956 0. 959 0. 964 
0. 36 0. 883 0.902 0.911 0.925 0.935 0.941 0. 948 0.955 0. 958 0.963 
0. 37 0.879 0.899 0.908 0.923 0.933 0.939 0.946 0.953 0. 957 0. 962 
0. 38 0.876 0.895 0.906 0.920 0.932 0.938 0. 945 0.952 0. 955 0.961 
0. 39 0. 872 0.892 0.903 0.918 0.930 0.936 0. 943 0.950 0. 954 0.960 

0.40 0. 868 0. 889 0.900 0.916 0.928 0.934 0. 942 0.949 0. 953 0.959 
0. 41 0.864 0. 886 0.897 0.914 0.926 0.932 0.940 0.948 0. 952 0. 958 
0. 42 0. 860 0.882 0. 895 0.912 0.924 0.931 0. 939 0. 947 0. 951 0. 957 
0. 43 0. 857 0. 879 0.892 0.909 0. 923 0.929 0. 937 0.945 0. 950 0.956 
0. 44 0. 853 0. 875 0.890 0.907 0. 921 0.928 0. 936 0.944 0. 949 0. 955 

0. 45 0. 849 0. 872 0.887 0. 905 0.919 0.926 0. 934 0. 943 0. 948 0. 954 
0. 46 0.845 0. 869 0. 884 0. 903 0. 917 0.924 0.932 0. 942 0. 947 0. 953 
0. 47 0. 841 0. 865 0. 882 0. 901 0.915 0.923 0. 931 0. 941 0. 946 0. 952 
0. 48 0.837 0. 862 0. 879 0.898 0. 913 0.921 0. 929 0. 939 0. 944 0. 951 
0. 49 0. 833 0.858 0. 877 0. 896 0.911 0.920 0. 928 0. 938 0. 943 0.950 

0. 50 0. 829 0. 855 0. 874 0. 894 0. 909 0.918 0. 926 0. 937 0. 942 0. 949 
0. 51 0. 825 0.852 0. 872 0.892 0.907 0.916 0. 925 0.936 0. 941 0. 948 
0. 52 0. 821 0.849 0.869 0. 890 0. 905 0.913 0. 923 0. 934 0. 940 0. 947 
0. 53 0. 818 0. 845 0. 867 0.887 0. 904 0.912 0. 922 0. 933 0. 939 0. 946 
0. 54 0. 814 0. 842 0. 864 0. 885 0.902 0.911 0. 920 0. 931 0. 938 0. 945 

0. 55 0. 810 0. 839 0. 862 0. 883 0.900 0.909 0. 919 0. 930 0. 937 0. 944 
0. 56 0. 806 0. 836 0. 859 0. 881 0.898 0.907 0.918 0. 929 0. 936 0. 943 
0. 57 0. 802 0. 832 0. 857 0. 879 0.896 0.905 0. 916 0. 927 0. 935 0. 942 
0. 58 0. 798 0. 829 0. 854 0.876 0. 894 0.904 0.915 0. 926 0. 933 0. 941 
0. 59 0. 794 0. 825 0. 852 0.874 0. 892 0. 902 0. 913 0. 924 0. 932 0. 940 

0. 60 0. 790 0.822 0. 849 0. 872 0. 890 0.900 0. 912 0. 923 0. 931 0. 939 
0. hi 0. 786 0.818 0. 846 0. 870 0. 888 0. 899 0. 911 0. 922 0. 930 0. 938 
0. -2 0. 782 0.815 0. 843 0. 868 0. 886 0. 897 0. 909 0. 921 0. 929 0. 937 
0. 63 0. 777 0.811 0. 841 0.865 0. 885 0. 896 0. 908 0. 919 0. 928 0. 937 
0. 64 0. 773 0. 808 0. 838 0. 863 0. 883 0. 894 0. 906 0. 918 0. 927 0. 936 
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Pr 
0.20 - 0.64 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

0. 984 
0. 983 
0. 982 
0. 982 
0. 981 

0. 987 
0.986 
0. 986 
0.985 
0. 985 

0.990 
0.990 
0.989 
0.989 
0.988 

0.991 
0. 991 
0.990 
0.990 
0.990 

0. 993 
0. 993 
0.993 
0.992 
0. 992 

0. 995 
0. 995 
0. 995 
0.995 
0.995 

0.998 
0. 998 
0.998 
0.998 
0.998 

0.999 
0.999 
0.999 
0.999 
0.999 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1. 001 
1.001 
1.001 
1.001 

0.20 
0.21 
0.22 
0.23 
0.24 

0. 980 
0.979 
0. 978 
0. 978 
0.977 

0.984 
0. 983 
0. 983 
0. 982 
0.982 

0.988 
0. 987 
0.987 
0.986 
0.986 

0.990 
0.990 
0.989 
0.989 
0.988 

0.992 
0.992 
0.991 
0.991 
0.990 

0. 995 
0. 995 
0.995 
0. 994 
0.994 

0. 998 
0.998 
0.998 
0.997 
0.997 

0.999 
0.999 
0.999 
0. 999 
0.999 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1.001 
1.001 
1.001 
1. 001 

0.25 
0.26 
0.27 
0.28 
0.29 

0. 976 
0.975 
0. 974 
0. 974 
0..973 

0. 981 
0.980 
0. 980 
0.979 
0. 979 

0.985 
0. 985 
0.984 
0.984 
0.983 

0.988 
0.988 
0. 987 
0. 987 
0.986 

0.990 
0.990 
0. 990 
0. 989 
0.989 

0. 994 
0.994 
0. 994 
0.994 
0. 994 

0.997 
0.997 
0.997 
0.997 
0. 997 

0.999 
0.999 
0.999 
0.999 
0.999 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1.001 
1.001 
1.001 
1.001 

0. 30 
0.31 
0.32 
0.33 
0.34 

0.972 
0. 971 
0. 970 
0.970 
0. 969 

0. 978 
0. 977 
0. 977 
0. 976 
0. 976 

0.983 
0.982 
0. 982 
0.981 
0. 981 

0.986 
0.985 
0. 985 
0. 984 
0.984 

0.989 
0. 989 
0. 988 
0.988 
0.987 

0.994 
0. 994 
0. 993 
0. 993 
0.992 

0.997 
0.997 
0. 997 
0.996 
0. 996 

0.999 
0.999 
0.999 
0.998 
0.998 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1.001 
1. 001 
1.002 
1.002 

0. 35 
0.36 
0.37 
0. 38 
0.39 

0.968 
0. 967 
0. 966 
0. 966 
0. 965 

0. 975 
0. 974 
0.974 
0. 973 
0. 973 

0.980 
0. 980 
0. 979 
0.979 
0. 978 

0. 983 
0.983 
0.982 
0.982 
0. 981 

0. 987 
0. 987 
0. 986 
0. 986 
0. 985 

0.992 
0. 992 
0. 992 
0.991 
0. 991 

0.996 
0. 996 
0. 996 
0.995 
0.995 

0.998 
0.998 
0. 998 
0. 998 
0. 998 

1.000 
1.000 
1.000 
1.000 
1.000 

1.002 
1.002 
1.002 
1.002 
1.002 

0.40 
0.41 
0. 42 
0. 43 
0.44 

0. 964 
0. 963 
0. 962 
0. 962 
0.961 

0. 972 
0. 971 
0. 971 
0. 970 
0. 970 

0. 978 
0. 978 
0.977 
0. 977 
0.976 

0. 981 
0. 981 
0.980 
0. 980 
0. 979 

0. 985 
0.985 
0.984 
0.984 
0.983 

0. 991 
0.991 
0. 991 
0. 990 
0. 990 

0. 995 
0. 995 
0. 995 
0. 994 
0. 994 

0.998 
0.998 
0.998 
0.998 
0.998 

1.000 
1.000 
1.000 
1.000 
1.000 

1. 002 
1.002 
1.002 
1.002 
1.002 

0.45 
0.46 
1.47 
0. 48 
0.49 

0. 960 
0. 959 
0. 958 
0. 958 
0. 957 

0. 969 
0. 968 
0. 968 
0. 967 
0. 967 

0.976 
0. 976 
0. 975 
0. 975 
0.974 

0.979 
0.979 
0.979 
0. 978 
0. 978 

0. 983 
0.983 
0. 983 
0.982 
0.982 

0. 990 
0. 990 
0. 990 
0. 989 
0.989 

0.994 
0. 994 
0. 994 
0. 994 
0. 994 

0.998 
0.998 
0. 998 
0. 998 
0.998 

1.000 
1.000 
1.000 
1.000 
1.000 

1.002 
1.002 
1.002 
1.002 
1.002 

0.50 
0.51 
0.52 
0. 53 
0.54 

0. 956 
0.955 
0. 954 
0. 954 
0. 953 

0.966 
0.965 
0. 965 
0. 965 
0. 964 

0. 974 
0. 973 
0. 973 
0.972 
0.972 

0. 978 
0. 978 
0. 977 
0. 977 
0. 976 

0. 982 
0. 982 
I). 982 
0.981 
0. 981 

0. 989 
0. 989 
0. 989 
0. 988 
0. 988 

0. 994 
0.994 
0. 994 
0. 993 
0. 993 

0.998 
0. 998 
0. 998 
0.997 
0. 997 

1.000 
1.000 
1.000 
1.000 
1.000 

1.002 
1.002 
1.002 
1.003 
1.003 

0. 55 
0.56 
0.57 
0.58 
0.59 

0.952 
0. 951 
0. 951 
0. 950 
0. 950 

0. 963 
0. 963 
0. 962 
0. 962 
0. 961 

0.971 
0.971 
0. 970 
0.970 
0.969 

0. 976 
0. 976 
0. 975 
0.975 
0. 974 

0.981 
0. 981 
0. 981 
0. 980 
0. 980 

0. 988 
0. 988 
0. 988 
0.987 
0. 987 

0.993 
0. 993 
0. 993 
0. 993 
0. 993 

0. 997 
0. 997 
0. 997 
0.997 
0. 997 

1.000 
1.000 
1.000 
1.000 
1.000 

1.003 
1.003 
1.003 
1.003 
1.003 

0.60 
0.61 
0.62 
0.63 
0. 64 
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Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

0.65 0. 769 0.804 0. 835 0.861 
0. 66 0. 765 0. 800 0. 832 0.859 
0. 67 0. 760 0.796 0. 829 0.857 
0. 68 0. 756 0.793 0. 826 0.854 
0. 69 0. 751 0.789 0.823 0. 852 

0. 70 0.747 0.785 0.820 0.850 
0.71 0.742 0.781 0. 817 0. 848 
0.72 0. 737 0.778 0.814 0. 846 
0.73 0.732 0.774 0.812 0.843 
0.74 0.727 0.771 0.809 0.841 

0. 75 0. 722 0. 767 0. 806 0.839 
0. 76 0.717 0. 763 0. 803 0.837 
0.77 0. 712 0.759 0.800 0.834 
0.78 0. 708 0.756 0. 797 0.832 
0. 79 0. 703 0.752 0. 794 0.829 

0. 80 0.698 0.748 0. 791 0.827 
0.81 0. 693 0. 744 0. 788 0.825 
0. 82 0.688 0.740 0. 785 0.822 
0.83 0.682 0. 737 0. 782 0.820 
0. 84 0. 677 0.733 0.779 0.817 

0. 85 0.672 0.729 0. 776 0.815 
0. 86 0.667 0.725 0. 773 0.812 
0. 87 0.661 0.721 0.770 0.610 
0. 88 0. 656 0.718 0. 767 0. 807 
0.89 0.650 0.714 0. 764 0. 805 

0. 90 0. 645 0.710 0. 761 0. 802 
0.91 0. 640 0. 706 0. 758 0.800 
0. 92 0. 634 0. 702 0. 756 0.798 
0.93 0. 629 0. 698 0. 753 0. 795 
0. 94 0. 623 0. 694 0. 751 0.793 

0. 95 0.618 0. 690 0. 748 0. 791 
0. 96 0.612 0. 686 0. 745 0. 789 
0.97 0. 607 0. 682 0. 742 0. 787 
0. 98 0. 601 0. 678 0.740 0. 784 
0. 99 0. 596 0. 674 0. 737 0. 782 

1.00 0. 590 0.670 0. 734 0. 780 
1.01 0. 583 0. 665 0. 731 0. 778 
1.02 0. 576 0.661 0. 728 0. 775 
1.03 0. 569 0. 656 0. 725 0. 773 
1.04 0. 562 0. 652 0. 722 0. 770 

1.05 0. 555 0. 647 0.719 0.768 
1. 06 0. 548 0. 642 0.716 0.765 
1.07 0. 541 0. 638 0.713 0. 763 
1.08 0. 534 0. 633 0. 709 0.760 
1.09 0. 527 0. 629 0. 706 0.758 

0. 881 0.893 0.905 0.917 0.926 0.935 
0.879 0. 891 0.904 0.916 0.925 0. 934 
0. 877 0. 890 0.902 0.915 0.924 0.933 
0.875 0.888 0.901 0.913 0.923 0.932 
0.873 0. 887 0. 899 0.912 0. 922 0.931 

0.871 0. 885 0. 898 0.911 0. 921 0. 930 
0.869 0. 884 0.896 0.910 0.920 0.929 
0.867 0.882 0. 895 0.909 0. 919 0.928 
0.865 0.881 0. 893 0.907 0.918 0.927 
0.863 0.879 0. 892 0.906 0.917 0.926 

0.861 0.878 0. 890 0.905 0.916 0.925 
0. 859 0. 876 0. 889 0.904 0. 915 0.924 
0.857 0.875 0.887 0.903 0.914 0. 923 
0.855 0.873 0.886 0.901 0.912 0. 922 
0.853 0. 872 0.884 0.900 0. 911 0.921 

0.851 0. 870 0. 883 0.899 0.910 0. 920 
0. 849 0.868 0. 882 0.898 0.909 0.919 
0.847 0. 866 0. 880 0. 897 0. 908 0.918 
0.846 0. 865 0. 879 0.895 0. 907 0.918 
0.844 0.863 0. 877 0.894 0.906 0.917 

0.842 0.861 0. 876 0. 893 0.905 0.916 
0.840 0.859 0. 875 0. 892 0.904 0.915 
0. 838 0. 857 0. 874 0. 891 0. 903 0.914 
0. 836 0. 856 0. 872 0.889 0. 901 0.913 
0. 834 0. 854 0. 871 0. 888 0.900 0.912 

0. 832 0. 852 0. 870 0.887 0. 899 0.911 
0. 830 0. 851 0. 869 0. 886 0. 898 0. 910 
0.828 0. 849 0. 867 0. 885 0. 897 0. 909 
0. 827 0. 848 0. 866 0. 883 0. 897 0. 908 
0. 825 0.846 0. 864 0. 882 0. 896 0. 907 

0. 823 0.845 0. 863 0. 881 0. 895 0. 906 
0.821 0. 844 0. 862 0. 880 0. 894 0.905 
0.819 0.842 0. 860 0.879 0.893 0.904 
0.817 0. 841 0.859 0. 877 0. 892 0. 903 
0.815 0. 839 0. 857 0. 876 0. 891 0. 902 

0.813 0. 838 0. 856 0. 875 0. 890 0. 901 
0.811 0. 836 0. 855 0. 874 0. 889 0. 900 
0. 809 0. 834 0. 853 0. 873 0. 888 0. 899 
0. 807 0. 833 0. 852 0. 871 0. 887 0. 899 
0. 805 0. 831 0. 850 0. 870 0. 886 0. 898 

0. 803 0. 829 0. 849 0. 869 0. 885 0. 897 
0. 801 0. 827 0. 848 0. 868 0. 884 0. 896 
0. 799 0. 825 0. 846 0. 866 0. 883 0. 895 
0. 797 0. 824 0.845 0.865 0. 881 0. 895 
0.795 0. 822 0.843 0. 863 0. 880 0. 894 
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Pr 
0.65 - 1.09 

1.60 1.70 1.80 1.90 2. 00 2. 20 2.40 2.60 2. 80 3.00 Pr 

0.949 0.961 0.969 0.974 0. 980 0.987 0.993 0.997 1.000 1.003 0. 65 
0. 948 0.960 0.969 0. 974 0. 980 0. 987 0.993 0.997 1.000 1.003 0.66 
0. 947 0. 960 0.968 0.973 0. 979 0. 987 0.993 0.997 1.000 1.003 0.67 
0. 947 0.959 0.968 0.973 0.979 0.986 0.992 0.997 1.001 1. 004 0.68 
0. 946 0. 959 0.967 0. 972 0.978 0.986 0.992 0. 997 1.001 1. 004 0.69 

0.945 0.958 0.967 0. 972 0.978 0.986 0.992 0. 997 1.001 1.004 0.70 
0. 944 0.957 0.967 0.972 0. 978 0. 986 0.992 0.997 1.001 1.004 0.71 
0. 944 0. 957 0.966 0. 972 0.978 0. 986 0.992 0.997 1.001 1.004 0.72 
0.943 0. 956 0.966 0.971 0.977 0.985 0.992 0.997 1.001 1.004 0.73 
0.943 0. 956 0.965 0.971 0.977 0.985 0.992 0.997 1.001 1.004 0.74 

0.942 0. 955 0.965 0.971 0.977 0.985 0.992 0.997 1.001 1.004 0.75 
0. 941 0.954 0.964 0.971 0.977 0.985 0.992 0.997 1.001 1.004 0.76 
0. 940 0. 954 0. 964 0.970 0. 976 0.985 0.992 0.997 1.001 1.004 0. 77 
0. 940 0.953 0.963 0.970 0.976 0. 984 0.991 0.997 1.001 1.005 0. 78 
0. 939 0.953 0.963 0.969 0.975 0.984 0.991 0. 997 1.001 1.005 0.75 

0. 938 0.952 0.962 0.969 0.975 0. 984 0.991 0.997 1.001 1.005 0.80 
0. 937 0. 952 0.962 0.969 0.975 0. 984 0.991 0. 997 1.001 1.005 0.81 
0. 937 0.951 0.961 0.968 0. 975 0. 984 0.991 0.997 1.001 1.005 0. 82 
0.936 0. 951 0.961 0.968 0.974 0.983 0.991 0.997 1.001 1.005 0.83 
0. 936 0. 950 0.960 0.967 0. 974 0.983 0.991 0.997 1.001 1.005 0.84 

0.935 0.950 0. 960 0.967 0.974 0. 983 0.991 0. 997 1.001 1.005 0.85 
0. 934 0. 949 0. 960 0.967 0.974 0.983 0.991 0.997 1.001 1.005 0.86 
0. 933 0. 949 0. 959 0.966 0.973 0. 983 0.991 0. 997 1.001 1.005 0.87 
0. 933 0. 948 0.959 0.966 0. 973 0. 983 0.990 0.996 1.001 1.006 0.88 
0. 932 0. 948 0. 958 0.965 0. 972 0.983 0.990 0.996 1.001 1.006 0.89 

0. 931 0. 947 0.958 0.965 0.972 0.983 0.990 0.996 1.001 1.006 0.90 
0. 930 0. 946 0.958 0.965 0. 972 0.983 0. 990 0.996 1.001 1.006 0.91 
0. 929 0. 946 0. 957 0. 964 0. 972 0. 983 0.990 0. 996 1.001 1.006 0. 92 
0. 929 0. 945 0. 957 0. 964 0. 971 0. 982 0. 990 0.996 1.001 1.006 0.93 
0. 928 0. 945 0.956 0.963 0. 971 0. 982 0.990 0.996 1.001 1.006 0. 94 

0. 927 0. 944 0. 956 0. 963 0. 971 0. 982 0.990 0.996 1.001 1.006 0. 95 
0. 926 0. 943 0. 955 0.963 0. 971 0. 982 0.990 0.996 1.001 1.006 0. 96 
0. 925 0. 943 0. 955 0.962 0.971 0.982 0.990 0.996 1.001 1.006 0. 97 
0. 925 0.942 0. 954 0. 962 0. 970 0. 981 0.989 0.996 1.001 1.007 0.98 
0. 924 0. 942 0.954 0.961 0.970 0. 981 0.989 0.996 1.001 1.007 0. 99 

0. 923 0. 941 0. 953 0. 961 0. 970 0. 981 0. 989 0. 996 1.001 1.007 1.00 
0. 922 0. 941 0. 953 0. 961 0.970 0. 981 0. 989 0.996 1.001 1.007 1.01 
0. 922 0. 940 0.952 0. 961 0. 970 0. 981 0.989 0.996 1.001 1.007 1.02 
0. 921 0. 940 0.952 0. 960 0. 969 0. 980 0. 989 0.996 1.001 1.007 1.03 
0. 921 0. 939 0.951 0. 960 0. 969 0. 980 0. 989 0.996 1.001 1.007 1.04 

0. 920 0. 939 0. 951 0. 960 0 969 0. 9S0 0. 989 0.996 1.001 1.007 1.05 
0. 919 0. 938 0.951 0. 960 0. 969 0. 980 0. 989 0.996 1.001 1. 007 1.06 
0. 919 0. 938 0. 950 0. 959 0, 96S 0. 980 0. 989 0. 996 1.001 1.007 1.07 
0. 918 0. 937 0. 950 0. 959 0. 968 0. 979 0. 988 0. 996 1.002 1.008 1.08 
o. 918 0. 937 0. 949 0. 958 0. 967 0. 979 0.988 0. 996 1.002 1.008 1.09 
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T r 

Pr 1.05 1.10 1.15 1.20 1. 25 1.30 1.35 1.40 1.45 1.50 

1. 10 
1. 11 
1. 12 
1. 13 
1. 14 

0.520 
0.512 
0. 505 
0.497 
0.490 

0.624 
0.620 
0.615 
0.611 
0.606 

0. 703 
0.700 
0.697 
0.694 
0.691 

0.755 
0.753 
0.750 
0.748 
0.745 

0.793 
0.791 
0.789 
0.787 
0.785 

0.820 
0.818 
0.817 
0.815 
0.814 

0. 842 
0. 841 
0.840 
0.838 
0.837 

0. 862 
0.861 
0.860 
0.858 
8.857 

0. 879 
0.878 
0. 877 
0.876 
0.875 

0. 893 
0.892 
0.891 
0.891 
0.890 

1. IS 
1.16 
1.17 
1.18 
1.19 

0.482 
0.474 
0. 467 
0.459 
0.452 

0.602 
0. 598 
0. 593 
0.589 
0.584 

0.688 
0.685 
0.682 
0.678 
0.675 

0.743 
0.741 
0.738 
0.736 
0.733 

0.783 
0.781 
0.779 
0.777 
0.775 

0.812 
0.810 
0.809 
0.807 
0.806 

0.836 
0.835 
0.833 
0.832 
0. 830 

0.856 
0.855 
0.854 
0.852 
0.851 

0.874 
0.873 
0.872 
0.871 
0. 870 

0.889 
0.888 
0.887 
0.886 
0. 885 

1.20 
1.21 
1.22 
1.23 
1.24 

0.444 
0. 435 
0. 426 
0.416 
0. 407 

0.580 
0. 575 
0. 570 
0.565 
0. 560 

0.672 
0.669 
0. 666 
0.662 
0.659 

0.731 
0.729 
0.726 
0.724 
0.721 

0.773 
0.771 
0.769 
0.767 
0.765 

0.804 
0.803 
0.801 
0.800 
0.798 

0.829 
0.828 
0. 827 
0.825 
0.824 

0.850 
0.849 
0.848 
0.847 
0.846 

0.869 
0.868 
0.867 
0. 866 
0.865 

0.884 
0.883 
0. 882 
0.882 
0. 881 

1.25 
1.26 
1.27 
1.28 
1.29 

0. 398 
0.389 
0.379 
0.370 
0.360 

0.555 
0. 550 
0.545 
0.540 
0.535 

0.656 
0. 653 
0. 650 
0. 646 
0.643 

0.719 
0.717 
0.714 
0. 712 
0.709 

0. 763 
0. 761 
0.759 
0.757 
0.755 

0.797 
0.795 
0.794 
0.792 
0.791 

0.823 
0. 822 
0.821 
0.819 
0.818 

0. 845 
0.844 
0. 843 
0.841 
0.840 

0. 864 
0. 863 
0.862 
0.861 
0.860 

0.880 
0.879 
0.878 
0.878 
0.877 

1.30 
1.31 
1.32 
1.33 
1.34 

0.351 
0.342 
0.333 
0. 325 
0.316 

0.530 
0. 525 
0. 520 
0.515 
0.510 

0.640 
0.637 
0.633 
0. 630 
0. 626 

0.707 
0.705 
0.702 
0.700 
0.697 

0.753 
0.751 
0.749 
0.747 
0.745 

0.789 
0.787 
0.786 
0.784 
0.783 

0.817 
0.816 
0.814 
0. 813 
0. 811 

0. 839 
0.838 
0. 837 
0. 836 
0.835 

0.859 
0.859 
0.857 
0.857 
0.856 

0.876 
0.875 
0.874 
0.874 
0.873 

1.35 
1.36 
1.37 
1.38 
1.39 

0. 307 
0.298 
0.289 
0. 281 
0. 272 

0.505 
0. 500 
0. 495 
0. 490 
0. 485 

0. 623 
0.619 
0.616 
0. 612 
0. 609 

0.695 
0.692 
0.690 
0.687 
0.685 

0.743 
0.741 
0.739 
0.736 
0.734 

0.781 
0.779 
0.777 
0.776 
0.774 

0.810 
0.809 
0.807 
0.806 
0.804 

0. 834 
0.833 
0.832 
0.830 
0.829 

0.855 
0. 854 
0. 853 
0. 852 
0. 851 

0.872 
0.871 
0. 870 
0.870 
0.869 

1.40 
1.41 
1.42 
1.43 
1.44 

0.263 
0.262 
0.261 
0.261 
0.260 

0.480 
0.475 
0.469 
0. 464 
0. 458 

0.605 
0.602 
0. 598 
0. 595 
0. 591 

0.682 
0.680 
0.677 
0.675 
0.672 

0.732 
0.730 
0.728 
0.725 
0.723 

0.772 
0.771 
0. 769 
0.768 
0.766 

0.803 
0. 802 
0. 801 
0.790 
0.798 

0.828 
0.827 
0.826 
0.826 
0.825 

0.850 
0.849 
0.848 
0. 848 
0. 847 

0.868 
0.867 
0.866 
0.866 
0.865 

1.45 
1.46 
1.47 
1.48 
1.49 

0. 259 
0. 258 
0.257 
0.256 
0.255 

0. 453 
0.447 
0. 442 
0. 436 
0. 431 

0.588 
0.584 
0.581 
0. 577 
0. 574 

0.670 
0.667 
0.665 
0.662 
0.660 

0.721 
0.719 
0.717 
0.714 
0.712 

0.765 
0.763 
0.762 
0.760 
0.759 

0. 797 
0. 796 
0.795 
0.793 
0.792 

0.824 
0.823 
0.821 
0.820 
0.818 

0.846 
0.845 
0.844 
0.843 
0.842 

0. 864 
0.863 
0.862 
0. 861 
0.860 

1.50 
1.51 
1.52 
1.53 
1.54 

0. 254 
0.254 
0.254 
0. 253 
0.253 

0.425 
0.422 
0. 419 
0. 415 
0. 412 

0. 570 
0.567 
0.564 
0. 562 
0. 559 

0.657 
0.655 
0.653 
0.650 
0.648 

0.710 
0.708 
0. 706 
0.705 
0.703 

0.757 
0.756 
0. 754 
0.753 
0. 751 

0. 791 
0.790 
0. 789 
0. 787 
0. 786 

0.817 
0.816 
0.815 
0.813 
0.812 

0.841 
0. 840 
0. 839 
0. 839 
0. 838 

0.859 
0. 858 
0.857 
0.857 
0.856 
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Pr 
1.10 - 1.54 

1.60 1.70 1. 80 1.90 2.00 2.20 2. 40 2.60 2.80 3.00 Pr 

0.917 
0.916 
0.915 
0. 915 
0.914 

0. 936 
0. 935 
0.935 
0.934 
0.934 

0.949 
0.949 
0.948 
0.948 
0.947 

0. 958 
0.958 
0. 958 
0.957 
0.957 

0.967 
0. 967 
0.967 
0.966 
0.966 

0. 979 
0.979 
0.979 
0.979 
0.979 

0.988 
0.988 
0.988 
0.988 
0.988 

0. 996 
0. 996 
0.996 
0.996 
0.996 

1.002 
1.002 
1.002 
1.002 
1.002 

1.008 
1.008 
1.008 
1.008 
1.008 

1.10 
1.11 
1.12 
1.13 
1.14 

0.913 
0.912 
0.911 
0. 911 
0.910 

0. 933 
0.932 
0. 932 
0.931 
0. 931 

0.947 
0.947 
0.946 
0.946 
0.945 

0.957 
0.957 
0.956 
0.956 
0.955 

0.966 
0.966 
0.965 
0.965 
0.964 

0.979 
0. 979 
0.979 
0.978 
0.978 

0.988 
0.988 
0.988 
0.987 
0.987 

0.996 
0.996 
0.996 
0.996 
0.996 

1.002 
1.002 
1.002 
1.002 
1.002 

1.008 
1.008 
1.008 
1.008 
1.008 

1.15 
1.16 
1.17 
1.18 
1.19 

0.909 
0.908 
0.907 
0.907 
0. 906 

0. 930 
0.930 
0. 929 
0.929 
0.928 

0.945 
0.945 
0.944 
0.944 
0.943 

0.955 
0.955 
0.955 
0.954 
0.954 

0. 964 
0. 964 
0. 964 
0.963 
0.963 

0.978 
0.978 
0.978 
0.978 
0.978 

0.987 
0.987 
0.987 
0.987 
0.987 

0.996 
0.996 
0.996 
0.996 
0.996 

1.002 
1.002 
1.002 
1.002 
1.002 

1. 008 
1.008 
1.008 
1.008 
1.008 

1.20 
1.21 
1.22 
1.23 
1.24 

0.905 
0.904 
0. 903 
0.903 
0. 902 

0.928 
0.927 
0.927 
0.926 
0.926 

0. 943 
0.943 
0.942 
0.942 
0.941 

0.954 
0.954 
0. 953 
0.953 
0.952 

0. 963 
0.963 
0.963 
0.962 
0.962 

0.978 
0.978 
0. 978 
0.977 
0.977 

0. 987 
0.987 
0.987 
0.987 
0.987 

0.996 
0.996 
0.996 
0.996 
0.996 

1.002 
1.002 
1.002 
1.002 
1.002 

1.008 
1.008 
1.008 
1.009 
1.009 

1.25 
1.26 
1.27 
1.28 
1.29 

0.901 
0.900 
0.900 
0. 899 
0.899 

0.925 
0.925 
0.924 
0. 924 
0. 923 

0.941 
0.941 
0.941 
0.940 
0.940 

0. 952 
0.952 
0.952 
0. 951 
0.951 

0.962 
0.962 
0.962 
0.961 
0.961 

0.977 
0. 977 
0.977 
0.976 
0. 976 

0.987 
0.987 
0.987 
0.986 
0.986 

0.996 
0.996 
0.996 
0.996 
0.996 

1.002 
1.002 
1.002 
1.002 
1.002 

1.009 
1.009 
1.009 
1.009 
1.009 

1.30 
1.31 
1.32 
1.33 
1.34 

0. 898 
0. 897 
0. 897 
0. 896 
0. 896 

0. 923 
0. 922 
0. 922 
0. 921 
0. 921 

0.940 
0. 940 
0. 939 
0.939 
0. 938 

0.951 
0.951 
0. 950 
0. 950 
0.949 

0.961 
0.961 
0.961 
0.960 
0.960 

0.976 
0. 976 
0.976 
0.975 
0. 975 

0.986 
0.986 
0.986 
0.986 
0.986 

0.996 
0.996 
0. 996 
0.996 
0.996 

1.002 
1.002 
1.002 
1.002 
1.002 

1.009 
1.009 
1.009 
1.010 
1.010 

1.35 
1.36 
1.37 
1.38 
1.39 

0. 895 
0. 894 
0. 894 
0. 893 
0. 893 

0. 920 
0. 920 
0.919 
0.919 
0.918 

0.938 
0. 938 
0.937 
0.937 
0. 936 

0. 949 
0.949 
0.948 
0.948 
0. 947 

0. 960 
0. 960 
0.960 
0. 959 
0.959 

0. 975 
0. 975 
0.975 
0. 975 
0.975 

0.986 
0.986 
0.986 
0.986 
0.986 

0.996 
0.996 
0.996 
0.996 
0.996 

1.002 
1.002 
1.002 
1.002 
1.002 

1.010 
1.010 
1.010 
1.010 
1.010 

1.40 
1.41 
1.42 
1.43 
1.44 

0. 892 
0. 891 
0.891 
0.890 
0. 890 

0.918 
0.917 
0.917 
0.916 
0.916 

0. 936 
0.936 
0.935 
0.935 
0. 934 

0.947 
0. 947 
0. 947 
0. 946 
0. 946 

0. 959 
0. 959 
0.958 
0. 958 
0. 957 

0.975 
0.975 
0. 975 
0. 974 
0. 974 

0.986 
0.986 
0. 986 
0. 985 
0. 985 

0.996 
0.996 
0.996 
0.995 
0. 995 

1.002 
1.002 
1.002 
1.003 
1.003 

1.010 
1.010 
1.010 
1.010 
1.010 

1.45 
1.46 
1.47 
1.48 
1.49 

0. SK9 
0. 888 
0. 888 
0. 887 
0. 887 

0.915 
0.915 
0. 914 
0. 914 
o. via 

0. 934 
0. 934 
0. 933 
0. 933 
0. 932 

0. 946 
0. 946 
0. 946 
0. 945 
0. 945 

0. 957 
0. 957 
0. 957 
0. 956 
0. 956 

0. 974 
0. 974 
0. 974 
0. 973 
0. 973 

0. 985 
0.935 
0. 9S5 
0. 985 
0. 985 

0. 995 
0. 995 
0. 995 
0. 995 
0. 995 

1.003 
1.003 
1.003 
1.003 
1.003 

1.010 
1.010 
1.010 
1.010 
1.010 

1.50 
1.51 
1.52 
1.53 
1.54 
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T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

1.55 0.253 0.409 0.556 0.646 0.701 0.750 0.785 0.811 0.837 0.855 
1.56 0.253 0.406 0.553 0.644 0.699 0.748 0.784 0.810 0.836 0.854 
1.57 0.252 0.403 0.550 0.641 0.697 0.747 0.783 0.809 0.835 0.853 
1.58 0. 252 0.399 0.547 0.639 0.695 0.745 0.781 0.807 0.834 0.853 
1.59 0.251 0.396 0.544 0.636 0.693 0.744 0.780 0.806 0.833 0.852 

1.60 0.251 0.393 0.541 0.634 0.691 0.742 0.779 0.805 0.832 0.851 
1.61 0.251 0.392 0.539 0.632 0.689 0.741 0.778 0.804 0.831 0.850 
1.62 0.251 0.390 0.536 0.630 0.687 0.739 0.777 0.803 0.830 0.849 
1.63 0.2S1 0.389 0.534 0.627 0.686 0.738 0.775 0.802 0.830 0.849 
1.64 0. 251 0.387 0.531 0.625 0.684 0.736 0.774 0.801 0.829 0.848 

1.65 0.251 0.386 0.529 0.623 0.682 0.735 0.773 0.800 0.828 0.847 
1.66 0.251 0.384 0.527 0.621 0.680 0.734 0.772 0.799 0.827 0.846 
1.67 0.251 0.383 0.524 0.619 0.678 0.732 0.771 0.798 0.826 0.845 
1.68 0.252 0.381 0.522 0.616 0.676 0.731 0.769 0.797 0.825 0.845 
1.69 0.252 0. 380 0.519 0.614 0.674 0.729 0.768 0.796 0.824 0.844 

1.70 0.252 0.378 0.517 0.612 0.672 0.728 0.767 0.795 0.823 0.843 
1.71 0.253 0.377 0.515 0.610 0.670 0.726 0.766 0.794 0.822 0.842 
1.72 0.254 0.376 0.513 0.608 0.669 0.725 0.765 0.793 0.821 0.842 
1.73 0.254 . 0.376 0.511 0.606 0.667 0.723 0.763 0.792 0.821 0.841 
1.74 0.255 0. 375 0.509 0.604 0.666 0.722 0.762 0.791 0. 820 0.841 

1.75 0.256 0.374 0.507 0.602 0.664 0.720 0.761 0.790 0.819 0.840 
1.76 0.257 0.373 0.505 0.600 0.662 0.718 0.760 0.789 0.818 0.839 
1.77 0. 258 0.372 0.503 0.598 0.661 0.717 0.759 0.788 0.817 0.839 
1.78 0.258 0.372 0.501 0.596 0.659 0.716 0.757 0.786 0. 817 0.838 
1.79 0.259 0.371 0.499 0.594 0.658 0.714 0.756 0.785 0.816 0.838 

1.80 0.260 0.370 0.497 0.592 0.656 0.712 0.755 0.784 0.815 0.837 
1.81 0.261 0.370 0.495 0.590 0.654 0.711 0.754 0.783 0.814 0.836 
1.82 0.262 0.370 0.494 0.588 0.653 0.710 0.753 0.782 0.813 0.836 
1.83 0.263 0.370 0. 492 0.586 0.651 0.708 0.752 0.781 0.813 0.835 
1.84 0.264 0.370 0.491 0.584 0.650 0.707 0.751 0.780 0.812 0.835 

1.85 0.265 0.370 0.489 0.582 0.648 0.706 0.750 0.779 0.811 0.834 
1.86 0.266 0.370 0.487 0. 580 0.646 0.705 0.749 0.778 0.810 0.833 
1.87 0.267 0.370 0.485 0.578 0.645 0.703 0.748 0.777 0.809 0.832 
1.88 0. 268 0.369 0.484 0.576 0.643 0.702 0.746 0.776 0.808 0.832 
1.89 0.269 0.369 0. 482 0.574 0.642 0.700 0.745 0.775 0.807 0.831 

1.90 0.270 0.369 0.480 0.572 0.640 0.699 0.744 0.774 0.806 0.830 
1.91 0.271 0.369 0.479 a 570 0.639 0.698 0.743 0.773 0.805 0.829 
1.92 0.272 0.369 0.478 0.569 0.638 0.697 0.742 0.773 0.805 0.829 
1.93 0.273 0.369 0.476 0.567 0.636 0.695 0.740 0.772 0.804 0.828 
1.94 0.274 0.369 0.475 0.566 0.635 0.694 0.739 0.772 0.804 0.828 

1.95 0.275 0.369 0.474 0.564 0.634 0.693 0.738 0.771 0.803 0.827 
1.96 0.276 0.369 0.473 0.562 0.633 0.692 0.737 0.770 0.802 0.826 
1.97 0.277 0.369 0.471 0.560 0.631 0.691 0.736 0.769 0.801 0.826 
1.98 0.278 0.370 0.470 0.559 a 630 0.689 0.734 0.769 0.801 0.825 
1.99 0. 279 0.370 0.468 0.557 0.628 0.688 0.733 0.768 0.800 0.825 
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1.55 T 1.99 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2.60 2.80 3.00 Pr 

0.886 0.913 0. 932 0.945 0. 956 0.973 0. 985 0.995 1.003 1.010 1.55 
0. 885 0.912 0. 932 0.945 0. 956 0.973 0.985 0.995 1.003 1.010 1.56 
0. 834 0.912 0. 931 0. 944 0. 955 0. 973 0.985 0.995 1.003 1.010 1.57 
0. 884 0.911 0. 931 0. 944 0. 955 0.972 0.984 0.995 1.003 1. Oil 1.58 
0. 883 0. 911 0. 930 0.943 0. 954 0.972 0.984 0.995 1.003 1. Oil 1.59 

0.882 0.910 0.930 0.943 0.954 0.972 0.984 0.995 1.003 1.011 1.60 
0.882 0.910 0.930 0.943 0.954 0.972 0.984 0.995 1.003 1. Oil 1.61 
0.881 0. 909 0.930 0.943 0.954 0. 972 0. 984 0.995 1.003 1. OU 1.62 
0. 881 0. 909 0.929 0. 942 0. 953 0. 972 0.984 0.995 1.003 1. Oil 1.63 
0. 880 0. 908 0.929 0.942 0.953 0.972 0.984 0.995 1.003 1. on 1.64 

0. 880 0. 908 0.929 0.942 0. 953 0. 972 0.984 0.995 1.003 1. Oil 1.65 
0. 879 0. 907 0.929 0. 942 0. 953 0.972 0.984 0.995 1.003 1. Oil 1.66 
0.879 0. 907 0. 928 0. 942 0.953 0.972 0.984 0.995 1.003 1. Oil 1.67 
0.878 0. 906 0.928 0.941 0.952 0.971 0.983 0.995 1.004 1.012 1.68 
0. 878 0. 906 0.927 0.941 0. 952 0.971 0.983 0.995 1.004 1.012 1.69 

0. 877 0.905 0. 927 0. 941 0. 952 0. 971 0. 983 0.995 1.004 1.012 1.70 
0. 876 0.905 0. 927 0.941 0. 952 0. 971 0.983 0.995 1.004 1. 012 1.71 
0.876 0. 904 0.926 0.941 0.952 0.971 0.983 0.995 1.004 1.012 1.72 
0.875 0.904 0.926 0.940 0.951 0.971 0.983 0.995 1.004 1.012 1.73 
0. 875 0.903 0. 925 0.940 0.951 0. 971 0.983 0.995 1.004 1.012 1.74 

0. 874 0. 903 0.925 0.940 0. 951 0. 971 0.983 0.995 1.004 1.012 1.75 
0. 873 0.902 0.925 0.940 0.951 0.971 0.983 0.995 1.004 1.012 1.76 
0. 873 0.902 0.924 0.939 0.951 0.971 0.983 0.995 1.004 1.012 1.77 
0. 872 0.901 0. 924 0. 939 0.950 0. 970 0. 983 0. 995 1.004 1.012 1.78 
0. 872 0.901 0.923 0. 938 0. 950 0. 970 0.983 0.995 1.004 1.012 1.79 

0. 871 0.900 0.923 0. 938 0.950 0. 970 0.983 0. 995 1.004 1.012 1.80 
0. 871 0. 900 0.923 0. 938 0.950 0. 970 0. 983 0.995 1.004 1.012 1.81 
0. 870 0. 900 0.923 0.938 0.950 0.970 0.983 0.995 1.004 1.012 1.82 
0. 870 0. 899 0. 922 0. 937 0.949 0. 970 0. 983 0.995 1.004 1.012 1.83 
0. 869 0. 899 0. 922 0. 937 0. 949 0.970 0. 983 0.995 1.004 1.012 1.84 

0. 869 0. 899 0. 922 0. 937 0. 949 0. 970 0. 983 0.995 1.004 1.012 1.85 
0. 868 0. 899 0. 922 0. 937 0. 949 0. 970 0.983 0.995 1.004 1.012 1.86 
0. 868 0. 89o 0. 922 0. 937 0. 949 0. 970 0.983 0.995 1.004 1.012 1.87 
0. 867 0. 898 0. 921 0. 936 0. 948 0. 969 0. 982 0.995 1.005 1.013 1.88 
0. 867 0. 897 0. 921 0. 936 0. 948 0. 969 0.982 0.995 1.005 1.013 1.89 

0. 866 0. 897 0. 921 0. 936 0. 948 0. 969 0.982 0. 995 1.005 1.013 1.90 
0. 866 0. 897 0.921 0. 936 0. 948 0. 969 0. 982 0.995 1.005 1.013 1.91 
0. 865 0. 896 0.921 0.936 0. 948 0. 969 0. 982 0.995 1.005 1. 013 1.92 
0. 865 0. 896 0. 920 0. 935 0.948 0. 969 0. 982 0. 995 1.005 1. 013 1.93 
0. 864 0. 895 0. 920 0. 935 0. 948 0. 969 0. 982 0.995 1.005 1.013 1.94 

0. t>64 0. 895 0.920 0. 935 C. 948 0. 969 0. 982 0. 995 1.005 1.013 1.95 
0. bo 3 0. s*.r, 0. 52 C 0. 935 0. 94c 0. 969 0. 932 0. 995 1.005 1.013 1.96 
0. 863 0. 89-; 0.919 0. 934 0. 943 0. 969 0. 9£2 0. 995 1.005 1.013 1.97 
0. 862 0. 894 0.919 0. 934 0. 947 0. 966 0. 982 0. 995 1.006 1. 014 1.98 
0. H62 0. 893 0.918 0. 933 0. 947 0. 968 0. 982 0. 995 1.006 1.014 1.99 

vn - 25 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1. 30 1.35 1.40 1.45 1.50 

2.00 0.280 0.370 0.467 0.555 0.627 0.687 0.732 0.767 0.799 0.824 
2.01 0.281 0.370 0.466 0.553 0.626 0.686 0.731 0.766 0.798 0.823 
2.02 0.282 0.370 0.465 0.552 0.624 0.685 0.730 0.765 0.797 0.823 
2. 03 0.284 0.371 0.464 0.550 0.623 0.683 0.729 0.764 0.797 0.822 
2. 04 0.285 0.371 0.463 0.549 0.621 0.682 0.728 0.763 0.796 0.822 

2.05 0.286 0.371 0.462 0.547 0.620 0.681 0.727 0.762 0.795 0.821 
2.06 0.287 0.371 0.461 0.545 0.618 0.680 0.726 0.761 0.794 0.820 
2.07 0.288 0.371 0.460 0.544 0.617 0.678 0.725 0.760 0.793 0.820 
2.08 0.290 0.372 0.459 0.542 0.615 0.677 0.723 0.759 0.793 0.819 
2.09 0.291 0.372 0.458 0.541 0.614 0.675 0.722 0.758 0. 792 0.819 

2.10 0.292 0.372 0.457 0.539 0.612 0.674 0.721 0. 757 0. 791 0.818 
2.11 0.293 0.372 0.456 0.538 0.611 0.673 0.720 0.756 0.790 0.817 
2.12 0.294 0.373 0.456 0.537 0.610 0.672 0.719 0.755 0.790 0.817 
2.13 0.296 0.373 0.455 0.536 0.609 0.671 0.718 0.755 0.789 0.816 
2.14 0.297 0.374 0.455 0.535 0.608 0.670 0.717 0.754 0.789 0.816 

2.15 0.298 0.374 0.454 0. 534 0.607 0.669 0.716 0.753 0.788 0.815 
2.16 0.299 0.374 0.453 0.533 0.606 0.668 0.715 0.752 0.787 0.814 
2.17 0.301 0.375 0. 452 0.532 0.605 0.667 0.714 0.751 0.786 0.81c 
2.18 0.302 0.375 0.452 0.530 0.604 0.665 0.713 0.750 0.786 0.813 
2.19 0.304 0.376 0.451 0.529 0.603 0.664 0.712 0. 749 0.785 0.812 

2.20 0.305 0.376 0.450 0.528 0.602 0.663 0.711 0.748 0.784 0.811 
2.21 0.306 0. 376 0.450 0.527 0.601 0.662 0.710 0.747 0.783 0.810 
2. 22 0.307 0.377 0.450 0.527 0.600 0.661 0.709 0.747 0. 783 0.810 
2. 23 0.309 0.377 0.449 0.526 0.600 0.660 0.709 0.746 0.782 0.809 
2.24 0.310 0.378 0.449 0.526 0.599 0.659 0.708 0.746 0. 782 0.809 

2.25 0.311 0.378 0. 449 0.525 0.598 0.658 0.707 0.745 0.781 0.808 
2.26 0.312 0. 378 0.449 0.524 0.597 0.657 0.706 0.744 0.780 0.807 
2. 27 0.314 0. 379 0.449 0.524 0.596 0.656 0. 705 0.743 0. 780 0. 807 
2.28 0. 315 0.379 0.448 0.523 0.595 0.654 0.704 0.743 0.779 0.806 
2. 29 0. 317 0. 380 0.448 0.523 0.594 0.653 0.703 0.742 0.779 0.806 

2.30 0.318 0.380 0.448 0.522 0.593 0.652 0.702 0.741 0.778 0.805 
2.31 0.319 0.381 0.448 0.522 0.592 0.651 0.701 0.740 0.777 0.805 
2. 32 0. 320 0.381 0.448 0.522 0.592 0.651 0.701 0.739 0.777 0.804 
2. 33 0. 322 0.382 0.448 0.521 0.591 0.650 0.700 0.739 0.776 0.804 
2. 34 0.323 0.382 0.448 0.521 0.591 0.650 0.700 0.738 0.776 0.803 

2. 35 0. 324 0.383 0. 448 0.521 0.590 0.649 0.699 0.737 0. 775 0.803 
2.36 0.325 0.384 0.448 0.521 0.589 0.648 0.698 0.736 0.774 0.802 

2. 37 0.326 0.385 0.448 0.521 0.588 0.647 0.697 0.735 0.773 0.802 

2.38 0.328 0.385 0.449 0.520 0.588 0.647 0.697 0.735 0.773 0.801 

2. 39 0.329 0.386 0.449 0.520 0.587 0.646 0.696 0.734 0.772 0.801 

2. 40 0.330 0.387 0.449 0.520 0.586 0.645 0.695 0.733 0. 771 0.800 
2.41 0.331 0.388 0.449 0.520 0.585 0.644 0.694 0.733 0.770 0.800 

2. 42 0.332 0.388 0.449 0.520 0.585 0.644 0. 694 0.732 0. 770 0.799 
2.43 0.334 0.389 0.450 0.520 0.584 0.643 0.693 0.732 0.769 0.799 

2. 44 0.335 0. 389 0.450 0.520 0.584 0.643 0.693 0.731 0.769 0.798 

V E - 26 



Pr 
2.00 - 2. 44 

1.60 1.70 1. 80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

0. 861 0. 893 0.918 0. 933 0. 947 
0. 861 0. 893 0.918 0.933 0. 947 
0. 860 0. 892 0.918 0. 933 0. 947 
0. 860 0. 892 0.917 0. 932 0.946 
0. 859 0. 891 0.917 0. 932 0. 946 

0.859 0. 891 0.917 0.932 0. 946 
0. 858 0. 891 0.917 0.932 0. 946 
0. 858 0. 890 0.916 0. 932 0. 946 
0. 857 0. 890 0.916 0. 931 0. 945 
0. 857 0. 889 0.915 0.931 0. 945 

0. 856 0. 869 0.915 0. 931 0. 945 
0. 856 0. 889 0.915 0. 931 0. 945 
0. 855 0. 888 0.915 0. 931 0. 945 
0. 855 0. 888 0.914 0. 930 0.945 
0. 854 0. 887 0.914 0.930 0. 945 

0.854 0. 877 0.914 0. 930 0. 945 
0.853 0. 887 0.914 0. 930 0. 945 
0. 853 0. 886 0.913 0. 930 0. 945 
0. 852 0. 886 0.913 0.929 0. 944 
0. 852 0. 885 0.912 0. 929 0. 944 

0.851 0. 885 0.912 0. 929 0. 944 
0. 851 0. 885 0.912 0. 929 0. 944 
0. 851 0. 885 0.912 0. 929 0.944 
0.850 0. 884 0.911 0. 928 0. 943 
0.850 0. 884 0.911 0. 928 0. 943 

0. 850 0. 884 0.911 0. 928 0.943 
0.850 0. 884 0.911 0.928 0. 943 
0. 849 0. 8S3 0.910 0. 928 0. 943 
0. 849 0. 883 0.910 0. 927 0. 942 
0. 848 0. 862 0.909 0. 927 0. 942 

0. 848 0. 682 0.909 0. 927 0. 942 
0. 846 0. 882 0. 909 0. 927 0. 942 
0.847 0. 662 0.909 0.927 0. 942 
0. 847 0. 881 0. 908 0. 827 0. 942 
0. 846 0. 881 0.908 0. 827 0. 942 

0. 846 0. 881 0.908 0. 927 0. 942 
0. 845 0. 881 0. 908 0. 927 0. 942 
0. 845 0. 880 0. 908 0. 927 0. 942 
0. 844 0. 880 0. 907 0. 926 0. 941 
0. 844 0. 879 0. 907 0. 926 0. 941 

0.843 0. 879 0. 907 0. 926 0. 941 
0.843 0. S79 0. 907 0. 926 0. 941 
0. 843 0. 879 0. 907 0. 926 0. 94i 
0. 842 0. 67 ii 0. 906 0. 925 0. 941 
0. 842 0. 87 S 0. 906 0. 925 0. 9 43 

0.968 0.982 0. 995 1.006 1.014 2.00 
0. 968 0.982 0.995 1.006 1.014 2.01 
0. 968 0. 982 0.995 1.006 1.014 2.02 
0. 968 0. 982 0.995 1.006 1.014 2.03 
0. 968 0.982 0.995 1.006 1.014 2.04 

0.968 0.982 0.995 1.006 1.014 2.05 
0.968 0.982 0.995 1.006 1.014 2.06 
0.968 0.982 0.995 1.006 1.014 2.07 
0.967 0.981 0.995 1.007 1. 015 2.08 
0.967 0.981 0.995 1.007 1. 015 2.09 

0. 967 0.981 0. 995 1.007 1.015 2.10 
0. 967 0.981 0.995 1.007 1.015 2.11 
0. 967 0. 981 0.995 1.007 1.015 2.12 
0. 967 0.981 0.995 1.007 1. 015 2.13 
0. 967 0.981 0.995 1.007 1.015 2.14 

0.967 0.981 0.995 1.007 1.015 2.15 
0.967 0.981 0.995 1.007 1.015 2.16 
0.967 0.981 0. 995 1.007 1.015 2.17 
0.966 0. 981 0.995 1.007 1. 016 2.18 
0.966 0. 981 0. 995 1.007 1.016 2.19 

0. 966 0. 981 0. 995 1.007 1.016 2.20 
0. 966 0.981 0.995 1.007 1.016 2.21 
0. 966 0.981 0.995 1.007 1.016 2.22 
0. 966 0. 981 0. 995 1.007 1.016 2.23 
0. 966 0.981 0.995 1.007 1.016 2.24 

0. 966 0.98J 0.995 1.007 1.016 2.25 
0.966 0. 981 0. 995 1.007 1. 016 2.26 
0. 966 0.981 0. 995 1.007 1. 016 2.27 
0. 965 0. 980 0. 995 1.008 1.017 2.28 
0. 965 0. 980 0. 995 1.008 1. 017 2.29 

0. 965 0. 980 0. 995 1.008 1.017 2.30 
0. 965 0. 980 0.995 1.008 1.017 2.31 
0. 965 0.980 0.995 1.008 1.017 2. 32 
0. 965 0. 930 0. 995 1.008 1.017 2.33 
0.965 0. 980 0.995 1.008 1.017 2.34 

0. 965 0. 980 0. 995 1.008 1.017 2. 35 
0. 965 0. 980 0. 995 1.008 1.017 2.36 
0. 965 0. 980 0. 995 1.008 1.017 2.37 
0. 964 0. 980 0. 995 1.008 1.018 2.38 
0. 964 0. 980 0.995 1.008 1. 018 2.39 

0.964 0. 980 0. 995 1.008 1.018 2. 40 
0. 964 0. 930 0. 995 1.008 1.018 2.41 
0. 964 0. 980 0. 995 1.008 1.018 2.42 
0. 964 0. 980 0. 995 1.008 1.018 2. 43 
0. 964 0. 980 0. 995 1.008 1.018 2. 44 

VII - 2.7 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

2. 45 0.336 0.390 0. 450 0.520 0.583 0.642 0 692 0.731 0.768 0.798 
2.46 0. 337 0.391 0.450 0.520 0.583 0.641 0.691 0.730 0.767 6.798 
2.47 0. 339 0.392 0.450 0.520 0.582 0.640 0.690 0.730 0.767 0.797 
2.48 0.340 0.392 0.451 0.519 0.582 0.640 0.690 0.729 0.767 0.797 
2.49 0.342 0.393 0.451 0.519 0.581 0. 639 0.689 0.729 0.767 0.796 

2.50 U. 343 0.394 0.451 0.519 0.581 0.638 0.688 0.728 0.765 0.796 
2.51 0. 344 0.395 0.452 0.519 0.581 0.638 0.687 0.727 0.765 0.795 
2.52 0.345 0.396 0.452 0.519 0. 581 0.637 0.687 0.727 0.764 0.795 
2.53 0.347 0.396 0.453 0.519 0. 58? 0.637 0.686 0.726 0.764 0.794 
2.54 0.348 0.397 0.453 0.519 0.581 0.636 0.686 0.726 0.763 0.794 

2.55 0. 349 0.398 0.454 0.519 0. 581 0.636 0.685 0.725 0. 763 0.793 
2.56 0.350 0.399 0.455 0.519 0.581 0.635 0.684 0.724 0.762 0.793 
2. 57 0.352 0.400 0.456 0. 519 0.581 0.635 0. 684 0. 724 0.762 0.792 
2. 58 0.353 0.400 0.456 0.520 0.580 0.634 0.683 0.723 0.761 0.792 
2.59 0.355 0.401 0.457 0.520 0.580 0.634 0.683 0.723 0.761 0.791 

2.60 0. 356 0.402 0.458 0.520 0.580 0.633 0.682 0. 722 0.760 0.791 
2.61 0.357 0.403 0.458 0.520 0. 580 0.633 0.682 0.722 0.760 0.791 
2. 62 0.358 0.404 0.459 0.520 0.580 0.632 0.681 0.721 0.759 0.790 
2.63 0.360 0.404 0.459 0.521 0.580 0.632 0. 681 0. 721 0.759 0.790 
2.64 0.361 0.405 0.460 0.521 0.580 0.631 0.680 0.720 0.758 0.789 

2.65 0. 362 0.406 0.460 0.521 0.580 0.631 0. 680 0. 720 0. 758 0.789 
2.66 0.363 0.407 0.461 0.521 0. 580 0.631 0.680 0.720 0.758 0.789 
2.67 0.365 0.408 0. 461 0.521 0.580 0.630 0.679 0.719 0.757 0.788 
2. 68 0.366 0. 408 0. 462 0. 522 0.579 0. 630 0. 679 0. 719 0. 757 0.788 
2.69 0. 368 0. 409 0. 462 0. 522 0.579 0. 629 0. 678 0.718 0.756 0.787 

2.70 0. 369 0. 410 0. 463 0.522 0. 579 0.629 0.678 0.718 0. 756 0.787 
2.71 0. 370 0. 411 0. 464 0.522 0. 579 0.629 0.678 0.718 0.756 0.787 
2.72 0. 371 0.412 0. 465 0.523 0.579 0.629 0. 677 0.717 0. 755 0.786 
2.73 0. 373 0.412 0. 465 0. 523 0. 579 0.628 0. 677 0.717 0.755 0. 786 
2.74 0. 374 0.413 0. 466 0. 524 0.579 0. 628 0.676 0.716 0.754 0.785 

2.75 0. 375 0. 414 0. 467 0. 524 0. 579 0.628 0. 676 0.716 0. 754 0.785 
2. 76 0. 376 0.415 0. 468 0.524 0. 579 0.628 0.675 0.715 0. 754 0.785 
2. 77 0.377 0. 416 0.469 0.525 0. 579 0.628 0. 675 0.715 0.753 0.784 
2. 78 0.379 0.417 0. 470 0.525 0. 579 0. 627 0. 674 0.714 0. 753 0.784 
2. 79 0. 380 0.418 0. 471 0. 526 0. 579 0.627 0. 674 0.714 0. 752 0. 783 

2. 80 0. 381 0. 419 0. 472 0.526 0.579 0.627 0. 673 0.713 0. 752 0. 783 
2.81 0. 382 0.420 0. 473 0.526 0. 579 0. 627 0.673 0.713 0. 752 0. 783 
2. 82 0. 383 0.421 0.474 0.527 0.579 0.627 0.673 0.713 0.751 0.782 
2.83 0.385 0.422 0.474 0.527 0.579 0.626 0. 672 0.712 0. 751 0.782 
2. 84 0.386 0. 423 0.475 0. 528 0. 579 0. 626 0. 672 0.712 0. 750 0.781 

2.85 0.387 0. 424 0. 476 0. 528 0. 579 0.626 0. 672 0.712 0. 750 0.781 
2. 86 0. 388 0. 425 0.477 0. 528 0. 579 0. 626 0. 672 0.712 0. 750 0. 781 
2.87 0. 390 0. 426 0. 478 0.529 0.579 0.626 0. 671 0.711 0. 749 0. 780 
2. 88 0.391 0.427 0.479 0. 529 0. 580 0. 625 0. 671 0.711 0.749 0.780 
2. 89 0. 393 0. 428 0. 480 0. 530 0.580 0. 625 0. 670 0.710 0. 748 0.779 

VII - 28 



Pr 
2.45 - 2.89 

1.60 1.70 1.80 1.90 2. OU 2.20 2.40 2.60 2.80 3.00 Pr 

0.842 0.878 0.906 0.925 0. 941 0.964 0.980 0.995 1.008 1.018 2.45 
0.842 0.878 0.906 0.925 0.941 0.964 0. 980 0.995 1.008 1.018 2.46 
0.841 0.877 0.905 0.925 0.941 0.964 0. 980 0.995 1.008 1. 018 2.47 
0.841 0.877 0.905 0.924 0.941 0.963 0.980 0.995 1.009 1.019 2.48 
0.840 0.876 0.904 0.924 0.941 0.963 0.980 0.995 1.009 1.019 2.49 

0.840 0.876 0.904 0.924 0.941 0.963 0.980 0.995 1.009 1.019 2.50 
0.840 0. 876 0.904 0. 924 0.941 0. 963 0.980 0.995 1.009 1.019 2.51 
0.840 0.876 0.904 0.924 0.941 0.963 0.980 0.995 1.009 1.019 2.52 
0.839 0.875 0. 903 0.923 0.941 0.963 0.980 0.995 1.009 1.019 2.53 
0. 839 0.875 0.903 0.923 0. 941 0.963 0.980 0.995 1.009 1.019 2. 54 

0.839 0.875 0.903 0.923 0.941 0. 963 0.980 0.995 1.009 1.019 2. 55 
0.839 0.875 0.903 0.923 0. 941 0.963 0. 980 0.995 1.009 1.019 2.56 
0. 838 0.874 0.903 0.923 0.941 0.963 0. 980 0.995 1.009 1.019 2.57 
0.838 0. 874 0.902 0.922 0.940 0.963 0.980 0. 995 1.009 1.020 2. 58 
0. 837 0. 873 0.902 0.922 0. 940 0.963 0.980 0.995 1.009 1.020 2.59 

0. 837 0. 873 0. 902 0. 922 0.940 0. 963 0.980 0.995 1.009 1.020 2.60 
0. 837 0. 873 0.902 0. 922 0. 940 0. 963 0.980 0.995 1.009 1.020 2.61 
0. 836 0. 873 0.902 0. 922 0. 940 0. 963 0.980 0.995 1.009 1.020 2. 62 
0. 836 0. 872 0. 901 0.922 0. 940 0.963 0.980 0.995 1.009 1.020 2.63 
0. 835 0.872 0. 901 0.922 0. 940 0.963 0.980 0.995 1.009 1. 020 2.64 

0.835 0. 872 0.901 0.922 0. 940 0.963 0. 980 0.995 1.009 1.020 2.65 
0. 835 0. 872 0.901 0.922 0. 940 0.963 0.980 0.995 1.009 1.020 2.66 
0.834 0. 872 0.901 0.922 0.940 0.963 0. 980 0.995 1.009 1.020 2.67 
0. 834 0. 871 0.900 0. 921 0 939 0. 962 0. 980 0. 996 1.010 1.021 2.68 
0. 833 0. 871 0. 900 0. 921 0.939 0.962 0. 980 0. 996 1.010 1.021 2. 69 

0. 833 0. 871 0.900 0. 921 0. 939 0. 962 0.980 0. 996 1.010 1.021 2.70 
0. 833 0.871 0.900 0.921 0. 939 0.962 0.980 0.996 1.010 1.021 2.71 
0. 833 0. 871 0.900 0. 921 0. 939 0.962 0.980 0.996 1.010 1.021 2. 72 
0. 832 0. 870 0.900 0. 921 0.939 0.962 0.980 0.996 1.010 1.021 2.73 
0. 832 0. 870 0.900 0.921 0.939 0. 962 0. 980 0.996 1.010 1.021 2. 74 

0. 832 0. 870 0.900 0.921 0. 939 0. 962 0. 980 0. 996 1.010 1.021 2. 75 
0. 832 0. 870 0.900 0.921 0. 939 0. 962 0.980 0. 996 1.010 1.021 2.76 
0. 831 0. 870 0. 900 0.921 0. 939 0. 962 0.980 0.996 1.010 1.021 2.77 
0. 831 0.869 0.899 0. 920 0.938 0. 962 0.980 0. 996 1.010 1.022 2.78 
0. 830 0.869 0. 899 0. 920 0. 938 0. 962 0.980 0. 996 1.010 1.022 2.79 

0. 830 0. 869 0. 899 0. 920 0. 938 0. 962 0. 980 0.996 1.010 1.022 2.80 
0. 830 0.869 0.899 0. 920 0. 938 0.962 0.980 0.996 1.010 1.022 2.81 
0.830 0.869 0.899 0.920 0.938 0.962 0.980 0.996 1.010 1.022 2.82 
0. 829 0.868 0.898 0. 920 0. 938 0. 962 0. 980 0.996 1.010 1.022 2.83 
0. 829 0. 868 0.898 0. 920 0.938 0. 962 0. 980 0. 996 1.010 1.022 2.84 

0. 829 0. 868 0. 898 0. 920 0.938 0. 962 0. 980 0. 996 1.010 1.022 2. 85 
0. 829 0. 868 0. 898 0. 920 0. 938 0. 962 0. 980 0. 996 1.010 1.022 2.86 
0. 829 0. 868 0.898 0. 920 0. 938 0. 962 0. 980 0. 996 1.010 1.022 2.87 
0. 829 0. 867 0. 897 0. 919 0.938 G. 962 0. 980 0. 997 1.011 1.023 2.88 
0. 828 0. 867 0. 897 0. 919 0. 938 0. 962 0.980 0. 997 1.011 1.023 2. 89 

VI! • 29 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

2.90 
2.91 
2.92 
2.93 
2. 94 

0.394 
0.395 
0.397 
0.398 
0.400 

0.429 
0. 430 
0.431 
0.432 
0.433 

0.481 
0.482 
0.483 
0.483 
0.484 

0.530 
0.530 
0.531 
0.531 
0.532 

0.580 
0.580 
0.580 
0.580 
0.580 

0.625 
0.625 
0.625 
0.625 
0.625 

0.670 
0.670 
0.670 
0.670 
0.670 

0.710 
0.710 
0.710 
0.709 
0.709 

0. 748 
0.748 
0.748 
0.747 
0.747 

0.779 
0.779 
0.779 
0.778 
0.778 

2. 95 
2.96 
2.97 
2.98 
2.99 

0.401 
0.402 
0.403 
0.405 
0.406 

0.434 
0.435 
0.436 
0.438 
0.439 

0.485 
0.486 
0.487 
0.487 
0.488 

0.532 
0.532 
0.533 
0.533 
0.534 

0.580 
0.580 
0.580 
0.581 
0.581 

0.625 
0.625 
0.625 
0.624 
0.624 

0.670 
0.670 
0.670 
0.669 
0.669 

0.709 
0.709 
0.708 
0.708 
0.707 

0.747 
0.747 
0.746 
0.746 
0.745 

0.778 
0.778 
0.778 
0.777 
0.777 

3.00 
3.01 
3.02 
3.03 
3.04 

0.407 
0.408 
0.409 
0. 411 
0. 412 

0. 440 
0.441 
0. 442 
0. 444 
0. 445 

0.489 
0.490 
0.491 
0.492 
0.493 

0.534 
0.535 
0.535 
0.536 
0.536 

0.581 
0.581 
0.581 
0.582 
0.582 

0.624 
0.624 
0.624 
0.624 
0.624 

0. 669 
0.669 
0.669 
0.669 
0.669 

0.707 
0.707 
0.707 
0.706 
0.706 

0.745 
0.745 
0.745 
0.744 
0.744 

0.777 
0.777 
0.777 
0.776 
0.776 

3.05 
3.06 
3.07 
3.08 
3.09 

0.413 
0. 414 
0.416 
0.417 
0.419 

0.446 
0.447 
0.448 
0.450 
0.451 

0.494 
0.495 
0.496 
0.497 
0.498 

0.537 
0.538 
0.538 
0.539 
0.539 

0.582 
0.582 
0.583 
0.583 
0.584 

0.624 
0.624 
0.624 
0.625 
0.625 

0.669 
0.669 
0.669 
0.668 
0.668 

0.706 
0.706 
0.706 
0.705 
0.705 

0.744 
0.744 
0.743 
0.743 
0.742 

0.776 
0.776 
0.776 
0.775 
0.775 

3.10 
3.11 
3.12 
3.13 
3.14 

0.420 
0.421 
0.422 
0.424 
0.425 

0. 452 
0.453 
0. 454 
0. 455 
0. 456 

0.499 
0.500 
0.501 
0.501 
0.502 

0.540 
0.541 
0.541 
0.542 
0.542 

0.584 
0.584 
0.585 
0.585 
0.586 

0.625 
0.625 
0.625 
0.625 
0.625 

0.668 
0.668 
0.668 
0.668 
0.668 

0.705 
0.705 
0.705 
0.704 
0. 704 

0.742 
0.742 
0.742 
0.742 
0.742 

0.775 
0.775 
0.775 
0.774 
0.774 

3.15 
3.16 
3.17 
3.18 
3.19 

0.426 
0.427 
0.428 
0.430 
0.431 

0. 457 
0.458 
0. 459 
0.461 
0.462 

0.503 
0.504 
0.505 
0.505 
0.506 

0.543 
0.544 
0.544 
0.545 
0.545 

0.586 
0.586 
0.587 
0.587 
0.588 

0.625 
0.625 
0.625 
a 626 
0.626 

0.668 
0.668 
0.668 
0.668 
0. 668 

0.704 
0.704 
0.704 
0.703 
0.703 

0.742 
0.742 
0.742 
0.741 
0.741 

0.774 
0.774 
0.774 
0.773 
0.773 

3.20 
3.21 
3.22 
3. 23 
3. 24 

0.432 
0. 433 
0. 434 
0.436 
0.437 

0.463 
0.464 
0. 465 
0. 467 
0. 468 

0.507 
0.508 
0. 509 
0.509 
0.510 

0.546 
0.546 
0.547 
0.547 
0.548 

0.588 
0.588 
0.589 
0.589 
0.590 

0.626 
0.626 
0.626 
0.627 
0.627 

0. 668 
0.668 
0.668 
0.668 
0.668 

0.703 
0.703 
0.702 
0.702 
0.701 

0.741 
0.741 
0.741 
0.741 
0.741 

0.773 
0.773 
0.773 
0.773 
0.773 

3.25 
3.26 
3.27 
3.28 
3.29 

0.438 
0. 439 
0.441 
0.442 
0. 444 

0.469 
0. 470 
0.471 
0.473 
0.474 

0.511 
0.512 
0.513 
0.514 
0.515 

0.548 
0.549 
0.549 
0.550 
0.550 

0.590 
0.590 
0.591 
0.591 
0.592 

0.627 
0.627 
0.627 
0.628 
0.628 

0.668 
0.668 
0.668 
0.668 
0.669 

0.701 
0.701 
0.701 
0.702 
0.702 

0.741 
0. 741 
0. 741 
0.740 
0.740 

0.773 
0.773 
0.773 
0.772 
0.772 

3.30 
3.31 
3.32 
3. 33 
3. 34 

0.445 
0.446 
0.447 
0. 449 
0. 450 

0.475 
0.476 
0.477 
0.479 
0. 480 

0.516 
0.517 
0.518 
0.518 
0. 519 

0.551 
0.552 
0.553 
0.553 
0.554 

0.592 
0.592 
0.593 
0.593 
0.594 

0.628 
0.628 
0.628 
0.629 
0.629 

0.669 
0.669 
0.669 
0.669 
0.669 

0.702 
0.702 
0.702 
0.702 
0.702 

0.740 
0.740 
0.740 
0.740 
0.740 

0.772 
0.772 
0.772 
0.772 
0.772 

vn - 30 



T 
r 

1.60 1.70 1. 80 1.90 2.00 2.20 2.40 2. 60 2. 80 3.00 

0. 828 0. 867 0.897 0. 919 0. 938 0. 962 0. 980 0.997 1.011 1.023 2.90 
0. 828 0. 867 0. 897 0. 919 0.938 0.962 0. 980 0.997 1.011 1.023 2.91 
0. 828 0. 867 0. 897 0. 919 0. 938 0.962 0. 980 0. 997 1.011 1.023 2.92 
0. 827 0. 866 0. 897 0.919 0. 938 0.962 0.980 0.997 1.011 1.023 2. 93 
0. 827 0. 866 0. 897 0.919 0.938 0. 962 0. 980 0.997 1.011 1.023 2.94 

0.827 0. 866 0. 897 0.919 0. 938 0. 962 0. 980 0.997 1. on 1.023 2.95 
0. 827 0. 866 0.897 0. 919 0. 938 0. 962 0. 980 0.997 1.011 1.023 2.96 
0. 826 0. 865 0.897 0. 919 0. 936 0.962 0. 980 0. 997 1.011 1.023 2.97 
0. 826 0. 865 0.896 0.918 0. 938 0.962 0. 981 0. 997 1.012 1.024 2.98 
0. 825 0. 864 0. 896 0. 918 0. 938 0.962 0. 981 0. 997 1.012 1.024 2.99 

0.825 0. 864 0. 896 0. 918 0. 938 0.962 0. 981 0.997 1.012 1.024 3.00 
0. 825 0. 864 0. 896 0. 918 0. 938 0.962 0. 981 0. 997 1.012 1.024 3.01 
0. 824 0. 864 0.896 0. 918 0.938 0. 962 0. 981 0. 997 1.012 1.024 3.02 
0. 824 0. 863 0. 896 0. 918 0. 938 0. 962 0. 981 0. 997 1.012 1.024 3.03 
0. 823 0.863 0.896 0. 918 0. 938 0. 962 0. 981 0. 997 1.012 1.024 3.04 

0. 823 0. 863 0.896 0. 918 0. 938 0. 962 0. 981 0.997 1.012 1.024 3.05 
0. 823 0. 863 0. 896 0. 918 0. 938 0.962 0. 981 0.997 1.012 1.024 3.06 
0. 823 0.863 0. 896 0. 918 0. 938 0. 962 0. 981 0. 997 1.012 1.024 3.07 
0.822 0. 862 0. 895 0. 917 0. 937 0.962 0. 981 0.998 1.013 1.025 3.08 
0. 822 0. 862 0. 895 0. 917 0. 937 0.962 0. 981 0. 998 1.013 1.025 3.09 

0. 822 0. 862 0.895 0. 917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.10 
0. 822 0. 862 0.895 0. 917 0. 937 0. 962 0. 981 0. 998 1.013 1.025 3.11 
0. 822 0. 862 0.895 0. 917 0.937 0.962 0. 981 0.998 1.013 1.025 3.12 
0.822 0. 862 0. 895 0. 917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.13 
0. 822 0. 862 0. 895 0. 917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.14 

0. 822 0. 862 0. 895 0. 917 0. 937 0. 962 0. 981 0. 998 1.013 1.025 3.15 
0. 822 0. 862 0. 895 0. 917 D. 937 0. 962 0. 981 0. 998 1.013 1. 025 3.16 
0. 822 0. 862 0.895 0. 917 0. 937 0. 962 0. 981 0. 998 1.013 1.025 3.17 
0. 821 0. 861 0. 894 0. 917 0. 937 0. 962 0. 982 0.998 1.014 1.026 3.18 
0. 821 0. 861 0.894 0. 917 0. 937 0. 962 0. 982 0.998 1.014 1.026 3.19 

0. 821 0. S61 0. 894 0. 917 0. 937 0. 962 0. 982 0. 998 1.014 1.026 3.20 
0.821 0. 861 0. 894 0.917 0. 937 0. 962 0. 982 0.998 1.014 1.026 3.21 
0. 821 0. 861 0. S94 0.917 0. 937 0. 962 0. 982 0. 998 1.014 1.026 3.22 
0. 820 0. 860 0. 894 0.917 1. 937 0. 962 0. 982 0. 998 1. 014 1.026 3.23 
0. 820 0. 860 0.894 0. 917 0. 937 0. 962 0. 982 0. 998 1.014 1.026 3.24 

0. 820 0. 860 0.894 0. 917 0. 937 0.962 0. 982 0.998 1.014 1.026 3.25 
0.820 0. 860 0. 894 0.917 0. 937 0.962 0. 982 0. 998 1,014 1.026 3.26 
0. 820 0. 860 0.894 0.917 0. 937 0.962 0. 982 0.998 1.014 1.026 3.27 
0.819 0. 859 0.893 0.916 0. 937 0. 962 0. 982 0.999 1.015 1.027 3.28 
0.819 0. 859 0. 893 0.916 0. 937 0. 962 0. 982 0. 999 1.015 1.027 3.29 

0. dl9 0. S59 G. c93 0. 916 0. 937 0. 962 0. V82 0. 999 1. 015 1.027 3.30 
0. 819 0. 559 0. S93 0. 916 0. 937 0. 962 0. v32 0. 999 1.015 1.027 3.31 
C. 819 0. S59 0. h93 0.916 0. 937 0. 962 0. 982 0. 999 1.015 1.027 3. 32 
0. 819 0. S5;> 0. 893 0. 9i6 i, °Z1 C. 962 0. *o2 0. 999 1.015 1.027 3. 33 
0. 81 9 0. 85') 0. 893 0. 916 937 0. 962 0. 9S2 0. 999 1.015 1.027 3. 34 

VII - 31 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

3. 35 
3.36 
3. 37 
3.38 
3.39 

0.451 
0.452 
0.454 
0.455 
0.457 

0.481 
0.482 
0.484 
0.485 
0.487 

0. 520 
0.521 
0.522 
0.523 
0.524 

0.555 
0. 556 
0.557 
0.557 
0.558 

0.594 
0.595 
0.595 
0.596 
0.596 

0.629 
0.629 
0.630 
0.630 
0.631 

0.669 
0.669 
0.669 
0.670 
0.670 

0.702 
0.702 
0.702 
0.703 
0.703 

0.740 
0.740 
0.740 
0.739 
0.739 

0.772 
0.772 
0.772 
0.771 
0.771 

3.40 
3.41 
3.42 
3.43 
3. 44 

0.458 
0.459 
0. 460 
0.462 
0. 463 

0.488 
0.489 
0.490 
0.492 
0.493 

0.525 
0.526 
0.527 
0.528 
0.529 

0.559 
0.560 
0.560 
0.561 
0.561 

0.597 
0.597 
0.598 
0.598 
0.599 

0.631 
0.631 
0.631 
0.632 
0.632 

0.670 
0.670 
0.670 
0.670 
0.670 

0.703 
0.703 
0.703 
0.703 
0.703 

0.739 
0.739 
0.739 
0.739 
0.739 

0.771 
0.771 
0.771 
a 771 
0.771 

3.45 
3.46 
3.47 
3.48 
3.49 

0.464 
0.465 
0.467 
0. 468 
0.470 

0.494 
0.495 
0.496 
0.498 
0.499 

0.530 
0.531 
0.532 
0.533 
0. 534 

0.562 
0.563 
0.564 
0.564 
0.565 

0.599 
0.600 
0.600 
0.601 
0.601 

0.632 
0.632 
0.632 
0.633 
0.633 

0.670 
0.670 
0.670 
0.670 
0.670 

0.703 
0.703 
0.703 
0.704 
0.704 

0.739 
0.739 
0.739 
0.739 
0.739 

0.771 
0.771 
0.771 
0.771 
0.771 

3.50 
3.51 
3.52 
3.53 
3.54 

0.471 
0.472 
0.473 
0.475 
0.476 

0.500 
0.501 
0.502 
0.503 
0.504 

0.535 
0. 536 
0.537 
0.537 
0. 538 

0.566 
0.567 
0.567 
0.568 
0.568 

0.602 
0.603 
0.603 
0.604 
0.604 

0.633 
0.633 
0.634 
0.634 
0.635 

0.670 
0.670 
0.671 
0.671 
0.672 

0.704 
0.704 
0.704 
0.705 
0.705 

0.739 
0.739 
0.739 
0. 739 
0.739 

0.771 
0.771 
0.771 
0.771 
0. 771 

3.55 
3.56 
3. 57 
3.58 
3. 59 

0.477 
0.478 
0.479 
0. 481 
0.482 

0.505 
0.506 
0.507 
0. 509 
0.510 

0.539 
0.540 
0. 541 
0. 542 
0.543 

0.569 
0.570 
0. 570 
0. 571 
0.571 

0.605 
0.606 
0.606 
0.607 
0.607 

0.635 
0.635 
0.636 
0.636 
0.637 

0.672 
0.672 
0.672 
0.673 
0. 673 

0.705 
0.705 
0.705 
0.706 
0.706 

0.739 
0.739 
0.739 
0.740 
0.740 

0.771 
0.771 
0.771 
0.771 
0.771 

3.60 
3. 61 
3.62 
3.63 
3. 64 

0. 483 
0.484 
0. 486 
0.487 
0.489 

0.511 
0.512 
0.513 
0.515 
0.516 

0.544 
0.545 
0. 546 
0. 546 
0. 547 

0.572 
0.573 
0.574 
0. 575 
0. 576 

0.608 
0.609 
0.609 
0.610 
0.610 

0.637 
0.637 
0.638 
0.638 
0.639 

0.673 
0.673 
0.674 
0.674 
0. 675 

0.706 
0.706 
0.706 
0.707 
0.707 

0.740 
0.740 
0.740 
0.740 
0. 740 

0.771 
0.771 
0.771 
0.771 
0.771 

3.65 
3. 66 
3. 67 
3. 68 
3. 69 

0. 490 
0. 491 
0.493 
0.494 
0. 496 

0.517 
0.518 
0.519 
0. 521 
0. 522 

0.548 
0. 549 
0. 550 
0. 551 
0. 552 

0.577 
0.578 
0. 579 
0.580 
0. 581 

0.611 
0.612 
0.612 
0.613 
0.613 

0.639 
0.639 
0.640 
0.640 
0. 641 

0.675 
0.675 
0.676 
0.676 
0. 677 

0.707 
0.707 
0. 707 
0. 708 
0. 708 

0.740 
0.740 
0. 740 
0.741 
0. 741 

0.771 
0.771 
0.771 
0,772 
0.772 

3. 70 
3.71 
3. 72 
3. 73 
3.74 

0.497 
0.498 
0.499 
0.501 
0. 502 

0. 523 
0.524 
0. 525 
0.527 
0.528 

0. 553 
0.554 
0.555 
0.556 
0. 557 

0.582 
0. 583 
0.583 
0.584 
0.585 

0.614 
0.615 
0. 615 
0.616 
0.616 

0.641 
0.641 
0.641 
0.642 
0.642 

0.677 
0.677 
0.677 
0. 678 
0.678 

0.708 
0.708 
0.708 
0.709 
0.709 

0.741 
0.741 
0.741 
0. 741 
0.741 

0.772 
0.772 
0.772 
0.772 
0.772 

3.7* 
1.7t» 
3. 7/ 
.1. ,ri 
3. / 9 

0. 503 
0.504 
0. 505 
0.507 
0.508 

0.529 
0.530 
0. 531 
0.533 
0. 534 

0. 558 
0. 559 
0. 560 
0.561 
0.562 

0. 586 
0.587 
0.588 
0. 588 
0. 589 

0.617 
0.618 
0.618 
0.619 
0.619 

0.642 
0.642 
0.643 
0. 643 
0.644 

0. 678 
0.678 
0.679 
0. 679 
0.680 

0.709 
0.709 
0.709 
0.710 
0.710 

0.741 
0.741 
0. 741 
0.742 
0. 742 

0. 772 
0.772 
0.772 
0.773 
0.773 

VII - 32 



T 
r 3. 35 - 3. 79 

1.60 1.70 1. 80 1.90 2.00 2. 20 2.40 2.60 2. 80 3.00 Pr 

0.819 0. 859 0. 893 0. 916 0. 937 0. 962 0. 982 0. 999 1.015 1.027 3.35 
0.819 0. 859 0. 893 0.916 0. 937 0. 962 0. 982 0. 999 1.015 1.027 3.36 
0. 819 0. 859 0.893 0. 916 0. 937 0. 962 0.982 0.999 1.015 1.027 3.37 
0. 818 0.858 0.892 0. 916 0. 937 0.963 0.983 1.000 1.016 1.028 3.38 
0.818 0. 858 0.892 0.916 0. 937 0. 963 0.983 1.000 1.016 1.028 3.39 

0.818 0. 858 0.892 0.916 0. 937 0.963 0.983 1.000 1.016 1.028 3.40 
0.818 0. 858 0. 892 0.916 0. 937 0.963 0.983 1.000 1.016 1.028 3. 41 
0.818 0. 858 0. 892 0.916 0.937 0.963 0.983 1.000 1.016 1.028 3.42 
0.818 0. 858 0. 892 0.916 0. 937 0. 963 0.983 1.000 1.016 1.029 3.43 
0.818 0. 858 0. 892 0. 916 0. 937 0.963 0. 983 1.000 1.016 1.029 3.44 

0.818 0. 858 0.892 0. 916 0. 937 0.963 0. 983 1.000 1.016 1.029 3.45 
0.818 0. 858 0.892 0.916 0. 937 0.963 0.983 1.000 1.016 1.029 3.46 
0.818 0. 858 0.892 0. 916 0. 937 0.963 0.983 1.000 1.016 1.029 3.47 
0.817 0. 858 0. 891 0.915 0. 937 0. 963 0.984 1.000 1.017 1.030 3. 48 
0. 817 0. 858 0. 891 0.915 0.937 0. 963 0.984 1.000 1.017 1.030 3.49 

0.817 0. 858 0. 891 0. 915 0. 937 0. 963 0.984 1.000 1.017 1.030 3.50 
0.817 0. 858 0.891 0. 916 0. 937 0.963 0. 984 1.000 1.017 1.030 3.51 
0.817 0. 858 0. 891 0. 915 0. 937 0. 963 0.984 1.000 1.017 1.030 3. 52 
0.817 0. 858 0. 891 0.915 0. 937 0.963 0. 984 1.000 1.017 1.030 3.53 
0.817 0. 858 0.891 0. 915 0. 937 0. 963 0.984 1.000 1.017 1.030 3.54 

0. 817 0. 858 0. 891 0.915 0. 937 0.963 0.984 1.000 1.017 1.030 3.55 
0.817 0. 858 0. 891 0.915 0. 937 0.963 0.984 1.000 1.017 1.030 3. 56 
0.817 0.858 0. 891 0.915 0. 937 0. 963 0.984 1.000 1.017 1.030 3.57 
0. 816 0 857 0. 890 0.915 0. 937 0. 964 0. 985 1.001 1.018 1.031 3.58 
0. 816 0. 857 0.890 0. 915 0. 937 0.964 0. 985 1.001 1.018 1.031 3.59 

0.816 0. 857 0. 890 0. 915 0. 937 0. 964 0. 985 1.001 1.018 1.031 3.60 
0.816 0. 857 0. 890 0.915 0. 937 0. 964 0. 985 1.001 1.018 1. 031 3.61 
0.816 0. 857 0. 890 0. 915 0. 937 0. 964 0.985 1.001 1.018 1.031 3.62 
0.816 0. 857 0. 890 0. 915 0. 937 0. 964 0. 985 1.001 1.019 1.031 3.63 
0. 816 0. 857 0. 890 0.915 0. 937 0. 964 0.985 1.001 1.019 1.031 3. 64 

0. 816 0. 857 0. 890 0. 915 0. 937 0. 964 0. 985 1.001 1.019 1.031 3.65 
0.816 0. 857 0.890 0. 915 0. 937 0. 964 0.985 1.001 1.019 1.031 3.66 
0.816 0.857 0. 890 0. 915 0. 937 0. 964 0.985 1.001 1.019 1.031 3.67 
0.816 0. 856 0. 890 0.916 0. 937 0. 965 0. 986 1.002 1.019 1.032 3. 66 
0.816 0. 856 0. 890 0. 916 0. 937 0. 965 0. 986 1.002 1.019 1.032 3.69 

0.816 0. 856 0.890 0. 916 0. 937 0. 965 0. 986 1.002 1.019 1.032 3.70 
0.816 0. 856 0. 890 0. 916 0. 937 0. 965 0.986 1. 002 1.019 1.032 3.71 
0.816 0. 856 0. 890 0.916 0. 937 0.965 0.986 1.002 1.019 1.032 3.72 
0.816 0. 856 0.890 0. 916 0. 937 0. 965 0.986 1. 002 1.019 1.032 3. 73 
0.816 0. 856 0.890 0. 916 0. 937 0. 965 0.986 1.002 1.019 1.032 3.74. 

0. 816 0.856 0.890 0.916 0. 937 0. 965 0. 98o 1.002 1.019 1.032 3. 75 
C. 816 0. 856 0. 89>. 0.916 0.937 0. 965 0. 986 1.002 1.019 1.032 3.76 
0. 816 0. 856 0. 890 0. 916 0. 937 0. 965 0. 966 1.002 1.019 1.032 3. 77 
0. 816 0. 855 0. S9J 0. 9! h 0. 937 0. 966 0. 98~ 1.003 1.020 1. 033 3.78 
0. 816 0. 855 0. 891 0. 916 0. 937 0. 966 0. 987 1.003 1.020 1.033 3.79 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

3. 80 
3.81 
3.82 
3. t-3 
3.84 

0.509 
0.510 
0.511 
0.513 
0.514 

0.535 
0.536 
0.537 
0.539 
0.540 

0.563 
0.564 
0.565 
0.566 
0.567 

0.590 
0.591 
0.592 
a 592 
0.593 

0.620 
0.621 
a 621 
0.622 
0.622 

0.644 
0.644 
0.645 
0.645 
0.646 

0.680 
0.680 
0.680 
0.681 
0.681 

0.710 
0.710 
0.710 
0.711 
0.711 

0.742 
0.742 
0.742 
0.742 
0.742 

0.773 
0.773 
0.773 
0.773 
0.773 

3.85 
3.86 
3.87 
3.88 
3.89 

0.515 
0.516 
0.518 
0.519 
0.521 

0.541 
0.542 
0.543 
0.545 
0.546 

0.568 
0.569 
0.570 
0.571 
0.572 

0.594 
0.595 
0.596 
0.597 
0.598 

0.623 
0.624 
0.625 
0.625 
0.626 

0.646 
0.647 
0.647 
0.646 
0.648 

0.681 
0.681 
0.682 
0.662 
0.683 

0.711 
0.711 
0.712 
0.712 
0.713 

0.742 
0.742 
0.742 
0.743 
0.743 

0.773 
0.773 
0.773 
0.774 
0.774 

3.90 
3.91 
3.92 
3.93 
3. 94 

0.522 
0.523 
0.524 
0.526 
0.527 

0.547 
0.548 
0.549 
0.550 
0.551 

0.573 
0.574 
0.575 
0.575 
0.576 

0.599 
0.600 
0.601 
0.601 
0.602 

0.627 
0.628 
0.628 
0.629 
0.629 

0.649 
0.649 
0.650 
0.650 
0.651 

0.683 
0.683 
0.684 
0.684 
0.685 

0.713 
0.713 
0.713 
0.714 
0.714 

0.743 
0.743 
0.743 
0.744 
0.744 

0.774 
0.774 
0.774 
0.775 
0.775 

3.95 
3.96 
3.97 
3.98 
3.99 

0.528 
0.S29 
0.530 
0. 532 
0. 533 

0.552 
0.553 
0.554 
0.556 
0.557 

0.577 
0.578 
0.579 
0.580 
0.581 

0.603 
0.604 
0.605 
0.606 
0.607 

0.630 
0.631 
0.631 
0.632 
0.632 

0.651 
0.651 
0.652 
0.652 
0.653 

0.685 
0.685 
0.686 
0.686 
0.687 

0.714 
0.714 
0.715 
0.715 
0.716 

0.744 
0.744 
0. 745 
0.745 
0.746 

0.775 
0.775 
0.775 
0.776 
0.776 

4.00 
4.01 
4.02 
4.03 
4.04 

0.534 
0.535 
0.536 
0.538 
0. 539 

0.558 
0.559 
0.560 
0.562 
0.563 

0.582 
0.583 
0.584 
0.585 
0.586 

0.608 
0.609 
0.610 
0.610 
0.611 

0.633 
0.634 
0.634 
0.635 
0.635 

0.653 
0.654 
0.654 
0.655 
0.655 

0.687 
0.687 
0.688 
0.688 
0.689 

0.716 
0.716 
0.716 
0.717 
0.717 

0.746 
0.746 
0. 746 
0.747 
0.747 

0.776 
0.776 
0.776 
0.777 
0.777 

4. OS 
4.06 
4.07 
4.08 
4.09 

0.540 
0.541 
0.543 
0.544 
0. 546 

0.564 
0.565 
0.566 
0.568 
0.569 

0.587 
0.588 
0.589 
0.590 
0.591 

0.612 
0.613 
0.614 
0.614 
0.615 

0.636 
0.637 
0.638 
0.638 
0.639 

0.656 
0.657 
0.657 
0.658 
0.658 

0.689 
0.690 
0.690 
0.691 
0.691 

0.717 
0. 717 
0.718 
0.718 
0.719 

0.747 
0.747 
0. 748 
0.748 
0.749 

0.777 
0. 777 
0.778 
0.778 
0.779 

4.10 
4.11 
4.12 
4.13 
4.14 

0.547 
0.548 
0.549 
0.551 
0. 552 

0.570 
0.571 
0.572 
0.573 
0.574 

0.592 
0.593 
0.594 
0.594 
0.595 

0.616 
0.617 
0.618 
0.618 
0.619 

0.640 
0.641 
0.642 
0.642 
0.643 

0.659 
0.660 
0.660 
0.661 
0.661 

0.692 
0.693 
0.693 
0.694 
0.694 

0.719 
0.719 
0.719 
0.720 
0.720 

0.749 
0.749 
0,749 
0.750 
0.750 

0.779 
0.779 
0.779 
0.780 
0.780 

4.15 
4.16 
4.17 
4.18 
4. 19 

0.553 
0.554 
0.556 
0.557 
0.559 

0.575 
0.576 
0.577 
0. 579 
0.580 

0.596 
0.597 
0.598 
0.599 
0.600 

0.620 
0.621 
0.622 
0.622 
0.623 

0.644 
0.645 
0.646 
0.646 
0.647 

0.662 
0.663 
0.663 
0.664 
0.664 

0.694 
0.695 
0.696 
0.696 
0.697 

0.720 
0.720 
0.721 
0.721 
0.722 

0.750 
0.750 
0.751 
0.751 
0.752 

0.780 
0.780 
0.780 
0.781 
0. 781' 

4. 20 
4.21 
4. 22 
4. 23 
4.24 

0.560 
0.56' 
0.562 
0.564 
0.565 

0.581 
0.582 
0.583 
0.585 
0. 586 

0.601 
0.602 
0.603 
0.604 
0.605 

0.624 
0.625 
0.626 
0.626 
0.627 

0.648 
0.649 
0.649 
0.650 
0. 650 

0.665 
0.666 
0.666 
0.667 
0.667 

0.697 
0.697 
0.698 
0.698 
0.699 

0.722 
0.722 
0.723 
0.723 
0.724 

0.752 
0.752 
0.752 
0.753 
0. 753 

0.781 
0.781 
0.781 
0.782 
0.782 

VT1 - 34 



3. 80 - 4.24 

1.60 1.70 1.80 1.90 2.00 2. 20 2. 40 2.60 2. 80 3.00 

0.816 0.855 0.891 0.916 0. 937 0.966 0.987 1.003 1.020 1.033 3.80 
0.816 0.855 0.891 0. 916 0. 937 0. 966 0.987 1.003 1.020 1.033 3.81 
0.816 0. 855 0.891 0.916 0.937 0. 966 0.987 1.003 1.020 1.033 3.82 
0.816 0.855 0.891 0.916 0.937 0.966 0.988 1.004 1.021 1.033 3.83 
0.816 0. 855 0.891 0.916 0.937 0.966 0.988 1.004 1.021 1.033 3.84 

0.816 0.855 0.891 0.916 0.937 0.966 0.988 1.004 1.021 1.033 3.85 
0.816 0.855 0.891 0.916 0.937 0.966 0.988 1.004 1.021 1.033 3.86 
0.816 0.855 0.891 0. 916 0.937 0.966 0.988 1.004 1.021 1.033 3.87 
0.817 0. 855 0.891 0.917 0. 938 0.967 0.989 1.005 1.022 1.034 3.88 
0.817 0.855 0.891 0.917 0.938 0.967 0.989 1.005 1.022 1.034 3.89 

0.817 0.855 0.891 0. 917 0.938 0.967 0.989 1.005 1.022 1.034 3.90 
0.817 0.855 0.891 0.917 0.938 0.967 0.989 1.005 1.022 1.034 3.91 
0.817 0.855 0.891 0.917 0.938 0.967 0.989 1.005 1.022 1.034 3.92 
0.817 0.855 0.891 0.917 0.938 0.967 0.989 1.006 1.022 1.034 3.93 
0.817 0. 855 0.891 0. 917 0.938 0.967 0. 989 1.006 1.022 1.034 3.94 

0.817 0.855 0.891 0.917 0. 938 0. 967 0.989 1.006 1.022 1.034 3.95 
0.817 0.855 0. 891 0.917 0.938 0. 967 0. 989 1.006 1.022 1.034 3.96 
0.817 0.855 0.891 0.917 0. 938 0. 967 0.989 1.006 1.022 1.034 3.97 
0.818 0.856 0.892 0.917 0.939 0. 968 0.990 1.007 1.023 1.035 3. 98 
0.818 0.856 0.892 0.917 0.939 0. 968 0.990 1.007 1.023 1.035 3.99 

0.818 0. 856 0.892 0.917 0.939 0.968 0.990 1.007 1.023 1.035 4.00 
0.818 0.856 0.892 0. 917 0. 939 0.968 0.990 1.007 1.023 1.035 4.01 
0.818 0.856 0.892 0.917 0. 939 0. 968 0.990 1.007 1.023 1.035 4.02 
0.819 0. 856 0.892 0. 917 0.939 0. 968 0.991 1.008 1.023 1.035 4.03 
0.819 0. 856 0.892 0.917 0. 939 0. 968 0.991 1.008 1.023 1.035 4.04 

0.819 0. 856 0.892 0. 917 0.939 0.968 0.991 1.008 1.023 1.035 4.05 
0.819 0. 856 0. 892 0. 917 0. 939 0. 968 0. 991 1. 008 1.023 1.035 4.06 
0.819 0. 856 0. 892 0. 917 0. 939 0. 968 0. 991 1. 008 1.023 1.035 4.07 
0.820 0.857 0.693 0. 918 0. 940 0. 969 0. 992 1.009 1.024 1.036 4.08 
0. 820 0.857 0.893 0. 918 0. 940 0. 969 0.992 1.009 1.024 1.036 4.09 

0. 820 0. 857 0. 893 0. 918 0. 940 0. 969 0. 992 1.009 1.024 1.036 4.10 
0. 820 0. 857 0. 895 0. 916 0. 940 0. 969 0. 992 1.009 1.024 1.036 4.11 
0. 820 0. 857 0. 893 0. 918 0. 940 0. 969 0. 992 1.009 1.024 1.036 4.12 
0.821 0. 857 0.894 0. 918 0. 940 0. 970 0. 993 1.010 1.025 1.036 4.13 
0. 821 0. 857 0. 894 0. 918 0. 940 0. 970 0. 993 1.010 1.025 1. 036 4.14 

0. 821 0. 857 0.894 0.918 0. 940 0. 970 0. 993 1.010 1.025 1. 036 4.15 
0. 821 0. 857 0. 894 0.918 0. 940 0. 970 0. 99S 1.010 1.025 1.036 4.16 
0.821 0. 858 0. 894 0. 91S 0. 940 0. 970 0. 993 1. 010 1.025 1.036 4.17 
0. 822 0. 858 0. 895 0.919 0. 943 0. 971 0. 994 1. on 1.026 1.037 4.18 
0.822 0. 859 0.895 0.919 0. 941 0. 971 0. 994 1.011 1.026 1.037 4.19. 

0. 822 0. 85'- 0. 891- 0. 919 0. 941 0. 971 0. 994 1.013 1.026 1.037 4. 20 
0. !iZ2 0. 85' 0. 8'-r 0. 91 9 0. 941 0. 971 0. 99- 1. on 1.026 1.037 4.21 
0. S22 0. 85- 0. 89S 0. 91 v 0. 94J 0. 971 0. 99* 1. on 1.026 1.037 4.22 
0.823 0. 85^ 0. .v>i- 0. 919 0. 941 0. 972 0. 995 oi- 1.026 1.037 4.23 
0. S/3 0. 859 0. 896 0. 919 0. 941 0. 972 0. ̂ 95 1.012 1.026 1. 037 4. 24 

ILLEGIBLE 



T r 

fx 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

4.25 
4.26 
4.27 
4.28 
4.29 

0.566 
0.567 
0.568 
0.570 
0.571 

0.587 
0.588 
0.589 
0.591 
0.592 

0.606 
0.607 
0.608 
0.609 
0.610 

0.628 
0.629 
0.630 
0.630 
0.631 

0.651 
0.652 
0.653 
a 653 
0.654 

0.668 
0.669 
0.669 
0.670 
0.670 

0.699 
0.699 
0.700 
0.700 
0.701 

0.724 
0.724 
0.725 
0.725 
0.726 

0.753 
0.753 
0.754 
a 754 
0.755 

0.782 
0.782 
0.783 
0.783 
0.784 

4.30 
4.31 
4.32 
4.33 
4.34 

0.572 
0.573 
0.575 
0.576 
0.578 

0.593 
0.594 
0.595 
0.596 
0.597 

0.611 
0.612 
0.613 
0.614 
0.615 

0.632 
0.633 
0.634 
0.634 
0.635 

0.655 
0.656 
0.656 
a 657 
0.657 

0.671 
0.672 
0.672 
a 673 
0.673 

0.701 
a 701 
0.702 
0.702 
0.703 

0.726 
0.726 
0.727 
0.727 
0.728 

0.755 
0.755 
0.756 
0.756 
0.757 

0.784 
0.784 
0.784 
0.785 
0.785 

4.35 
4.36 
4.37 
4.38 
4.39 

0.579 
0.580 
0.582 
a 583 
0.585 

0.598 
0.599 
0.600 
0.602 
0.603 

0.616 
0.617 
0.618 
a 619 
0.620 

0.636 
0.637 
0.638 
0.639 
0.640 

0.658 
a 659 
0.660 
0.660 
0.661 

0.674 
0.675 
0.676 
0.676 
0.677 

0.703 
0.704 
0.704 
0.705 
0.705 

0.728 
0.728 
0.729 
0.729 
0.730 

0.757 
a 757 
0.758 
0.758 
0.759 

0.785 
0.785 
0.786 
0.786 
0.787 

4.40 
4.41 
4.42 
4.43 
4.44 

0.586 
0.587 
0.588 
0.590 
0.591 

0.604 
0.605 
0.606 
0.608 
0.609 

0.621 
0.622 
0.623 
0.624 
0.625 

0.641 
0.642 
0.643 
0.643 
0.644 

0.662 
0.663 
0.664 
0.664 
0.665 

0.678 
0.678 
0.679 
0.679 
0.680 

0.706 
0.707 
0.707 
0.708 
0.708 

0.730 
0.730 
0.731 
0.731 
0.732 

0.759 
0.759 
0.760 
0.760 
0.761 

0.787 
0.787 
0.787 
0.788 
0.788 

4.45 
4.46 
4.47 
4.48 
4.49 

0.592 
0.593 
0.595 
0.596 
0.598 

0.610 
0.611 
0.612 
0.614 
0.615 

0.626 
0.627 
0.628 
0.629 
0.630 

0.645 
0.646 
0.647 
0.648 
0.649 

0.666 
0.667 
0.668 
0.668 
a 669 

0.680 
0.681 
0.681 
0.682 
0.682 

0.709 
0.710 
0.710 
0.711 
0.711 

0.732 
0.732 
0.733 
0.734 
0.734 

0.761 
0.761 
0.762 
0.762 
0.763 

0.788 
0.788 
0.789 
0.789 
0.790 

4.50 
4.51 
4.52 
4.53 
4. 54 

0. 599 
0.600 
0.601 
0.603 
0.604 

0.616 
0.617 
0.618 
0.619 
0.620 

0.631 
0.632 
0.633 
0.634 
0.635 

0.650 
0.651 
0.652 
0.652 
0.653 

0.670 
0.671 
0.671 
a 672 
0.672 

0.683 
0.684 
0.685 
0.685 
0.686 

0.712 
0.713 
0.713 
0.714 
0.714 

0.734 
0.734 
0.735 
0.735 
0.735 

0.763 
0.763 
0.764 
0.764 
0.764 

0.790 
0.790 
0.791 
0.791 
0.791 

4.55 
4.56 
4.57 
4. 58 
4.59 

0.605 
0.606 
0.608 
0.609 
0.611 

0.621 
0.622 
0.623 
0.625 
0.626 

0.636 
0.637 
0.638 
0.639 
0.640 

0.654 
0.655 
0.656 
0.657 
0.658 

0.673 
0.674 
0.675 
0.675 
0.676 

0.687 
0.688 
0.689 
0.689 
0.690 

0.715 
0.716 
0.716 
0.717 
0.717 

0.736 
0.737 
0.737 
0.738 
0.738 

0.765 
0.766 
0.766 
0.767 
0.767 

0.792 
0.792 
0.793 
0.793 
0.794 

4.60 
4.61 
4.62 
4.63 
4.64 

0.612 
0.613 
0.614 
0.615 
0.616 

0.627 
0.628 
0.629 
0.631 
0.632 

0.641 
0.642 
0.643 
0.644 
0.645 

0.659 
0.660 
0.661 
0.661 
0.662 

0.677 
0.678 
0.679 
0.679 
0.680 

0.691 
0.692 
0.692 
0.693 
0.693 

0.718 
0.718 
0.719 
0.719 
0.720 

0.739 
0.739 
0.740 
0.740 
0.741 

0.768 
0.768 
0.769 
0.769 
0.770 

0.794 
0.794 
0.795 
0.795 
0.796 

4. (.5 
4.66 
4. 67 
4. 68 
4. 69 

0.617 
0.618 
0.619 
0.621 
0.622 

0.633 
0.634 
0.635 
0.637 
0.638 

0.646 
0.647 
0.648 
0.649 
0.650 

0.663 
0.664 
0.665 
0.666 
0.667 

0.681 
0.682 
0.683 
0.683 
0.684 

0.694 
0.695 
0.696 
0.696 
0.697 

0.720 
0.721 
0.721 
0.722 
0.722 

0.741 
0.741 
0.742 
0.742 
0.743 

0.770 
0.770 
0.771 
0.771 
0.772 

0.796 
0.796 
0.797 
0.797 
0.798 

VTI - 36 



T 
r 4.25 - 4.69 

1.60 1.70 1.80 1.90 2.00 2.20 2. 40 2. 60 2. 80 3.00 Pr 

0. 823 
0. 823 
0. 823 
0. 824 
0.824 

0. 859 
0. 859 
0. 860 
0.860 
0.861 

0.896 
0.896 
0.896 
0.897 
0.897 

0. 919 
0.919 
0.919 
0.920 
0.920 

0. 941 
0.941 
0.941 
0.942 
0.942 

0. 972 
0. 972 
0. 972 
0.973 
0.973 

0. 995 
0.995 
0.995 
0.996 
0.996 

1.012 
1.012 
1.012 
1.013 
1.013 

1.026 
1.026 
1.026 
1.027 
1.027 

1.037 
1.037 
1.037 
1.038 
1.038 

4.25 
4.26 
4.27 
4.28 
4.29 

0.824 
0.824 
0. 824 
0. 825 
0. 825 

0.861 
0. 861 
0.861 
0. 861 
0.861 

0.897 
0.897 
0.897 
0.897 
0.897 

0.920 
0.920 
0.920 
0.921 
0.921 

0. 942 
0.942 
0. 942 
0. 942 
0.942 

0.973 
0.973 
0. 973 
0.973 
0.973 

0.996 
0.996 
0.996 
0.997 
0. 997 

1.013 
1.013 
1.013 
1.013 
1.013 

1.027 
1.027 
1.027 
1.028 
1.028 

1. 038 
1.038 
1.038 
1.039 
1.039 

4.30 
4.31 
4.32 
4.33 
4.34 

0. 825 
0.825 
0. 825 
0.826 
0.826 

0. 861 
0.861 
0. 861 
0.862 
0. 862 

0.897 
0.897 
0.897 
0.898 
0.898 

0.921 
0.921 
0.921 
0.922 
0.922 

0.942 
0. 942 
0.942 
0.943 
0. 943 

0.973 
0.973 
0.973 
0.974 
0.974 

0.997 
0. 997 
0.997 
0.998 
0.998 

1. 013 
1.013 
1.013 
1.014 
1.014 

1.028 
1.028 
1.028 
1.029 
1.029 

1.039 
1.039 
1.039 
1.040 
1.040 

4.35 
4.36 
4.37 
4.38 
4.39 

0. 826 
0. 826 
0. 826 
0. 827 
0. 827 

0. 862 
0. 862 
0.862 
0.862 
0. 862 

0. 898 
0.898 
0. 898 
0.899 
0. 899 

0.922 
0.922 
0.922 
0.922 
0.922 

0. 943 
0. 943 
0.943 
0.943 
0. 943 

0.974 
0. 974 
0. 974 
0.975 
0. 975 

0. 998 
0.998 
0.998 
0.999 
0. 999 

1.014 
1.014 
1.014 
1. 015 
1. 015 

1.029 
1.029 
1.029 
1.029 
1.029 

1.040 
1.040 
1.040 
1.040 
1.040 

4.40 
4.41 
4.42 
4.43 
4.44 

0. 827 
0.827 
0. 828 
0. 828 
0. 829 

0.862 
0.862 
0. 863 
0. 863 
0. 864 

0. 899 
0. 899 
0.899 
0.900 
0.900 

0.922 
0.922 
0.922 
0. 923 
0.923 

0. 943 
0. 943 
0. 943 
0. 944 
0. 944 

0. 975 
0. 975 
0. 976 
0. 976 
0.977 

0. 999 
0.999 
0.999 
1.000 
1.000 

1.015 
1.015 
1.015 
1. 016 
1.016 

1.029 
1.029 
1.029 
1.030 
1.030 

1.040 
1.040 
1.040 
1.041 
1.041 

4.45 
4.46 
4. 47 
4. 48 
4.49 

0. 829 
0. 829 
0. 829 
0. 830 
0. 830 

0. 864 
0. 864 
0. 864 
0. 865 
0. 865 

0.900 
0.900 
0. 900 
0.901 
0.901 

0. 923 
0. 923 
0.923 
0.924 
0. 924 

0. 944 
0. 944 
0. 944 
0. 945 
0. 945 

0. 977 
0. 977 
0. 977 
0. 977 
0. 977 

1.000 
1.000 
1.000 
1.001 
1.001 

1.016 
1.016 
1.016 
1. 017 
1.017 

1.030 
1.030 
1.030 
1.031 
1.031 

1.041 
1. 041 
1.041 
1.042 
1.042 

4.50 
4.51 
4.52 
4.53 
4.54 

0. 830 
0. 830 
0. 831 
0. 831 
0. 832 

0.865 
0.865 
0. 866 
0. 866 
0. 867 

0.901 
0.901 
0.901 
0.902 
0.902 

0.924 
0.924 
0.924 
0. 925 
0. 925 

0.945 
0. 945 
0. 945 
0. 946 
0. 946 

0. 977 
0. 977 
0. 977 
0. 978 
0. 978 

1.001 
1.001 
1.001 
1.002 
1.002 

1.017 
1.017 
1.017 
1.018 
1.018 

1.031 
1.031 
1.031 
1.032 
1.032 

1.042 
1.042 
1.042 
1.043 
1.043 

4.55 
4.56 
4. 57 
4.58 
4. 59 

0. 832 
0. 832 
0. 832 
0. 833 
0. 833 

0.867 
0. 8f 7 
0. 867 
0. 86is 
0. 86S 

0. 902 
0.902 
0. 902 
0. 903 
0. 903 

0. 925 
0. 925 
0.925 
0. 926 
0. 92c 

0. 946 
0.946 
0. 946 
0. 947 
0. 947 

0. 978 
0. 978 
0. 978 
0. 979 
0. 979 

1.0C2 
1.002 
1.0C2 
1.003 
1.003 

1. 018 
1.018 
1. 018 
1.019 
1.019 

1.032 
1.032 
1.032 
1.033 
1.033 

1.043 
1.043 
1.043 
1.043 
1.043 

4.60 
4.61 
4.62 
4.63 
4.64. 

0. 833 
0. 833 
0. «34 
0. 834 
0. 835 

0. &tc. 
0. be,;-
0. 8o.o 
0. 869 
0. 8c V 

0. 90 i 
0. 9C . 
"!. 90.> 
0. 904 
0. 904 

0. 92c 
0. 92i 
0. v2u 
0. 927 
0. 927 

0. 14-
0. 9-<7 
0. 94" 
0. 9-irf 
0. 948 

0. 97" 
0. 9~9 
0. 480 
0. JS0 
0. 981 

I . 003 
1.0c;. 
1. CQ:-. 

1. 004 
1. 00-' 

1.019 
1. 019 
1. 019 
i . 020 
1. 020 

1.033 
1.033 
1.033 
1.034 
1.034 

1.043 
1. 043 
1.043 
1.044 
1.044 

4.65 
4. 66 
4. 67 
4.68 
4.69 

ILLEGIBLE 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

4.70 
4.71 
4.72 
4.73 
4.74 

0.623 
0.624 
0.626 
0.627 
0.629 

0.639 
0.640 
0.641 
0.642 
0.643 

0.651 
0.652 
0.653 
0.653 
0.654 

0.668 
0.669 
0.670 
0.670 
0.671 

0.685 
0.686 
0.687 
0.687 
0.688 

0.698 
0.699 
0.699 
0.700 
0.700 

0.723 
0.724 
0.724 
0.725 
0.725 

0.743 
0.744 
0.744 
0.745 
0.745 

0.772 
0.772 
0.773 
0.773 
0.774 

0.798 
0.798 
0.799 
0.799 
0.800 

4.75 
4.76 
4.77 
4.78 
4.79 

0.630 
0.631 
0.633 
0.634 
0.636 

0.644 
0.645 
0.646 
0.648 
0.649 

0.655 
0.656 
0.658 
0.659 
0.661 

0.672 
0.673 
0.674 
0.675 
0.676 

0.689 
0.690 
0.691 
0.691 
0.692 

0.701 
0.702 
0.703 
0.703 
0.704 

0.726 
0.727 
0.727 
0.728 
0.728 

0.746 
0.747 
0.747 
0.748 
0.748 

0.774 
0.775 
0.775 
0.776 
0.776 

0.800 
0.800 
0.801 
0.801 
0.802 

4.80 
4.81 
4.82 
4.83 
4.84 

0.637 
a 638 
0.639 
0.641 
0.642 

0.650 
0.651 
0.652 
0.653 
0.654 

0.662 
0.663 
0.664 
a 665 
0.666 

0.677 
0.678 
0.679 
0.679 
0.680 

0.693 
0.694 
0.695 
0.695 
0.696 

0.705 
0.706 
0.706 
0.707 
0.707 

0.729 
0. 730 
0.730 
0.731 
0.731 

0.749 
0.749 
0.750 
0.750 
0.751 

0. 777 
0.777 
0. 778 
0.778 
0.779 

0.802 
0.802 
0.803 
0.803 
0.804 

4.85 
4.86 
4.87 
4.88 
4.89 

0.643 
0.644 
0.646 
0.647 
0.649 

0.655 
0.656 
0.657 
0.659 
0.660 

0.667 
0.668 
0.669 
0.670 
0.671 

0.681 
0.682 
0.683 
0.684 
0.685 

0.697 
0.698 
0.699 
0.699 
0.700 

0.708 
0.709 
0.710 
0.710 
0.711 

0.732 
0.733 
0.734 
0.734 
0.735 

0.751 
0.751 
0.752 
0.752 
0.753 

0.779 
0.780 
0.780 
0.781 
0.781 

0.804 
0.804 
0.805 
0.805 
0.806 

4.90 
4.91 
4.92 
4.93 
4.94 

0.650 
0.651 
0.652 
0.654 
0.655 

0.661 
0.662 
0.663 
0.664 
0.665 

0.672 
0.673 
0.674 
0.675 
0.676 

0.686 
0.687 
0.688 
0.688 
0.689 

0.701 
0.702 
0.703 
0.703 
0.704 

0.712 
0.713 
0.714 
0.714 
0.715 

0. 736 
0.737 
0.737 
0.738 
0. 738 

0.753 
0.754 
0.754 
0.755 
0.755 

0.782 
0.782 
0.783 
0.783 
0.784 

0.806 
0.806 
0.807 
0.807 
0.808 

4.95 
4. 96 
4.97 
4.98 
4. 99 

0.656 
0.657 
0.659 
0.660 
0.662 

0.666 
0.667 
0.66fc 
0.670 
0.671 

0.677 
0.678 
0.679 
0.681 
0.682 

0.690 
0.691 
0.692 
0.692 
0.693 

0.705 
0.706 
0.707 
0.707 
0.708 

0.716 
0.717 
0.718 
0.718 
0.719 

0.739 
0.740 
0. 740 
0. 741 
0. 741 

0.756 
0.757 
0.758 
0.758 
0.759 

0.784 
0.785 
0.785 
0.786 
0.786 

0.808 
0.808 
0.809 
0.809 
0.810 

5.00 
5.01 
5.02 
5.03 
5. 04 

0.663 
0.664 
0.665 
0.667 
0. 668 

0.672 
0.673 
0.674 
0. 675 
0.676 

0.683 
0.684 
0.685 
0.686 
0.687 

0.694 
0.695 
0. 696 
0.696 
0.697 

0.709 
0.710 
0.711 
0. 711 
0.712 

0.720 
0.721 
0.721 
0.722 
0.722 

0.742 
0.743 
0. 743 
0. 744 
0. 744 

0.760 
0.761 
0.761 
0.762 
0.762 

0.787 
0.787 
0.788 
0.788 
0. 789 

0.810 
0.810 
0.811 
0.811 
0.812 

5. 05 
5.06 
5.07 
5.08 
5. 09 

0. 669 
0.670 
0. 671 
0. 673 
0.674 

0.677 
0.678 
0. 679 
0. 681 
0. 682 

0.688 
0.689 
0.690 
0.691 
0.692 

0.69f 
0.699 
0.700 
0.701 
0.702 

0.713 
0.714 
0.715 
0.715 
0.716 

0. 723 
0.724 
0.725 
0. 72 5 
0. 726 

0. 745 
0. 746 
0. 747 
0. 747 
0. 748 

0.763 
0.764 
0.764 
0.765 
0.765 

0. 789 
0. 790 
0.790 
0. 791 
0.791 

0.812 
0.812 
0.813 
0.813 
0.814 

5. 10 
5.11 
5.12 
5. 13 
5. 14 

0. 675 
0.676 
0. 677 
0.679 
0. 680 

0.683 
0.684 
0. 685 
0.687 
0. 688 

0.693 
0.694 
0.695 
0.696 
0. 697 

0.702 
0.704 
0. 705 
0. 706 
0. 707 

0.717 
0.718 
0.719 
0.719 
0.720 

0. 727 
0.723 
0. 729 
0.729 
0. 730 

0. 749 
0. 750 
0. 750 
0. 751 
0. 751 

0.766 
0.767 
0.767 
0. 768 
0. 768 

0.792 
0.793 
0.793 
0.794 
0.794 

0.814 
0.815 
0.815 
0. 816 
0.816 

VII - 38 



Pr 
4.70 - 5.14 

1.60 1.70 1.80 1.90 2.00 2.20 2. 40 2.60 2.80 3.00 Pr 

0. 835 
0. 835 
0. 835 
0. 836 
0.836 

0.869 
0.869 
0. 869 
0.870 
0.870 

0. 904 
0.904 
0.904 
0.905 
0.905 

0.927 
0.927 
0.927 
0.928 
0.928 

0. 948 
0. 948 
0. 948 
0.949 
0.949 

0. 981 
0. 981 
0. 981 
0.982 
0. 982 

1.004 
1.004 
1.004 
1.005 
1.005 

1.020 
1.020 
1.020 
1.021 
1.021 

1.034 
1. 034 
1.034 
1.035 
1.035 

1.044 
1.044 
1.044 
1.045 
1.045 

4.70 
4.71 
4.72 
4.73 
4.74 

0. 836 
0. 836 
0. 837 
0. 837 
0. 838 

0. 870 
0.870 
0. 871 
0.871 
0.872 

0.905 
0.905 
0.906 
0.906 
0.907 

0.928 
0.928 
0.928 
0.929 
0.929 

0. 949 
0.949 
0. 950 
0. 950 
0. 950 

0. 982 
0. 982 
0. 983 
0. 983 
0. 983 

1.005 
1.006 
1.006 
1.006 
1.007 

1.021 
1.021 
1.022 
1.022 
1.022 

1.035 
1.035 
1.036 
1.036 
1.036 

1.045 
1.045 
1.046 
1.046 
1.046 

4.75 
4.76 
4.77 
4.78 
4.79 

0. 838 
0. 838 
0. 839 
0. 839 
0. 840 

0.872 
0.872 
0.872 
0.873 
0.873 

0.907 
0.907 
0.907 
0.908 
0.908 

0. 929 
0.929 
0.929 
0.930 
0.930 

0. 950 
0.950 
0. 950 
0. 951 
0.951 

0. 983 
0. 983 
0. 983 
0. 984 
0. 984 

1. 007 
1.007 
1.007 
1.008 
1.008 

1.022 
1.022 
1.022 
1.023 
1.023 

1.036 
1.036 
1.036 
1.037 
1.037 

1.046 
1.046 
1.046 
1.047 
1.047 

4.80 
4.81 
4.82 
4.83 
4.84 

0.8*0 
0.840 
0.841 
0. 841 
0.842 

0.873 
0. 873 
0. 874 
0. 874 
0. 875 

0. 908 
0.908 
0.909 
0.909 
0.910 

0.930 
0. 930 
0. 931 
0.931 
0. 932 

0. 951 
0.951 
0. 951 
0. 951 
0.952 

0. 984 
0. 984 
0. 984 
0.984 
0.985 

1.008 
1.008 
1.008 
1.009 
1.009 

1.023 
1.023 
1.023 
1.024 
1.024 

1.037 
1.037 
1.037 
1.038 
1.038 

1.047 
1.047 
1.047 
1.048 
1. 048 

4. 85 
4.86 
4.87 
4.88 
4.89 

0.842 
0.842 
0. 843 
0.843 
0. 844 

0. 875 
0. 875 
0. 876 
0. 876 
0. 877 

0.910 
0.910 
0.910 
0.911 
0.911 

0. 932 
0. 932 
0. 932 
0. 933 
0. 933 

0. 952 
0. 952 
0. 952 
0.953 
0.953 

0. 985 
0.985 
0. 985 
0. 986 
0. 986 

1.009 
1.009 
1.009 
1.010 
1.010 

1.024 
1.024 
1.024 
1.025 
1.025 

1.038 
1.038 
1.038 
1.038 
1.038 

1.048 
1.048 
1.048 
1.048 
1.048 

4.90 
4.91 
4.92 
4.93 
4.94 

0. 844 
0. 844 
0. 845 
0. 845 
0. 846 

0. 877 
0. 877 
0. 878 
0. 878 
0. 879 

0.911 
0.911 
0.911 
0.912 
0.912 

0.933 
0. 933 
0. 933 
0. 934 
0.934 

0. 953 
0. 953 
0. 953 
0. 954 
0. 954 

0. 986 
0. 986 
0. 987 
0.987 
0. 988 

1.010 
1.010 
1.010 
1.011 
1.011 

1.025 
1.025 
1.026 
1.026 
1.027 

1.038 
1.038 
1.038 
1.039 
1.039 

1.048 
1.048 
1.048 
1.049 
1.049 

4.95 
4.96 
4.97 
4. 98 
4. 99 

0.846 
0.846 
0. 847 
0.847 
0. 848 

0. 879 
0. 879 
0. 879 
0. 880 
0. 880 

0.912 
0.912 
0. 913 
0.913 
0.914 

0. 934 
0. 934 
0. 934 
0. 935 
0. 935 

0. 954 
0. 954 
0. 954 
0.955 
0. 955 

0. 988 
0.988 
0. 988 
0. 989 
0. 989 

1.011 
1.011 
1.011 
1.012 
1.012 

1.027 
1.027 
1.027 
1.028 
1.028 

1.039 
1.039 
1.039 
1.040 
1.040 

1.049 
1.049 
1.049 
1.050 
1.050 

5.00 
5.01 
5.02 
5.03 
5. 04 

0. 848 
0.848 
0.849 
0. 849 
0. 850 

0. 880 
0. 880 
0. 881 
0. 88 j 
0. 882 

0. 914 
0.914 
0.915 
G.915 
0.916 

0. 935 
0. 9i5 
0. 936 
0. 936 
0. 937 

0. 955 
0. 955 
0. 956 
0. 956 
0. 957 

0. 989 
0. 989 
0. 989 
0. 990 
0. 990 

1.012 
l.Oi: 
1.012 
1. OLv 
1.013 

1.028 
1. 028 
1.028 
1.029 
1.029 

1.040 
1.040 
1.040 
1.041 
1.041 

1.050 
1.050 
1.050 
1.050 
1.051 

5.05 
5.06 
5.07 
5. 08 
5.09 

• ). :-,r, • 
o. o.sn 
t i . b'M'> 

0. b.->i 
0. 851 

0. J: .' 
j . >•'•• •> 
f » •. . 

'•). 664 

0.9; 6 
0. y i d 
0.916 
0.-VI7 
0.917 

0. 937 
0. 93" 

o. 
0. m Yi 
0. 938 

0. 9 = 7 
0. 957 
0. "y57 
0. 'v58 
0. 956 

0 990 
G. 990 
0. 990 
0. 9J1 
0. 991 

1. 0L-
1. 01 
1.013 
1.0U 
1.014 

1. 029 
1. 029 
1.029 
..030 
i.030 

1.041 
1.041 
1.041 
1.042 
1.042 

1.051 
1.051 
1.051 
1.051 
1.051 

5.10 
5.11 
5.12 
5.13 
5.14 

' ILLEGIBLE 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1. 50 

5.15 0.681 0.689 0.698 0.708 0.721 0.731 0.752 0.769 0.795 0.817 
5.16 0.682 0.690 0.699 0.709 0.722 0.732 0.753 0.770 0.796 0.818 
5.17 0.684 0.691 0.700 0.710 0.723 0.733 0.753 0.770 0.796 0.818 
5.18 0.685 0.693 0.701 0.711 0.723 0.733 0.754 0.771 0.797 0.819 
5.19 0.687 0.694 0.702 0.712 0.724 0.734 0.754 0.771 0.797 0.819 

5.20 0.688 0.695 0.703 0.713 0.725 0.735 0.755 0.772 0.798 0.820 
5.21 0.689 0.696 0.704 0.714 0.726 0.736 0.756 0.773 0.798 0.820 
5. 22 0.690 0. 697 0. 705 0.715 0.727 0.737 0.756 0.773 0.799 0.821 
5.23 0.692 0.698 0.706 0.715 0.727 0.737 0.757 0.774 0.799 0.821 
5.24 0.693 0.699 0.707 0.716 0.728 0.738 0.757 0.774 0.800 0.822 

5.25 0.694 0.700 0.708 0.717 0.729 0.739 0.758 0.775 0.800 0.822 
5.26 0.695 0.701 0.709 0.718 0.730 0.740 0.759 0.776 0.801 0.823 
5.27 0.697 0. 702 0. 710 0.719 0.731 0.741 0.760 0.776 0.801 0.823 
5.28 0.698 0.704 0.711 0.720 0.732 0.741 0.760 0.777 0.802 0.824 
5.29 0. 700 0.705 0.712 0.721 0.733 0.742 0.761 0.777 0.802 0.824 

5.30 0.701 0.706 0.713 0.722 0.734 0.743 0.762 0.778 0.803 0.825 
5.31 0.702 0.707 0.714 0.723 0.735 0. 744 0.763 0.779 0.804 0.825 
5.32 0.703 0.708 0.715 0.724 0.736 0.745 0.763 0.779 0.804 0.826 
5. 33 0.705 0.710 0.716 0.724 0.736 0.745 0.764 0.780 0.805 0.826 
5.34 0.706 0.711 0.717 0.725 0.737 0.746 0.764 0.780 0.805 0.827 

5.35 0.707 0.712 0.718 0.726 0.738 0.747 0.765 0.781 0.806 0.827 
5.36 0.708 0.713 0.719 0. 727 0.739 0.748 0. 766 0.782 0.807 0.828 
5. 37 0.709 0.714 0.720 0. 728 0.740 0.749 0.767 0.783 0. 807 0.828 
5. 38 0.711 0.716 0.721 0.729 0.740 0.749 0.767 0.783 0.808 0.829 
5. 39 0.712 0.717 0. 722 0.730 0.741 0.750 0.768 0.784 0.808 0.829 

5. 40 0.713 0.718 0.723 0.731 0.742 0.751 0.769 0.785 0.809 0.830 
5.41 0.714 0.719 0.724 0. 732 0.743 0. 752 0. 770 0.786 0.810 0.830 
5. 42 0.716 0.720 0. 725 0. 733 0.744 0.753 0.770 0.786 0.810 0.831 
5. 43 0.717 0.721 0.726 0. 733 0.744 0. 753 0.771 0.787 0.811 0.831 
5. 44 0.719 0. 722 0. 727 0.734 0.745 0.754 0. 771 0.787 0.811 0. 832 

5. 45 0. 720 0. 723 0.728 0.735 0.746 0.755 0. 772 0.788 0.812 0.832 
5. 46 0. 721 0. 724 0.729 0.736 0.747 0.756 0.773 0.789 0.813 0.333 
5. 47 0.723 0.725 0.730 0.737 0. 748 9.757 0. 774 C. 790 0.813 0.833 
5. 48 0.724 0.727 0.731 0.738 0.749 0.757 0. 774 0.790 0.814 0.834 
5. 49 0. 726 0. 728 0. 732 0. 739 0. 750 0. 758 0. 775 0.791 0.814 0.834 

5. 50 0.727 0.729 0.733 0.74C 0.751 0.759 0. 776 0.792 0.815 0.835 
5.51 0.728 0.730 0. 734 0. 741 0.752 0.760 0.777 0.793 0.816 0.836 
5. 52 0.729 0. 731 0. 735 0. 742 0. 753 0.761 0. 777 0.793 0.816 0.837 
5. 53 0.731 0.732 0.736 0.743 0.753 0.761 0.778 0.794 0.817 0.837 
5. 54 0. 732 0. 733 0. 737 0. 744 0. 754 0. 762 0. 778 0.794 0.817 0.838 

5. 55 0. 733 0.734 0.738 0. 745 0. 755 0.763 0. 779 0.795 0.818 0.837 
5.56 0.-734 0. 735 0. 739 0. 746 0.756 0. 764 0. 780 0. 796 0.819 0.838 
5. 57 0. 735 0. 736 0. 740 0. 747 0. 757 0. 765 0. 781 0.797 0. 819 0.838 
5. 58 0.737 0.738 0.742 0.746 0.758 0.766 0. 781 0.797 0.820 0.839 
5. 59 0. 738 0. 739 0. 743 0.749 0.759 0. 767 0. 782 0.798 0.820 0.839 

VII - 40 



T 
r 5.15 - 5.59 

1.60 1.70 1.80 1.90 2.00 2. 20 2. 40 2.60 2.80 3.00 

0.851 0. 884 0.917 0. 938 0. 958 0.991 1.014 1.030 1.042 1.051 5.15 
0. 851 0. 884 0.917 0.938 0.958 0.991 1.014 1.030 1.042 1.051 5.16 
0. 852 0.885 0.918 0.939 0.959 0. 991 1.015 1.030 1.042 1.051 5.17 
0. 852 0.885 0.918 0.939 0.959 0.992 1.015 1.031 1.043 1. 052 5.18 
0. 853 0.886 0.919 0.940 0. 960 0. 992 1.016 1.031 1.043 1.052 5.19 

0. 853 0.886 0.919 0.940 0.960 0.992 1.016 1.031 1.043 1.052 5.20 
0. 853 0. 886 0.919 0. 940 0. 960 0. 992 1.016 1.031 1.043 1. 052 5.21 
0.854 0. 886 0. 919 0. 940 0.960 0.992 1.016 1. 031 1.043 1.052 5.22 
0. 854 0.887 0.920 0.941 0.961 0. 993 1.017 1. 032 1.044 1.052 5.23 
0.855 0. 887 0.920 0.941 0.961 0.993 1.017 1.032 1.044 1.052 5.24 

0. 855 0.887 0. 92C 0.941 0.961 0. 993 1.017 1.032 1.044 1.052 5.25 
0. 856 0. 887 0.920 0. 941 0.961 0. 993 1.017 1.032 1.044 1.052 5.26 
0. 856 0. 888 0.920 0.942 0.962 0. 994 1.017 1.032 1.044 1.052 5.27 
0. 857 0.888 0.921 0.942 0.962 0. 994 1.018 1.033 1.045 1.053 5.28 
0. 857 0. 889 0.921 0.943 0. 963 0. 995 1.018 1.033 1.045 1.053 5.29 

0. 858 0. 889 0.921 0. 943 0.963 0.995 1.018 1.033 1.045 1. 053 5.30 
0.858 0. 889 0.921 0. 943 0. 963 0.995 1.018 1. 033 1.045 1.053 5.31 
0.859 0. 890 0.922 0.943 0. 963 0.995 1.018 1. 033 1.045 1.053 5.32 
0.859 0. 890 0.922 0. 944 0. 964 0. 996 1.019 1.034 1.046 1.053 5.33 
0.860 0. 891 0. 923 0.944 0. 964 0. 996 1.019 1. 034 1.046 1.053 5.34 

0. 860 0. 891 0. 923 0.944 0. 964 0. 996 1.019 1.034 1.046 1.053 5.35 
0. 860 0. 891 0. 923 0.944 0.964 0.996 1.019 1.034 1.046 1.053 5.36 
0. 861 0.892 0.924 0. 945 0.965 0. 997 1.020 1.034 1.046 1.054 5.37 
0. 861 0.892 0.924 0.945 0.965 0.997 1.020 1.035 1.047 1.054 5.38 
0. 862 0.893 0.925 0.946 0. 966 C. 998 1.021 1.035 1.047 1.055 5.39 

0. 862 0. 893 0. 925 0. 946 0. 966 0. 998 1.021 1.035 1.047 1.055 5.40 
0. 863 0. 893 0.925 0.946 0. 966 0. 998 1.021 1.035 1.047 1.055 5.41 
0. 863 0. 894 0.925 0. 946 0. 966 0. 998 1.021 1.035 1.047 1.055 5.42 
0. 864 0. 894 0.926 0. 947 0. 967 0. 999 1.022 1.036 1.048 1.056 5.43 
0. 864 0. 895 0. 926 0. 947 0. 967 0. 999 1.022 1. 036 1.048 1.056 5. 44 

0. 865 0. 895 0. 926 0. 947 0. 967 0. 999 1.022 1.036 1.048 1.056 5. 45 
0. 866 0. 895 0.926 0. 947 0. 967 0. 999 1.022 1. 036 1.048 1.056 5.46 

0.866 0. 896 0. 927 0.948 0.968 0. 999 1.022 1.037 1.048 1.056 5. 47 
0. 867 0. 896 0. 927 0. 948 0. 968 1.000 1.023 1.037 1.049 1.057 5.48 

0. 867 0. 897 0.928 0.949 0.969 1.000 1.023 1.038 1.049 1.057 5.49 

0. 868 0. 897 0. 928 0. 949 0. 969 1.000 1.023 1.038 1.049 1.057 5.50 

0. 868 0. 897 0.928 0.949 0. 969 1.000 1.023 1.038 1.049 1.057 5.51 

0. 869 0. 898 U.928 0. 949 0. 969 1.000 1.023 1.038 1.049 1.057 5.52 

0. 869 0.89b 0. 929 0.950 0. 970 1.001 1.024 1.039 1.050 1.058 5.53 

0. 870 0. 899 0. 929 0. 950 0. 970 1.001 1.024 1.039 1.050 1.058 5.54 

0. 870 0. 819 0. 929 0. 950 0. 970 1.001 1.024 1.039 1.050 1.058 5.55 

0. 870 0. 899 0.929 0. 950 0. 970 1.001 1.024 1.039 1.050 1.058 5. 56 

0. 871 0.899 0. 930 0. 951 0. 971 1.002 1.025 1.039 1.050 1.058 5. 57 

0. 871 0. 900 0. 930 0. 951 0. 971 1.002 1. 025 1.040 1.051 1.058 5. 58 

0. 872 0. 900 0.931 0. 952 0. 972 1.003 1. 026 1.040 1.051 1.058 5. 59 

VII - 41 



1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

5.60 0.739 0. 740 0. 744 0. 750 0.760 0.768 0. 783 0.799 0.821 0.840 
5.61 0.740 0.741 0.745 0.751 0.761 0.769 0. 784 0.800 0. 822 0.841 
5.62 0.741 0.742 0.746 0.752 0.762 0.770 0.785 0.800 0.822 0.841 
5.63 0.743 0.743 0.747 0.753 0.762 0.770 0.?85 0.801 0.823 0.842 
5.64 0.744 0.744 0.748 0.754 0.763 0.771 ' 0.786 0.801 0.823 0.842 

5. 65 0. 745 0.745 0.749 0.755 0.764 0.772 0.787 0.802 0.824 0.843 
5.66 0.746 0.746 0.750 0.756 0.765 0.773 0.788 0.803 0.825 0.844 
5.67 0. 747 0.747 0. 751 0.757 0.766 0.774 0.789 0.804 0.825 0.844 
5.68 0.749 0.749 0.752 0.758 0.767 0.775 0.789 0.804 0.826 0.845 
5.69 0.750 0. 750 0. 753 0.759 0.768 0.776 0.790 0.805 0.826 0.845 

5. 70 0. 751 0.751 0. 754 0.760 0.769 0. 777 0.791 0.806 0.827 0.846 
5.71 0.752 0.752 0.755 0.761 0.770 0.778 0.792 0.807 0.828 0.846 
5. 72 0. 753 0. 753 0.756 0.762 0. 771 0.779 0.793 0.807 0.828 0.847 
5.73 0. 755 0.754 0.757 0.762 0.771 0.779 0.793 0.808 0.829 0.847 
5. 74 0. 756 0.755 0.758 0. 763 0.772 0. 780 0.794 0.808 0.829 0.848 

5.75 0. 757 0.756 0.759 0.764 0. 773 0.781 0.795 0.809 0.830 0.848 
5. 76 0.758 0.757 0.760 0.765 0.774 0.782 0.796 0.810 0. 831 0.849 
5. 77 0. 759 0.758 0.761 0. 766 0.775 0.783 0.797 0.811 0. 831 0.849 
5.78 0.761 0. 760 0.762 0. 767 0.776 0.783 0.797 0.811 0.832 0.850 
5. 79 0. 762 0. 761 0.763 0.768 0.777 0. 784 0.798 0.812 0.832 0.850 

5. 80 0. 763 0. 762 0.764 0.769 0.778 0.785 0.799 0.813 0.833 0.851 
5.81 0. 764 0.763 0.765 0.770 0.779 0.786 0.800 0.814 0.834 0.852 
5. 82 0.765 0. 764 0.766 0. 771 0.780 0.787 0.801 0.815 0.834 0.852 
5. 83 0.767 0. 766 0.768 0. 772 0. 780 0.787 0.801 0.815 0. 835 0.853 
5. 84 0.768 0.767 0. 769 0.773 0.781 0.788 0.802 0.816 0.835 0.853 

5.85 0. 769 0. 768 0. 770 0. 774 0. 782 0. 789 0.803 0.817 0.836 0.854 
5. 86 0. 770 0.769 0. 771 0. 775 0. 783 0.790 0.804 0.818 0. 837 0.855 
5. 87 0. 771 0.770 0. 773 0. 776 0.784 0.791 0.805 0.819 0.837 0.855 
5. 88 0. 773 0. 772 0.774 0.777 0.785 0.792 0.805 0.819 0.838 0.856 
5. 89 0. 774 0. 773 0. 776 0. 778 0. 786 0.793 0.806 0.820 0. 838 0.856 

5.90 0. 775 0. 774 0.777 0. 779 0. 787 0. 794 0.807 0.821 0. 839 0.857 
5.91 0. 776 0. 775 0. 778 0. 780 0.788 0.795 0.808 0.822 0. 840 0.858 
5. 92 0. 777 0. 776 0.779 0. 781 0. 789 0.796 0.808 0.822 0. 840 0.858 
5. 93 0. 779 0. 777 0.780 0. 782 0.790 0.796 0.809 0.823 0. 841 0.859 
5. 94 0. 780 0.778 0.781 0. 78o 0.791 0. 797 0.809 0.823 0.641 0.859 

5. 95 0. 781 0. 779 0.782 0. 784 0.792 0. 798 0.810 0. 824 0.842 0.860 
5.96 0. 782 0.780 0.783 0. 785 0.793 0.799 0.811 0.825 0. 843 0.861 
5. 97 0. 784 0. 781 0.784 0. 786 0. 794 0.8C0 0.812 0.826 0. 843 0.861 
5. 98 0. 785 0. 783 0.785 0. 788 0.795 0.801 0.812 0.826 0. 844 0.862 
5. 99 0. 787 0. 784 0. 786 0. 789 0. 796 0.802 0.813 0.827 0.844 0.862 

6. 00 0. 788 0. 785 0.787 0. 790 0.797 0. 803 0.814 0.828 0.845 0.863 
6.01 0. 789 0.78o 0.788 0. 791 0.798 0.804 0.815 0.829 0.846 0.864 
6. 02 0. 790 0.787 0.789 0. 792 0. 799 0.805 0.816 0.829 0.846 0.864 
6.03 0. 792 0. 788 0.790 0. 793 0.799 0. 805 0. 816 0.830 0.847 0.865 
6. 04 0. 793 0. 789 0.791 0. 794 0. 800 0. 806 0.817 0.830 0.847 0.865 
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5.60 - 6.04 

1.60 1.70 1.80 1.90 2.00 2.20 2. 40 2. 60 2. 80 3.00 p r 

0. 872 
0. 872 
0. 873 
0.873 
0.874 

0. 900 
0.900 
0. 901 
0. 901 
0.902 

0.931 
0.931 
0.932 
0.932 
0. 933 

0.952 
0. 952 
0.952 
0.953 
0.953 

0. 972 
0. 972 
0.973 
0. 973 
0. 974 

1.003 
1.003 
1.003 
1.004 
1.004 

1.026 
1.026 
1.026 
1.027 
1.027 

1.040 
1.040 
1.040 
1.041 
1.041 

1.051 
1.051 
1.051 
1.052 
1.052 

1.058 
1.058 
1. 058 
1.059 
1.059 

5.60 
5.61 
5.62 
5.63 
5.64 

0.874 
0. 875 
0.875 
0. 876 
0. 876 

0.902 
0.903 
0.903 
0.904 
0.904 

0.933 
0.933 
0. 934 
0.934 
0.935 

0.953 
0.953 
0.954 
0.954 
0. 955 

0.974 
0. 974 
0. 975 
0.975 
0.976 

1.004 
1.004 
1.005 
1.005 
1.006 

1.027 
1.027 
1.027 
1.028 
1.028 

1.041 
1.041 
1.041 
1.042 
1.042 

1.052 
1.052 
1.052 
1.053 
1.053 

1.059 
1. 059 
1.059 
1.060 
1.060 

5.65 
5.66 
5.67 
5.68 
5.69 

0. 877 
0. 877 
0. 878 
0.878 
0. 879 

0.905 
0. 905 
0.906 
0.906 
0.907 

0.935 
0.935 
0.936 
0.936 
0. 937 

0.955 
0.955 
0. 956 
0.956 
0.957 

0.976 
0.976 
0.976 
0.977 
0. 977 

1.006 
1.006 
1.006 
1.007 
1.007 

1.028 
1.028 
1.028 
1.029 
1.029 

1.042 
1.042 
1.042 
1.043 
1.043 

1.053 
1.053 
1.053 
1.054 
1.054 

1.060 
1.060 
1.060 
1.061 
1.061 

5.70 
5.71 
5. 72 
5. 73 
5.74 

0. 879 
0.880 
0.880 
0.881 
0.881 

0. 907 
0. 907 
0.908 
0.908 
0. 909 

0.937 
0.937 
0.938 
0.938 
0.939 

0.957 
0.957 
0.958 
0.958 
0.959 

0.977 
0. 977 
0. 978 
0.978 
0.979 

1.007 
1.007 
1. 007 
1.008 
1.008 

1.029 
1.029 
1.030 
1.030 
1.031 

1.043 
1.043 
1. 044 
1.044 
1.045 

1.054 
1.054 
1.054 
1.055 
1.055 

1.061 
1.061 
1.061 
1.062 
1.062 

5.75 
5.76 
5.77 
5. 78 
5. 79 

0. 882 
0.882 
0. 883 
0. 883 
0. 884 

0.909 
0.909 
0. 910 
0.910 
0.911 

0. 939 
0.939 
0.939 
0. 940 
0. 940 

0. 959 
0.959 
0.960 
0. 960 
0. 961 

0. 979 
0.979 
0. 979 
0. 980 
0. 980 

1.008 
1.008 
1.008 
1.009 
1.009 

1.031 
1.031 
1.031 
1. 032 
1.032 

1.045 
1.045 
1.045 
1.046 
1.046 

1.055 
1.055 
1.055 
1.056 
1.056 

1.062 
1.062 
1. 062 
1. 063 
1.063 

5 
5., 
5.62 
5.83 
5.84 

0. 884 
0. 885 
0. 885 
0. 886 
0. 886 

0.911 
0.911 
0.912 
0.912 
0.913 

0. 940 
0. 940 
0.941 
0.941 
0. 942 

0.961 
0. 961 
0. 962 
0.962 
0.963 

0.980 
0. 980 
0. 981 
0.981 
0.982 

1.009 
1. 009 
1.010 
1.010 
1.011 

1.032 
1.032 
1.032 
1.033 
1.033 

1.046 
1.046 
1. 047 
1.047 
1.048 

1.056 
1.056 
1.056 
1.057 
1.057 

1.063 
1.063 
1.063 
1.064 
1.064 

5. 85 
5.86 
5. 87 
5. 88 
5. 89 

0. 887 
0.887 
0. 888 
0. 888 
0.889 

0.913 
0.913 
0.914 
0.914 
0.915 

0.942 
0.942 
0. 943 
0.943 
0.944 

0. 963 
0. 963 
0.964 
0.964 
0.965 

0. 982 
0. 982 
0. 983 
0. 983 
0. 984 

1.011 
1.011 
1.011 
1.012 
1.012 

1.033 
1.033 
1.033 
1.034 
1.034 

1.048 
1.048 
1.048 
1.049 
1. 049 

1.057 
1.057 
1.057 
1.058 
1.058 

1.064 
1.064 
1.064 
1. 065 
1.065 

5.90 
5.91 
5.92 
5.93 
5.94 

0. 889 
0. 890 
0.890 
0.891 
0. 891 

0. 915 
0. 91o 
0.916 
0.917 
0. 917 

0. 944 
0. 944 
0.945 
0. 945 
0. 946 

0. 965 
0. 965 
0.966 
0. 966 
0. 967 

0. 984 
0. 984 
0. 985 
0. 985 
0. 986 

1.012 
1.012 
1.012 
1. 013 
1.013 

1.034 
1.034 
1.035 
1.035 
1.036 

1. 049 
1. 049 
1.049 
1.050 
1.050 

1.058 
1.058 
1.058 
1.059 
1.059 

1.065 
1.065 
1.065 
1.066 
1.066 

5.95 
5.96 
5.97 
5. 98 
5. 99 

0. 892 
0. 892 
0. 893 
0. 89.1 
0. 894 

0. 918 
o. 9i a 
0. 919 
0. 919 
0. 920 

0. 946 
0.946 
0.947 
0. 947 
0. 948 

0. 967 
0. 967 
0.967 
0. 968 
0. 96ft 

0. 986 
0. 986 
0. 986 
0. 987 
0. 987 

1.013 
1.013 
1.014 
1. 014 
1.015 

1. 036 
1. 036 
1.036 
1.037 
1.037 

1. 050 
1.050 
1.050 
1. 051 
1.051 

1.059 
1.059 
1.059 
1.060 
1.060 

1.066 
1.066 
1.066 
1.067 
1.067 

6.00 
6.01 
6.02 
6.03 
6.04 

— ILLEGIBLE 



T r 

1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

6.05 
6.06 
6.07 
6.08 
6.09 

0.794 
0.795 
0.796 
0.798 
0.799 

0.790 
0.791 
0.792 
0.794 
0.795 

0.792 
a 793 
0.794 
0.795 
0.796 

0.795 
0.796 
0.797 
0.798 
0.799 

0.801 
0.802 
0.803 
0.803 
0.804 

0.807 
0.808 
0.809 
0.810 
0.811 

0.818 
0.819 
0.820 
0.820 
0.821 

0.831 
0.832 
0.833 
0.833 
0.834 

0.848 
0.849 
0.850 
0.850 
0.851 

0.865 
0.866 
0.866 
0.867 
0.867 

6.10 
6.11 
6.12 
6.13 
6.14 

0.800 
0.801 
0.802 
0.803 
0.804 

0.796 
0.797 
0.798 
0.799 
0.800 

0.797 
0.798 
0.799 
0.800 
0.801 

0.800 
0.801 
0.802 
0.803 
0.804 

0.805 
0.806 
0.807 
0.807 
0.808 

0.812 
0.813 
0.814 
0.814 
0.815 

0.822 
0.823 
0.824 
0.824 
0.825 

0.835 
0.836 
0.836 
0.837 
0.837 

0.852 
0.853 
0.853 
0.854 
0.854 

0.868 
0.868 
0.869 
0.869 
0.870 

6.15 
6.16 
6.17 
6.18 
6.19 

0.805 
0.806 
0.807 
0.809 
0.810 

0.801 
0.802 
0.803 
0.805 
0.806 

0.802 
0.803 
0.804 
0.806 
0.807 

0.805 
0.806 
0.807 
0.808 
0.809 

0.809 
a 810 
0.811 
0.812 
0.813 

0.816 
a 817 
0.818 
0.818 
0.819 

0.826 
0.827 
0.828 
0.828 
0.829 

0.838 
0.839 
0.840 
0.840 
0.841 

0.855 
0.856 
0.856 
0.857 
0.857 

0.870 
0.871 
0.871 
0.872 
0.872 

6.20 
6.21 
6.22 
6.23 
6.24 

0.811 
0.812 
0.813 
0.814 
0.815 

0.807 
0.808 
0.809 
0.810 
0.811 

0.808 
0.809 
0.810 
0.811 
0.812 

0.810 
0.811 
0.812 
0.813 
0.814 

0.814 
0.815 
0.816 
a 816 
0.817 

0.820 
0.821 
0.822 
& 822 
0.823 

0.830 
0.831 
0.832 
0.832 
0.833 

0.842 
0.843 
0.844 
0.844 
0.845 

0.858 
0.859 
0.859 
0.860 
0.860 

0.873 
0.874 
0.874 
0.875 
0.875 

6.25 
6.26 
6.27 
6.28 
6.29 

0.816 
0.817 
0.818 
0.820 
0.821 

0.812 
0.813 
0.814 
0.816 
0.817 

0.813 
0.814 
0.815 
0.816 
0.817 

0.815 
0.816 
0.817 
0.818 
0.819 

0.818 
0.819 
0.820 
a 821 
0.822 

0.824 
0.825 
0.826 
0.827 
0.828 

0.834 
0.835 
0.836 
0.837 
0.838 

0.846 
0.847 
0.848 
0.848 
0.849 

0.861 
0.862 
0.862 
0.863 
0.863 

0.876 
0.877 
0.878 
0.878 
0.879 

6.30 
6.31 
6. 32 
6.33 
6. 34 

0.822 
0.823 
0.825 
0.826 
0.828 

0.818 
0. 819 
0.820 
0.822 
0.823 

0.818 
0.819 
0.820 
0.821 
0.822 

0.820 
0.821 
0.822 
0.823 
0.824 

0.823 
0.824 
0.825 
0.826 
0.827 

0.829 
0.830 
0.831 
0.831 
0.832 

0.839 
0.840 
0.841 
0.841 
0.842 

0.850 
0.851 
0.851 
0.852 
0.852 

0.864 
0.865 
0.865 
0.866 
0.866 

0.880 
0.881 
0.881 
0.882 
0.882 

6.35 
6.36 
6.37 
6.38 
6.39 

0.829 
0.830 
0.831 
0.833 
0.834 

0.824 
0.825 
0.826 
0.828 
0.829 

0.823 
0.824 
0.825 
0.827 
0.828 

0.825 
0.826 
0.827 
0.828 
0.829 

0.828 
0.829 
0.830 
a 831 
0.832 

0.833 
0.834 
0.835 
0.836 
0.837 

0.843 
0.844 
0.845 
0.846 
0.847 

0.853 
0.854 
0.855 
0.855 
0.856 

0.867 
0.868 
0.869 
0.869 
0.870 

0.883 
0.884 
0.884 
0.885 
0.885 

6.40 
6.41 
6.42 
6.43 
6.44 

0.835 
0.836 
0.837 
0.839 
0.840 

0.830 
0.831 
0.832 
0.833 
0.834 

0.829 
0.830 
0.831 
0.832 
0.833 

0.830 
0.831 
0.832 
0.833 
0.834 

0.833 
0.834 
0.835 
0.835 
0.836 

0.838 
0.839 
0.840 
0.840 
0.841 

0.848 
0.849 
0.850 
0.850 
0.851 

0.857 
0.858 
0.859 
0.859 
0.860 

0.871 
0.872 
0.872 
0.873 
0.873 

0.886 
0.887 
0.887 
0.888 
0.888 

6.45 
6.46 
6.47 
6.48 
6.49 

0.841 
0.842 
0.844 
0.845 
0.847 

0.835 
0.836 
0.837 
0.839 
0.840 

0.834 
0.835 
0.836 
0.837 
0.838 

0.835 
0.836 
0.837 
0.838 
0.839 

0.837 
0.838 
0.839 
0.840 
0.841 

a 842 
0.843 
0.844 
0.845 
0.846 

0.852 
0.853 
0.854 
0.854 
0.855 

0.861 
0.862 
0.863 
0.863 
0.864 

0.874 
0.875 
0.876 
0.876 
0.877 

0.889 
0.890 
0.890 
0.891 
0.891 

VII - 44 



T 
r 6.05 - 6. 49 

1. 60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2. 80 3.00 Pr 

0.894 0.920 0.948 0.968 0. 987 1.015 1.037 1.051 1.060 1.067 6.05 
0.895 0.920 0.948 0.968 0.987 1.015 1.037 1.051 1.060 1.067 6.06 
0. 895 0. 921 0.949 0. 969 0.988 1.016 1.037 1.051 1.060 1.067 6.07 
0. 896 0. 921 0.949 0.969 0. 988 1.016 1.038 1.052 1.061 1.068 6.08 
0.896 0.922 0.950 0.970 0.989 1.017 1.038 1.052 1.061 1.068 6.09 

0. 897 0.922 0. 950 0.970 0. 989 1.017 1.038 1.052 1.061 1.068 6.10 
0.897 0.922 0.950 0.970 0.989 1.017 1.038 1.052 1.061 1.068 6.11 
0. 898 0. 923 0.951 0.970 0. 990 1.017 1.038 1.052 1.061 1.068 6.12 
0. 898 0.923 0.951 0.971 0. 990 1.018 1.039 1.052 1.062 1.069 6.13 
0. 899 0. 924 0. 952 0. 971 0. 991 1.018 1.039 1.053 1.062 1.069 6.14 

0. 899 0.924 0.952 0.971 0.991 1.018 1.039 1.053 1.062 1.069 6.15 
0.900 0.925 0. 952 0.971 0. 991 1.018 1.039 1.053 1.062 1.069 6.16 
0. 900 0. 925 0.953 0. 972 0. 992 1.018 1.040 1.054 1.062 1.069 6.17 
0.901 0. 926 0.953 0.972 0.992 1.019 1.040 1.054 1.063 1.070 6.18 
0. 901 0. 926 0.954 0. 973 0.993 1.019 1.041 1.055 1.063 1.070 6.19 

0. 902 0. 927 0.954 0.973 0.993 1.019 1.041 1.055 1.063 1.070 6.20 
0. 902 0. 928 0.954 0. 973 0. 993 1.019 1.041 1.055 1.063 1.070 6.21 
0.903 0.928 0. 955 0.974 0.994 1.019 1.041 1. 055 1.063 1.070 6.22 
0. 903 0. 929 0.955 0. 974 0. 994 1.020 1.042 1.056 1.064 1.071 6.23 
0. 904 0. 929 0.956 0.975 0.995 1.020 1.042 1.056 1.064 1.071 6.24 

0.904 0. 930 0. 956 0.975 0. 995 1.020 1.042 1.056 1.064 1.071 6.25 
0. 905 0. 930 0.956 0. 975 0. 995 1.020 1.042 1.056 1.064 1.071 6.26 
0. 905 0. 930 0. 957 0.976 0. 996 1.021 1.042 1.056 1.064 1.071 6.27 
0. 906 0. 931 0.957 0. 976 0. 996 1.022 1.043 1.057 1.065 1.072 6.28 
0. 906 0. 931 0.958 0.977 0. 997 1.022 1.043 1.057 1.065 1.072 6.29 

0. 907 0. 931 0.958 0. 977 0. 997 1.022 1.043 1.057 1.065 1.072 6. 30 
0. 907 0. 931 0.958 0. 977 0. 997 1.022 1.043 1.057 1.065 1.072 6. 31 
0. 908 0.931 0. 959 0. 978 0. 997 1.022 1.044 1.057 1.065 1.072 6.32 
0. 908 0. 932 0.959 0. 978 0.998 1.023 1.044 1.058 1.066 1.072 6.33 
0. 909 0. 932 0.960 0. 979 0. 998 1. 023 1.045 1. 058 1.066 1.072 6.34 

0. 909 0. 932 0. 960 0. 979 0. 998 1.023 1.045 1.058 1.066 1.077 6.35 
0.910 0.933 0.960 0.979 0. 998 1. 023 1.045 1.058 1.066 1.072 6. 36 
0.910 0. 934 0.961 0. 980 0. 999 1.024 1.046 1.058 1.066 1.072 6.37 
0.911 0. 934 0. 961 0.980 0. 999 1.024 1.046 1.059 1.067 1.073 6. 38 
0.911 0. 935 0.962 0.981 1.000 1.025 1.047 1.059 1.067 1.073 6. 39 

0. 912 0. 936 0. 962 0. 981 1.000 1. 025 1.047 1.059 1.067 1.073 6.40 
0.913 0. 936 0.962 0. 9S1 1.000 1.025 1.047 1.059 1.067 1.073 6.41 
0.913 0. 937 0. 963 0. 982 1.000 1.025 1.047 1.059 1.067 1.073 6.42 
0. 914 0. 937 0. 963 0. 982 i. oo; 1.026 I. 048 1.060 1.068 1.074 6. 43 
0. 914 0. 938 0. 964 0. 983 1.001 1.026 1. 048 1.060 1.068 1.074 6.44 

0.9L5 u. 9;-i;-> 0. 904 0. 98.; 1.001 1. 026 1.048 1.060 1.068 1.074 6.45 
0. 916 (i. 934 0. 9o4 0. 983 I. 001 1.026 I. 048 1. 060 1.068 1.074 6.46 
0. Ho 0. 93 ;"< 0. 965 0. 984 1.002 1.027 1.048 1.061 1.068 1.074 6. 47 
0. 417 o. i;40 0. 965 0. 984 1.002 1.027 1.041 1.061 1.069 1.075 6. 48 
0. 9|7 I) 940 0. 966 0. 485 1. 003 1.028 1.049 1.062 1.069 1.075 6.49 

™ 5 ILLEGIBLE 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

6.50 
6.51 
6.52 
6.53 
6.54 

0.848 
0.849 
0.850 
0.851 
0.852 

0.841 
0.842 
0.843 
0.844 
0.845 

0.839 
0.840 
0.841 
0.842 
0.843 

0.840 
0.841 
0.842 
0.843 
0.844 

0.842 
0.843 
0.844 
0.844 
0.845 

0.847 
0.848 
0.849 
0.849 
0.850 

0.856 
0.857 
0.858 
0.858 
0.859 

0.865 
0.866 
0.866 
0.867 
0.867 

0.878 
0.879 
0.879 
0.880 
0.880 

0.892 
0.893 
0.893 
0.894 
0.894 

6.55 
6.56 
6.57 
6.58 
6.59 

0.853 
0.854 
0.855 
0.856 
0.857 

0.846 
0.847 
0.848 
0. 850 
0.851 

0.844 
0.845 
0.846 
0.848 
0.849 

0.845 
0.846 
0.847 
0.849 
0.850 

0.846 
0.847 
0.848 
0.849 
0.850 

0.851 
0.852 
0.853 
0.853 
0.854 

0.860 
0.861 
0.862 
0.862 
0.863 

0.868 
0.869 
0.869 
0.870 
0.870 

a 881 
0.882 
0.882 
0.883 
0.883 

0.895 
0.896 
0.896 
0.897 
0.897 

6.60 
6.61 
6.62 
6.63 
6.64 

0.858 
0.859 
0.860 
0.862 
0.863 

0.852 
0.853 
0.854 
0.855 
0.856 

0.850 
0.851 
0.852 
0.853 
0.854 

0.851 
0.852 
0.853 
0.854 
0.855 

0.851 
0.852 
0.853 
0.854 
0.855 

0.855 
0.856 
0.857 
0.857 
0.858 

0.864 
0.865 
0.866 
0.866 
0.867 

0.871 
0.872 
0.873 
0.873 
0.874 

0.884 
0.885 
0.886 
0.886 
0.887 

0.898 
0.898 
0.899 
0.899 
0.890 

6.65 
6.66 
6.67 
6.68 
6.69 

0.864 
0.865 
0.866 
0.868 
0.869 

0.857 
0. 858 
0.859 
0.861 
0.862 

0.855 
0.856 
0.857 
0.858 
0.859 

0.856 
0.857 
0.858 
0. 859 
0.860 

0.856 
0.857 
0.858 
0.859 
0.860 

0.859 
0.860 
0.861 
0.861 
0.862 

0.868 
0.869 
0.870 
0.870 
0.871 

0.875 
0.876 
0.877 
0.878 
0.879 

0.888 
0.889 
0.890 
0.890 
0.891 

0.900 
0.901 
0.901 
0.902 
0.902 

6.70 
6.71 
6.72 
6.73 
6.74 

0.870 
0.871 
0.872 
0.873 
0.874 

0.863 
0.864 
0.865 
0.866 
0.867 

0.860 
0.861 
0.862 
0.863 
0.864 

0.861 
0.862 
0.863 
0.864 
0.865 

0.861 
0.862 
0.863 
0.863 
0.864 

0.863 
0.864 
0.865 
0.865 
0.866 

0.872 
0.873 
0.874 
0.874 
0.875 

0.880 
0.881 
0.882 
0.882 
0.883 

0.892 
0.893 
0.893 
0.894 
0.894 

0.903 
0.904 
0.904 
0.905 
0.905 

6.75 
6.76 
6.77 
6. 78 
6.79 

0.875 
0.876 
0.877 
0.879 
0.880 

0.868 
0.869 
0. 870 
0.872 
0.873 

0.865 
0.866 
0.867 
0.869 
0.870 

0.866 
0.867 
0.868 
0.870 
0.871 

0.865 
0.866 
0.867 
0.868 
0.869 

0.867 
0.868 
0.869 
0.870 
0.871 

0.876 
0.877 
0.878 
0.878 
0.879 

0.884 
0.885 
0.886 
0.886 
0.887 

0.895 
0.896 
0.897 
0.897 
0.898 

0.906 
0.907 
0.908 
0.908 
0.909 

6.80 
6.81 
6.82 
6.83 
6.84 

0.881 
0.882 
0.883 
0.884 
0. 885 

0.874 
0.875 
0.876 
0.877 
0.878 

0.871 
0.872 
0.873 
0.874 
0.875 

0.872 
0.873 
0.874 
0.875 
0.876 

0.870 
0.871 
0.872 
0.873 
0.874 

0.872 
0.873 
0.874 
0.875 
0.876 

0.880 
0.881 
0.882 
0.882 
0.883 

0.888 
0.889 
0.889 
0.890 
0.890 

0.899 
0.900 
0.900 
0.901 
0.901 

0.910 
0.911 
0.911 
0.912 
0.912 

6.85 
6.86 
6.87 
6.88 
6.89 

0.886 
0.887 
0.888 
0.890 
0.891 

0.879 
0.880 
0.881 
0.883 
0.884 

0.876 
0.877 
0.878 
0.879 
0.880 

0.877 
0.878 
0.879 
0.879 
0.880 

0.875 
0.876 
0.877 
0.879 
0.880 

0.877 
0.878 
0.879 
0.879 
0.880 

0.884 
0.885 
0.886 
0.886 
0.887 

0.891 
0.892 
0.893 
0.893 
0.894 

0.902 
0.903 
0.904 
0.904 
0.905 

0.913 
0.914 
0.915 
0.915 
0.916 

6.90 
6.91 
6.92 
6.93 
6.94 

0.892 
0.893 
0.894 
0.895 
0.896 

0.885 
0.886 
0.887 
0.888 
0.889 

0.881 
0.882 
0.883 
0.884 
0.885 

0.881 
0.882 
0.883 
0.883 
0. 884 

0.881 
0.882 
0.883 
0.883 
0.884 

0.881 
0.882 
0.883 
0.883 
0.884 

0.888 
0.889 
0.890 
0.890 
0.891 

0.895 
0.896 
0.896 
0.897 
0.897 

0.906 
0.907 
0.907 
0.908 
0.909 

0.917 
0.917 
0.918 
0.918 
0.919 

VH - 46 



p r 
6. 50 - 6.94 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 P r 

0. 918 0. 941 0.966 0. 985 1.003 

0.918 0.941 0.966 0. 985 1.003 

0.919 0. 942 0.967 0. 986 1.004 
0.919 0. 942 0.967 0. 986 1.004 
0. 920 0. 943 0.968 0.987 1.005 

0.920 0. 943 0.968 0.987 1.005 
0. 921 0. 943 0.968 0. 987 1. 005 
0. 921 0. 944 0.969 0. 988 1.006 
0.922 0. 944 0. 969 0. 988 1.006 
0. 922 0. 945 0. 970 0. 989 1.007 

0. 923 0. 945 0. 970 0. 989 1.007 

0. 923 0. 945 0.970 0. 989 1.007 
0. 924 0. 946 0.971 0.990 1.007 
0.924 0. 946 0. 971 0. 990 1.008 
0. 925 0. 947 0.972 0. 991 1.008 

0. 925 0. 947 0. 972 0.991 1.008 

0. 926 0. 948 0. 972 0. 991 1.008 

0. 926 0. 948 0. 973 0.992 1.009 
0. 927 0. 949 0. 973 0.992 1.009 

0. 927 0. 949 0. 974 0. 993 1. 010 

0. 928 0. 950 0. 974 0.993 1.010 
0. 928 0. 950 0. 974 0. 993 1.010 

0.929 0. 951 0. 975 0. 994 1.010 
0.929 0. 951 0. 975 0. 994 1.011 
0. 930 0. 952 0. 976 0. 995 1.011 

0. 930 0. 952 0. 976 0. 995 1.011 
0.931 0. 953 0. 977 0. 995 1.011 
0. 931 0. 953 0. 977 0. 996 1. 012 

0. 932 0. 954 0. 978 0. 996 1.012 

0. 932 0. 954 0. 978 0. 997 1.013 

0. 933 0. 955 0. 979 0. 997 1.013 

0. 934 0. 955 0. 979 0. 997 1.013 
0. 934 0. 956 0. 980 0. 997 1. 014 

0. 935 0. 95o 0. 980 0. 998 1.014 

0. 935 0. 957 0. 981 0. 998 1.015 

0. 936 0. 957 0.981 0. 998 1. 015 

0. 937 0. 958 0. 981 0. 998 1.015 

0. 937 0. 958 0. 982 0.999 1.016 

0. 938 0. 954 0. 982 0. 999 1.010 

0. 938 0. 959 0.98o 1. 000 1.017 

0. 939 0. 9;,i. 0. 983 1. 000 1. 017 

0. 939 (1. 900 i 1.983 1. 000 1. 017 

i'l. 940 0. 90, U. 984 1. 00 i 1. 017 

0. 940 0. 96 1 il. 984 !. 001 1. 018 

0. 441 0.9< 0.485 i on;; 1. 01K 

1.028 1.049 1.062 1.069 1.075 6.50 
1.028 1.049 1.062 1.069 1.075 6.51 
1.028 1.049 1.062 1.069 1.075 6.52 
1.029 1.050 1.063 1.070 1.076 6.53 
1.029 1.050 1. 063 1.070 1.076 6.54 

1.029 1.050 1.063 1.070 1.076 6. 55 
1. 029 1.050 1. 063 1.070 1.076 6.56 
1.030 1.051 1. 063 1.071 1.076 6.57 
1.030 1.051 1.064 1.071 1.077 6.58 
1.031 1.052 1.064 1.072 1.077 6. 59 

1.031 1.052 1.064 1.072 1.077 6.60 
1.031 1.052 1.064 1.072 1.077 6.61 
1.031 1.052 1.064 1.072 1.077 6.62 
1.032 1.053 1.065 1.073 1.078 6.63 
1.032 1.053 1.065 1.073 1.078 6.64 

1.032 1.053 1.065 1.073 1.078 6.65 
1.032 1.053 1.065 1.073 1.078 6.66 
1.033 1.053 1.066 1.073 1.079 6.67 
1.033 1.054 1.066 1.074 1.079 6.68 
1.034 1.054 1.067 1.074 1.080 6.69 

1.034 1.054 1.067 1.074 1.080 6. 70 
1.034 1.054 1.067 1.074 1.080 6.71 
1.035 1.054 1.067 1.074 1.080 6. 72 
1.035 1.055 1.068 1.075 1.081 6.73 
1.036 1.055 1.068 1.075 1.081 6. 74 

1.036 1.055 1.068 1.075 1.081 6. 75 
1. 036 1.055 1.068 1.075 1.081 6. 76 
1. 037 1.056 1.068 1.076 1.081 6.77 
1.037 1.056 1.069 1.076 1.082 6.78 
1. 038 1.057 1.069 1.077 1.082 6.79 

1.038 1.057 1.069 1.077 1.082 6.80 
1. 038 1.057 1.069 1.077 1.082 6.81 
1. 039 1.057 1.069 1.077 1.082 6. 82 
1.039 1.058 1.070 1.078 1.083 6. 83 
1.040 1.058 1.070 1.078 1.083 6. 84 

1. 040 1.058 1.070 1.078 1.083 6. 85 

1.040 1.058 1.070 1.078 1.083 6.86 

1.040 1.058 1.070 1.078 1.083 6.87 

1.041 1.059 1.071 1.079 1.084 6. 88 
1. 041 1.059 1.071 1.079 1.084 6.89 

1. 041 1.05 ) 1.071 1.079 1.084 6.90 

1. 041 i . 054 1. 071 1.079 1.084 6.91 
1.041 1. 054 1. 071 1.079 1.084 6. 92 
1. 042 i. Oo.i 1. 072 1.080 1.085 6. 93 
1. 042 1. 060 1.072 1.080 1.085 6.94 

vu - ILLEGIBLE 



T 
r 

Pr 1.05 1.10 1.15 1. 20 1.25 1.30 1.35 1.40 1.45 1.50 

6.95 
6.96 
6.97 
6.98 
6. 99 

0.897 
0.898 
0.899 
0.901 
0.902 

0. 890 
0.891 
0.892 
0.894 
0.895 

0.886 
0.887 
0.888 
0.890 
0.891 

0.885 
0.886 
0.887 
0.888 
0.889 

0.885 
0.886 
0.887 
0.888 
0.889 

0.885 
0.886 
0.887 
0.888 
0.889 

0.892 
0.893 
0.894 
0.894 
0.895 

0.898 
0.899 
0.900 
0.900 
0.901 

0.909 
0.910 
0.911 
0.911 
0.911 

0.919 
0.920 
0.920 
0.921 
0.921 

7.00 
7.01 
7.02 
7.03 
7.04 

0.903 
0. 904 
0.905 
0.907 
0.908 

0.896 
0. 897 
0.898 
0.899 
0.900 

0.892 
0.893 
0.894 
0.895 
0.896 

0.890 
0.891 
0.892 
0.893 
0.894 

0.890 
0.891 
0.892 
0.892 
0.893 

0.890 
6.891 
0.892 
0. 892 
0.893 

0.896 
0.897 
0.897 
0.898 
0.898 

0.902 
0.903 
0.904 
0.904 
0.905 

0.913 
0.914 
0.914 
0.915 
0.915 

0.922 
0.923 
0.923 
0.924 
0.924 

7.05 
7.06 
7.07 
7.08 
7.09 

0.909 
0.910 
0. 911 
0.913 
0.914 

0.901 
0. 902 
0.903 
0. 905 
0.906 

0.897 
0.898 
0. 899 
0.901 
0. 902 

0.895 
0.896 
0.897 
0.898 
0.899 

0.894 
0.895 
0.896 
0.897 
0.898 

0.894 
0.895 
0.896 
0.897 
0.898 

0.899 
0.900 
0.901 
0.901 
0.902 

0.906 
0.907 
0.908 
0.908 
0.909 

0. 916 
0.917 
0.918 
0.918 
0.919 

0.925 
0.926 
0.927 
0.927 
0.928 

7. 10 
7.11 
7.12 
7.13 
7.14 

0.915 
0.916 
0.917 
0.919 
0. 920 

0.907 
0.908 
0.909 
0.910 
0.911 

0.903 
0.904 
0.905 
0.906 
0.907 

0.900 
0.901 
0.902 
0.903 
0.904 

0.899 
0.900 
0.901 
0.901 
0.902 

0.899 
0.900 
0.901 
0.901 
0.902 

0.903 
0.904 
0.905 
0.905 
0.906 

0.910 
0.911 
0.912 
0.912 
0.913 

0.920 
0.921 
0.921 
0.922 
0.922 

0.929 
0.930 
0.930 
0.931 
0.931 

7.15 
7.16 
7.17 
7.18 
7.19 

0.921 
0.922 
0.924 
0. 925 
0.927 

0.912 
0.913 
0.914 
0.916 
0.917 

0.908 
0.909 
0.910 
0.911 
0.912 

0.905 
0.906 
0.907 
0.908 
0.909 

0.903 
0.904 
0.905 
0.906 
0.907 

0.903 
0.904 
0.905 
0.905 
0.906 

0.907 
0.908 
0.909 
0.909 
0.910 

0.914 
0.915 
0.916 
0.916 
0.917 

0.923 
0.924 
0.925 
0.925 
0.926 

0.932 
0.933 
0.933 
0.934 
0.934 

7. 20 
7.21 
7.22 
7.23 
7.24 

0. 928 
0.929 
0. 930 
0.931 
0.932 

0.918 
0.919 
0.920 
0.921 
0. 922 

0.913 
0.914 
0.915 
0.916 
0.917 

0.910 
0.911 
0.912 
0.913 
0.914 

0.908 
0.909 
0.910 
0.910 
0.911 

0.907 
0.908 
0.908 
0.909 
0.909 

0. 911 
0.912 
0. 913 
0.913 
0.914 

0.918 
0. 919 
0.919 
0.920 
0.920 

0.927 
0.928 
0.928 
0.929 
0.929 

0.935 
0.936 
0.936 
0.937 
0.937 

7. 25 
7. 26 
7.27 
7. 28 
7. 29 

0. 933 
0. 934 
0.935 
0.936 
0.937 

0. 923 
0.924 
0.925 
0.927 
0.928 

0.918 
0.919 
0.920 
0.921 
0.922 

0.915 
0. 916 
0.917 
0.918 
0.919 

0.912 
0.913 
0.914 
0.915 
0.916 

0.910 
0.911 
0.912 
0.912 
0.913 

0.915 
0. 916 
0.917 
0. 917 
0.918 

0.921 
0.922 
0.923 
0.923 
0.924 

0.930 
0.931 
0.932 
0.932 
0.933 

0.938 
0.939 
0.939 
0.940 
0.940 

7.30 
7.31 
7. 32 
7.33 
7.34 

0.938 
0.939 
0. 940 
0.941 
0. 942 

0. 929 
0.930 
0.931 
0.932 
0. 933 

0.923 
0.924 
0.925 
0. 926 
0.927 

0.920 
0.921 
0. 922 
0.922 
0. 923 

0.917 
0.918 
0.919 
0.919 
0.920 

0.914 
0.915 
0.916 
0.916 
0.917 

0.919 
0.920 
0.921 
0.921 
0.922 

0.925 
0.926 
0.926 
0.927 
0.927 

0.934 
0.935 
0.935 
0.936 
0.936 

0.942 
0.943 
0.944 
0.944 
0.945 

7. 35 
7. 36 
7.37 
7. 38 
7.39 

0.943 
0. 944 
0.945 
0.947 
0.948 

0.934 
0. 935 
0.936 
0.938 
0.939 

0.928 
0.929 
0.930 
0.931 
0.932 

0. 924 
0.925 
0.926 
0. 927 
0.928 

0. 921 
0.922 
0. 923 
0.924 
0.925 

0.918 
0.919 
0.920 
0. 921 
0.922 

0.923 
0. 924 
0. 925 
0. 925 
0.926 

0.928 
0.929 
0.930 
0.930 
0.931 

0.937 
0. 938 
0. 939 
0. 939 
0.940 

0.946 
0.947 
0.948 
0.948 
0.949 

VII - 48 



6.95 - 7. 39 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 

0. 941 0. 962 0.985 1.002 1.018 1.042 1.060 1.072 1.080 -1.085 6.95 
0.942 0.963 0.986 1.002 1.018 1.042 1.060 1.072 1.080 1.085 6.96 
0. 942 0.963 0.986 1.003 1.019 1.043 1.061 1.072 1.080 1.085 6.97 
0. 943 0.964 0.987 1.003 1.019 1.043 1.061 1.073 1.081 1.086 6.98 
0. 943 0.964 0.987 1.004 1.020 1.044 1.062 1.073 1.081 1.086 6.99 

0. 944 0.965 0.988 1.004 1.020 1.044 1.062 1.073 1.081 1.086 7.00 
0. 945 0.965 0.988 1.004 1.020 1.044 1.062 1.073 1.081 1.086 7.01 
0.945 0.966 0.989 1.005 1.021 1.044 1.062 1.074 1.081 1.086 7.02 
0.946 0.966 0.989 1.005 1.021 1.045 1.063 1.074 1.082 1.087 7.03 
0. 946 0,967 0.990 1.006 1.022 1.045 1.063 1.075 1.082 1.087 7.04 

0.947 0.967 0.990 1.006 1.022 1.045 1.063 1.075 1.082 1.087 7.05 
0.948 0.968 0.990 1.006 1.022 1.045 1.063 1.075 1.082 1.087 7.06 
0.948 0.968 0.991 1.007 1.023 1.046 1.064 1.076 1.082 1.087 7.07 
0.949 0.969 0.991 1.007 1.023 1.046 1.064 1.076 1.083 1.088 7.08 
0.949 0.969 0.992 1.008 1.024 1.047 1.065 1.077 1.083 1.088 7.09 

0.950 0.970 0.992 1.008 1.024 1.047 1.065 1.077 1.083 1.088 7.10 
0.951 0.970 0.992 1.008 1.024 1.047 1.065 1.077 1.083 1.088 7.11 
0.951 0.971 0.993 1.009 1.025 1.047 1.065 1.077 1.083 1.088 7.12 
0. 952 0.971 0.993 1.009 1.025 1.048 1.066 1.078 1.084 1.089 7.13 
0. 952 0.972 0.994 1.010 1.026 1. 048 1.066 1.078 1.084 1.089 7.14 

0. 953 0. 972 0.994 1.010 1.026 1.048 1.066 1.078 1.084 1.089 7.15 
0.954 0.973 0.995 1.010 1.026 1.048 1.066 1.078 1.084 1.089 7.16 
0.954 0. 973 0.995 1.011 1.027 1.049 1.066 1.078 1.085 1.090 7.17 
0. 955 0.974 0. 996 1.011 1.027 1.049 1.067 1.079 1.085 1.090 7.18 
0. 955 0.974 0.996 1.012 1.028 1.050 1.067 1.079 1.086 1.091 7.19 

0. 956 0. 975 0.997 1. 012 1. 028 1.050 1.067 1.079 1.086 1.091 7.20 
0. 957 0. 975 0. 997 1.012 1.028 1.050 1.067 1.079 1.086 1.091 7.21 
0. 957 0. 976 0.998 1.013 1.028 1.050 1.067 1.079 1.086 1.091 7.22 
0. 958 0. 976 0.998 1.013 1.029 1.051 1.068 1.080 1.087 1.092 7.23 
0.958 0. 977 0. 999 1.014 1. 029 1.051 1.068 1.080 1.087 1.092 7.24 

0. 959 0. 977 0. 999 1.014 1.029 1.051 1.068 1.080 1.087 1.092 7.25 
0. 960 0. 978 0. 999 1.015 1.029 1.051 1.068 1.080 1.087 1.092 7.26 
0. 960 0. 978 1.000 1.015 1.030 1.052 1.069 1.080 1.087 1.092 7.27 
0. 961 0. 979 J.000 1.016 1.030 1.052 1.069 1.081 1.088 1.093 7.28 
0. 961 0. 979 1.001 1.016 1.031 1. 053 1.070 1.081 1.088 1.093 7.29 

0. 962 0. 980 1.001 1.017 1.031 1.053 1.070 1.081 1.088 1.093 7.30 
0.963 0. 980 1.001 1.017 1.031 1. 053 1.070 1.081 1.088 1.093 7.31 
0. 963 0. 981 1.002 1.018 1.032 1.054 1.070 1.081 1.088 1.093 7.32 
0. 964 0. 981 1.002 1.018 1.032 1. 054 1.071 1.082 1.089 1.094 7.33 
0. 964 0. 982 1.003 1.019 1. 033 1.055 1.071 1.082 1.089 1.094 7. 34 

0. 965 0. 982 1.003 1.019 1.033 1.055 1.071 1.082 1.089 1.094 7.35 
0. 966 0. 983 1.003 1.019 1.033 1.055 1.071 1.082 1.089 1.094 7.36 
0. 966 0. 98:; 1.004 1.020 1. 034 1.056 1.072 1.083 1.090 1.094 7.37 
0.967 0. 984 1.004 1.020 1.034 1.056 1.072 1. 083 1.090 1.095 7.38 
f). 967 0. 984 1.005 1.021 1.035 1.057 1.073 1.084 1.091 1.095 7.39 

VII - 49 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

7.40 
7.41 
7.42 
7.43 
7.44 

0.949 
0.950 
0.951 
0.953 
0.954 

0.940 
0.941 
0.942 
0.943 
0.944 

0.933 
0.934 
0.935 
0.936 
0.937 

0. 929 
0.930 
0.931 
0.932 
0.933 

0.926 
0.927 
0.928 
0.928 
0.929 

0.923 
0.924 
0.925 
0.925 
0.926 

0.927 
0.928 
0.929 
0.929 
0.930 

0.932 
0.933 
0.934 
0.934 
0.935 

0.941 
0.942 
0.942 
0.943 
0.943 

0.950 
0.951 
0.951 
0.952 
0.952 

7.45 
7.46 
7.47 
7.48 
7.49 

0.955 
0.956 
0.957 
0.959 
0.960 

0.945 
0.946 
0.947 
0.949 
0.950 

0.938 
0.939 
0.940 
0.941 
0.942 

0.934 
0.935 
0.936 
0.937 
0.938 

0.930 
0.931 
0.932 
0.933 
0.934 

0.927 
0.928 
a 929 
0.930 
0.931 

0.931 
0.932 
0.933 
0.933 
0.934 

0.936 
0.937 
0.938 
0.938 
0.939 

0.944 
0.945 
0.946 
0.946 
0.947 

0.953 
0.954 
0.954 
0.955 
0.955 

7.50 
7.51 
7.52 
7.53 
7.54 

0.961 
0. 962 
0.963 
0.964 
0.965 

0.951 
0.952 
0.953 
0.954 
0.955 

0.943 
0.944 
0.945 
0.946 
0.947 

0.939 
0.940 
0.941 
0.942 
0.943 

0.935 
0.936 
0.937 
0.937 
0.938 

a 932 
0.933 
0.934 
0.934 
0.935 

0.935 
0.936 
0.937 
0.937 
0.938 

0.940 
0.941 
0.942 
0.942 
0.943 

0.948 
0.949 
0.949 
0.950 
0.950 

0.956 
0.957 
0.957 
0.958 
0.958 

7.55 
7.56 
7.57 
7.58 
7.59 

0. 966 
0.967 
0.968 
0.970 
0.971 

0.956 
0.957 
0.958 
0.959 
0.960 

0.948 
0.949 
0.950 
0.951 
0.952 

0.944 
0.945 
0.946 
0.947 
0.948 

0.939 
0.940 
0.941 
0.942 
0.943 

0.936 
0.937 
0.938 
0.939 
0.940 

0.939 
0.940 
0.941 
0.941 
0.942 

0.944 
0.945 
0.946 
0.947 
0.948 

0.951 
0.952 
0.953 
0.953 
0.954 

0.959 
0.960 
0.960 
0.961 
0.961 

7.60 
7.61 
7.62 
7.63 
7.64 

0.972 
0.973 
0.974 
0.975 
0.976 

0.961 
0.962 
0.963 
0.964 
0.965 

0.953 
0.954 
0.955 
0.956 
0.957 

0.949 
0.950 
0.951 
0.952 
0.953 

0.944 
0.945 
0.946 
0.947 
0.948 

0.941 
0.942 
0.943 
0.943 
0.944 

0.943 
0.944 
0.945 
0.945 
0.946 

0.949 
0.950 
0.950 
0.951 
0.951 

0.955 
0.956 
0.956 
0.957 
0.957 

0.962 
0.963 
0.963 
0.964 
0.964 

7.65 
7.66 
7.67 
7.68 
7.69 

0.977 
0.978 
0.979 
0.981 
0.982 

0.966 
0.967 
0.968 
0.970 
0.971 

0.958 
0.959 
0.960 
0.961 
0.962 

0.954 
0.955 
0.956 
0.957 
0.958 

0.949 
0.950 
0.951 
0.952 
0.953 

0.945 
0.946 
0.947 
0.948 
0.949 

0.947 
0.948 
0.949 
0.950 
0.951 

0.952 
0.953 
0.954 
0.954 
0.955 

0.958 
0.959 
0.960 
0.960 
0.961 

0.965 
0.966 
0.967 
0.967 
0.968 

7.70 
7.71 
7.72 
7.73 
7.74 

0.983 
0.984 
0.985 
0.987 
0.988 

0.972 
0. 973 
0.974 
0.975 
0.976 

0.963 
0.964 
0.965 
0.966 
0.967 

0.959 
0.960 
0.961 
0.961 
0.962 

0.954 
0.955 
0.956 
0.956 
0.957 

0.950 
0.951 
0.952 
0.952 
0.953 

0.952 
0.953 
0.954 
0.954 
0.955 

0.956 
0.957 
0.957 
0.958 
0.958 

0.962 
0.963 
0.963 
0.964 
0.964 

0.969 
0.970 
0.970 
0.971 
0.971 

7. 75 
7.76 
7.77 
7.78 
7.79 

0.989 
0.990 
0.991 
0.993 
0.994 

0.977 
0.978 
0.979 
0.981 
0.982 

0.968 
0.969 
0.970 
0.971 
0.972 

0.963 
0.964 
0.965 
0.966 
0.967 

0.958 
0.959 
0.960 
0.960 
0.961 

0.954 
0.955 
0.956 
0.957 
0.958 

0.956 
0.957 
0.958 
0.958 
0.959 

0.959 
0.960 
0.961 
0.961 
0.962 

0.965 
0.966 
0.967 
0.967 
0.968 

0.972 
0.973 
0.974 
0.974 
0.975 

7.80 
7.81 
7.82 
7.83 
7.84 

0.995 
0.996 
0.997 
0.998 
0.999 

0.983 
0.984 
0.985 
0.986 
0.987 

0.973 
0.974 
0.975 
0.976 
0.977 

0.968 
0.969 
0.970 
0.971 
0.972 

0.962 
0.962 
0.963 
0.963 
0.964 

0.959 
0.960 
0.961 
0.961 
0.962 

0.960 
0.961 
0.962 
0.962 
0.963 

0.963 
0.964 
0.965 
0.965 
0.966 

0.969 
0.970 
0.971 
0.971 
0.972 

0.976 
0.977 
0.977 
0.978 
0.978 

vn - so 



7. 40 - 7. 84 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2.60 2.80 3.00 Pr 

0.968 
0.968 
0.969 
0.969 
0.970 

0.985 
0.986 
0. 986 
0.987 
0.987 

1.005 
1.005 
1.006 
1.006 
1.007 

1.021 
1.021 
1.022 
1.022 
1.023 

1.035 
1.035 
1.036 
1.036 
1.037 

1.057 
1.057 
1.057 
1.058 
1.058 

1.073 
1.073 
1.073 
1.074 
1.074 

1.084 
1.084 
1.084 
1.085 
1.085 

1.091 
1.091 
1.091 
1.092 
1.092 

1.095 
1.095 
1.095 
1.096 
1.096 

7.40 
7.41 
7.42 
7.43 
7.44 

0. 970 
0.971 
0.971 
0.972 
0.972 

0. 988 
0.989 
0.989 
0.990 
0.990 

1.007 
1.008 
1.008 
1.009 
1.009 

1.023 
1.023 
1.024 
1.024 
1.025 

1.037 
1.037 
1.038 
1.038 
1.039 

1.058 
1.058 
1.059 
1.059 
1.060 

1.074 
1.074 
1.075 
1.075 
1.076 

1.085 
1.085 
1.086 
1.086 
1.087 

1.092 
1.092 
1.092 
1.093 
1.093 

1.096 
1.096 
1.097 
1.097 
1.098 

7.45 
7.46 
7.47 
7.48 
7.49 

0.973 
0. 974 
0. 974 
0. 975 
0. 975 

0.991 
0.991 
1.992 
0.992 
0.993 

1.010 
1.010 
1.011 
1.011 
1.012 

1.025 
1.025 
1.026 
1.026 
1.027 

1.039 
1.039 
1.040 
1.040 
1.041 

1.060 
1.060 
1.060 
1.061 
1.061 

1.076 
1.076 
1.076 
1.077 
1.077 

1.087 
1.087 
1.087 
1.088 
1.088 

1.093 
1.093 
1.093 
1.094 
1.094 

1.098 
1.098 
1.098 
1.099 
1.099 

7.50 
7.51 
7.52 
7.53 
7. 54 

0. 976 
0.977 
0. 977 
0. 978 
0.978 

0.993 
0.994 
0.994 
0. 995 
0.995 

1.012 
1.013 
1.013 
1.014 
1.014 

1.027 
1.027 
1.028 
1.028 
1.029 

1.041 
1.041 
1.042 
1.042 
1.043 

1.061 
1.061 
1.062 
1.062 
1. 063 

1.077 
1.077 
1.078 
1.078 
1.079 

1.088 
1.088 
1.088 
1.089 
1.089 

1.094 
1.094 
1.095 
1.095 
1.096 

1.099 
1.099 
1.099 
1.100 
1.100 

7.55 
7.56 
7.57 
7.58 
7.59 

0. 979 
0. 979 
0.980 
0. 980 
0.981 

0. 996 
0. 996 
0. 997 
0. 997 
0. 998 

1.015 
1.015 
1.016 
1.016 
1.017 

1.029 
1.029 
1.030 
1.030 
1.031 

1.043 
1.043 
1.044 
1.044 
1.045 

1.063 
1.063 
1.064 
1.064 
1.065 

1.079 
1.079 
1.079 
1.080 
1.080 

1.089 
1.089 
1.089 
1.090 
1.090 

1.096 
1.096 
1.096 
1.097 
1.097 

1.100 
1.100 
1.100 
1.101 
1.101 

7.60 
7.61 
7.62 
7.63 
7.64 

0. 981 
0. 982 
0. 982 
0. 983 
0. 983 

0. 998 
0. 999 
0. 999 
1. 000 
1. 000 

1.017 
1.017 
1.018 
1.018 
1.019 

1.031 
1.031 
1.032 
1.032 
1.033 

1.045 
1. 045 
1.046 
1.046 
1. 047 

1.065 
1.065 
1.066 
1.066 
1.067 

1.080 
1.080 
1.081 
1.081 
1.082 

1.090 
1.090 
1.091 
1.091 
1.092 

1.097 
1.097 
1.097 
1.098 
1. 098 

1.101 
1.101 
1.101 
1.102 
1. 102 

7.65 
7.66 
7.67 
7.68 
7.69 

0. 984 
0. 985 
0. 985 
0. 98o 
0. 986 

1.001 
1.001 
1.002 
1. 002 
1. 003 

1.019 
1.019 
1. 020 
1.020 
1.021 

1.033 
1.033 
1.034 
1.034 
1.035 

1.047 
1.047 
1.048 
1.048 
1.049 

1.067 
1.067 
1.067 
1.068 
1.068 

1.082 
1.082 
1.082 
1.083 
1.083 

1.092 
1.092 
1.092 
1. 093 
1.093 

1.098 
1.098 
1.098 
1.099 
1.099 

1.102 
1.102 
1.102 
1.103 
1.103 

7. 70 
7.71 
7. 72 
7.73 
7.74 

0. 987 
0. 988 
0. 988 
0. 989 
0. 989 

1.003 
1.004 
1.004 
1.005 
1.005 

1.021 
1.022 
1.022 
1. 023 
1.023 

1.035 
1.036 
1.036 
1.037 
1.037 

1.049 
1.049 
1.050 
1.050 
1.051 

1.068 
1.068 
1.069 
1.069 
1.070 

1.083 
1.083 
1.083 
1.084 
1.084 

1.093 
1.093 
1.094 
1.094 
1.095 

1.099 
1.099 
1.099 
1.100 
1.100 

1.103 
1.103 
1.103 
1.104 
1.104 

7.75 
7.76 
7.77 
7. 78 
7.79 

0. 990 
0. 991 
0. 991 
0. 992 
0. 992 

1. OOo 
1. 007 
1.007 
1.008 
1. 008 

1.024 
1.024 
1.025 
1.025 
1.026 

1.038 
1.038 
1.039 
1. 039 
1. 040 

1.051 
1.051 
1.052 
1.052 
1.053 

1. 070 
1.070 
1.070 
1. 071 
1. 071 

1.084 
1.084 
1.084 
1.085 
1.085 

1.095 
1.095 
1. 095 
1. 096 
1.096 

1.100 
1.100 
1.100 
1.101 
1.101 

1.104 
1.104 
1.104 
1.105 
1.105 

7.80 
7.81 
7. 82 
7.83 
7. 84 

V I I - 51 



T r 

Pr 1.05 1.10 1.15 . 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

7.85 1.000 0.988 0.978 0.973 0.966 0.963 0.964 0.967 0.973 0.979 
7.86 1.001 0.989 0.979 0.974 0.967 0.964 0.965 0.968 0.974 0.980 
7.87 1.002 0.990 0.980 0.975 0.968 0.965 0.966 0.969 0.975 0.980 
7. 88 1.003 0.991 0.982 0.976 0.968 0.966 0.966 0.970 0.975 0.981 
7.89 1.004 0.992 0.983 0.977 0.969 0.967 0.967 0.971 0.976 0.981 

7.90 1.005 0. 993 0.984 0.978 0.970 0.968 0.968 0.972 0.977 0.982 
7.91 1.006 0.994 0.985 0.979 0.971 0.969 0.969 0.973 0.978 0.983 
7.92 1.007 0.994 0.986 0.980 0.972 0.970 0.970 0.974 0.978 0.984 
7. 93 1.009 0.997 0.987 0.981 0.972 0.970 0.970 0.974 0.979 0.984 
7. 94 1.010 0.998 0.988 0.982 0.973 0.971 0.971 0.975 0.979 0.985 

7.95 1. Oil 0.999 0.989 0.983 0.974 0.972 0.972 0.976 0.980 0.986 
7.96 1.012 1.000 0.990 0.984 0.975 0.973 0.973 0.977 0.981 0.987 
7. 97 1.013 1.001 0.991 0.985 0.976 0.974 0.974 0.978 0.982 0.988 
7. 98 1.015 1.003 0.993 0.986 0.977 0.975 0.974 0.978 0.982 0.988 
7.99 1.016 1.004 0.994 0.987 0.978 0.976 0.975 0.979 0. 983 0.989 

8.00 1.017 1.005 0.995 0.988 0.979 0.977 0.976 0.980 0.984 0.990 
8.01 1.018 1.006 0.996 0.989 0.980 0.978 0.977 0.981 0.985 0.991 
8.02 1.019 1.007 0.997 0.990 0.981 0.979 0.978 0.982 0.986 0.992 
8.03 1.020 1.008 0.998 0.991 0.981 0.980 0.978 0.982 0.986 0.992 
8.04 1.021 1.009 0.999 0.992 0.982 0.981 0.979 0.983 0.987 0.993 

8.05 1.022 1.010 1.000 0.993 0.983 0.982 0.980 0.984 0.988 0.994 
8.06 1.023 1. on 1.001 0.994 0.984 0.983 0.981 0.985 0.989 0.995 
8.07 1.024 1.012 1.002 0.995 0.985 0.984 0.982 0.986 0.990 0.996 
8.08 1.025 1.014 1.004 0.996 0.985 0.985 0.982 0.987 0.990 0.996 
8.09 1.026 1.015 1.005 0.997 0.986 0.986 0. 983 0.988 0.991 0.997 

8.10 1.027 1.016 1.006 0.998 0.987 0.987 0.984 0.989 0. 992 0.998 
8.11 1.028 1.017 1.007 0.999 0.988 0.988 0.985 0.990 0.993 0.998 
8.12 1.029 1.018 1.008 1.000 0.989 0.989 0.986 0.990 0.994 0.999 
8.13 1.030 1.019 1.009 1.000 0.989 0.989 0.986 0.991 0.994 0.999 
8.14 1.031 1.020 1. 010 1.001 0.990 0.990 0.987 0.991 0.995 1.000 

8.15 1.032 1.021 1.011 1.002 0.991 0.991 0.988 0.992 0.996 1.000 
8.16 1.033 1.022 1.012 1.003 0. 992 0.992 0.989 0.993 0.997 1.001 
8.17 1.034 1.023 1.013 1.004 0.993 0.993 0.990 0.994 0.998 1.001 
8.18 1.036 1.024 1.014 1.005 0.994 0.994 0.990 0. 994 0.998 1.002 
8.19 1.037 1.025 1.015 1.006 0.995 0.995 0.991 0.995 0.999 1.002 

8.20 1.038 1.026 1.016 1.007 0.996 0.996 0. 992 0.996 1.000 1.003 
8.21 1.039 1.027 1.017 1.008 0.997 0.997 0.993 0.997 1.001 1.004 
8.22 1.040 1.028 1.018 1.009 0.998 0.998 0.994 0.997 1.002 1.005 
8.23 1.042 1.029 1.019 1.010 0.998 0.998 0.994 0.998 1.002 1.005 
8.24 1.043 1.030 1.020 1.011 0.999 0.999 0.995 0.998 1.003 1.006 

8.25 1.044 1.031 1.021 1.012 1.000 1.000 0.996 0.999 1.004 1.007 
8.26 1.045 1.032 1.022 1.013 1.001 1.001 0.997 1.000 1.005 1.008 
8.27 1.046 1.033 1.023 1.014 1.002 1.C02 0.998 1.001 1.006 1.009 
8.28 1.048 1.035 1.024 1.015 1.003 1.002 0.999 1.001 1.006 1.009 
8. 29 1.049 1.036 1.025 1.016 1.004 1.003 1.000 1.002 1.007 1.010 

VII - 52 



7. 85 - 8. 29 

1.60 1.70 1. 80 1.90 2.00 2. 20 2.40 2.60 2. 80 3.00 

0. 993 1.009 1.026 1.040 1.053 1.071 1.085 1.096 1.101 1. 105 7. 85 
0. 994 1.010 1.027 1.040 1.053 1.071 1.085 1.096 1.101 1. 105 7. 86 
0. 995 1.010 1.027 1. 041 1.054 1.072 1.086 1.097 1.102 1. 106 7.87 
0. 995 1.011 1.028 1.041 1.054 1.072 1.086 1.097 1.102 1. 106 7. 88 
0. 996 1.011 1.028 1.042 1.055 1.073 1.087 1.098 1.103 1. 107 7.89 

0. 997 1.012 1.029 1.042 1.055 1.073 1.087 1.098 1.103 1.107 7.90 
0. 997 1.013 1.029 1.042 1.055 1.073 1.087 1. 098 1.103 1.107 7. 91 
0. 998 1.013 1.030 1.043 1.056 1.074 1.087 1.098 1.103 1.107 7.92 
0.998 1.014 1.030 1.043 1.056 1.074 1.088 1.099 1.104 1.108 7.93 
0. 999 1. 014 1.031 1.044 1.057 1. 075 1.088 1.099 1.104 1.108 7. 94 

0. 999 1.015 1.031 1.044 1.057 1.075 1.088 1.099 1.104 1.108 7.95 
0. 999 1.016 1.031 1.045 1.057 1.076 1.088 1.099 1.104 1. 108 7.96 
1.000 1. 016 1.032 1.045 1.058 1.076 1.089 1.099 1.105 1.109 7.97 
1.000 1.017 1.032 1.046 1.058 1.077 1.089 1. 100 1.105 1.109 7.98 
1.001 1.017 1.033 1.046 1.059 1.077 1.090 1.100 1.106 1.110 7. 99 

1.001 1. 018 1.033 1.047 1.059 1.078 1.090 1. 100 1.106 1.110 8.00 
1.002 1.018 1.033 1.047 1.059 1.078 1.090 1. 100 1.106 1.110 8. 01 
1.002 1.019 1.034 1.048 1.059 1.078 1.090 1. 100 1.106 1.110 8.02 
1.003 1.019 1.034 1.048 1.060 1.078 1.091 1.101 1.107 1.111 8.03 
1.003 1.020 1.035 1.049 1.060 1.079 1.091 1.101 1.107 1.111 8.04 

1.004 1.020 1.035 1.049 1.060 1.079 1.091 1.101 1.107 1. I l l 8.05 
1.005 1.020 1.036 1.049 1.060 1. 079 1.091 1. 101 1.107 1.111 8.06 
1.006 1.021 1.036 1.050 1.061 1.080 1.092 1.101 1.108 1. I l l 8.07 
1.006 1.021 1.037 1.050 1.061 1.080 1.092 1.102 1.108 1.112 8.08 
1.007 1.022 1.037 1.051 1.062 1.081 1.093 1.102 1.109 1.112 8.09 

1.008 1.022 1.038 1.051 1.062 1.081 1.093 1.102 1.109 1.112 8.10 
1.009 1. 023 1.038 1.051 1.062 1. 081 1.093 1.102 1.109 1.112 8.11 
1.009 1. 023 1.039 1.052 1.063 1.081 1.094 1. 102 1.109 1.112 8.12 
1. 010 1.024 1.039 1.052 1.063 1. 082 1. 094 1. 103 1.110 1.113 8.13 
1. 010 1.024 1.040 1.053 1.064 1.082 1.095 1.103 1.110 1.113 8.14 

1. Oil 1. 025 1.040 1.053 1.064 1.082 1.095 1.103 1.110 1.113 8.15 
1.012 1. 026 1.041 1.053 1.064 1.082 1.095 1.103 1.110 1.113 8.16 
1.012 1.026 1.041 1. 054 1.065 1.083 1.096 1.104 1.110 1.114 8.17 
1.013 1.C27 1.042 1.054 1.065 1.083 1.096 1. 104 1.111 1. 114 8.18 
1.013 1.027 1.042 1.055 1.066 1.084 1.097 1. 105 1. I l l 1.115 8.19 

1. 014 1.028 1.043 1. 055 1.066 1.084 1.097 1.105 1. I l l 1. 115 8.20 
1. 015 1. 02 8 1.043 J. 055 1. 066 1. 084 J.097 1. 105 1. I l l 1.115 8.21 
1. 015 1. 029 1.044 1. 056 1. 067 1. 085 1.097 1. 105 1. I l l 1.115 8.22 
1. 016 1.029 I . 044 1. 056 1.067 1.085 1.098 1. 106 1. 112 1.116 8. 23. 
I. 016 1. 030 '. 045 1. 057 1. 068 1. 086 1.098 1. 106 1. 112 1.116 8.24 

1. 017 1. 030 ). 045 1.057 1. 068 1. 086 1. 098 1. 106 1.112 1. 116 8.25 
1. 018 1. 0'!! 1. 046 1. 05 K 1. 068 1. 086 1. 098 1. 106 1.112 1.116 8.26 
1 0)9 1. 031 1. 046 1. 058 1. 069 1. 087 t. 099 1. 107 1.112 1.117 8.27 
1. 0l<> 1. 032 1.047 1. 059 1.069 1. 087 1.099 1. 107 1.113 1. 117 8.28 
1. 020 1.032 1.047 1. 059 1.070 1.088 1. 100 1. 108 1.113 1.118 8. 29 

VII - S3 ILLEGIBLE 



T r 

1.05 1. 10 1.15 1.20 1.25 1. 30 1.35 1.40 1.45 1.50 

8. 30 1.050 1.037 1.026 1.017 1.005 1.004 1.001 1.003 1.008 1.011 
8.31 1.051 1.038 1.027 1.018 1.006 1.005 1.002 1.004 1.009 1.012 
8. 32 1.052 1.039 1.028 1.019 1.007 1.006 1.003 1.005 1.009 1.012 
8. 33 1.053 1.040 1.029 1.019 1.008 1.006 1.003 1.005 1.010 1.013 
8. 34 1.054 1.041 1.030 1.020 1.009 1.007 1.004 1.006 1.010 1.013 

8. 35 1.055 1.042 1.031 1.021 1.010 1.008 1.005 1.007 1. Oi l 1.014 
8.36 1.056 1.043 1.032 1.022 1.011 1.009 1.006 1.008 1.012 1.015 
8. 37 1.057 1.044 1.033 1.023 1.012 1.010 1.007 1.009 1.013 1.016 
8.38 1.058 1.046 1.034 1.024 1.013 1.010 1.008 1.010 1.013 1.016 
8. 39 1.059 1.047 1.035 1.025 1.014 1.011 1.009 1.011 1.014 1.017 

8.40 1.060 1.048 1.036 1.026 1.015 1.012 1.010 1.012 1.015 1.018 
8. 41 1.061 1.049 1.037 1.027 1.016 1.013 1.011 1.013 1.016 1.019 
8. 42 1.062 1.050 1.038 1.028 1.017 1.014 1.012 1.014 1.017 1.019 
8. 43 1. 063 1.051 1.039 1.028 1.017 1.014 1.012 1.014 1.017 1.020 
8. 44 1.064 1.052 1.040 1.029 1.018 1.015 1. 013 1.015 1.018 1.020 

8. 45 1. 065 1.053 1.041 1.030 1.019 1.016 1.014 1.016 1.019 1.021 
8. 46 1.066 1.054 1.042 1.031 1.020 1.017 1.015 1.017 1.020 1.022 
8. 47 1.067 1.055 1.043 1.032 1.021 1.018 1.016 1.018 1.021 1.023 
8. 48 1.068 1.056 1.044 1.033 1.022 1.019 1.017 1.018 1.021 1.023 
8. 49 1.069 1.057 1.045 1.034 1.023 1.020 1.018 1.019 1.022 1.024 

8. 50 1.070 1.058 1.046 1.035 1.024 1.021 1. 019 1.020 1.023 1.025 
8.51 1.071 1.059 1.047 1.036 1.025 1.022 1.020 1.021 1.024 1.026 
8. 52 1.072 1.060 1.048 1.037 1.026 1.023 1.021 1.022 1.024 1.026 
8. 53 1.073 1.061 1.049 1.038 1.027 1.023 1.021 1.022 1.025 1.027 
8. 54 1.074 1.062 1.050 1.039 1. 028 1.024 1.022 1.023 1.025 1.027 

8. 55 1.075 1.063 1.051 1.040 1. 029 1.025 1.023 1.024 1.026 1.028 
8. 56 1.076 1.064 1.052 1.041 1.030 1.026 1.024 1.025 1.027 1.029 
8.57 1.077 1. 065 1.053 1.042 1.031 1.027 1.025 1.026 1.028 1.029 

8. 58 1.079 1.066 1.054 1.043 1.032 1.028 1.026 1.026 1.028 1.030 

8. 59 1.080 1.067 1.055 1.044 1.033 1.029 1.027 1.027 1.029 1.030 

8.60 1.081 1.068 1.056 1.045 1.034 1.030 1.028 1.028 1.030 1.031 

8. 61 1.082 1.069 1.057 1.046 1. 035 1.031 1.029 1.029 1.031 1.032 

8. 62 1.083 1.070 1.058 1. 047 1.036 1.032 i.030 1.030 1.032 1.033 

8. 63 1.084 1.071 1.059 1.047 1.037 1.032 1.030 1.030 1.032 1.033 

8. 64 1.085 1.072 1.060 1.048 1.038 1. 033 1.031 1.031 1. 033 1.034 

8. 65 1.086 1.073 1.061 1.049 1.039 1.034 1.032 1.032 1. 034 1.035 

8. 66 1.087 1.074 1.062 1.050 1.040 1.035 1.033 1.033 1.035 1.036 

8.67 1.088 1.075 1.063 1.051 1.041 1.036 1.034 1.034 1.036 1.037 

8.68 1.090 1.076 1.064 1.052 1.042 1. 037 1.035 1.034 1.036 1.037 

8. 69 1.091 1.077 1.065 1.053 1.043 1. 038 1.036 1.035 1.037 1.038 

8.70 1.092 1.073 1.066 1. 054 1. 044 1.039 1.037 1.036 1.038 1.039 

8.71 1.093 1. 079 1.067 1.055 1.045 1.040 1.038 1.037 1.039 1.040 

8. 72 1.094 1.080 1.068 1. 056 1.046 1. 041 1.039 1.038 1.039 1.041 

8. 73 1.095 1.081 1. 068 1.056 1.047 1.041 1.039 1.038 1.040 1.041 

8.74 1.096 1.082 1.069 1. 057 1.048 1.042 1. 040 1.039 1.040 1.042 

VII - 54 



8. 30 - 8. 74 

1.60 1.70 1. 80 1.90 2.00 2. 20 2. 40 2.60 2. 80 3.00 

1.021 1.033 1.048 1.060 1.070 
1.022 1.034 1.048 1.060 1.070 
1.022 1.034 1.049 1.061 1.071 
j . 023 1.035 1.049 1.061 1.071 
1.023 1.035 1.050 1.062 1.072 

1.024 1.036 1.050 1.062 1.072 
1.025 1.037 1.050 1.062 1.072 
1.025 1.037 1.051 1.063 1.073 
1.026 1.038 1.051 1.063 1.073 
1.026 1.038 1.052 1. 064 1.074 

1.027 1.039 1.052 1.064 1.074 
1.027 1.039 1.053 1.064 1.074 
1.028 1.040 1.053 1.065 1.075 
1.028 1.040 1.054 1.065 1.075 
1.029 1.041 1.054 1.066 1.076 

1.029 1.041 1.055 1.066 1.076 
1.030 1.042 1.056 1.067 1.076 
1.030 1.042 1.056 1.067 1.077 
1.031 1.043 1.057 1.068 1.077 
1.031 1.043 1.057 1.068 1.078 

1.032 1.044 1.058 1.069 1.078 
1.033 1.045 1.058 1.069 1. 078 
1.033 1.045 1.059 1.070 1.079 
1.034 1.046 1.059 1.070 1.079 
1.034 1.046 1.060 1.071 1.080 

1.035 1.047 1.060 1.071 1.080 
1.036 1. 048 1.061 1.071 1.080 
1.037 1. 048 1.061 1.072 1.081 
1.037 1.049 1.062 1.072 1.081 
1.038 1. 049 1.062 1.073 1.082 

1.03V 1. 050 1. 063 1.073 1.082 
1. 040 1. 050 1.063 1. 073 1.082 
1.040 1. 051 1.064 1.074 1.083 
1.041 1. 05! 1. 064 1. 074 1. 083 
1. 041 1.052 1.065 1.075 1.081 

1.042 1. 052 J.. 065 1.075 1.084 
1.043 1. 053 1. 066 1. 076 1.085 
1. 044 1.053 1. U66 1. 07« 1.085 
1. 044 1. 054 i . 067 1.077 1. 086 
1. 04.S 1. 054 1. 067 1. 077 1. 086 

1. 046 1. 055 i.Or-o 1.078 1.087 
1. 046 1. 05h 1. OoH 1. 078 1. 087 
1. 047 1. 05r. l. 0o9 i . 079 1. 088 
!. 047 1. 057 1. 069 1. 079 1.088 
1. 048 1. 057 1.070 1. 080 1. 089 

1.088 1.100 1.108 1.113 1.118 8.30 
1.088 1.100 1.108 1.113 1.118 8.31 
1.088 1.100 1 108 1.114 1.118 8.32 
1.089 1.101 1.109 1.114 1.119 8. 33 
1.089 1.101 1.109 1.115 1.119 8. 34 

1.089 1.101 1.109 1.115 1.119 8.35 
1.089 1.101 1.109 1.115 1.119 8. 36 
1. 090 1.101 1.110 1.116 1.119 8.37 
1.090 1.102 1.110 1.116 1.120 8.38 
1.091 1.102 1. I l l 1.117 1.120 8.39 

1.091 1.102 1. I l l 1.117 1.120 8.40 
1.091 1. 102 1. I l l 1.117 1.120 8. 41 
1.091 1.102 1. I l l 1.117 1. 120 8.42 
1.092 1.103 1.112 1.118 1.121 8. 43 
1.092 1.103 1. 112 1.118 1.121 8.44 

1.092 1.103 1. 112 1.118 1.121 8.45 
1.092 1.103 1. 112 1.118 1.121 8.46 
1.093 1.104 1. 112 1.118 1.122 8. 47 
1.093 1.104 1.113 1.119 1.122 8.48 
1.094 1.105 1.113 1.119 1. 123 8.49 

1.094 1.105 1. 113 1.119 1.123 8.50 
1.094 1.105 1. 113 1.119 1.123 8.51 
1.095 1.106 1.114 1.119 1. 123 8. 52 
1.095 1. 106 1. 114 1.120 1.124 8.53 
1.096 1.107 1. 115 1.120 1.124 8.54 

1.096 1. 107 1.115 1.120 1. 124 8. 55 
1.096 1.107 1. 115 1.120 1. 124 8.56 
1.097 1.108 1. 116 1.121 1.125 8. 57 
1.097 1.108 1. 116 1.121 1.125 8.58 
1.098 1.109 1. 117 1.122 1.126 8.59 

1.098 1. 109 1. 117 1.122 1. 126 8.60 
1. 098 1. 109 1. 117 1.122 1. 126 8.61 
1.098 1. 109 1. 117 1. 122 1. 126 8.62 
1. 099 1. 110 1. 118 1.123 1. 127 8.63 
1. 099 1. 110 1. 118 1.123 1. 127 8. 64 

1. 099 1. 110 1. 118 1.123 1. 127 8.65 
1.099 1. 110 1. 116 1.123 1. 127 8.66 
1. 100 i . i i : 1. 119 1.124 1. 128 8.67 
1. 100 l . i n 1. 119 1.124 1.128 8.68 
1. 101 1. 112 1. 120 1.125 1.129 8.69 

1. 101 1. 112 1. 120 1. 125 1. 129 8.70 
i . 101 1. 112 1. 120 1. 125 1.129 8.71 
1. 102 1. 112 1. 120 1. 125 1. 129 8. 72 
1. 102 1. 113 i . 121 1.126 1. 130 8.73 
1. 103 1. 113 1. 121 1. 126 1. 130 8.74 

VII - 55 ILLEGIBLE 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

8.75 1.097 1.083 1.070 1.058 1.049 1.043 1.041 1.040 1.041 1.043 
8.76 1.098 1.084 1.071 1.059 1.050 1.044 1.042 1.041 1.042 1.044 
8.77 1.099 1.085 1.072 1.060 1. 051 1.045 1.043 1.042 1.043 1.045 
8. 78 1.100 1.086 1.073 1.061 1.052 1.046 1.043 1.042 1.043 1.045 
8. 79 1.101 1.087 1.074 1.062 1.053 1.047 1.044 1.043 1.044 1.046 

8.80 1.102 1.088 1.075 1.063 1.054 1.048 1.045 1.044 1.045 1.047 
8.81 1.103 1.089 1.076 1.064 1.055 1.049 1.046 1.045 1.046 1.047 
8.82 1.104 1.090 1.077 1.065 1.056 1.050 1.047 1.046 1.046 1.048 
8. 83 1.106 1.092 1.078 1.066 1.056 1.050 1.047 1.046 1.047 1.048 
8. 84 1. 107 1.093 1.079 1.067 1.057 1.051 1.048 1.047 1.047 1.049 

8.85 1. 108 1.094 1.080 1.068 1.058 1.052 1.049 1.048 1.048 1.049 
8. 86 1.109 1.095 1.081 1.069 1.059 1.053 1.050 1.049 1.049 1.050 
8. 87 1. 110 1.096 1.082 1.070 1.060 1.054 1.051 1.050 1.050 1.050 
8.88 1. I l l 1.097 1.083 1.071 1.061 1.054 1.051 1.050 1.050 1.051 
8. 89 1.112 1.098 1.084 1.072 1.062 1.055 1.052 1.051 1.051 1.051 

8.90 1. 113 1.099 1.085 1.073 1.063 1.056 1.053 1.052 1.052 1.052 
8.91 1. 114 1.100 1.086 1.074 1.064 1.057 1.054 1.053 1.053 1.053 
8. 92 1.115 1.101 1.087 1.075 1.065 1.058 1.055 1.053 1.054 1.054 
8. 93 1. 116 1.101 1.088 1.075 1.065 1.058 1.055 1.054 1.054 1.054 
8. 94 1.117 1.102 1.089 1.076 1.066 1.059 1.056 1.055 1.055 1.055 

8. 95 1.118 1.103 1.090 1.077 1.067 1.060 1.057 1.056 1.056 1.056 
8.96 1. 119 1.104 1.091 1.078 1.068 1.061 1.058 1.057 1.057 1.057 
8. 97 1.120 1.105 1. 092 1.079 1.069 1.062 1.059 1.058 1.058 1.058 
8.98 1. 122 1. 106 1. 093 1.080 1.070 1.062 1.059 1.058 1.058 1.058 
8. 99 1. 123 1. 107 1.094 1.081 1.071 1.063 1.060 1.059 1.059 1.059 

9.00 1. 124 1. 108 1.095 1.082 1.072 1.064 1.061 1.060 1.060 1.060 
9.01 1. 125 1. 109 1.096 1.083 1.073 1.065 1.062 1.061 1.061 1.061 
9.02 1.126 1. 110 1.097 1.084 1.074 1.066 1.063 1.062 1.062 1.062 
9. 03 1.127 1. I l l 1.098 1. 034 1.074 1.066 1.063 1.062 1.062 1.062 
9. 04 1. 128 1. 112 1.099 1.085 1.075 1.067 1.064 1.063 1.063 1.063 

9.05 1. 129 1. 113 1.100 1.086 1.076 1.068 1.065 1.064 1.064 1.064 
9.06 1. 130 1. 114 1.101 1.087 1.077 1.069 1.066 1.065 1.065 1.065 
9.07 1. 131 1. 115 1. 102 1.088 1.078 1.070 1.067 1.066 1.066 1.066 
9. 08 1.133 1. 116 1.103 1.089 1.079 1.071 1.067 1.066 1.066 1.066 
9.09 1. 134 1. 117 1. 104 1.090 1.080 1.072 1.068 1.067 1.067 1.067 

9. 10 1. 135 1. 1'8 1. 105 1.091 1.081 1.073 1.069 1.068 1.068 1.068 
9. 11 1.136 1. 119 1.106 1. 092 1.082 1.074 1.070 1.069 1.069 1.069 
9. 12 1. 137 1.120 1.107 1.093 1.083 1.075 1.071 1.069 1.069 1.069 
9. 13 1. 138 1. 121 1. 107 1.094 1.083 1. 075 1.071 1.070 1.070 1.070 
9. 14 1. 139 1. 122 1. 108 1.095 1.084 1.076 1.072 1.070 1.070 1.070 

9. 15 1. 140 1. 123 1. 109 1.096 1.085 1.077 1.073 1.071 1.071 1.071 

9. 16 1. 141 1. 124 1.110 1.097 1.086 1.078 1.074 1.072 1.072 1.072 

9. 17 1.142 1.125 1. I l l 1.098 1.087 1.079 1.075 1.073 1.072 1.072 
9. 18 1. 144 1. 126 1. 112 1.099 1.088 1.080 1.076 1.073 1.073 1.073 

9. 19 1. 145 1. J27 1. 113 1. 100 1.089 1.081 1.077 1.074 1.073 1.073 

VII - 56 



T 
r 8.75 - 9.19 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

1.048 1.058 1.070 1.080 1.089 1.103 1.113 1.121 1.126 1.130 8.75 
1.049 1.059 1.071 1.080 1.089 1.103 1.113 1.121 1.126 1.130 8. 76 
1.049 1.059 1.071 1.081 1.090 1.104 1.114 1.121 1.126 1.131 8.77 
1.050 1.060 1.072 1.081 1.090 1.104 1.114 1.122 1.127 1.131 8.78 
1.050 1.060 1.072 1.082 1.091 1.105 1.115 1.122 1.127 1.132 8.79 

1.051 1.061 1.073 1.082 1.091 1.105 1.115 1.122 1.127 1.132 8.80 
1.052 1.062 1.073 1.082 1.091 1.105 1.115 1.122 1.127 1.132 8.81 
1.053 1.062 1.074 1.083 1.092 1.106 1.115 1.123 1.128 1.132 8. 82 
1.053 1.063 1.074 1.083 1.092 1.106 1.116 1.123 1.128 1.133 8. 83 
1.054 1.063 1.075 1.084 1.093 1.107 1.116 1.124 1.129 1.133 8.84 

1.055 1.064 1.075 1.084 1.093 1.107 1.116 1.124 1.129 1.133 8.85 
1.056 1.065 1.076 1.085 1.093 1.107 1.116 1.124 1.129 1.133 8.86 
1.056 1.065 1.076 1.085 1.094 1.108 1.117 1.125 1.130 1.134 8.87 
1.057 1.066 1.077 1.086 1.094 1.108 1.117 1.125 1.130 1.134 8.88 
1.057 1.066 1.077 1.086 1.095 1.109 1.118 1.126 1.131 1.135 8.89 

1.058 1.067 1.078 1. 087 1.095 1.109 1.118 1.126 1.131 1.135 8. 90 
1.059 1.067 1.078 1.087 1.095 1.109 1.118 1.126 1.131 1.135 8.91 
1.059 1.068 1.079 1.088 1.096 1.110 1.119 1.126 1.131 1.135 8. 92 
1.060 1.068 1.079 1.088 1.096 1.110 1.119 1.127 1.132 1.136 8.93 
1.060 1.069 1.080 1.089 1.097 1. I l l 1.120 1.127 1.132 1.136 8.94 

1.061 1.069 1.080 1.089 1.097 1. I l l 1.120 1.127 1.132 1.136 8. 95 
1.062 1.070 1.081 1.090 1.098 1. I l l 1.120 1.127 1.132 1.136 8.96 
1.062 1.070 1.081 1.090 1.098 1.112 1.121 1.128 1.133 1.137 8.97 
1.063 1.071 1.082 1.091 1.099 1.112 1.121 1.128 1.133 1.137 8.98 
1.063 1.071 1.082 1.091 1.099 1. 113 1.122 1.129 1.134 1.138 8.99 

1.064 1. 072 1.083 1.092 1.100 1. 113 1.122 1.129 1.134 1.138 9.00 
1.065 1. 073 1.083 1.092 1.100 1.113 1.122 1.129 1.134 1.138 9.01 
1. 065 1.073 1.084 1.093 1.101 1.114 1.123 1.129 1.134 1.138 9.02 
1.066 1.074 1.084 1.093 1.101 1.114 1.123 1.130 1.135 1.139 9.03 
1.066 1.074 1.085 . 1.094 1.102 1.115 1.124 1.130 1.135 1.139 9.04 

1.067 1.075 . 1.085 1.094 1.102 1.115 1.124 1. 130 1.135 1.139 9.05 
1.068 1.076 1.086 1.095 1.102 1.115 1.124 1. 130 1.135 1.139 9.06 
1.068 1.076 1.086 1.095 1.103 1.116 1.125 1. 131 1.136 1. 139 9. 07 
1.069 1.077 1.087 1.096 1.103 1.116 1.125 1. 131 1.136 1.140 9. 08 
1.069 1.077 1.087 1.096 1.104 1.117 1.126 1. 132 1.137 1.140 9.09 

1.070 1.078 1.088 1.097 1.104 1.117 1.126 1. 132 1.137 1.140 9.10 
1.071 1.079 1.089 1.097 1.104 1. 117 1.126 1. 132 1.137 1.140 9.11 
1.072 1.079 1.089 1.098 1.105 1.118 1.127 1. 132 1.137 1.140 9.12 
1.072 1.080 1.090 1.098 1.105 1.118 1.127 1. 133 1.138 1.141 9.13 
1.073 1.080 1.090 1.099 1.106 1.119 1.128 1. 133 1.138 1.141 9.14 

1.074 1. 081 1.091 1.099 1.106 1. 119 1.128 1.133 1.138 1.141 9. 15 
1.075 1. 082 1.092 1.100 1.106 1.120 1.128 1.133 1.138 1.141 9. 16 

1.076 1. 082 1.092 1.100 1.107 1.120 1.129 1. 134 1.139 1.142 9. 17 

1.076 1. 083 1.093 1.101 1.107 1.121 1.129 1. 134 1.139 1.142 9. 18 
1.077 1. 083 1.093 1.101 1.108 1.121 1.130 1. 135 1.140 1. 143 9. 19 

VII - 57 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

9.20 1.146 1.128 1.114 1.101 1.090 1.082 1.078 1.075 1.074 1.074 
9.21 1.147 1.129 1.115 1.102 1.091 1.083 1.079 1.076 1.075 1.075 
9.22 1.148 1.130 1.116 1.103 1.092 1.084 1.080 1.077 1.076 1.075 
9.23 1.149 1.131 1.117 1.103 1.092 1.084 1.080 1.077 1.076 1.076 
9.24 1.150 1.132 1.118 1.104 1.093 1.085 1.081 1.078 1.077 1.076 

9.25 1.151 1.133 1.119 1.105 1.094 1.086 1.082 1.079 1.078 1.077 
9.26 1.152 1.134 1.120 1.106 1.095 1.087 1.083 1.080 1.079 1.078 
9.27 1.153 1.135 1.121 1.107 1.0% 1.088 1.084 1.081 1.080 1.078 
9.28 1.155 1.136 1.122 1.108 1.097 1.089 1.084 1.081 1.080 1.079 
9.29 1.156 1.137 1.123 1.109 1.098 1.090 1.085 1.082 1.081 1.079 

9.30 1.157 1.138 1.124 1.110 1.099 1.091 1.086 1.083 1.082 1.081 
9.31 1.158 1.139 1.125 1.111 1.100 1.092 1.087 1.084 1.083 1.082 
9.32 1.159 1.140 1.126 1.112 1.101 1.093 1.088 1.085 1.084 1.082 
9.33 1.160 1.141 1.127 1.113 1.102 1.093 1.088 1.085 1.084 1.083 
9. 34 1.161 1.142 1.128 1.114 1.103 1.094 1.089 1.086 1.085 1.083 

9.35 1.162 1.143 1.129 1.115 1.104 1.095 1.090 1.087 1.086 1.084 
9.36 1.163 1.144 1.130 1.116 1.105 1.096 1.091 1.088 1.087 1.085 
9.37 1.164 1.145 1.131 1.117 1.106 1.097 1.092 1.089 1.088 1.086 
9.38 1.165 1.146 1.132 , 1.118 1.107 1.098 1.093 1.090 1. 088 1.086 
9. 39 1.166 1.147 1.133 1.119 1.108 1.099 1.094 1.091 1.089 1.087 

9.40 1.167 1.148 1.134 1.120 1.109 1.100 1.095 1.092 1.090 1.088 
9.41 1.168 1.149 1.135 1.121 1.110 1.101 1.096 1.093 1.091 1.089 
9.42 1.169 1.150 1.136 1.122 1.111 1.102 1.097 1.094 1.092 1.090 
9.43 1.170 1.151 1.137 1.122 1.111 1.102 1.097 1.094 1.092 1.090 
9.44 1.171 1.152 1.138 1.123 1.112 1.103 1.098 1.095 1.093 1.091 

9. 45 1.172 1.153 1.139 1.124 1.113 1.104 1. 099 1.096 1.094 1.092 
9.46 1.172 1.154 1.140 1.125 1.114 1.105 1.100 1.097 1. 095 1.093 
9. 47 1.173 1.155 1.141 1.126 1.115 1.106 1.101 1.098 1.096 1.094 
9. 48 1.175 1.157 1.142 1.127 1.116 1.107 1.101 1.098 1.096 1.094 
0.49 1.176 1.158 1.143 1.128 1.117 1.108 1.102 1.099 1.097 1.095 

9. 50 1.178 1.159 1. 144 1.129 1.118 1.109 1. 103 1. 100 1.098 1.096 
9.51 1.179 1.160 1. 145 1.130 1.119 1.110 1. 104 1. 101 1.099 1.097 
9.52 1.180 1.161 1. 146 1.131 1.120 1.111 1. 105 1. 102 1.099 1.097 
9.53 1.180 1.162 1. 147 1.132 1.120 1. I l l 1. 105 1. 102 1.100 1.098 
9. 54 1.181 1.163 1. 148 1.133 1.121 1.112 1. 106 1. 103 1.100 1.098 

9.55 1.182 1.164 1. 149 1.134 1.122 1.113 1.107 1.104 1.101 1.099 
9.56 1.183 1.165 1.150 1.135 1.123 1.114 1.108 1.105 1.102 1.100 
9.57 1.185 1.166 1.151 1.136 1.124 1.115 1.109 1.106 1.102 1.100 
9. 58 1.186 1.167 1.152 1.137 1.125 1.116 1.109 1.106 1.103 1.101 
9.59 1.188 1.168 1.153 1.138 1.126 1.117 1.110 1.107 1.103 1.101 

9.60 1.189 1.169 1.154 1.139 1.127 1.118 1. I l l 1.108 1.104 1.102 
9.61 1.190 1.170 1.155 1.140 1.128 1.119 1.112 1.109 1.105 1.103 
9.62 1.191 1.171 1.156 1.141 1.129 1.120 1.113 1.110 1.106 1.103 
9.63 1.192 1.172 1.156 1.141 1.130 1.120 1.113 1.110 1.106 1.104 
9.64 1.193 1.173 1.157 1.142 1.131 1.121 1.114 1.111 1.107 1.104 

VU - 58 



T 
r 9.20 - 9. 64 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

1.078 1.084 1.094 1.102 1,108 1.122 1.130 1.135 1.140 1.143 9.20 
1.079 1.084 1.094 1.102 1.108 1.122 1.130 1.135 1.140 1.143 9.21 
1.079 1.085 1.095 1.103 1.109 1.123 1.131 1.135 1.140 1.144 9.22 
1.080 1.085 1.095 1.103 1.109 1.123 1.131 1.136 1.141 1.144 9.23 

1.080 1.086 1.096 1.104 1.110 1.124 1.132 1.136 1.141 1.145 9.24 

1.081 1.086 1.096 1.104 1.110 1.124 1.132 1.136 1.141 1.145 9.25 

1.082 1.087 1.097 1. 104 1.110 1.124 1.132 1.136 1.141 1.145 9.26 

1.082 1.087 1.097 1.105 1. I l l 1.125 1.133 1.137 1.142 1.146 9.27 

1.083 1.088 1.098 J. 105 1. I l l 1.125 1.133 1.137 1.142 1.146 9.28 

1.083 1.088 1.098 1.106 1.112 1.126 1.134 1.138 1.143 1.147 9.29 

1.084 1.089 1.099 1.106 1.112 1.126 1.134 1.138 1.143 1.147 9.30 

1.085 1.090 1.099 1.106 1.112 1.126 1.134 1.138 1.143 1.147 9.31 

1.085 1.090 1.100 1.107 1.113 1.127 1.135 1.139 1.144 1.147 9.32 

1.086 1.091 1.100 1.107 1.113 1.127 1.135 1.139 1.144 1.148 9.33 

1.086 1.091 1.101 1.108 1.114 1.128 1.136 1.140 1.145 1.148 9.34 

1.087 1.092 1.101 1.108 1.114 1.128 1.136 1.140 1.145 1.148 9.35 

1.088 1.093 1.102 1.109 1.115 1.128 1.136 1.140 1.145 1.148 9.36 

1.088 1.093 1.102 1.109 1.115 1. 129 1.137 1.141 1.146 1.148 9.37 

1.189 1.094 1.103 1. UO 1.116 1.129 1.137 1.141 1.146 1.149 9.38 

1.089 1.094 1.103 1.110 1.116 1.130 1.138 1.142 1.147 1.149 9.39 

1.090 1.095 1.104 1. I l l 1.117 1.130 1.138 1.142 1. 147 1. 149 9.40 

1.091 1.096 1.104 1. I l l 1.117 1.130 1.138 1.142 1. 147 1. 149 9.41 

1.091 1.096 1.105 1.112 1.118 1. .131 1.139 1.142 1. 147 1. 149 9.42 

1.092 1.097 1.105 1.112 1.118 1.131 1.139 1.143 1. 148 1. 150 9.43 

1. 092 1.097 1.106 1.113 1.119 1.132 1.140 1.143 1. 148 1. 150 9. 44 

1.093 1. 098 1. 106 1. 113 1. 119 1. 132 1.140 1.143 1.148 1.150 9. 45 

1. 094 1. Ow 1. 107 1.114 1. 120 1. 132 1. 140 1. 143 1.148 1.150 9. 46 

1.095 1. IOU 1. 107 1. 114 1.120 1. 133 1. 141 1. 144 1. 149 1.151 9. 47 

1. 095 1. 100 1. 108 1. 115 1. 121 1. 133 1. 141 1. 144 1.149 1.151 9. 48 

1. (Wo 1. ICV 1. 108 1. 115 1. 121 1.134 1. 142 1. 145 1.150 1.152 9.49 

1. 097 1. K;2 1. 109 1. 116 1. 122 1. 134 1. 142 1. 145 1.150 1.152 9. 50 

1. 09b 1.yr: J. 109 1. 116 1. 122 1. 134 1. 142 1. 145 1.150 1.152 9.51 

1.098 1. 103 i . i 10 1.117 1. 123 1. 135 1. 142 1. 146 1.150 1.152 9.52 

1. 099 1. 103 I . 110 1.117 1.123 1.135 1.143 1.146 1.151 1.153 9. 53 

1.099 1. 104 1. I l l 1.118 1.124 1. 136 1. 143 1.147 1.151 1.153 9. 54 

1.100 1. 104 1. i n 1.118 1.124 1.136 1. 143 1. 147 1.151 1.153 9. 55 

1. 101 1. 105 1. 112 1.119 1. 124 1. 137 1. 143 1.147 1.151 1.153 9.56 

1. 101 1. 105 112 1.119 1.125 1. 137 1.144 1.148 1.152 1.154 9.57 

1. 102 1. 100 1. 113 1. 120 1.125 1. 138 1.144 1.148 1.152 1. 154 9.58 

1. 102 1. 100 :.. t!3 1.120 1.126 1. 138 1. 145 1. 149 1.153 1.155 9. 59 

>o;; 1. I . 114 1. J21 1. 126 1. 139 1. 145 1. 149 1.153 1.155 9.60 

1. 104 i . >•••; i . 115 1. 121 1. 120 1.139 1. 145 1. 149 1.153 1.155 9.61 

1. 104 1. 108 I . 115 1. 122 1. 127 1. 140 1. 146 1. 149 1.153 1.155 9.62 

1. 105 1. 109 116 1. 122 1.127 1. 140 1. 146 1. 150 1.154 1.156 9.63 

I . 105 1. 109 i . 116 1. 123 1. 128 1. 141 1. 147 1. 150 1.154 1.156 9.64 

VII - 59 ILLEGIBLE 



T 
r 

1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

9.65 1.194 1.174 1.158 1.143 1.132 1.122 1.115 1.112 1.108 1.105 
9.66 1.195 1.175 1.159 1.144 1.133 1.123 1.116 1.113 1.109 1.106 
9.67 1.196 1.176 1.160 1.145 1.134 1.124 1.117 1.114 1.110 1.107 
9.68 1.198 1.177 1.161 1.146 1.135 1.125 1.118 1.114 1.110 1.107 
9.69 1.199 1.178 1.162 1.147 1.136 1.126 1.119 1.115 1. I l l 1.108 

9.70 1.200 1.179 1.163 1.148 1.137 1.127 1.120 1.116 1.112 1.109 
9.71 1.201 1.180 1.164 1.149 1.138 1.128 1.121 1.117 1.113 1.110 
9.72 1.202 1.181 1.165 1.150 1.139 1.129 1.122 1.118 1.113 1.111 
9.73 1.203 1.182 1.166 1.151 1.139 1.129 1.122 1.118 1.114 1.111 
9.74 1.204 1.183 1.167 1.152 1.140 1.130 1.123 1.119 1.114 1.112 

9.75 1.205 1.184 1.168 1.153 1.141 1.131 1.124 1.120 1.115 1.113 
9.76 1.206 1.185 1.169 1.154 1.142 1.132 1.125 1.121 1.116 1.114 
9.77 1.207 1.186 1.170 1.155 1.143 1.133 1.126 1.122 1.117 1.115 
9.78 1.208 1.187 1.171 1.156 1.144 1.133 1.126 1.122 1.117 1.115 
9.79 1.209 1.188 1.172 1.157 1.145 1.134 1.127 1.123 1.118 1.116 

9.80 1. 210 1.189 1.173 1.158 1.146 1.135 1.128 1.124 1.119 1.117 
9.81 1.211 1.190 1.174 1.159 1.147 1.136 1.129 1.125 1.120 1.118 
9.82 1. 212 1.191 1.175 1.160 1.148 1.137 1.130 1.126 1.121 1.118 
9.83 1.213 1.192 1.176 1.160 1.148 1.137 1.130 1.126 1.121 1.119 
9.84 1.214 1.193 1.177 1.161 1.149 1.138 1.131 1.127 1.122 1.119 

9.85 1.215 1.194 1.178 1.162 1.150 1.139 1.132 1.128 1.123 1.120 
9.86 1. 216 1.195 1.179 1.163 1.151 1.140 1.133 1.129 1.124 1.121 
9.87 1. 217 1.196 1.180 1.164 1.152 1.141 1.134 1.130 1.125 1.122 
9.88 1.219 1.198 1.181 1.165 1.153 1.141 1.135 1.130 1.125 1.123 
9.89 1. 220 1.199 1.182 1.166 1.154 1.142 1.136 1.131 1.126 1.123 

9.90 1.221 1.200 1.183 1.167 1.155 1.143 1.137 1.132 1.127 1.123 
9.91 1.222 1.201 1.184 1.168 1.156 1.144 1.138 1.133 1.128 1.124 
9.92 1.223 1.202 1.185 1.169 1.157 1.145 1.139 1.134 1.128 1.124 
9.93 1.224 1.203 1.185 1.169 1.157 1.145 1.139 1.134 1.129 1.125 
9. 94 1.225 1.204 1.186 1.170 1.158 1.146 1.140 1.135 1.129 1.125 

9.95 1. 226 1.205 1.187 1.171 1.159 1.147 1. 141 1.136 1.130 1.126 
9.96 1.227 1.206 1.188 1.172 1.160 1.148 1. 142 1.137 1.131 1.127 
9.97 1.228 1.207 1.189 1.173 1.161 1.149 1. 143 1.138 1.132 1.128 
9.98 1.229 1.208 1.190 1.174 1.162 1.150 1. 143 1.138 1.132 1.128 
9.99 1.230 1.209 1.191 1.175 1.163 1.151 1. 144 1.139 1.133 1.129 

10.00 1.231 1.210 1.192 1.176 1. 164 1.152 1.145 1.140 1. 134 1.130 
10.01 1.232 1.211 1.193 1.177 1. 165 1.153 1.146 1.141 1. 135 1.131 
10.02 1.233 1.212 1.194 1.178 1. 166 1.154 1.147 1.142 1. 136 1.132 
10.03 1.234 1.213 1.195 1.178 1. 166 1.154 1.147 1.142 1. 136 1.132 
10.04 1.235 1.214 1.196 1.179 1. 167 1.155 1.148 1.143 1. 137 1.133 

10.05 1.236 1.215 1.197 1.180 1. 168 1.156 1.149 1.144 1. 138 1.134 
10.06 1.237 1.216 1.198 1.181 1. 169 1.157 1.150 1.145 1. 139 1.135 
10.07 1.238 1.217 1.199 1.182 1. 170 1.158 1.151 1.146 1. 140 1.136 
10.08 1.240 1.218 1.200 1.183 1. 171 1.158 1.151 1.146 1. 140 1.136 
10.09 1.241 1.219 1.201 1.184 1. 172 1.159 1.152 1.147 1. 141 1.137 

VII - 60 



9. 65 - 10. 09 

1.60 1.70 1. 80 1. 90 2.00 2. 20 2. 40 2.60 2. 80 3.00 Pr 

1. 106 1.110 1.117 1.123 1.128 1.141 1.147 1.150 1.154 1.156 9.65 
1.107 1. I l l 1.118 1.124 1.129 1.141 1.147 1.150 1.154 1.156 9.66 
1. 107 1.111 1.118 1.124 1.129 1.142 1.148 1.151 1.155 1.157 9.67 
1.108 1.112 1.119 1.125 1.130 1.142 1.148 1.151 1.155 1.157 9.68 
1.108 1.112 1.119 1.125 1.130 1.143 1.149 1.152 1.156 1.158 9.69 

1.109 1.113 1.120 1.126 1.131 1. 143 1.149 1.152 1.156 1. 158 9.70 

1. no 1.114 1.120 1.126 1.131 1. 143 1.149 1.152 1.156 1. 158 9.71 
1. I l l 1.114 1.121 1.127 1.132 1. 144 1.149 1.153 1.156 1. 158 9.72 
1.111 1.115 1.121 1..127 1.132 1. 144 1.150 1.153 1.157 1. 159 9.73 
1.112 1.115 1.122 1.128 1.133 1. 145 1.150 1.154 1.157 1. 159 9.74 

1.113 1.116 1.112 1.128 1.133 1. 145 1.150 1.154 1.157 1. 159 9. 75 
1.114 1.117 1.123 1.129 1.134 1. 146 1.150 1.154 1.157 1. 159 9. 76 
1.115 1.117 1.123 1.129 1.134 1. 146 1.151 1.155 1.158 1. 160 9. 77 
1.115 1.118 1.124 1.130 1.135 1. 147 1.151 1.155 1.158 1. 160 9.78 
1.116 1.118 1.124 1.130 1.135 1. 147 1.152 1.156 1.159 1. 161 9. 79 

1.117 1.119 1.125 1.131 1.136 1.148 1. 152 1.156 1.159 1.161 9.80 
1.116 1.120 1.125 1.131 1.136 1.148 1. 152 1.156 1.159 1.161 9.81 
1.118 1.120 1.126 1.132 1.137 1.149 1. 153 1.156 1.159 1.161 9.82 
1.119 1.121 1.126 1.132 1.137 1.149 1. 153 1.157 1.160 1.162 9.83 
1.119 1.121 1.127 1.133 1.138 1.150 1. 154 1.157 1.160 1.162 9.84 

1. 120 1.122 1.127 1.133 1.138 1.150 1.154 1.157 1.160 1.162 9.85 
1. 121 1.123 1.128 1.133 1.138 1.150 1.154 1.157 1.160 1.162 9.86 
1. 121 1.124 1.128 1.134 1.139 1.151 1.155 1.158 1.161 1.163 9. 87 
1. 122 1.124 1.129 1.134 1.139 1.151 1.155 1.158 1.161 1.163 9.88 
1. 122 1.125 1.129 1.135 1.140 1.152 1.156 1.159 1.162 1.164 9.89 

1. 123 1.126 1.130 1.135 1.140 1.152 1.156 1.159 1.162 1.164 9. 90 
1. 124 1.127 1.131 1.136 1.140 1.152 1.156 1.159 1.162 1.164 9.91 

1. 124 1.127 1.131 1.136 1.141 1.153 1.157 1.160 1.162 1.164 9. 92 
1. 125 1.128 1.132 1.137 1.141 1.153 1.157 1.160 1.163 1.165 9. 93 
1. 1 !5 1.128 1.132 1.137 1.142 1.154 1.158 1.161 1.163 1.165 9. 94 

1.126 1.129 1.133 1.138 1.142 1. 154 1. 158 1.161 1.163 1.165 9.95 
1.127 1.130 1.134 1.139 1.142 1. 154 1. 158 1.161 1.163 1.165 9.96 
1.128 1.130 1.134 1.139 1.143 1.155 1. 159 1.162 1.164 1.166 9. 97 
1.128 1.131 1.135 1.140 1.143 1.155 1. 159 1.162 1.164 1.166 9.98 
1.129 1.131 1.135 1.140 1.144 1.156 1. 160 1.163 1.165 1.167 9.99 

1.130 1.132 1.136 1.141 1.144 1.156 1. 160 1.163 1.165 1.167 10.00 
1.131 1. 133 1.137 1.141 1.144 1.156 1. 160 1.163 1.165 1.167 10. 01 
1.131 1.133 1.137 1.142 1.145 1.157 1. 161 1.163 1.165 1.167 10.02 
1.132 1.134 1.138 1.142 1.145 1.157 1. 161 1.164 1.166 1.168 10.03 
1. 132 1.134 1.138 1.143 1.146 1.158 1. 162 1.164 1.166 1.168 10.04 

1. 133 1.135 1. 139 1.143 1.146 1.158 1.162 1.164 1.166 1. 168 10.05 

1. 134 1.136 1. 139 1.143 1.147 1.158 1.162 1.164 1.166 1. 168 10.06 

1. 135 1.136 1. 140 1.144 1.147 1.159 1.163 1.165 1.167 1. 169 10.07 

1. 135 1.137 1. 140 1.144 1.148 1.159 1.163 1.165 1.167 1. 169 10.08 

1. 136 1.137 1. 141 1.145 1.148 1.160 1.164 1.166 1.168 1. 170 10.09 

VII - 61 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

10.10 1.242 1.220 1.202 1.185 1.173 1.160 1.153 1.148 1.142 1.138 
10.11 1.243 1.221 1.203 1.186 1.174 1.161 1.154 1.149 1.143 1.139 
10.12 1.244 1.222 1.204 1.187 1.175 1.162 1.155 1.150 1.143 1.139 
10.13 1.245 1.223 1.204 1.188 1.175 1.162 1.155 1.150 1.144 1.140 
10.14 1.246 1.224 1.205 1.189 1.176 1.163 1.156 1.151 1.144 1.140 

10.15 1.247 1.225 1.206 1.190 1.177 1.164 1.157 1.152 1.145 1.141 
10.16 1.248 1.226 1.207 1.191 1.178 1.165 1.158 1.153 1.146 1.142 
10.17 1.249 1.227 1.208 1.192 1.179 1.166 1.159 1.153 1.147 1.143 
10.18 1.250 1.228 1.209 1.193 1.179 1.167 1.160 1.154 1.148 1.143 
10.19 1.251 1.229 1. 210 1.194 1.180 1.168 1.161 1.154 1.149 1.144 

10.20 1.252 1.230 1. 211 1.195 1.181 1.169 1.162 1.155 1.149 1.145 
10.21 1.253 1.231 1.212 1.196 1.182 1.170 1.163 1.156 1.150 1.146 
10.22 1.254 1.232 1.213 1.197 1.183 1.171 1.164 1.157 1.151 1.146 
10.23 1.255 1.233 1.214 1.197 1.183 1.172 1.164 1.157 1.151 1.147 
10. 24 1.256 1.234 1.215 1.198 1.184 1.173 1.165 1.158 1.152 1.147 

10.25 1. 257 1.235 1.216 1.199 1.185 1.174 1.166 1.159 1.153 1.148 
10.26 1. 258 1.236 1.217 1.200 1.186 1.175 1.167 1.160 1.154 1.149 
10.27 1.259 1.237 1.218 1.201 1.187 1.176 1.168 1.161 1.155 1.150 
10.28 1.261 1.238 1.219 1.202 1.188 1.177 1.168 1.161 1.155 1.150 
10.29 1.262 1.239 1.220 1.203 1.189 1.178 1.169 1.162 1.156 1.151 

10.30 1.263 1.240 1.221 1.204 1.190 1.179 1.170 1.163 1.157 1.152 
10.31 1.264 1.241 1.222 1.205 1.191 1.180 1.171 1.164 1.158 1.153 
10.32 1. 265 1.242 1.223 1.206 1.192 1.181 1.172 1.165 1.158 1.154 
10.33 1.266 1.243 1.224 1.206 1.192 1.181 1.172 1.165 1.159 1.154 
10.34 1. 267 1.244 1.225 1.207 1.193 1.182 1.173 1.166 1.159 1.155 

10.35 1.268 1.245 1.226 1.208 1.194 1.183 1.174 1.167 1.160 1.156 
10. 36 1.269 1.246 1.227 1.209 1.195 1.184 1.175 1.168 1.161 1.157 
10.37 1.270 1.247 1.228 1.210 1.196 1.185 1.176 1.169 1.162 1.158 

10. 38 1.272 1.248 1.229 1.211 1.197 1.186 1.176 1.169 1.162 1.158 

10.39 1.273 1.249 1.230 1.212 1.198 1.187 1.177 1.170 1.163 1.159 

10.40 1.274 1. 250 1.231 1.213 1.199 1.188 1.178 1.171 1.164 1. 160 

10.41 1.275 1.251 1.232 1.214 1.200 1.189 1.179 1.172 1.165 1. 161 
10.42 1.276 1.252 1.233 1.215 1.201 1.190 1.180 1.173 1.166 1. 162 

10.43 1. 277 1.253 1.234 1.216 1.201 1.190 1.180 1.173 1.166 1. 162 
10.44 1.278 1.254 1.235 1.217 1.202 1.191 1.181 1.174 1.167 1. 163 

10. 45 1.279 1.255 1.236 1.218 1.203 1.192 1.182 1.175 1.168 1. 164 

10.46 1. 280 1.256 1.237 1.219 1.204 1.193 1.183 1.176 1.169 1. 165 
10.47 1. 281 1.257 1.238 1.220 1.205 1.194 1.184 1.177 1.170 1. 166 

10. 48 1.283 1.258 1. 239 1.221 1. 206 1.194 1.184 1.177 1.170 1. 166 
10.49 1.284 1.259 1.240 1.222 1.207 1.195 1.185 1.178 1.171 1. 167 

10.50 1.285 1.260 1.241 1.223 1.208 1.196 1.186 1.179 1. 172 1.168 

10.51 1.286 1.261 1.242 1.224 1.209 1.197 1.187 1.180 1. 173 1.169 

10.52 1.287 1.262 1.243 1.225 1.210 1.198 1.188 1.181 1. 174 1.169 

10. 53 1.288 1.263 1.244 1.225 1.210 1. .198 1.188 1.181 1. 174 1.170 

10.54 1.289 1.264 1.245 1.226 1.211 1.199 1.189 1.182 1. 175 1.170 

VII - 62 



T 
r 

Pr 
10.10 - 10. 54 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

1.137 
1.138 
1.138 
1.139 
1.139 

1.138 
1.139 
1.139 
1.140 
1.140 

1.141 
1.142 
1.142 
1.143 
1.143 

1.145 
1.145 
1.146 
1.146 
1.147 

1.149 
1.149 
1.150 
1.150 
1.151 

1.160 
1.160 
1.161 
1.161 
1.162 

1.164 
1.164 
1.164 
1.165 
1.165 

1.166 
1.166 
1.166 
1.167 
1.167 

1.168 
1.168 
1.168 
1.169 
1.169 

1.170 
1.170 
1.170 
1.171 
1.171 

10.10 
10.11 
10.12 
10.13 
10.14 

1.140 
1.141 
1.141 
1.142 
1.142 

1.141 
1.142 
1.142 
1.143 
1.143 

1.144 
1.145 
1.145 
1.146 
1.146 

1.147 
1.148 
1.148 
1.149 
1.149 

1.151 
1.152 
1.152 
1.153 
1.153 

1.162 
1.162 
1.163 
1.163 
1.164 

1.165 
1.165 
1.166 
1.166 
1.167 

1.167 
1.167 
1.168 
1.168 
1.169 

1.169 
1.169 
1.170 
1.170 
1.171 

1.171 
1.171 
1.172 
1.172 
1.173 

10.15 
10.16 
10.17 
10.18 
10.19 

1.143 
1.144 
1.144 
1.145 
1.145 

1.144 
1.145 
1.145 
1.146 
1.146 

1.147 
1.147 
1.148 
1.148 
1.149 

1.150 
1.150 
1.151 
1.151 
1.152 

1.154 
1.154 
1.155 
1.155 
1.156 

1.164 
1.164 
1.165 
1.165 
1.166 

1.167 
1.167 
1.168 
1.168 
1.169 

1.169 
1.169 
1.170 
1.170 
1.171 

1.171 
1.171 
1.172 
1.172 
1.173 

1.173 
1.173 
1.174 
1.174 
1.175 

10.20 
10.21 
10.22 
10.23 
10.24 

1.146 
1.147 
1.147 
1.148 
1.148 

1.147 
1.148 
1.148 
1.149 
1.149 

1.149 
1.150 
1.150 
1.151 
1.151 

1.152 
1.153 
1.153 
1.154 
1.154 

1.156 
1.157 
1.157 
1.158 
1.158 

1.166 
1.166 
1.167 
1.167 
1.168 

1.169 
1.169 
1.170 
1.170 
1.171 

1.171 
1.171 
1.172 
1.172 
1.173 

1.173 
1.173 
1.174 
1.174 
1.175 

1.175 
1.175 
1.176 
1.176 
1.177 

10. 25 
10.26 
10. 27 
10.28 
10.29 

1.149 
1.150 
1.150 
1.151 
1.151 

1.150 
1.151 
1.151 
1.152 
1.152 

1.152 
1.153 
1.153 
1.154 
1.154 

1.155 
1.155 
1.156 
1.156 
1.157 

1.159 
1.159 
1.160 
1.160 
1.161 

1.168 
1.168 
1.169 
1.169 
1.170 

1.171 
1.171 
1.172 
1.172 
1.173 

1.173 
1.173 
1.173 
1.174 
1.174 

1.175 
1.175 
1.175 
1.176 
1.176 

1.177 
1.177 
1.177 
1.178 
1.178 

10.30 
10.31 
10. 32 
10. 33 
10. 34 

1.152 
1.153 
1.154 
1.154 
1. '55 

1. 153 
1.154 
1.154 
1.155 
1.155 

1.155 
1.156 
1.156 
1.157 
1.157 

1.157 
1.158 
1.158 
1.159 
1.159 

1.161 
1.162 
1.162 
1.163 
1.163 

1.170 
1.170 
1.171 
1.171 
1.172 

1.173 
1.173 
1.174 
1.174 
1.175 

1.174 
1.174 
1.175 
1.175 
1.176 

1.176 
1.176 
1.177 
1.177 
1.178 

1.178 
1.178 
1.179 
1.179 
1.180 

10.35 
10. 36 
10. 37 
10.38 
10. 39 

1. 156 
1.157 
1.157 
1.158 
1.158 

1.156 
1.157 
1.157 
1.158 
1.158 

1.158 
1.158 
1.159 
1.159 
1.160 

1.160 
1.160 
1.161 
1.161 
1.162 

1.164 
1.164 
1.165 
1.165 
1.166 

1.172 
1.172 
1.173 
1.173 
1.174 

1.175 
1.175 
1.176 
1.176 
1.177 

1.176 
1.176 
1.176 
1.177 
1.177 

1.178 
1.178 
1.178 
1.179 
1.179 

1.180 
1.180 
1.180 
1.181 
1.181 

10. 40 
10.41 
10. 42 
10. 43 
10. 44 

1.159 
1.160 
1.160 
1.161 
1. 161 

1.159 
1.160 
1.160 
1.161 
1.161 

1.160 
1.160 
1.161 
1.161 
1.162 

1.162 
1.163 
1.163 
1.164 
1.164 

1.166 
1.167 
1.167 
1.168 
1.168 

1.174 
1.174 
1.175 
1.175 
1.176 

1.177 
1.177 
1.178 
1.178 
1.179 

1.177 
1.177 
1.178 
1.178 
1.179 

1.179 
1.179 
1.180 
1.180 
1.181 

1.181 
1.181 
1.182 
1.182 
1.183 

10. 45 
10.46 
10.47 
10.48 
10. 49 

1.162 
1.163 
1.163 
1.164 
1.164 

1.162 
1.163 
1.163 
1.164 
1.164 

1.162 
1.163 
1.163 
1.164 
1.164 

1.165 
1.166 
1.166 
1.167 
1.167 

1.169 
1. 169 
1.170 
1.170 
1.171 

1.176 
1.176 
1.177 
1.177 
1. 178 

1.179 
1.179 
1.180 
1.180 
1.181 

1. 179 
1.179 
1.180 
1.180 
1.181 

1.181 
1.181 
1.181 
1.182 
1.182 

1.183 
1.183 
1.183 
1.184 
1.184 

10. 50 
10.51 
10. 52 
10. 53 
10.54 
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T 
r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

10.55 
10.56 
10.57 
10.58 
10.59 

1.290 
1.291 
1.292 
1.294 
1.295 

1.265 
1.266 
1.267 
1.268 
1.269 

1.246 
1.247 
1.248 
1.249 
1.250 

1.227 
1.228 
1.229 
1.230 
1.231 

1.212 
1.213 
1.214 
1.215 
1.216 

1.200 
1.201 
1.202 
1.202 
1.203 

1.190 
1.191 
1.192 
1.193 
1.194 

1.183 
1.184 
1.185 
1.185 
1.186 

1.176 
1.177 
1.178 
1.178 
1.179 

1.171 
1.172 
1.172 
1.173 
1.173 

10.60 
10.61 
10.62 
10.63 
10.64 

1.296 
1.297 
1.298 
1.299 
1.300 

1.270 
1.271 
1.272 
1.273 
1.274 

1.251 
1.252 
1.253 
1.254 
1.255 

1.232 
1.233 
1.234 
1.234 
1.235 

1.217 
1.218 
1.219 
1.219 
1.220 

1.204 
1.205 
1.206 
1.206 
1.207 

1.195 
1.196 
1.197 
1.197 
1.198 

1.187 
1.188 
1.189 
1.189 
1.190 

1.180 
1.181 
1.181 
1.182 
1.182 

1.174 
1.175 
1.175 
1.176 
1.176 

10.65 
10.66 
10.67 
10.68 
10.69 

1.301 
1.302 
1.303 
1.305 
1.306 

1.275 
1.276 
1.277 
1.278 
1.279 

1.256 
1.257 
1.258 
1.259 
1.260 

1.236 
1.237 
1.238 
1.239 
1.240 

1.221 
1.222 
1.223 
1.224 
1.225 

1.208 
1.209 
1.210 
1.211 
1.212 

1.199 
1.200 
1.201 
1.201 
1.202 

1.191 
1.192 
1.193 
1.193 
1.194 

1.183 
1.184 
1.185 
1.185 
1.186 

1.177 
1.178 
1.179 
1.179 
1.180 

10.70 
10.71 
10.72 
10.73 
10.74 

1.307 
1.308 
1. 309 
1.310 
1.311 

1.280 
1.281 
1.282 
1.283 
1.284 

1.261 
1.262 
1.263 
1.263 
1.264 

1.241 
1.242 
1.243 
1.244 
1.245 

1.226 
1.227 
1.228 
1.229 
1.230 

1.213 
1.214 
1.215 
1.215 
1.216 

1.203 
1.204 
1.205 
1.205 
1.206 

1.195 
1.196 
1.196 
1.197 
1.197 

1.187 
1.188 
1.189 
1.189 
1.190 

1.181 
1.182 
1.183 
1.183 
1.184 

10.75 
10.76 
10.77 
10.78 
10.79 

1.312 
1. 313 
1.314 
1.316 
1.317 

1.285 
1.286 
1.287 
1.289 
1.290 

1. 265 
1.266 
1.267 
1.268 
1.269 

1.246 
1.247 
1.248 
1.249 
1.250 

1.231 
1.232 
1.233 
1.234 
1.235 

1.217 
1.218 
1.219 
1.220 
1.221 

1.207 
1.208 
1.209 
1.209 
1.210 

1.198 
1.199 
1.200 
1.200 
1.201 

1.191 
1.192 
1.193 
1.193 
1.194 

1.185 
1.186 
1.187 
1.187 
1.188 

10. 80 
10.81 
10.82 
10.83 
10.84 

1.318 
1.319 
1.320 
1.321 
1.322 

1.291 
1.292 
1.293 
1.294 
1.295 

1.270 
1.271 
1.272 
1.273 
1.274 

1. 251 
1.252 
1.253 
1.253 
1.254 

1.236 
1.237 
1.238 
1.238 
1.239 

1.222 
1.223 
1.224 
1.224 
1.225 

1.211 
1.212 
1.213 
1.213 
1.214 

1.202 
1.203 
1.204 
1.204 
1.205 

1.195 
1.196 
1.196 
1.197 
1.197 

1.189 
1.190 
1.191 
1.191 
1.192 

10.85 
10.86 
10.87 
10.88 
10.89 

1.323 
1.324 
1.325 
1.327 
1.328 

1.296 
1.297 
1.298 
1.299 
1.300 

1.275 
1.276 
1. 277 
1.278 
1.279 

1.255 
1.256 
1.257 
1.258 
1.259 

1.240 
1.241 
1.242 
1.243 
1.244 

1.226 
1.227 
1.228 
1.228 
1.229 

1.215 
1.216 
1.217 
1.217 
1.218 

1.206 
1.207 
1.208 
1.208 
1.209 

1.198 
1.199 
1.200 
1.200 
1.201 

1.193 
1.194 
1.195 
1.195 
1.196 

10.90 
10.91 
10.92 
10. 93 
10.94 

1.329 
1.330 
1.331 
1.332 
1.333 

1.301 
1.302 
1.303 
1.304 
1.305 

1.280 
1.281 
1.282 
1.282 
1.283 

1.260 
1.261 
1.262 
1.263 
1.264 

1. 245 
1.246 
1. 247 
1.247 
1. 248 

1.230 
1.231 
1.232 
1.233 
1.234 

1.219 
1.220 
1.221 
1.221 
1.222 

1.210 
1.211 
1.212 
1.212 
1.213 

1.202 
1.203 
1.204 
1.204 
1.205 

1.197 
1.198 
1.198 
1.199 
1.199 

10.95 
10.96 
10.97 
10.98 
10.99 

1.334 
1.335 
1.336 
1.337 
1.338 

1.306 
1.307 
1.308 
1.309 
1.310 

1.284 
1.285 
1.286 
1.287 
1.288 

1.265 
1.266 
1.267 
1.268 
1.269 

1. 249 
1.250 
1.251 
1.252 
1.253 

1.235 
1.236 
1.237 
1.238 
1.239 

1.223 
1.224 
1.225 
1.226 
1.227 

1.214 
1.215 
1.216 
1.216 
1.217 

1.206 
1.207 
1.208 
1.208 
1.209 

1.200 
1.201 
1.202 
1.202 
1.203 

VII - 64 



10. 55 - 10.99 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

1.165 1.165 1.165 1.168 1.171 1.178 1.181 1.181 1.182 1.184 10.55 
1.166 1.166 1.166 1.169 1.172 1.179 1.181 1.181 1.182 1.184 10.56 
1.167 1.166 1.166 1.169 1.172 1.179 1.182 1.182 1.183 1.185 10.57 
1.167 1.167 1.167 1.170 1.173 1.180 1.182 1.182 1.183 1.185 10.58 
1.168 1.167 1.167 1.170 1.173 1.180 1.183 1.183 1.184 1.186 10.59 

1.169 1.168 1.168 1.171 1.174 1.181 1.183 1.183 1.184 1.186 10.60 
1.170 1.168 1.169 1.172 1.174 1.181 1.183 1.183 1.184 1.186 10.61 
1.170 1.169 1.169 1.172 1.175 1.182 1.183 1.183 1.184 1.186 10.62 
1.171 1.169 1.170 1.173 1.175 1.182 1.184 1.184 1.185 1.187 10.63 
1.171 1.170 1.170 1.173 1.176 1.183 1.184 1.184 1.185 1.187 10.64 

1.172 1.170 1.171 1.174 1.176 1.183 1.184 1.184 1.185 1.187 10.65 
1.173 1.171 1.172 1.175 1.177 1.183 1.184 1.184 1.185 1.187 10.66 
1.174 1.171 1.172 1.175 1.177 1.184 1.185 1.185 1.186 1.188 10.67 
1.174 1.172 1.173 1.176 1.178 1.184 1.185 1.185 1.186 1.188 10.68 
1.175 1.172 1.173 1.176 1.178 1.185 1.186 1.186 1.187 1.189 10.69 

1.176 1.173 1.174 1. 177 1.179 1.185 1. 186 1.186 1.187 1.189 10.70 
1.177 1.174 1.174 1. 177 1.180 1.185 1. 186 1.186 1.187 1.189 10.71 
1.177 1.174 1.175 1. 178 1.180 1.186 1. 186 1.187 1.188 1.189 10. 72 
1.178 1.175 1.175 1. 178 1.181 1.186 1. 187 1.187 1.188 1.190 10.73 
1.178 1.175 1.176 1. 179 1.181 1.187 1. 187 1.188 1.189 1.190 10. 74 

1.179 1.176 1.176 1. 179 1.182 1.187 1. 187 1.188 1.189 1.190 10.75 
1.180 1.177 1.177 1. 180 1.183 1.187 1. 187 1.188 1.189 1.190 10.76 
1.180 1.177 1.177 1. 180 1.183 1.188 1. 188 1.189 1.190 1.191 10.77 
1.181 1.178 1.178 1. 181 1.184 1.188 1. 188 1.189 1.190 1.191 10.78 
1.181 1.178 1.178 1. 181 1.184 1.189 1. 189 1.190 1.191 1.192 10. 79 

1.182 1.179 1.179 1. 182 1.185 1.189 1.189 1. 190 1.191 1.192 10.80 
1.183 1.180 1.180 1. 183 1.185 1.189 1.189 1. 190 1.191 1.192 10.81 
1.184 1.180 1.180 1. 183 1.186 1.190 1.190 1. 191 1.191 1.192 10. 82 
1.184 1.181 1.181 1. 184 1.186 1.190 1.190 1. 191 1.192 1.193 10.83 
1. 185 1.181 1.181 1. 184 1.187 1.191 1.191 1. 192 1.192 1.193 10.84 

1.186 1.182 1.182 1.185 1.187 1.191 1. 191 1.192 1.192 1. 193 10.85 
1.187 1.183 1.183 1.186 1.188 1.191 1. 191 1.192 1.192 1. 193 10.86 
1.188 1.184 1.184 1.186 1.188 1.192 1. 192 1.193 1.193 1. 194 10.87 
1.188 1.184 1.184 1.187 1.189 1.192 1. 192 1.193 1.193 1. 194 10.88 
1.189 1.185 1.185 1.187 1.189 1.193 1. 193 1.194 1.194 1. 195 10. 89 

1.190 1.186 1.186 1.188 1.190 1.193 1.193 1.194 1.194 1.195 10.90 
1.191 1.187 1.187 1.189 1.190 1.193 1.193 1.194 1.194 1.195 10.91 
1.191 1.187 1.187 1.189 1.191 1.194 1.194 1.195 1.195 1.196 10. 92 
1.192 1.188 1.188 1.190 1.191 1.194 1.194 1.195 1.195 1.196 10.93 
1.192 1.188 1.188 1.190 1.192 1.195 1.195 1.196 1.196 1.197 10.94 

1. 193 1.189 1.189 1.191 1.192 1.195 1.195 1.196 1.196 1.197 10.95 
1.194 1.190 1.190 1.192 1.193 1.195 1.195 1.1% 1. 196 1.197 10.96 
1.194 1.191 1.191 1.192 1.193 1.196 1.1% 1.197 1. .97 1.198 10.97 
1.195 1.191 1.191 1.193 1.194 1.196 1.196 1.197 1.197 1.198 10.98 
1.195 1.192 1.191 1.193 1.194 1.197 1.197 1.198 1.198 1.199 10. 99 
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Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

11.00 
11.01 
11.02 
11.03 
11.04 

1.339 
1.340 
1.341 
1.342 
1.343 

1.311 
1.312 
1.313 
1.314 
1.315 

1.289 
1.290 
1.291 
1.292 
1.293 

1.270 
1.271 
1.272 
1.273 
1.274 

1.254 
1.255 
1.256 
1.256 
1.257 

1.240 
1.241 
1.242 
1.242 
1.243 

1.228 
1.229 
1.230 
1.230 
1.231 

1.218 
1.219 
1.219 
1.220 
1.220 

1.210 
1.211 
1.211 
1.212 
1.212 

1.204 
1.205 
1.206 
1.206 
1.207 

11.05 
11.06 
11.07 
11.08 
11.09 

1.344 
1.345 
1.346 
1.348 
1.349 

1.316 
1.317 
1.318 
1.319 
1.320 

1.294 
1.295 
1.296 
1.297 
1.298 

1.275 
1.276 
1.277 
1.278 
1.279 

1.258 
1.259 
1.260 
1.261 
1.262 

1.244 
1.245 
1.246 
1.247 
1.248 

1.232 
1.233 
1.234 
1.234 
1.235 

1.221 
1.222 
1.223 
1.223 
1.224 

1.213 
1.214 
1.215 
1.215 
1.216 

1.208 
1.209 
1.209 
1.210 
1.210 

11.10 
11.11 
11.12 
11.13 
11.14 

1.350 
1.351 
1. 352 
1.353 
1.354 

1.321 
1.322 
1.323 
1.324 
1.325 

1.299 
1.300 
1.301 
1.301 
1.302 

1.280 
1.281 
1.282 
1.282 
1.283 

1.263 
1.264 
1.265 
1.266 
1.267 

1.249 
1.250 
1.251 
1.251 
1.252 

1.236 
1.237 
1.238 
1.238 
1.239 

1.225 
1.226 
1.227 
1.227 
1.228 

1.217 
1.218 
1.219 
1.219 
1.220 

1.211 
1.212 
1.212 
1.213 
1.213 

11.15 
11.16 
11.17 
11.18 
11.19 

1.355 
1.356 
1. 357 
1.358 
1.359 

1.326 
1.327 
1.328 
1.329 
1.330 

1.303 
1.304 
1.305 
1.306 
1.307 

1.284 
1.285 
1.286 
1.287 
1.288 

1.268 
1.269 
1.270 
1.271 
1.272 

1.253 
1.254 
1.255 
1.255 
1.256 

1.240 
1.241 
1.242 
1.243 
1.244 

1.229 
1.230 
1.231 
1.231 
1.232 

1.221 
1.222 
1.223 
1.223 
1.224 

1.214 
1.215 
1.216 
1.216 
1.217 

11.20 
11.21 
11.22 
11.23 
11. 24 

1.360 
1.361 
1.362 
1.363 
1.364 

1.331 
1.332 
1.333 
1.334 
1.335 

1.308 
1.309 
1.310 
1.311 
1.312 

1.289 
1.290 
1.291 
1.292 
1.293 

1.273 
1.274 
1.275 
1.275 
1.276 

1.257 
1.258 
1.259 
1.259 
1.260 

1.245 
1.246 
1.247 
1.247 
1.248 

1.233 
1.234 
1.235 
1.235 
1.236 

1.225 
1.226 
1.226 
1.227 
1.227 

1.218 
1.219 
1.219 
1.220 
1.220 

11.25 
11.26 
11.27 
11.28 
11.29 

1.365 
1.366 
1.367 
1.368 
1.369 

1.336 
1.337 
1.338 
1.339 
1.340 

1.313 
1. 314 
1.315 
1.316 
1.317 

1.294 
1.295 
1.296 
1.297 
1.298 

1.277 
1.278 
1.279 
1.280 
1.281 

1.261 
1.262 
1.263 
1.263 
1.264 

1.249 
1.250 
1.251 
1.251 
1.252 

1.237 
1.238 
1.239 
1.239 
1.240 

1.228 
1.229 
1.230 
1.230 
1.231 

1.221 
1.222 
1.223 
1.223 
1.224 

11.30 
11.31 
11.32 
11.33 
11.34 

1.370 
1. 371 
1.37? 
1.373 
1.374 

1.341 
1.342 
1.343 
1.344 
1.345 

1.318 
1.319 
1.320 
1.321 
1.322 

1.299 
1.300 
1.301 
1.301 
1.302 

1.282 
1.283 
1.284 
1.284 
1.285 

1.265 
1.266 
1.267 
1.267 
1.268 

1.253 
1.254 
1.255 
1.255 
1.256 

1.241 
1.242 
1.243 
1.243 
1.244 

1.232 
1.233 
1.234 
1.234 
1.235 

1.225 
1.226 
1.226 
1.227 
1.227 

11.35 
11.36 
11.37 
11.38 
11.39 

1.375 
1.376 
1.377 
1.379 
1.380 

1.346 
1.347 
1.348 
1.249 
1.350 

1.323 
1.324 
1.325 
1.326 
1.327 

1.303 
1.304 
1.305 
1.306 
1.307 

1.286 
1.287 
1.288 
1.289 
1.290 

1.269 
1.270 
1.271 
1.271 
1.272 

1.257 
1.258 
1.259 
1.259 
1.260 

1.245 
1.246 
1.247 
1.247 
1.248 

1.236 
1.237 
1.238 
1.238 
1.239 

1.228 
1.229 
1.230 
1.230. 
1.231 

11.40 
11. 41 
11. 42 
11.43 
11.44 

1.381 
1.382 
1.383 
1.384 
1.385 

1.351 
1.352 
1.353 
1.354 
1.355 

1.328 
1.329 
1.330 
1.331 
1.332 

1.308 
1.309 
1.310 
1.311 
1.312 

1.291 
1.292 
1.293 
1.293 
1.294 

1.273 
1.274 
1.275 
1.275 
1.276 

1.261 
1.262 
1.263 
1.263 
1.264 

1.249 
1.250 
1.251 
1.251 
1.252 

1.240 
1.241 
1.241 
1.242 
1.242 

1.232 
1.233 
1.234 
1.234 
1.235 
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11.00 - 11.44 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 p r 

1.196 
1.197 
1.197 
1.198 
1. 198 

1.193 
1.194 
1.194 
1.195 
1.195 

1.192 
1.192 
1.193 
1.193 
1.194 

1.194 
1.194 
1.195 
1.195 
1.196 

1.195 
1.195 
1.196 
1.196 
1.197 

1.197 
1.197 
1.198 
1.198 
1.199 

1.197 
1.197 
1.198 
1.198 
1.199 

1.198 
1.198 
1.198 
1.199 
1.199 

1.198 
1.198 
1.198 
1.199 
1.199 

1.199 
1.199 
1.199 
1.200 
1.200 

11.00 
11.01 
11.02 
11.03 
11.04 

1.199 
1.200 
1.200 
1.201 
1.201 

1.196 
1.197 
1.197 
1.198 
1.198 

1.194 
1.194 
1.195 
1.194 
1.196 

1.196 
1.197 
1.197 
1.198 
1.198 

1.197 
1.198 
1.198 
1.199 
1.199 

1.199 
1.199 
1.200 
1.200 
1.201 

1.199 
1.199 
1.200 
1.200 
1.201 

1.199 
1.199 
1.200 
1.200 
1.201 

1.199 
1.199 
1.200 
1.200 
1.201 

1.200 
1.200 
1.201 
1.201 
1.202 

11.05 
11.06 
11.07 
11.08 
11.09 

1.202 
1.203 
1.204 
1.204 
1.205 

1.199 
1.200 
1.200 
1. 201 
1.201 

1.196 
1.197 
1.197 
1.198 
1.198 

1.199 
1.199 
1.200 
1.200 
1.201 

1.200 
1.200 
1.201 
1.201 
1.202 

1.201 
1. 201 
1.202 
1.202 
1.203 

1.201 
1.201 
1.202 
1.202 
1.203 

1.201 
1.201 
1. 202 
1.202 
1. 203 

1.201 
1.201 
1.202 
1.202 
1.203 

1.202 
1.202 
1.202 
1.202 
1.203 

11.10 
11.11 
11.12 
11.13 
11.14 

1.206 
1.207 
1.208 
1.208 
1.209 

1.202 
1.203 
1.203 
1.204 
1.204 

1.199 
1.200 
1.200 
1.201 
1.201 

1.201 
1.202 
1.202 
1.203 
1.203 

1.202 
1.202 
1.203 
1.203 
1.204 

1.203 
1.204 
1.204 
1.205 
1.205 

1.203 
1.203 
1.204 
1.204 
1.205 

1.203 
1. 203 
1.204 
1. 204 
1.205 

1.203 
1.203 
1.204 
1.204 
1.205 

1.203 
1.203 
1.204 
1.204 
1.205 

11.15 
11.16 
11.17 
11.18 
11.19 

1.210 
1.211 
1.211 
1.212 
1.212 

1.205 
1. 206 
1.206 
1.207 
1.207 

1.202 
1.203 
1.203 
1.204 
1.204 

1.204 
1.204 
1.205 
1.025 
1.206 

1.204 
1.204 
1.205 
1.205 
1.206 

1. 205 
1.205 
1.206 
1.206 
1.207 

1.205 
1.205 
1.206 
1.206 
1.207 

1.205 
1.205 
1.206 
1.206 
1.207 

1.205 
1.205 
1.206 
1.206 
1.207 

1.205 
1.205 
1.206 
1.206 
1. 207 

11.20 
11.21 
11.22 
11.23 
11.24 

1.213 
1.214 
1.215 
1.215 
1.216 

1.208 
1.209 
1.209 
1.210 
1.210 

1.205 
1.206 
1.206 
21.07 
12.07 

1. 206 
1.207 
1.207 
1.208 
1.208 

1.206 
1.207 
1.207 
1.208 
1.208 

1.207 
1.207 
1. 208 
1.208 
1.209 

1.207 
1.207 
1.208 
1.208 
1.209 

1.207 
1. 207 
1. 208 
1.208 
1.209 

1.207 
1.207 
1.208 
1.208 
1.209 

1.207 
1.207 
1.208 
1.208 
1.209 

11. 25 
11.26 
11.27 
11.28 
11. 29 

1.217 
1.218 
1.218 
1.219 
1.219 

1.211 
1.212 
1.212 
1.213 
1.213 

1.208 
1.209 
1.209 
1.210 
1.210 

1.209 
1.209 
1.210 
1.210 
1.211 

1.209 
1.209 
1.210 
1.210 
1.211 

1.209 
1.209 
1. 210 
1.210 
1.211 

1.209 
1.209 
1.210 
1.210 
1.211 

1. 209 
1.209 
1.210 
1.210 
1.211 

1.209 
1.209 
1.209 
1.210 
1.210 

1.209 
1.209 
1.209 
1.210 
1.210 

11. 30 
11. 31 
11. 32 
11.33 
11.34 

1.220 
1.221 
1.222 
1.222 
1.223 

1.214 
1.215 
1.215 
1.216 
1.216 

1.211 
1.212 
1.212 
1.213 
1.213 

1.211 
1.212 
1.212 
1.213 
1.213 

1.211 
1.212 
1.212 
1.213 
1.213 

1.211 
1.212 
1.212 
1.213 
1.213 

1.211 
1.212 
1.212 
1.213 
1.213 

1.211 
1.211 
1.212 
1.212 
1.213 

1.210 
1.210 
1.211 
1.211 
1.212 

1.210 
1.210 
1.211 
1.211 
1.212 

11.35 
11.36 
11. 37 
11.38 
11. 39 

1.224 
1.225 
1. 225 
1.226 
1.226 

1.217 
1.218 
1.218 
1.219 
1.219 

1.214 
1.214 
1.215 
1.216 
1.216 

1.214 
1.214 
1.215 
1.215 
1.216 

1.214 
1.214 
1.215 
1.215 
1.216 

1.214 
1.214 
1.215 
1.215 
1.216 

1.214 
1.214 
1.215 
1.215 
1.216 

1.213 
1.213 
1.214 
1.214 
1.215 

1.212 
1.212 
1.213 
1.213 
1.214 

1.212 
1.212 
1.212 
1.213 
1.213 

11.40 
11.41 
11.42 
11.43 
11. 44 
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T 
r 

1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

11.45 1.386 1.356 1.333 1.313 1.295 1.277 1.265 1.253 1.243 1.236 
11.46 1.387 1.357 1.334 1.314 1.296 1.278 1.266 1.253 1.244 1.237 
11.47 1.388 1.358 1.335 1.315 1.297 1.279 1.267 1.254 1.245 1.238 
11.48 1.389 1.360 1.336 1.316 1.298 1.280 1.267 1.254 1.245 1.238 
11.49 1.390 1.361 1.337 1.317 1.299 1.281 1.268 1.255 1.246 1.239 

11.50 1.391 1.362 1.338 1.318 1.300 1.282 1.269 1.257 1.247 1.240 
11.51 1.392 1.363 1.339 1.319 1.301 1.283 1.270 1.258 1.248 1.241 
11.52 1.393 1.364 1.340 1.320 1.302 1.284 1.271 1.258 1.249 1.242 
11.53 1.394 1.365 1.341 1.320 1.302 1.284 1.271 1.259 1.249 1.242 
11.54 1.395 1.366 1.342 1.321 1.303 1.285 1.272 1.259 1.250 1.243 

11.55 1.396 1.367 1.343 1.322 1.304 1.286 1.273 1.260 1.251 1.244 
11.56 1.397 1.368 1.344 1.323 1.305 1.287 1.274 1.261 1.252 1.245 
11.57 1.398 1.369 1.345 1.324 1.306 1.288 1.275 1.262 1.253 1.246 
11.58 1.400 1.370 1.346 1.325 1.307 1.289 1.275 1.262 1.253 1.246 
11.59 1.401 1.371 1.347 1.326 1.308 1.290 1.276 1.263 1.254 1.247 

11.60 1.402 1.372 1.348 1.327 1.309 1.291 1.277 1.264 1.255 1.248 
11.61 1.403 1.373 1.349 1.328 1.310 1.292 1.278 1.265 1.256 1.249 
11.62 1.404 1.374 1.350 1.329 1.311 1.293 1.279 1.266 1.256 1.249 
11.63 1.405 1.375 1.351 1.329 1.311 1.293 1.279 1.267 1.257 1.250 
11.64 1.406 1.376 1.352 1.330 1.312 1.294 1.280 1.267 1.257 1.250 

11.65 1.407 1.377 1.353 1.331 1.313 1.295 1.281 1.268 1.258 1.251 
11.66 1.408 1.378 1.354 1.332 1.314 1.296 1.282 1.269 1.259 1.252 
11.67 1.409 1.379 1.355 1.333 1.315 1.297 1.283 1.270 1.260 1.253 
11.68 1.410 1.380 1.356 1.334 1.315 1.298 1.284 1.270 1.260 1.253 
11.69 1.411 1.381 1.357 1.335 1. 316 1.299 1.285 1.271 1.261 1.254 

11.70 1.412 1.382 1.358 1.336 1.317 1.300 1.286 1.272 1.262 1.255 
11.71 1.413 1.383 1.359 1.337 1.318 1.301 1.287 1.273 1.263 1.256 
11.72 1. 414 1.384 1.360 1.338 1.319 1.302 1.288 1.274 1.263 1.257 
11. 73 1. 415 1.385 1.361 1.338 1.319 1.303 1.288 1.274 1.264 1.257 
11.74 1.416 1.386 1.362 1.339 1.320 1.304 1.289 1.275 1.264 1.258 

11.75 1. 417 1.387 1.363 1.340 1. 321 1.305 1.290 1.276 1.265 1.259 
11.76 1.418 1.388 1.364 1. 341 1.322 1.306 1.291 1.277 1.266 1.260 
11.77 1. 419 1.389 1.365 1.342 1.323 1.307 1.292 1.278 1.267 1.260 
11.78 1.421 1.390 1.366 1.343 1.324 1.307 1.292 1.278 1.267 1.261 
11.79 1.422 1.391 1. 367 1.344 1.325 1.308 1.293 1.279 1.268 1.261 

11.80 1.423 1.392 1.268 1.345 1.326 1.309 1.294 1.280 1.269 1.262 
11.81 1.424 1.393 1. 369 1.346 1.327 1.310 1.295 1.281 1.270 1.263 
11.82 1.425 1.394 1.370 1.347 1.328 1.311 1.296 1.282 1.271 1.264 
11.83 1.426 1.395 1.371 1.348 1.328 1.311 1.296 1.282 1.271 1.264 
11.84 1.427 1.396 1.372 1.349 1.329 1.312 1.297 1.283 1.272 1.265 

11.85 1. 428 1.397 1.373 1.350 1.330 1.313 1.298 1.284 1.273 1.266 
11.86 1. 429 1.398 1.374 1.351 1.331 1.314 1.299 1.285 1.274 1.267 
11.87 1.430 1.399 1.375 1.352 1.332 1.315 1.300 1.286 1.274 1.268 
11.88 1.431 1.400 1.376 1.353 1.333 1.316 1.300 1.286 1.275 1.268 
11. 89 1.432 1.401 1. 377 1.354 1.334 1.317 1. 301 1.287 1.276 1.269 
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11.45 - 11.89 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2. 80 3.00 p r 

1.227 1.220 1.217 1.216 1.216 1.216 1.216 1.215 1.214 1.213 11.45 
1.228 1.221 1.218 1.217 1.217 1.217 1.216 1.215 1.214 1. 213 11.46 
1.229 1. 222 1.218 1. 217 1.217 1.217 1.217 1.216 1.215 1.214 11.47 
1.229 1. 222 1.219 1.218 1.218 1.218 1.217 1.216 1.215 1.214 11. 48 
1.230 1. 223 1.219 1.218 1.218 1.218 1.218 1.217 1.216 1.215 11.49 

1.231 1.224 1.220 1.219 1.219 1.219 1.218 1.217 1.216 1.215 11. 50 
1.232 1. 225 . 1.221 1.220 1.219 1.219 1.218 1.217 1.216 1.215 11.51 
1.232 1.225 1.221 1.220 1.220 1. 220 1.219 1.218 1.217 1.216 11.52 
1.233 1.226 1.222 1. 221 1.220 1.220 1.219 1.218 1.217 1.216 11.53 
1.233 1. 226 1.222 1.221 1.221 1.221 1.220 1.219 1.218 1.217 11.54 

1.234 1.227 1.223 1.222 1.221 1.221 1.220 1.219 1.218 1.217 11.55 
1.235 1.228 1.224 1. 223 1.222 1. 221 1.220 1.219 1.218 1.217 11.56 
1.236 1.228 1.224 1.223 1.222 1.222 1.221 1.220 1.219 1.218 11.57 
1.236 1.229 1.225 1.224 1.223 1.222 1.221 1.220 1.219 1.218 11.58 
1.237 1.229 1.225 1.224 1.223 1.223 1.222 1.221 1.220 1.219 11.59 

1.238 1.230 1.226 1.225 1.224 1.223 1.222 1. 221 1.220 1.219 11.60 
1.239 1.231 1.227 1.225 1.224 1.223 1.222 1.221 1.220 1.219 11.61 
1.239 1. 231 1.227 1.226 1.225 1. 224 1.222 1.221 1.220 1.219 11. 62 
1.240 1.232 1.228 1. 226 1.225 1.224 1.223 1.222 1.221 1.220 11. 63 
1.240 1.232 1.228 1.227 1.226 1.225 1.223 1.222 1.221 1.220 11. 64 

1.241 1.233 1.229 1.227 1.226 1.225 1.223 1.222 1.221 1.220 11.65 
1.242 1.234 1.230 1.228 1.227 1.225 1.223 1.222 1.221 1.220 11.66 
1.243 1.234 1.230 1.228 1.227 1.226 1.224 1.223 1.222 1.221 11.67 

1.243 1.235 1.231 1.229 1.228 1.226 1.224 1.223 1.222 1.221 11.68 
1.244 1.235 1.231 1.229 1.228 1.227 1.225 1.224 1.223 1. 222 11.69 

1.245 1.236 1.232 1.230 1.229 1.227 1.225 1. 224 1.223 1.222 11. 70 
1.246 1.237 1.233 1.231 1.230 1.227 1.225 1.224 1.223 1.222 11.71 

1.246 1.237 1.233 1.231 1.230 1.228 1.226 1.225 1.223 1.223 11.72 
1.247 1. 238 1.234 1. 232 1.231 1.228 1.226 1.224 1.224 1.223 11.73 
1.247 1.238 1.234 1.232 1.231 1. 229 1.227 1. 226 1.225 1.224 11.74 

1. 248 1. 239 1.235 1.233 1.232 1. 229 1.227 1.226 1.225 1.224 11.75 

1.249 1. 240 1.236 1.234 1.232 1.229 1.227 1. 226 1.225 1.224 11.76 

1. 250 1.241 1.236 1.234 i.233 1.230 1. 228 1. 227 1.226 1.225 11.77 

1. 250 1.241 1.237 1.235 1.233 1.230 1.228 1.227 1.226 1.225 11.78 

1.251 1.242 1.237 1.235 1.234 1.231 1. 229 1.228 1. 227 1.226 11.79 

1.252 1.243 1.238 1.236 1.234 1.231 1.229 1.228 1.227 1.226 11.80 

1.253 1.244 1.238 1.236 1.234 1.231 1.229 1. 228 1.227 1.226 11.81 

1.253 1.244 1.239 1.237 1.235 1.232 1.230 1.228 1.227 1.226 11. 82 

1.254 1. 245 1.239 1. 237 1.235 1.232 1.230 1.229 1.227 1.226 11.83 

1.254 1.245 1.240 1.238 1.236 1.233 1.231 1.229 1. 228 1.227 11.84 

1.255 1. 246 1.240 1. 238 1.236 1.233 1.231 1.229 1.228 1.227 11.85 

1.256 1.247 1.241 1.239 1.237 1.234 1.231 1.229 1.228 1.227 11.86 

1.257 1.248 1.241 1.239 1.237 1. 234 1.232 1.230 1.229 1.228 11.87 

1.257 1.248 1.242 1.240 1. 238 1.235 1.232 1.230 1.229 1.228 11.88 

1. 258 1.249 1.242 1.240 1.238 1.235 1.233 1.231 1.230 1.229 11. 89 
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Pr 1.05 1. 10 1.15 1.20 1.25 1. 30 1.35 1.40 1.45 1.50 

11.90 1.433 1.402 1.378 1.355 1.335 1.318 1.302 1.288 1.277 1.270 
11.91 1.434 1.403 1.379 1.356 1.336 1.319 1.303 1.289 1.278 1.271 
11.92 1. 435 1.404 1.380 1.357 1.337 1.320 1.304 1.290 1.278 1.272 
11.93 1. 436 1.405 1.381 1.357 1.337 1.320 1.304 1.290 1.279 1.272 
11.94 1.437 1.406 1.382 1.358 1.338 1.321 1.305 1.291 1.279 1.273 

11.95 1.438 1.407 1. 383 1.359 1. 339 1.322 1.306 1.292 1.280 1.274 
11.96 1. 439 1.408 1.384 1.360 1.340 1.323 1.307 1.293 1.281 1.275 
11.97 1.440 1.409 1.385 1.361 1.341 1.324 1.308 1.294 1.282 1.276 
11.98 1.442 1.411 1.386 1.362 1.342 1.325 1.308 1.294 1.282 1.276 
11.99 1.443 1.412 1.387 1.363 1. 343 1. 326 1.309 1.295 1.283 1.277 

12.00 1. 444 1.413 1.388 1.364 1.344 1.327 1. 310 1.296 1.284 1.278 
12. 01 1.445 1. 414 1.389 1.365 1. 345 1. 328 1. 311 1.297 1.285 1.279 
12.02 1. 446 1. 415 1. 390 1.366 1. 346 1.329 1. 312 1.297 1.286 1.279 
12.03 1. 447 1.416 1.391 1.366 1.346 1. 329 1.312 1.298 1.286 1.280 
12.04 1.448 1. 417 1.392 1.367 1.347 1.330 1.313 1.298 1.287 1.280 

12.05 1. 449 1. 418 1. 393 1.368 1.348 1.331 1. 314 1.299 1.288 1.281 
12.06 1. 450 1.419 1.394 1.369 1.349 1.332 1. 315 1.300 1.289 1.282 
12.07 1. 451 1.420 1. 395 1.370 1.350 1.333 1. 316 1.301 1.290 1.283 
12.08 1. 452 1.421 1.396 1.371 1. 351 1.333 1. 316 1.301 1.290 1.283 
12.09 1. 453 1.422 1.397 1.372 1.352 1. 334 1. 317 1.302 1.291 1.284 

12.10 1. 454 1.423 1.398 1.373 1. 353 1.335 1.318 1.303 1.292 1.285 
12.11 1.455 1. 424 1.399 1.374 1.354 1.336 1. 319 1.304 1. 293 1.286 
12.12 1.456 1.425 1.400 1.375 1.355 1.337 1. 320 1.305 1.294 1.286 
12. 13 1.457 1.426 1.401 1.376 1.355 1.337 1.320 1.305 1. 294 1.287 
12.14 1.458 1.427 1.402 1.377 1.356 1.338 1. 321 1.306 1.295 1.287 

12.15 1.459 1. 428 1.403 1. 378 1.357 1.339 1.322 1.307 1.296 1.288 
12. 16 1. 460 1. 429 1. 404 1.379 1.358 1. 340 1. 323 1.308 1.297 1.289 
12. 17 1. 461 1. 430 1. 405 1. 380 1.359 1. 341 1.324 1.309 1.298 1.290 
12. 18 1. 463 1.431 1.406 1.331 1.360 1. 342 1.324 1.309 1.298 1.290 
12. 19 1.464 1.432 1. 407 1. 382 1. 361 1. 343 1.325 1.310 1.299 1.291 

12. 20 1.465 1.433 1. 408 1. 383 1.362 1.344 1.326 1.311 1.300 1.292 
12.21 1.466 1. 434 1. 409 1. 384 1. 363 1. 345 1.327 1.312 1.301 1.293 
12. 22 1.467 1.435 1.410 1.385 1.364 1. 346 1.328 1.313 1.302 1.293 
12. 23 1.468 1.435 1.411 1.3f.6 1.364 1.346 1. 328 1.313 1.302 1.294 
12. 24 1. 469 1.437 1.412 1.3&7 1.365 1. 347 1. 329 1.314 1.303 1.294 

12. 25 1.470 1.438 1.413 1.368 1.366 1.348 1.330 1.315 1.304 1.295 
12. 26 1.471 1.439 1.414 1.369 1.567 1.349 1.331 1.316 1.305 1.296 
12. 27 1.472 1.440 1. 415 1.390 1.368 1. 350 1.332 1.317 1.305 1.297 
12. 28 1.473 1.441 1.416 1.390 1.369 1. 351 1.332 1.317 1.306 1.297 
12. 29 1.474 1. 442 1.417 1.391 1. 370 1.352 1.333 1.318 1.306 1.298 

12.30 1.475 1. 443 1.318 1.352 1.371 1. 353 1.334 1.319 1.307 1.299 
12. 31 1. 476 1. 444 1.419 1.393 1.372 1. 354 1.335 1.320 1.308 1.300 
12. 32 1. 477 1. 445 1. 420 1. 394 1. 373 I . 355 1. 336 1.321 1.309 1.301 
12. 33 1. 478 1.446 1. 421 1.395 1. 373 1. 355 1. 336 1.321 1.309 1.301 
12. 34 1. 47« 1. 44^ I . 422 1.396 1. 374 1.356 1. 337 1.322 1.310 1.302 
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11. 90 - 12. 34 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

1.259 1.250 1.243 1.241 1.239 1.236 1.233 1.231 1.230 1.229 11.90 
1.260 1.251 1.244 1.242 1.239 1.236 1.233 1.231 1.230 1.229 11.91 
1.260 1.251 1.244 1.242 1.240 1.237 1.234 1.232 1.230 1.229 11. 92 
1.261 1.252 1.245 1.243 1.240 1.237 1.234 1.232 1.231 1.230 11. 93 
1.261 1.252 1.245 1.243 1.241 1. 238 1.235 1.233 1.231 1.230 11.94 

1.262 1.253 1.246 1.244 1.241 1.238 1. 235 1. 233 1.231 1.230 11.95 
1.263 1.254 1.247 1.245 1.242 1. 238 1.235 1. 233 1.231 1.230 11.96 
1.264 1.254 1.247 1.245 1.242 1.239 1.236 1. 234 1.232 1.231 11.97 
1.264 1.255 1.248 1..246 1.243 1.239 1.236 1.234 1.232 1.231 11.98 
1.265 1.255 1.248 1.246 1.243 1.240 1.237 1.235 1.233 1.232 11. 99 

1.266 1.256 1.249 1.247 1.244 1.240 1.237 1. 235 1.233 1.232 12.00 
1.267 1.257 1.250 1.247 1.244 1.240 1.237 1.235 1.233 1.232 12.01 
1.267 1.257 1.250 1.248 1. 245 1.241 1.237 1. 235 1.234 1.233 12.02 
1.268 1.258 1.251 1.248 1. 245 1.241 1.238 1.236 1.234 1.233 12.03 
1.268 1. 258 1.251 1.249 1. 246 1.242 1.238 1.236 1.235 1.234 12.04 

1.269 1.259 1.252 1. 249 1. 246 1.242 1.238 1.236 1.235 1.234 12.05 
1.270 1.260 1.253 1. 249 1.247 1.242 1.238 1.236 1.235 1.234 12.06 
1.270 1.260 1.253 1. 250 1.247 1.243 1.239 1. 237 1.236 1. 235 12.07 
1.271 1.261 1.254 1. 250 1.248 1.243 1.239 1. 237 1.236 1.235 12.08 
1.271 1.262 1.254 1. 251 1.248 1.244 1.240 1. 238 1.237 1.236 12.09 

1.272 1.262 1.255 1. 251 1.249 1.244 1.240 1.238 1.237 1.236 12.10 
1.273 1.263 1.256 1. 252 1.249 1.244 1.240 1.238 1.237 1. 236 12.11 
1.273 1.263 1.256 1. 252 1.250 1.245 1.241 1. 239 1.237 1. 236 12.12 
1.274 1.264 1.257 1. 253 1.250 1.245 1.241 1.239 1.238 1.237 12. 13 
1. 274 1.264 1.257 1. 253 1.251 1.246 1.242 1.240 1.238 1.237 12.14 

1. 275 1.265 1.258 1.254 1.251 1.246 1.242 1.240 1.238 1.237 12.15 
1. 276 1.266 1.259 1. 255 1.252 1. 246 1.242 1.240 1.238 1. 237 12. 16 
1. 277 1.266 1.259 1.255 1.252 1.247 1.243 1.241 1.239 1.238 12.17 
1. 277 1.267 1.260 1.256 1.253 1.247 1.243 1.241 1.239 1.238 12.18 
1. 278 1.267 1.260 1.256 1.253 1.248 1. 244 1.242 1.240 1.239 12.19 

1. 279 1.268 1.261 1. 257 1.254 1.248 1.244 1.242 1.240 1. 239 12.20 
1. 280 1.269 1.262 1.257 1.254 1.248 1.244 1.242 1.240 1.239 12.21 
1. 281 1.269 1.262 1.258 1. 255 1.249 1.245 1.243 1.241 1.240 12. 22 

1. 281 1. 270 1.263 1.258 1.255 1.259 1. 245 1.243 1.241 1.240 12. 23 
1. 282 1.270 1.263 1.259 1. 256 1. 250 1.246 1.244 1.242 1.241 12. 24 

1.283 1.271 1.264 1.259 1.256 1. 250 1.246 1.244 1.242 1.241 12. 25 
1.284 1. 272 1.265 1.260 1. 257 1.250 1. 246 1.244 1.242 1.241 12. 26 
1.285 1.272 1.265 1. 260 1.257 1.251 1. 247 1.245 1.243 1.242 12. 27 
1.285 1. 273 1.266 1.261 1.258 1.251 1.247 1. 245 1.243 1. 242 12. 28 
1. 286 1. 273 1.266 1.261 1.258 1.252 1.248 1. 246 1.244 1. 243 12. 29 

1.287 1.274 1.267 1.262 1.259 1.252 1.248 1.246 1.244 1.243 12. 30 

1.288 1.275 1.268 1. 263 1.259 1.252 1.248 1.246 1. 244 1.243 12.31 

1.288 1.275 1.268 1.263 1.260 1.253 1.249 1.246 1.245 1.244 12. 32 

1.289 1.276 1.269 1.264 1.260 1.253 1.249 1.247 1.245 1.244 12. 33 

1.289 1. 276 1.269 1.264 1.261 1.254 1.250 1.247 1.246 1.245 12. 34 

VII - 71 



T 
r 

Pr 1.05 1.10 1.15 1.20 1. 25 1.30 1.35 1.40 1.45 1.50 

12.35 1.480 1.448 1.423 1.397 1.375 1.357 1. 338 1.323 1.311 1.303 
12.36 1. 481 1. 449 1.424 1.398 1.376 1.358 1.339 1.324 1.312 1.304 
12.37 1. 482 1.450 1.425 1.399 1.377 1. 359 1.340 1.325 1.313 1.305 
12.38 1.484 1.451 1.426 1.400 1.378 1. 360 1. 340 1.325 1.313 1.305 
12.39 1. 485 1.452 1.427 1.401 1.379 1. 361 1.341 1.326 1.314 1.306 

12.40 1.486 1.453 1.428 1.402 1. 380 1.362 1.342 1.327 1.315 1.307 
12.41 1. 487 1.454 1.429 1.403 1. 381 1.363 1.343 1.328 1.316 1.308 
12. 42 1.488 1.455 1.430 1.404 1. 382 1.364 1.344 1.328 1.317 1.308 
12. 43 1. 489 1.456 1.431 1.405 1. 382 1.364 1.344 1.329 1.317 1.309 
12. 44 1. 490 1.457 1.432 1.406 1. 383 1. 365 1.345 1.329 1.318 1.309 

12. 45 1.491 1.458 1.433 1.407 1.384 1.366 1.346 1.330 1.319 1.310 
12.46 1. 492 1.459 1.434 1.408 1.385 1.367 1.347 1. 331 1.320 1.311 
12.47 1.493 1.460 1.435 1.409 1. 386 1.368 1.348 1.332 1.321 1.311 
12. 48 1. 494 1.462 1.436 1.409 1.387 1. 368 1.348 1.332 1.321 1.312 
12. 49 1.495 1.463 1.437 1.410 1.388 1.369 1.349 1.333 1. 322 1.312 

12. 50 1. 496 1. 464 1.438 1.411 1. 389 1.370 1.350 1.334 1.323 1.313 
12.51 1.497 1.465 1. 439 1.412 1.390 1.371 1.351 1.335 1.324 1.314 
12. 52 1.498 1.466 1.440 1.413 1.391 1.372 1.352 1.336 1.324 1.315 
12. 53 1.499 1.467 1.441 1.414 1. 392 1.372 1.352 1.336 1.325 1.315 
12. 54 1.500 1.468 1.442 1.415 1.393 1.373 1. 353 1.337 1.325 1.316 

12. 55 1.501 1.469 1. 443 1. 416 1.394 1.374 1. 354 1.338 1.326 1.317 
12.56 1.502 1.470 1.444 1. 417 1.395 1.375 1. 355 1.339 1.327 1.318 
12. 57 1.503 1.471 1.445 1.418 1.396 1.376 1. 356 1.340 1.328 1.319 
12. 58 1.505 1.472 1. 446 1.418 1.397 1.377 1. 356 1.340 1.328 1.319 
12. 59 1. 506 1.473 1. 447 1. 419 1.398 1.378 1. 357 1.341 1. 329 1.320 

12. 60 1.507 1. 474 1. 448 1. 420 1.399 1.379 1.358 1.342 1.330 1.321 
12. 61 1. 50S 1. 475 1. 449 1. 421 1.400 1. 380 1.359 1.343 1.331 1. 322 
12.62 1. 509 1. 476 1.450 1.422 1. 401 1.381 1. 360 1.344 1.332 1.323 
12. 63 1.510 1.477 1.451 1.423 1.402 1.381 1.360 1.344 1.332 1.323 
12. 64 1.511 i . 478 1. 452 1. 424 1. 403 1. 382 1.361 1.345 1. 333 1.324 

12. 65 1.512 1. 479 1. 453 1. 425 1.404 1.383 1. 362 1.346 1.334 1.325 
12. 66 1.513 1. 480 1. 454 1. 426 1.405 1. 384 1.363 1.347 1.335 1.326 
12. 67 1.514 1.481 1.455 1. 427 1.406 1.385 1.364 1.348 1.335 1.327 

12. 68 1.515 1.482 1.456 1.428 1.407 1.386 1.365 1.348 1.336 1.327 
12. 69 1.516 i.483 1. 457 1. 429 1. 408 1. 387 1.366 1.349 1.336 1.328 

12. 70 1.517 1. 484 1. 458 1. 430 1.409 1.388 1. 367 1.350 1.337 1.329 
12.71 1.518 1. 485 1.459 1. 431 1.410 1.789 1. 368 1.351 1.338 1.330 
12. 72 1.519 1. 486 1.460 1.432 1.411 1. 390 1.369 1.352 1.339 1.330 

12.73 1.520 1.487 1.461 1. 433 1.411 1.390 1.369 1.352 1.339 1.331 
12. 74 1.521 1. 488 1.462 1. 434 1. 412 1. 391 1.370 1.353 1.340 1.331 

12. 75 1. 522 1. 489 1. 463 1. 435 1. 413 1. 392 1.371 1.354 1. 341 1.332 

12. 76 1. 523 1. 490 1. 464 1. 435 1. 414 1. 393 1.372 1.355 1.342 1.333 

12. 7~ 1. 524 1. 491 1. 465 1. 4..'' 1. 415 1. iV4 i . 373 1.356 1. 343 1.334 

12. 78 1. 525 1. 49.: 1. 40t> i. 4.? ; 1. 416 1. 395 i . 373 1.356 1. 343 1.334 

12. 79 1. 520 49- i . 467 1. 438 1. 417 I. 346 •.374 1.357 1.344 1.335 

VII - 72 



T 
r 

P r 
12. 35 - 12. 79 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2.60 2. 80 3. 00 Pr 

1.290 1.277 1.270 1.265 1.261 1.254 1.250 1. 247 1.246 1.245 12. 35 
1.291 1.278 1.271 1.266 1.262 1.254 1.250 1.247 1.246 1.245 12.36 
i.291 1. 279 1.271 1.266 1.262 1.255 1.251 1.248 1.247 1.246 12. 37 
1.292 1.279 1.272 1.267 1.263 1.255 1.251 1.248 1.247 1.246 12. 38 
1.292 1.280 1.272 1.267 1.263 1.256 1.252 1.249 1.248 1.247 12. 39 

1.293 1. 281 1.273 1.268 1.264 1. 256 1.252 1.249 1.248 1.247 12.40 
1.294 1.282 1.274 1.268 1. 264 1.256 1.252 1.249 1.248 1.247 12. 41 
1.294 1.282 1.274 1.269 1.265 1.257 1.253 1. 249 1.248 1. 247 12. 42 
1.295 1.283 1.275 1.269 1.265 1.257 1.253 1. 250 1.249 1.248 12.43 
1.295 1.283 1.275 1.270 1.266 1. 258 1.254 1.250 1.249 1. 248 12. 44 

1.296 1.284 1.276 1.270 1.266 1.258 1.254 1. 250 1.249 1.248 12. 45 
1.297 1.285 1.277 1.271 1.267 1. 259 1.254 1.250 1.249 1.248 12.46 
1.298 1.286 1.277 1.271 1.267 1.259 1.255 1.251 1.250 1. 249 12.47 
1.298 1.286 1.278 1.272 1.268 1. 260 1.255 1.251 1.250 1.249 12.48 
1.299 1.287 1.278 1.272 1.268 1.260 1.256 1.252 1.251 1.250 12. 49 

1.300 1.288 1.279 1.273 1.269 1.261 1.256 1.252 1.251 1.250 12.50 
1.301 1.288 1.280 1.273 1.269 1.261 1.256 1.252 1.251 1.250 12.51 
1.301 1.289 1.280 1.274 1.270 1.262 1.257 1.253 1.251 1.250 12.52 
1.302 1.289 1.281 1. 274 1.270 1.262 1.257 1.253 1.252 1. 251 12. 53 
1.302 1.290 1.281 1.275 1. 271 1.263 1.258 1.254 1.252 1.251 12.54 

1. 303 1.290 1.282 1.275 1.271 1.263 1.258 1.254 1.252 1.251 12.55 
1.304 1.291 1.283 1.276 1.271 1.263 1.258 1. 254 1.252 1.251 12.56 
1.305 1.291 1.283 1.276 1.272 1. 264 1.259 1.255 1.253 1.252 12.57 
1.305 1. 292 1.284 1.277 1.272 1.264 1.259 1.255 1.253 1.252 12.58 
1.306 1.292 1.284 1.277 1.273 1.265 1.260 1.256 1.254 1.253 12. 59 

1.307 1.293 1.285 1.278 1.273 1.265 1.260 1.256 1.254 1.253 12.60 
1.308 1. 294 1.286 1.278 1.274 1.265 1.260 1.256 1.254 1.253 12.61 
1.308 1.295 1.286 1.279 1. 274 1.266 1.260 1.256 1.255 1.254 12. 62 
1.309 1.295 1.287 1. 279 1.275 1.266 1.261 1.257 1.255 1.254 12. 63 
I. 309 1.296 1.287 1.280 1.275 1.267 1.261 1.257 1.256 1.255 12. 64 

1. 310 1.297 1.288 1.280 1.276 1. 267 1.261 1.257 1.256 1.255 12. 65 
1.311 1.298 1.289 1.281 1.277 1.267 1.261 1.257 1.256 1.255 12. 66 
1.312 1.298 1.289 1.281 1.277 1. 268 1.262 1.258 1.257 1.256 12.67 
1.312 1.299 1.290 1.282 1.278 1.268 1.262 1.258 1.257 1.256 12.68 
1. 313 1. 299 1.290 1.282 1.278 1.269 1.263 1.259 1.258 1.257 12.69 

1.314 1.300 1.291 1. 283 1.279 1.269 1. 263 1. 259 1.258 1. 257 12. 70 
1.315 1.301 1.292 1.284 1.279 1.269 1.263 1.259 1.258 1.257 12.71 
1.315 1. 301 1.292 1.284 1.280 1.270 1.264 1.260 1.258 1.257 12. 72 
1.316 1. 302 1.293 1.285 1.280 1.270 1.264 1.260 1.259 1.258 12. 73 
1.316 1.302 1.293 1.285 1.281 1.271 1.265 1.261 1.259 1.258 12.74 

1.317 1.303 1.294 1.286 1. 281 1.271 1.265 1.261 1.259 1.258 12. 75 
1. 3)8 1.304 1.295 1.287 1.281 1.271 1.265 1.261 1.259 1.258 12. 76 
1.319 1.304 1.295 1.287 1.282 1.272 1.266 1. 262 1.260 1. 259 12.77 
1. 319 1.305 1.296 1.288 1.282 1.272 1.266 1.262 1.260 1.259 12.78 
1.320 1. 305 1.296 1.288 1.283 1.273 1.267 1.263 1.261 1.260 12. 79 

VII - 73 



Pr 1.05 1. 10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

12.80 1. 527 1.495 1.468 1.439 
12.81 1. 528 1.496 1.469 1.440 
12.82 1.529 1. 497 1.470 1.441 
12.83 1. 530 1.498 1.471 1.442 
12.84 1.531 1.499 1.472 1.443 

12.85 1. 532 1.500 1.473 1. 444 
12.86 1. 533 1.501 1.474 1.445 
12.87 1.534 1.502 1.475 1.446 
12. 88 1. 535 1.503 1.475 1.447 
12. 89 1. 536 1.504 1.476 1.448 

12.90 1.537 1.505 1.477 1.449 
12.91 1.538 1.506 1.478 1.450 
12. 92 1. 539 1. 507 1.479 1.451 
12. 93 1.540 1.508 1.480 1.452 
12.94 1.541 1.509 1. 481 1.453 

12. 95 1.542 1.510 1.482 1.454 
12.96 1.543 1.511 1.483 1.455 
12.97 1.544 1.512 1. 484 1. 456 
12.98 1.546 1.513 1. 485 1.456 
12.99 1.547 1.514 1.486 1.457 

13.00 1.548 1.515 1. 487 1.458 
13.01 1. 549 1.516 1.488 1.459 
13. 02 1.550 1.517 1.489 1.460 
13. 03 1.551 1.518 1.490 1.461 
13. 04 1.552 1.519 1.491 1.462 

13. 05 1.553 1.520 1.492 1.463 
13.06 1. 554 1.521 1.493 1.464 
13.07 1.555 1. 522 1.494 1.465 
13. 08 1.556 1.523 1.495 1. 466 
13.09 1.557 1.524 1.496 1. 467 

13. 10 1.558 1. 525 1.497 1. 468 
13.11 1. 559 1.526 1. 498 1.469 
13.12 1.560 1.527 1.499 1.470 
13.13 1.561 1.52S 1.500 1.471 
13.14 1.562 1.529 1.501 1. 472 

13. 15 1. 563 1.530 1.502 1.473 
13.16 1.564 1.531 1.503 1. 474 
13.17 1.565 1.532 1.504 1. 475 
13.18 1.566 1.533 1. 505 1. 475 
13. 19 1.567 1.534 1.506 1. 476 

13. 20 1.568 1. 535 1.507 1. 477 
13.21 1.569 1.536 1.508 1. 478 
13. 22 1.570 1.537 1.509 1. 479 
13. 23 1. 571 1. 53* 1.510 1.4f0 
13. 24 1.572 1. 53'» 1. 511 1.4i.l 

1. 418 1.397 1.375 1.358 1.345 1.336 
1.419 1.398 1.376 1.359 1.346 1. 337 
1.420 1.399 1.377 1.360 1. 346 1.337 
1.420 1.399 1.377 1.360 1.347 1.338 
1.421 1.400 1.378 1.361 1.347 1.338 

1.422 1.401 1.379 1.362 1.348 1.339 
1.423 1.402 1. 380 1.363 1.349 1.340 
1. 424 1.403 1.381 1.363 1.350 1.340 
1.425 1.403 1.381 1.364 1.350 1.341 
1.426 1.404 1.382 1.364 1.351 1.341 

1.427 1.405 1. 383 1.365 1.352 1.342 
1.428 1.406 1.384 1.366 1.353 1.343 
1.429 1.407 1.385 1.367 1.354 1.344 
1.429 1.407 1.385 1.367 1.354 1.344 
1.430 1.308 1.386 1.368 1.355 1.345 

1. 431 1.409 1. 387 1.369 1.356 1. 346 
1.432 1. 410 1.388 1.370 1.357 1.347 
1. 433 1.411 1.389 1.371 1. 358 1.348 
1. 434 1.412 1.389 1.372 1.358 1. 348 
1.435 1. 413 1.390 1.373 1.359 1. 349 

1.436 1. 414 1. 391 1.374 1.360 1.350 
1.437 1.415 1. 392 1.375 1.361 1.351 
1.438 1.416 1.393 1.376 1.362 1.352 
1.438 1.416 1.393 1.376 1. 362 1.352 
1.439 1. 417 1.394 1.377 1. 363 1.353 

1.440 1. 418 1.395 1.378 1. 364 1.354 
1.441 1. 419 1.396 1.379 1.365 1.355 
1.442 1. 420 1. 397 1.379 1.365 1.356 
1. 443 1. 420 1.397 1.380 1.366 1.356 
1. 444 1.421 1.398 1.380 1.366 1.357 

1. 445 1. 422 1.399 1.381 1.367 1.358 
1. 446 1. 423 1.400 1.382 1. 368 1.359 
1.447 1. 424 1.401 1.383 1.369 1.359 
1.447 1. 424 1. 401 1.383 1.369 1.360 
1.448 1. 425 1. 402 1.384 1.370 1.360 

1.449 1. 426 1. 403 1.385 1. 371 1.361 
1.450 1. 427 1.404 1.386 1.372 1.362 
1.451 1. 428 1.405 1.387 1.372 1.362 
1. 451 1. 429 1.406 1.387 1. 373 1.363 
1. 452 1.430 1.407 1. 388 1.373 1.363 

1. 453 1. 431 1. 408 1.389 1.374 1.364 
1. 454 1. 432 1. 409 1.390 1.375 1.365 
1. 455 1.433 1. 410 1.391 1. 376 1.366 
1. 456 1. 433 1. 410 1.391 1. 376 1.366 
1. 457 1. 434 1. 411 1.392 1.377 1.367 



T 
r 12.80 - 13.24 

1. 60 1.70 1.80 1.90 2.00 2. 20 2. 40 2.60 2. 80 3.00 Pr 

1.321 1.306 1.297 1.289 1.283 1. 273 1.267 1. 263 1.261 1.260 12. 80 
1.322 1.307 1.297 1.289 1.284 1.273 1.267 1.263 1.261 1.260 12.81 
K. 322 1.307 1.298 1.290 1.284 1.274 1.268 1.264 1.262 1.260 12.82 
1. 323 1.308 1.298 1.290 1.285 1.274 1.268 1.264 1.262 1.261 12.83 
1. 323 1.308 1.299 1.291 1.285 1.275 1.269 1.265 1.263 1.261 12.84 

1.324 1. 309 1.299 1.291 1.286 1.275 1.269 1.265 1.263 1.261 12.85 
1.325 1.310 1.300 1.292 1.287 1.275 1.269 1.265 1.263 1. 262 12.86 
1.326 1.310 1.300 1.292 1.287 1.276 1.270 1.266 1.264 1.262 12.87 
1.326 1.311 1.301 1.293 1.288 1.276 1.270 1.266 1.264 1.262 12. 88 
1.327 1.311 1.301 1.293 1.288 1.277 1.271 1.267 1.265 1.263 12.89 

1.328 1.312 1.302 1.294 1.289 1.277 1.271 1.267 1.265 1.263 12. 90 
1.329 1.313 1.303 1.295 1.289 1.277 1.271 1.267 1.265 1.263 12.91 
1.329 1.313 1.303 1. 295 1.290 1.278 1. 271 1.267 1.265 1.264 12.92 
1.330 1.314 1.304 1.296 1.290 1.278 1.272 1.268 1.266 1.264 12. 93 
1. 330 1.314 1.304 1.296 1.291 1.279 1.272 1.268 1.266 1.265 12. 94 

1.331 1.315 1.305 1. 297 1.291 1.279 1.272 1.268 1.266 1.265 12. 95 
1.332 1.316 1.306 1.298 1.291 1.279 1.272 1.268 1.266 1.265 12.96 
1.333 1.317 1.306 1.298 1.292 1.280 1.273 1.269 1.267 1.266 12.97 
1. 333 1. 317 1.307 1. 299 1.292 1.280 1.273 1.269 1.267 1.266 12.98 
1.334 1. 318 1.307 1.299 1.293 1.281 1.274 1.270 1.268 1.267 12.99 

1.335 1. 319 1.308 1.300 1.293 1. 281 1.274 1.270 1.268 1.267 13.00 
1.336 1. 319 1.308 1.300 1.293 1.281 1.274 1. 270 1.268 1. 267 13. 01 
1.336 1.320 1.309 1.301 1.294 1.282 1.275 1. 270 1.268 1.267 13.02 
1.337 1.320 1.309 1.301 1.294 1.282 1.275 1.271 1.269 1.268 13.03 
1.337 1.321 1.310 1.302 1.295 1.283 1.276 1.271 1.269 1.268 13. 04 

1. 338 1. 321 1.310 1.302 1.295 1.283 1.276 1.271 1.269 1.268 13.05 
1. 339 1.322 1.311 1.302 1.296 1.284 1.276 1. 271 1.269 1.268 13.06 
1.339 1.322 1.311 1.303 1.296 1. 284 1.277 1.272 1.270 1.269 13. 07 
1.340 I . 323 1.312 1.303 1.297 1.285 1.277 1.272 1.270 1. 269 13. 08 
J. 340 1.323 1.312 1.304 1.297 1.285 1.278 1.273 1.271 1.270 13.09 

1. 341 1. 324 1.313 1.304 1.298 1. 286 1.278 1.273 1.271 1.270 13.10 
1.342 1. 325 1.314 1. 305 1.298 1. 286 1.278 1. 273 1.271 1. 270 13.11 
1.343 1.325 1.314 1.305 ..299 1.287 1.279 1. 274 1.272 1.270 13.12 
1. 343 1. 326 1.315 1.306 i . 299 1.287 1. 279 1.274 1. 272 1.271 13.13 
1. 344 1. 326 1.315 1.306 1.300 1.288 1.280 1.275 1.273 1.271 13.14 

1. 345 1. 327 1.316 1.307 1.300 1.288 1.280 1. 275 1.273 1. 271 13.15 
1. 346 1. 328 1.317 1.308 1. 301 1.288 1.280 1.275 1.273 1.271 13.16 
1. 347 1. 329 1.318 1.308 1.301 1.289 1.281 1.276 1.274 1.272 13. 17 
1.347 1. 329 1.318 1.309 1.302 1.289 1.281 1.276 1.274 1.272 13.18 
1.348 1.330 1.319 1. 309 1.302 1.290 1.282 1.277 1.275 1.273 13.19 

1.349 1.331 1.320 1.310 1.303 1.290 1.282 1.277 1.275 1. 273 13.20 
1. 350 1. 332 1.320 1.311 1. 303 1.290 1.282 1. 277 1.275 1.273 13.21 

1. 350 1. 332 1.321 1. 311 1.304 1.291 1.283 1.277 1.275 1.274 13. 22 

1. 351 1. 333 1.321 1.312 1.304 1.291 1.283 1.278 1.276 1. 274 13.23 

1. 351 1. 333 1. 322 1.312 1. 305 1.292 1.284 1.278 1.276 1.275 13.24 

VII - 75 



Pr 1-05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

13.25 1.573 1.540 1.512 1.482 
13.26 1. 574 1.541 1.513 1.483 
13.27 1.575 1.542 1.514 1.484 
13.28 1. 576 1.544 1.515 1.484 
13. 29 1. 577 1.545 1.516 1.485 

13. 30 1.578 1.546 1.517 1. 486 
13.31 1.579 1.547 1. 518 1.487 
13. 32 1.580 1.548 1. 519 1.488 
13. 33 1. 581 1.549 1.519 1.489 
13. 34 1.582 1.550 1.520 1. 490 

13. 35 1.583 1.551 1.521 1.491 
13.36 1.584 1.552 1.522 1.492 
13. 37 1.585 1.553 1.523 1.493 
13.38 1.587 1. 554 1.524 1.493 
13. 39 1.588 1.556 1.525 1.494 

13.40 1. 589 1.556 1.526 1.495 
13. 41 1.590 1. 557 1.527 1.496 
13.42 1.591 1.558 1.528 1.497 
13. 43 1.592 1.559 1.529 1.498 
13. 44 1. 593 1.560 1.530 1.499 

13. 45 1.594 1.561 1. 531 1.500 
13. 46 1.595 1.562 1. 532 1.501 
13. 47 1.596 1.563 1.533 1.502 
13. 48 1.597 1.564 1.534 1.502 
13. 49 1.598 1.565 1.535 1.503 

13. 50 1.599 1.566 1.536 1.504 
13. 51 1.600 1. 567 1.537 1.505 
13.52 1.601 1.563 1.538 1.506 
13. 53 1.602 1. 569 1.539 1.507 
13. 54 1.603 1.570 1.540 1.508 

13. 55 1.604 1. 571 1.541 1.509 
13. 56 1.605 1.572 1.542 1. 510 
13. 57 1.606 1.573 1.543 1.511 
13. 58 1.607 1.575 1.544 1.512 
13. 59 1.608 1.576 1.545 1.513 

13.60 1.609 1.577 1.546 1.514 
13.61 1.610 1. 578 1.547 1.515 
13. 62 1.611 1.579 1.548 1.516 
13. 63 1.612 1.580 1.549 1.516 
13. 64 1.613 1.581 1. 550 1.517 

13. 65 1.614 1. 582 1.55! 1.518 
13. 66 1.615 1. 583 1.552 1.519 
13. t>7 1. 616 1.584 1.553 1. 52(» 
13. 6K 1.617 1. 585 1. 554 1. 521 
13. 69 1.618 1. 586 1. 555 1. 522 

1.458 1.435 1.412 1.393 1.378 1.368 
1.459 1.436 1.413 1.394 1.379 1.369 
1.460 1.437 1.414 1.395 1.380 1.370 
1. 461 1.438 1. 414 1.396 1.380 1.370 
1. 462 1.439 1.415 1.397 1.381 1.371 

1.463 1.440 1.416 1.398 1.382 1.372 
1.464 1.441 1. 417 1.399 1.383 1.373 
1. 465 1.442 1. 418 1.399 1.383 1.373 
1.465 1.442 1.418 1.400 1.384 1.374 
1. 466 1. 443 1. 419 1.400 1.384 1.374 

1.467 1.444 1.420 1.401 1.385 1.375 
1.468 1. 445 1.421 1.402 1.386 1.376 
1. 469 1.446 1.422 1.402 1.387 1.377 
1.470 1.447 1.422 1.403 1.387 1.377 
1.471 1.448 1.423 1.403 1.388 1.378 

1.472 1. 449 1.424 1.404 1.389 1.379 
1.473 1.450 1.425 1.405 1. 390 1.380 
1.474 1.451 1.426 1.406 1.391 1.380 
1.474 1. 451 1.426 1.406 1. 391 1.381 
1.475 1.452 1. 427 1. 407 1.392 1.381 

1.476 1.453 1.428 1.408 1.393 1.382 
1.477 1.454 1.429 1.409 1.394 1.383 
1.478 1. 455 1. 430 1.410 1.395 1.384 
1. 478 1.455 1.430 1.410 1.395 1.384 
1.480 1.456 1.431 1.411 1.396 1.385 

1.481 1.457 1.432 1.412 1.397 1.386 
1.482 1. 458 1.433 1.413 1.398 1.387 
1.483 1.459 1. 434 1. 414 1.398 1. 387 
1. 483 1.459 1.434 1. 414 1.399 1.388 
1. 484 1.460 1. 435 1. 415 1.399 1.388 

1. 485 1.461 1.436 1.416 1.400 1.389 
1.486 1.462 1. 437 1.417 1.401 1.390 
1. 487 1.463 1.438 1.418 1.402 1.391 
1.488 1. 464 1. 438 1.418 1.402 1.391 
1. 489 1.465 1.439 1. 419 1. 403 1.392 

1. 490 l.<-66 1. 440 1.420 1.404 1.393 
1.491 1.467 1. 441 1.421 1.405 1.394 
1.492 1.468 1.442 1.422 1.406 1.394 
1.492 1.468 1.442 1.422 1.406 1. 395 
1. 493 1. 469 1. 443 1.423 1.407 1.396 

1. 494 1. 470 1. 444 1.424 1.408 1.396 
1. 495 1.471 1. 445 1.425 1.409 1.397 
1. 496 1.472 1. 446 1.426 1.410 1.398 
1. 497 1. 473 1. 446 1.426 1.410 1.398 
1. 498 1. 474 1. 447 1.427 1.411 1.399 
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13. 25 - 13.69 

1. 60 1.70 1. 80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

1. 352 1.334 1.322 1. 313 1.305 1.292 1.284 1.278 1.276 1.275 13.25 
1.353 1.335 1.323 1.314 1.306 1. 292 1.284 1.278 1.276 1.275 13.26 
..353 1.335 1.323 1.314 1.306 1. 293 1.285 1.279 1.277 1.276 13.27 
1.354 1.336 1.324 1.315 1.307 1.293 1.285 1.279 1.277 1.276 13.28 
1.354 1.336 1.324 1.315 1.307 1.294 1.286 1.280 1.278 1.277 13.29 

1. 355 1.337 1.325 1.316 1.308 1.294 1.286 1.280 1.278 1.277 13. 30 
1.356 1.338 1.326 1.316 1.308 1. 294 1.286 1.280 1.278 1.277 13.31 
1. 356 1.338 1.326 1. 317 1.309 1. 295 1.286 1.280 1.278 1.277 13.32 
1. 357 1. 339 1.327 1.317 1.309 1.295 1.287 1.281 1.279 1.278 13. 33 
1.357 1.33V 1.327 1.318 1.310 1.296 1.287 1.281 1.279 1.278 13.34 

1.358 1.340 1.328 1.318 1.310 1.296 1.287 1.281 1.279 1.278 13.35 
1. 359 1.341 1.329 1.319 1.311 1.296 1.287 1. 281 1.279 1.278 13. 36 
1.360 1.341 1.329 1.319 1.311 1. 297 1.388 1.282 1.280 1.279 13. 37 
1.360 1.342 1.330 1.320 1.312 1. 297 1.288 1.282 1.280 1.279 13.38 
1.361 1.342 1.330 1.320 1.312 1. 298 1.289 1.283 1.281 1.280 13. 39 

1.362 1.343 1.331 1.321 1.313 1. 298 1.289 1. 283 1.281 1.280 13.40 
1.363 1.344 1.332 1.321 1.313 1.298 1.289 1.283 1.281 1.280 13.41 
1.363 1.344 1.332 1.322 1.314 1.299 1.290 1.284 1.282 1.280 13. 42 
1.364 1.345 1.333 1.322 1.314 1.299 1.290 1.284 1.282 1.281 13. 43 
1.364 1. 345 1.333 1.323 1.315 1.300 1.291 1.285 1.283 1.281 13. 44 

1.365 1.346 1.334 1.323 1.315 1.300 1.291 1.285 1.283 1.281 13. 45 
1.366 1.347 1.335 1.324 1.315 1. 300 1.291 1.285 1.283 1.281 13.46 
1.367 1.347 1.335 1.324 1.316 1.301 1.292 1.286 1.284 1.282 13.47 
1.367 1.348 1.336 1.325 1.316 1.301 1.292 1. 286 1.284 1.282 13.48 
1.368 1.348 1.336 1.325 1.317 1.302 1.293 1.287 1.285 1.283 13. 49 

1.369 1.337 1.337 1.326 1.317 1.302 1.293 1.287 1.285 1.283 13. 50 
1.370 1.338 1.338 1.326 1.317 1.302 1.293 1.287 1.285 1.283 13.51 
1.370 1.350 1.338 1. 327 1.318 1.303 1.294 1.288 1.286 1. 284 13. 52 
1.371 1.351 1. 339 1.327 1.318 1.303 1.294 1.288 1.286 1. 284 13.53 
1. 371 1.351 1.339 1. 328 1.319 1.304 1.295 1.289 1.287 1.284 13. 54 

1.372 1.352 1.340 1.328 1. 319 1.304 1.295 1.289 1.287 1.285 13. 55 
1.373 1. 353 1.341 1.329 1. 320 1.304 1.295 1.289 1.287 1.285 13. 56 
1.374 1. 353 1.341 1.329 1. 320 1.305 1.296 1.290 1.288 1.286 13. 57 
1.374 1.354 1.342 1.330 1. 321 1.305 1.296 1.290 1.288 1. 286 13. 58 
1.375 1.354 1.342 1. 330 1. 321 1.306 1.297 1.291 1.289 1.287 13. 59 

1.376 1.355 1.343 1.331 1. 322 1.306 1.297 1.291 1.289 1.287 13.60 
1.377 1.356 1.344 1. 332 1. 322 1.306 1.297 1.291 1.289 1.287 13.61 
1.377 1.356 1.344 1. 332 1. 323 1.307 1.297 1.291 1.289 1.288 13.62 

1.378 1.357 1.345 1.333 1. 323 1.307 1.298 1.292 1.290 1. 288 13.63 
1.378 1.357 1.345 1.333 1. 324 1.308 1.298 1.292 1.290 1.288 13.64 

1.379 1. 358 1.346 1.334 1.324 1.308 1.298 1.292 1.290 1.288 13. 65 

1.380 1.359 1.347 1. 335 1.325 1.308 1.298 1.292 1.290 1. 288 13.66 
1.380 1.359 1.347 1.335 1.325 1.309 1.299 1.293 1.291 1.289 13.67 
1. 381 1.360 1.348 1. 336 1.326 1.309 1.299 1.293 1.291 1. 289 13.68 
1.381 1.360 1.348 1. 336 1.326 1.310 1.300 1.294 1.292 1.290 13.69 
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1.05 l . io 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

13. 70 1.619 1.587 1.556 1.523 
13.71 1.620 1.588 1.557 1.524 
13. 72 1. 621 1.589 1.558 1.525 
13. 73 1.622 1.590 1.559 1.525 
13.74 1.623 1.591 1.560 1.526 

13.75 1.624 1.592 1.561 1.527 
13.76 1.625 1.593 1.562 1.528 
13. 77 1.626 1.594 1.563 1.529 
13. 78 1.628 1.595 1.564 1.530 
13.79 1.629 1.596 1.565 1.531 

13. 80 1.630 1.597 1.566 1.532 
13.81 1.631 1.598 1.567 1.533 
13. 82 1.632 1.599 1.568 1.534 
13. 83 1.633 1.600 1.569 1.535 
13. 84 1.634 1.601 1.570 1.536 

13. 85 1.635 1.602 1.571 1.537 
13.86 1.636 1.603 1.572 1.538 
13. 87 1.637 1.604 1. 573 1.539 
13. 88 1.638 1.606 1.573 1.540 
13. 89 1.639 1.607 1.574 1.541 

13. 90 1.640 1.608 1.574 1.542 
13.91 1.641 1.609 1.576 1.543 
13. 92 1.642 1.610 1.577 1.544 
13. 93 1.643 1.611 1.578 1.544 
13. 94 1.644 1.612 1.545 

13. 95 1. 645 1.613 1.580 1. 5-,6 
13.96 1. 646 1.614 1.581 1. 547 
13. 97 1.647 1.615 1.582 1.548 
13. 98 1.648 1.616 1.583 1.548 
13. 99 1.649 1.617 1. 584 1.549 

14 .00 1.650 1.618 1.585 1.550 
14 .01 1.651 1.619 1.586 1. 551 
14. 02 1.652 1.620 1.587 1.552 
14. 03 1. 653 1. 621 1.588 1.553 
14. 04 1.654 1. 622 1.589 1. 554 

14. 05 1.655 1.623 1.590 1.555 
14. 06 1.656 1.624 1.591 1.555 
14. 07 1.657 1.625 1.592 1.557 
14.08 1.659 1.626 1.593 1. 553 
14.09 1.660 1. 627 1.594 1.559 

14. 10 1.661 1.62» 1.595 1. 560 
14. 11 1.662 1.629 1.596 1.561 
14. 12 1. 663 1.63C 1. 597 1. 56* 
14. 13 1. 664 1.631 1. 598 1. 563 
14. 14 1.665 1.632 1. 599 1. 5 6 i 

1.499 1.475 1. 448 1.428 1.412 1.400 
1.500 1.476 1.449 1.429 1. 413 1.401 
1. 501 1.477 1.450 1.430 1.414 1.402 
1.501 1.477 1.450 1.430 1.414 1.402 
1.502 1.478 1. 451 1.431 1.415 1.403 

1. 503 1.479 1.452 1.532 1.416 1.404 
1.504 1.480 1.453 1.433 1. 417 1.405 
1.505 1.481 1.454 1.434 1. 417 1.406 
1.506 1.481 1.454 1.434 1.418 1.406 
1.507 1.482 1.455 1.435 1.418 1.407 

1.508 1.483 1.456 1.436 1.419 1.408 
1.509 1.484 1.457 1.437 1.420 1.409 
1. 510 1.485 1.458 1.437 1.421 1.409 
1.511 1.485 1.458 1.438 1.421 1.410 
1.512 1.486 1.459 1.438 1.422 1.410 

1.513 1.487 1.460 1.439 1.423 1.411 
1.514 1.488 1. 461 1.440 1.424 1.412 
1.515 1.489 1.462 1.441 1.424 1.413 
1.515 1.490 1. 463 1.441 1.425 1.413 
1.516 1.491 1. 464 1.442 1.425 1.413 

1.517 1.492 1.465 1.443 1.426 1. 414 
1.518 1.493 1.466 1.444 1.427 1.415 
1.519 1. 494 1.467 1.445 1.428 1.416 
1.520 1.494 1.467 1.445 1.428 1.416 
1.521 1.495 1. 468 1.446 1.429 1.417 

1.522 1.496 1. 469 1.447 1.430 1.417 
1.523 1.497 1.470 1.448 1.431 1.418 
1.524 1.498 1.471 1.449 1.432 1.419 
1.524 1.498 1. 471 1.449 1.432 1.419 
1.525 1. 499 1. 472 1.450 1. 433 1.420 

1.526 1.500 1.473 1.451 1.434 1.421 
1.527 1. 501 1.474 1.452 1.435 1.422 
1.528 1. 502 1.475 1.453 1.435 1.423 
1. 529 1.532 1.476 1.453 1.436 1.423 
1.530 1. 503 1.477 1.454 1.436 1.424 

1.531 1. 504 1.478 1.455 1.437 1.425 
1.532 1. 505 1.479 1.456 1.438 1.426 
1.533 1.506 1. 480 1.457 1.439 1.427 
1.533 1.507 1.480 1.457 1.439 1.427 
1. 534 1.508 1.481 1.458 1.440 1.428 

1. 535 1.509 1.482 1.459 1.441 1.429 
1.536 1.510 i.483 1.460 1.442 1.430 
1.537 1.511 1. 484 1.461 1.443 1.430 
1. 537 1.511 1. 484 1.461 1.443 1.431 
1. 538 1. 512 1. 485 1.462 1. 444 1.431 
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P r 
13. 70 - 14.14 

1. 6U 1.70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 p r 

1.382 1. 361 1.349 1.337 1.327 1.310 1.300 1.294 1.292 1.290 13. 70 
• 383 1.362 1.349 1. 337 1.327 1.310 1.300 1.294 1.292 1.390 13.71 
i.383 1.362 1.350 1.338 1.328 1.311 1.300 1.295 1.292 1.290 13. 72 
1. 384 1.363 1.350 1 338 1.328 1.311 1.301 1.295 1.293 1. 291 13. 73 
1.384 1.363 1.351 1.339 1.329 1.312 1.301 1.29f 1.293 1.291 13. 74 

1.385 1.364 1.351 1.339 1.329 1.312 1.301 1. 296 1.293 1.291 13.75 
1.386 1.365 1.352 1.340 1.330 1.312 1.301 1.296 1.293 1.291 13. 76 
1. 387 1.366 1.352 1.340 1.330 1.313 1.302 1.297 1.294 1.292 13.77 
1.387 1.366 1.353 1.341 1.331 1.313 1.302 1.297 1.294 1.292 13. 78 
1.388 1.367 1.353 1.341 1.331 1. 314 1.303 1. 298 1.295 1.293 13. 79 

1.389 1.368 1.354 1. 342 1.332 1. 314 1.303 1. 298 1.295 1.293 13. 80 
1.390 1.369 1.355 1. 343 1.332 1.314 1.303 1. 298 1.295 1.293 13.81 
1.391 1.369 1.355 1. 343 1.333 1.315 1.304 1. 299 1.296 1.294 13. 82 
1.391 1.370 1.356 1. 344 1.333 1.315 1. 304 1. 299 1.296 1.294 13.83 
1.392 1.370 1.356 1. 344 1.334 1.316 1. 305 1. 300 1.297 1.295 13. 84 

1.393 1. 371 1.357 1.345 1.334 1. 316 1.305 1.300 1.297 1.295 13. 85 
1.394 1.372 1.358 1.346 1.335 1.316 1.305 1.300 1.297 1.295 13. 86 
1.395 1. 372 1.358 1.346 1. 335 1.317 1.306 1. 300 1.298 1.296 13. 87 
1.395 1. 373 1.359 1.347 1.336 1.317 1.306 1. 301 1.298 1.296 13. 88 
1.396 1.373 1.359 1.347 1.336 1.318 1.307 1.301 1.299 1.297 13. 89 

1.397 1.374 1.360 1.348 1.337 1.318 1.307 1.301 1.299 1.297 13. 90 
1.397 1.375 1.361 1. 348 1.337 1.318 1.307 1.301 1.299 1.297 13.91 
1.398 1. 375 1.361 1.349 1.338 1.319 1.308 1.301 1.299 1.297 13.92 
1.398 1.376 1.362 1. 349 1.338 1.319 1.308 1.302 1.300 1.298 13. 93 
1.399 1.376 1.362 1.350 1.339 1. 320 1.309 1.302 1.300 1.298 13. 94 

1.399 1.377 1.363 1.350 1. 339 1. 320 1.309 1. 302 1.300 1.298 13. 95 
1. 400 1. 378 1.364 1. 351 1. 339 1.320 1.309 1. 302 1.300 1.298 13. 96 
1.400 1.378 1.364 1. 351 1. 340 1. 321 1.310 1. 303 1.301 1.299 13. 97 
1. 401 1. 379 1.365 1.352 1.340 1.321 1.310 1. 303 1.301 1.299 13. 98 
1. 401 1.379 1.365 1.352 1.341 1.321 1.311 1.304 1. 302 1. 300 13. 99 

1. 402 1. 380 1.366 1.353 1.341 1. 322 1.311 1. 304 1.302 1. 300 14.00 
1. 403 1.381 1.367 1.354 1. 341 1.322 1.311 1. 304 1. 302 1.300 14.01 
1.403 1.381 1.367 1.354 1.342 1.323 1.312 1. 305 1.302 1. 300 14. 02 
1. 404 1.382 1.368 1. 355 1. 342 1.323 1.312 1. 305 1.303 1. 301 14. 03 
1. 404 1.382 1.368 1.355 1. 343 1.324 1.313 1.306 1.303 1. 301 14. 04 

1.405 1. 383 1.369 1.356 1.343 1. 324 1.313 1.306 1.303 1. 301 14.05 
1.406 1. 384 1.370 1.356 1. 344 1. 324 1. 313 1.306 1.303 1.301 14.06 
1. 407 1. 384 1.370 1. 357 1. 344 1.325 1.314 1. 307 1.304 1.302 14. 07 
1. 407 1. 385 1.371 1.357 1. 345 1.325 1.314 1. 307 1.304 1.302 14. 08 
1. 408 1. 385 1. 371 1.358 1. 345 1. 326 1. 315 1. 308 1.305 1. 303 14. 09 

1. 409 1.386 1. 372 1.358 1. 346 1. 326 1.315 1. 308 1.305 1. 303 14. 10 
1 410 1. 387 1.373 1. 358 1. 346 1. 326 1. 315 1. 308 1.305 1. 303 14. 11 
1. 410 1. 387 1.373 1. 359 1.347 1. 327 1. 316 1. 308 1.306 1. 304 14. 12 
1. 411 1. 388 1.374 1.359 1.347 1. 327 1. 316 1. 309 1.306 1. 304 14. 13 
1. 411 1. 388 1.374 1.360 1. 348 1. 328 1. 317 1. 309 1.307 1. 305 14. 14 
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1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

14.15 1.666 
14.16 1.667 
14.17 1.668 
14.18 1.669 
14.19 1.670 

14.20 1.671 
14.21 1. 672 
14. 22 1. 673 
14. 23 1. 674 
14.24 1.675 

14.25 1.676 
14. 26 1. 677 
14.27 1.678 
14.28 1.679 
14. 29 1. 680 

14. 30 1. 681 
14.31 1.682 
14. 32 1. 683 
14.33 1.684 
14.34 1.685 

14.35 1.686 
14. 36 1.687 
14.37 1.688 
14.38 1.690 
14.39 1.691 

14. 40 1. 692 
14.41 1.693 
14.42 1.694 
14.43 1.695 
14.44 1.696 

14.45 1.697 
14. 46 1. 698 
14.47 1.699 
14. 48 1. 700 
14.49 1.701 

14.50 1.702 
14. 51 1. 703 
14.52 1.704 
14. 53 1. 705 
14. 54 1. 706 

14.55 1.707 
14.56 1.708 
14.57 1.709 
14.58 1.710 
14.59 1.711 

1.633 1.600 
1.634 1.601 
1.635 1.602 
1.637 1.603 
1.638 1.604 

1.639 1.605 
1.640 1.606 
1.641 1.607 
1.642 1.607 
1.643 1.608 

1.644 1.609 
1.645 1.610 
1.646 1.611 
1.647 1. 612 
1.648 1.613 

1.649 1.614 
1.650 1.615 
1.651 1.616 
1.652 1.617 
1.653 1.618 

1.654 1.619 
1.655 1.620 
1.656 1.621 
1.657 1.622 
1.658 1.623 

1.659 1.624 
i.ocO 1.625 
1.661 1.626 
1. 662 1. 627 
1.663 1.628 

1. 664 1. 629 
1.665 1.630 
1.666 1.631 
1.667 1. 632 
1.668 1.633 

1.669 1. 634 
1.670 1.635 
1.671 1.636 
1. 672 1.637 
1.673 1.638 

1.674 1.639 
1. 67;; 1.640 
1.676 1.641 
1.67'. 1.641 
1.67£ 1.642 

1. 565 1. 539 
1.566 1. 540 
1. 567 1.541 
1. 568 1.542 
1.569 1.543 

1. 570 1.544 
1. 571 1.545 
1. 572 1.546 
1.573 1.546 
1.574 1.547 

1. 575 1.548 
1. 576 1. 549 
1.577 1. 550 
1. 578 1. 551 
1. 579 1.552 

1.580 1. 553 
1.581 1.554 
1.582 1.555 
1.582 1.555 
1. 583 1.556 

1. 584 1.557 
1. 585 1.558 
1.586 1. 559 
1.587 1.559 
1.588 1. 560 

1.589 1.561 
i. 590 1. 562 
1. 591 1. 563 
1.592 1.563 
1.593 1.564 

1.594 1.565 
1.595 1.566 
1.596 1.567 
1.596 1.568 
1.597 1.569 

1. 598 1. 570 
1.599 1.571 
1.600 1.572 
1.601 1.573 
1.602 1.574 

1.603 1.575 
1. 604 1. 576 
1.605 1.577 
1.606 1.578 
1.607 1.579 

1.513 1.486 
1. 514 1. 487 
1.515 1. 488 
1.516 1.488 
1.517 1.489 

1.518 1.490 
1.519 1.491 
1.520 1. 492 
1.520 1.492 
1.521 1. 493 

1. 522 1.494 
1. 523 1. 495 
1.524 1. 496 
1. 525 1. 496 
1. 526 1. 497 

1.527 1. 498 
1.528 1. 499 
1.529 1.500 
1.529 1.500 
1. 530 1. 501 

1. 531 1. 502 
1. 532 1. 503 
1.533 1.504 
1. 534 1.504 
1. 535 1. 505 

1.536 1.506 
1. 537 1. 507 
1. 538 1. 508 
1. 538 1. 508 
1.539 1.509 

1.540 1.510 
1.541 1.511 
1.542 1.512 
1.542 1.513 
1. 543 1.514 

1. 544 1. 515 
1. 545 1. 516 
1.546 1.517 
1.546 1.518 
1.547 1.519 

1.548 1.520 
1. 549 1.521 
1.550 1.522 
1. 550 1. 522 
1.551 1. 523 

1. 463 1.445 
1.464 1.446 
1.465 1. 447 
1.465 1. 447 
1.466 1. 448 

1.467 1.449 
1.468 1.450 
1.469 1.450 
1.469 1.451 
1.470 1. 452 

1.471 1.452 
1.472 1.453 
1.473 1.454 
1.473 1. 454 
1.474 1.455 

1.475 1. 456 
1. 476 1.457 
1.476 1.458 
1. 477 1.458 
1.477 1.459 

1.478 1.460 
1.479 1.461 
1.480 1.462 
1.480 1.462 
1.481 1.463 

1.482 1. 464 
1.483 1. 465 
1.484 1. 466 
1.484 1. 466 
1.485 1. 467 

1.486 1. 468 
1.487 1. 469 
1.488 1. 470 
1. 488 1. 470 
1. 489 1. 471 

1.490 1. 472 
1.491 1. 473 
1.492 1. 474 
1.492 1.474 
1.493 1. 475 

1.494 1.476 
1. 495 1. 477 
1.496 1. 478 
1.4% 1. 478 
1. 497 1. 479 

1.432 
1.433 
1.434 
1.434 
1.435 

1.436 
1.437 
1.437 
1.438 
1.438 

1.439 
1.440 
1.441 
1.441 
1.442 

1.443 
1.444 
1.444 
1.445 
1.445 

1.446 
1.447 
1.448 
1.448 
1.449 

1.450 
1.451 
1.452 
1.452 
1.453 

1.454 
1. 455 
1.456 
1.456 
1.457 

1.458 
1.459 
1.459 
1.460 
1.460 

1.461 
1. 462 
1.463 
1.463 
1.464 
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14.15 - 14. 59 

1.60 1.70 1. 80 1.90 2.00 2.20 2.40 2. 60 2. 80 3.00 p r 

1.412 1.389 1.375 1.360 1.348 1. 328 1.317 1.309 1.307 1.305 14. 15 
'413 1.390 1.376 1.361 1.349 1.328 1.317 1.309 1.307 1.305 14.16 
x. 414 1.390 1.376 1.361 1.349 1.329 1.318 1.310 1.308 1.306 14.17 
1. 414 1. 391 1.377 1. 362 1.350 1. 329 1.318 1. 310 1.308 1.306 14.18 
1.415 1.391 1.377 1.362 1. 350 1.330 1.319 1.311 1.309 1. 307 14.19 

1.416 1.392 1.378 1. 363 1.351 1.330 1.319 1.311 1.309 1. 307 14. 20 
1.417 1.393 1.379 1.364 1.351 1.330 1.319 1. 311 1.309 1.307 14.21 
1.417 1.393 1.379 1.364 1.352 1. 331 1.319 1.312 1.309 1.307 14. 22 
1.418 1.394 1.380 1. 365 1. 352 1.331 1.320 1.312 1.310 1.308 14.23 
1.418 1.394 1.380 1. 365 1.353 1.332 1.320 1.313 1.310 1.308 14. 24 

1.419 1. 395 1.381 1. 366 1. 353 1. 332 1.320 1.313 1.310 1.308 14.25 
1. 420 1. 396 1.382 1. 367 1. 354 1. 332 1.320 1.313 1.310 1.308 14. 26 
1. 421 1. 396 1.382 1. 367 1. 354 1. 333 1.321 1.314 1.311 1.309 14. 27 
1.421 1. 397 1.383 1. 368 1. 355 1. 333 1.321 1.314 1.311 1.309 14.28 
1.422 1. 397 1.383 1. 368 1. 355 1.334 1.322 1.315 1.312 1.310 14. 29 

1.423 1.398 1.384 1.369 1. 356 1. 334 1.322 1. 315 1.312 1.310 14. 30 
1.424 1.399 1.385 1. 369 1. 356 1.334 1.322 1. 315 1.312 1.310 14.31 
1.424 1.399 1.385 1.370 1. 357 1.335 1.322 1. 315 1.312 1.310 14. 32 
1.425 1. 400 1.386 1.370 1. 357 1.335 1.323 1. 316 1.313 1.311 14. 33 
1.425 1. 400 1.386 1.371 1. 358 1.336 1.323 1. 316 1.313 1.311 14. 34 

1.426 1.401 1.387 1.371 1. 358 1.336 1.323 1. 316 1.313 1.311 14. 35 
1.427 1.402 1.388 1. 372 1. 358 1.336 1.323 1. 316 1.313 1. 311 14. 36 
1.428 1.402 1.388 1.372 1. 359 1.337 1.324 1. 317 1.314 1.312 14. 37 
1.428 1.403 1.389 1. 373 1. 359 1.337 1.324 1. 317 1.314 1.312 14. 38 
1.429 1. 403 1.389 1. 373 1. 360 1.338 1.325 1. 318 1.315 1.313 14.39 

1. 430 1. 404 1.390 1.374 1.360 1.338 1.325 1.318 1.315 1.313 14.40 
1. 431 1. 405 1.391 1.374 1.360 1.338 1.325 1.318 1.315 1.313 14. 41 
1. 431 1.405 1.391 1.375 1.361 1.339 1.326 1. 319 1.316 1. 314 14. 42 
1.432 1. 406 1.392 1.375 1.361 1.339 1.326 1.319 1.316 1.314 14. 43 
1. 432 1. 406 1.392 1.376 1.362 1.340 1.327 1.320 1.317 1. 315 14. 44 

1. 433 1. 407 1.393 1. 376 1.362 1. 340 1.327 1. 320 1.317 1.315 14. 45 
1. 434 1. 408 1.394 1.376 1.363 1. 340 1.327 1.320 1.317 1.315 14.46 
1. 435 1. 409 1.394 1. 377 1.363 1.341 1.328 1.321 1.318 1.316 14. 47 
I. 435 1. 409 1.395 1.377 1. 364 1. 341 1.328 1.321 1.318 1.316 14. 48 
1. 436 1. 410 1.395 1.378 1.364 1. 342 1.329 1.322 1.319 1.317 14. 49 

1. 437 1. 411 1.396 1. 379 1.365 1.342 1.329 1. 322 1.319 1. 317 14. 50 
1.438 1. 412 1.396 1.380 1.365 1.342 1.329 1.322 1.319 1.317 14.51 
1.438 1. 412 1.397 1.380 1.366 1.343 1.330 1.323 1.320 1.317 14. 52 
1.439 1. 413 1.397 1.381 1.366 1.343 1.330 1.323 1.320 1.318 14. 53 
1. 439 1. 413 1.398 1.381 1.367 1. 344 1.331 1. 324 1.321 1.318 14.54 

1.440 1.414 1.398 1.382 1.367 1. 344 1.331 1.324 1.321 1. 318 14. 55 
1. 441 1. 4! 5 1.398 1.383 1.368 1. 344 1.331 1. 324 1.321 1. 218 14. 56 
1. 441 1. 415 1.399 1.383 1. 368 1.345 1.332 1.325 1.322 i . 319 14.57 
1. 442 1. 416 1.399 1.384 1. 369 1. 345 1.332 1.325 1.322 1. 319 14.58 
1. 442 1. 416 1. 400 1. 384 1. 369 1. 346 1. 333 1. 326 1. 323 I. 320 14. 59 

VII - 81 



Pr 1.05 1.10 1.15 1.20 1.25 1. 30 1.35 1.40 1.45 1.50 

14.60 1.712 1.679 1.643 1.608 1.580 1.552 1.524 1.498 1. 480 1.465 
14.61 1.713 1.680 1.644 1.609 1.581 1.553 1.525 1.499 1.481 1.466 
14.62 1.714 1.681 1.645 1.610 1.582 1.554 1.526 1.500 1.482 1.466 
14.63 1.715 1.682 1.646 1.611 1. 582 1.554 1.526 1.500 1.482 1.467 
14.64 1.716 1.683 1.647 1.612 1.583 1.555 1.527 1.501 1.483 1.467 

14.65 1.717 1.684 1.648 1.613 1. 584 1.556 1. 528 1.502 1.484 1.468 
14.66 1.718 1.685 1.649 1.614 1. 585 1.557 1. 529 1.503 1.485 1.469 
14.67 1.719 1.686 1.650 1.615 1. 586 1.558 1. 530 1.503 1.486 1.470 
14.68 1. 720 1.688 1.651 1.615 1. 587 1.559 1. 530 1.504 1.486 1.470 
14. 69 1.721 1.689 1.652 1.616 1. 588 1.560 1. 531 1.504 1. 487 1.471 

14. 70 1.722 1.690 1.653 1.617 1.589 I. 561 1.532 1.S05 1.488 1.472 
14.71 1.723 1.691 1.654 1.618 1. 590 1. 562 1.533 1.506 1.489 1.473 
14. 72 1. 724 1.692 1.655 1.619 1.591 1. 563 1.534 1.507 1. 489 1.473 
14. 73 1. 725 1.693 1.656 1.620 1.592 1. 563 1.534 1.507 1.490 1.474 
14. 74 1.726 1.694 1.657 1.621 1.593 1. 564 1.535 1.508 1.490 1.474 

14.75 1. 727 1.695 1.658 1.622 1.594 1.565 1. 536 1.509 1.491 1.475 
14. 76 1.728 1.696 1.659 1.623 1.595 1.566 1.537 1.510 1.492 1.476 
14.77 1.729 1.697 1.660 1.624 1.596 1.567 1.538 1. 511 1. 493 1.477 
14.78 1.731 1.698 1.661 1.625 1.596 1.568 1. 538 1.511 1. 493 1.477 
14. 79 1.732 1.699 1.662 1.626 1.597 1.569 1.539 1.512 1.494 1.478 

14.80 1.733 1.700 1.663 1.627 1.598 1.570 1.540 1.513 1. 495 1.479 
14.81 1. 734 1.701 1.664 1.628 1.599 1.571 1.541 1.514 1.496 1.480 
14. 82 1.735 1.702 1.665 1.629 1.600 1.572 1.542 1.515 1.496 1.481 
14.83 1. 736 1.703 1.666 1.630 1.601 1.572 1. 542 1.515 1.497 1.481 
14. 84 1.737 1.704 1.667 1.631 1.602 1.573 1.543 1.516 1.497 1.482 

14. 85 1.738 1.705 1.668 1.632 1.603 1.574 1. 544 1.517 1.498 1.483 
14. 86 1.739 1.706 1.669 1.633 1.604 1. 575 1.545 1.518 1.499 1.484 
14.87 1.740 1.707 1.670 1.634 1.605 1. 576 1.546 1.519 1.500 1.485 
14. 88 1.741 1.708 1.671 1.634 1.605 1. 577 1.547 1.519 1.500 1.485 
14. 89 1.742 1.709 1.672 1.635 1.606 1.578 1.548 1.520 1.501 1.486 

14.90 1.743 1.710 1.673 1.636 1.607 1.579 1. 549 1.521 1.502 1. 487 
14. 91 1. 744 1.711 1.674 1.637 1.608 1. 580 1. 550 1.522 1. 503 1.488 
14. 92 1.745 1.712 1.675 1.638 1.609 1.581 1. 551 1.523 1.503 1.488 
14. 93 1.746 1.713 1.676 1.639 1.610 1.581 1. 551 1.523 1.504 1.489 
14. 94 1. 747 1.714 1.677 1.640 1. 611 1. 582 1. 552 1.524 1.504 1.489 

14. 95 1.748 1.715 1.678 1.641 1.612 1.583 1. 553 1.525 1.505 1.490 
14.96 1. 749 1.716 1.679 1.642 1.613 1. 584 1. 554 1.526 1.506 1.491 
14. 97 1.750 1.717 1.680 1.643 1.614 1. 585 1. 555 1.527 1.506 1.491 
14. 98 1.751 1.718 1.680 1. 6 43 1.614 1. 586 1. 556 1.527 1.507 1.492 
14.99 1.752 1.719 1.681 1. 644 1.615 1. 587 1. 557 1.528 1.507 1. 492 

15.00 1.753 1.720 1.682 1.645 1.616 1. 588 1. 558 1.529 1.508 1.493 

VII - 82 



14. 60 - 15. 00 

1. 60 1. 70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

1. 443 1. 417 1.400 1.385 1.370 1.346 1.333 1.326 1.323 1.320 14.60 
1. 444 1. 418 1.401 1.385 1.370 1.346 1.333 1.326 1.323 1.320 14.61 
. 444 1. 418 1.401 1.386 1.371 1. 347 1. 333 1. 326 1.323 1.320 14.62 
1. 445 1. 419 1.402 1.386 1.371 1.347 1.334 1.327 1.324 1.321 14.63 
1. 445 1. 419 1.402 1.387 1.372 1. 348 1.334 1.327 1.324 1. 321 14.64 

1.446 1. 420 1.403 1.387 1.372 1. 348 1.334 1.327 1.324 1.321 14.65 
1. 447 1. 421 1.404 1.388 1.373 1.348 1.334 1.327 1.324 1.321 14. 66 
1. 448 1. 421 1.405 1.388 1.373 1.349 1.335 1.328 1.325 1.322 14.67 
1.448 1.422 1.405 1.389 1.374 1.349 1.335 1. 328 1.325 1.322 14.68 
1. 449 1.422 1.406 1.389 1.374 1.350 1.336 1.329 1.326 1.323 14. 69 

1.450 1.423 1.407 1.390 1.375 1. 350 1.336 1.329 1.326 1.323 14. 70 
1. 451 1.424 1.408 1.390 1.375 1.350 1.336 1.329 1.326 1.323 14.71 
1. 451 1. 424 1.408 1.391 1.376 1.351 1.337 1.329 1.326 1.324 14. 72 
1.452 1. 425 1.409 1.391 1.376 1.351 1.337 1.330 1.327 1.324 14.73 
1.452 1. 425 1.409 1.392 1.377 1.352 1.338 1.330 1.327 1.325 14.74 

1. 453 1. 426 1.410 1.392 1. 377 1.352 1.338 1.330 1.327 1.325 14. 75 
1. 454 1.427 1.411 1.393 1.378 1.352 1.338 1.330 1.327 1.325 14. 76 
1.455 1.427 1.411 1.393 1.378 1.353 1.339 1.331 1.328 1.326 14. 77 
1. 455 1. 428 1.412 1.394 1.379 1.353 1.339 1.331 1.328 1.326 14. 78 
1. 456 1. 428 1.412 1.394 1.379 1.354 1.340 1.332 1.329 1.327 14. 79 

1. 457 1.429 1.413 1.395 1. 380 1.354 1.340 1.332 1.329 1. 327 14. 80 
1. 458 1. 430 1.414 1.396 1.380 1.354 1.340 1.332 1.329 1. 327 14.81 
1. 458 1.430 1.414 1.396 1.381 1.355 1.340 1.333 1.330 1.327 14. 82 
1. 459 1. 431 1.415 1.397 1. 381 1. 355 1.341 1.333 1.330 1.328 14. 83 
1. 459 1.431 1.415 1. 397 1. 382 1.356 1. 341 1.334 1.331 1.328 14. 84 

1. 460 1. 432 1. 416 1.398 1.382 1.356 1.341 1.334 1.331 1.328 14. 85 
1. 461 1. 433 1. 417 1. 399 1.383 1. 356 1. 341 1.334 1.331 1.328 14. 86 
1. 461 1. 434 1. 417 1.399 1.383 1. 357 1. 342 1.335 1.332 1.329 14.87 
1. 462 1. 434 1.418 1.400 1.384 1.357 1.342 1.335 1.332 1.329 14. 88 
1. 4<>2 1. 435 1. 418 1.400 1. 384 1.358 1. 343 1.336 1.333 1.330 14. 89 

1. 463 1. 436 1.419 1. 401 1.385 1.358 1.343 1. 336 1.333 1.330 14. 90 
1. 464 1. 437 1.419 1.401 1.385 1.358 1.343 1. 336 1.333 1.330 14.91 
1. 464 1. 437 1. 420 1. 402 1. 386 1. 359 1. 344 1. 337 1.333 1. 330 14. 92 
1. 465 1. 438 1.420 1. 402 1. 386 1.359 1. 344 1. 337 1.334 1. 331 14. 93 
1. 465 1. 438 1.421 1.403 1. 387 1.360 1.345 1. 338 1. 334 1.331 14. 94 

1. 466 1. 439 1.421 1.403 1.387 1.360 1. 345 1.338 1. 334 1. 331 14. 95 
1. 467 1. 440 1.422 1.404 1.388 1.360 1.345 1.338 1. 334 1.331 14. 96 

1. 468 1. 440 1.422 1. 404 1. 388 1.361 1. 346 1.339 1. 335 1. 332 14. 97 

1. 468 1. 441 1.423 1. 405 1. 389 1. 361 1.346 1.339 1. 335 1. 332 14. 95 
1. 469 1. 441 1. 423 1.406 1.389 1. 362 1.347 1.340 1. 336 1. 333 14. 99 

1. 470 1. 442 1.424 1. 406 1. 390 1. 362 1.347 1. 340 1. 336 1. 333 15.00 
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T A B L E XII 

CONVERSION FACTORS FROM 
COMPRESSIBILITY (Z) TO SUPERCOMPRESSIBILITY - F 

z .000 .001 .002 .003 .004 .005 .006 .007 .008 .009 

0.250 
0.260 
0.270 
0.280 
0.290 

2.000 
1.961 
1.925 
1.890 
1. 857 

1.996 
1.957 
1.921 
1.886 
1.854 

1.992 
1. 954 
1.917 
1.883 
1.851 

1.988 
1.950 
1.914 
1.880 
1.847 

V 
1.984 
1.946 
1.910 
1.876 
1.844 

1.980 
1.943 
1.907 
1.873 
1.841 

1.976 
1.939 
1.903 
1.870 
1.838 

1.973 
1.935 
1.900 
1.867 
1.835 

1.969 
1.932 
1.897 
1.863 
1.832 

1.965 
1.928 
1.893 
1.860 
1.829 

0.300 
0.310 
0.320 
0. 330 
0.340 

1.826 
1.796 
1.768 
1. 741 
1.715 

1.823 
1.793 
1.765 
1.738 
1.712 

1.820 
1.790 
1.762 
1. 736 
1.710 

1.817 
1.787 
1.760 
1.733 
1.707 

1.814 
1.785 
1.757 
1. 730 
1.705 

1.811 
1.782 
1.754 
1.728 
1.703 

1.808 
1.779 
1. 751 
1.725 
1.700 

1.805 
1.776 
1.749 
1.723 
1.698 

1.802 
1.773 
1.746 
1.720 
1.695 

1.799 
1.771 
1.743 
1.718 
1.693 

0. 350 
0.360 
0. 370 
0.380 
0. 390 

1. 690 
1.667 
1.664 
1.622 
1.601 

1.688 
1.664 
1.642 
1.620 
1.599 

1.685 
1.662 
1.640 
1.618 
1. 597 

1.683 
1.660 
1.637 
1.616 
1.595 

1.681 
1.657 
1.635 
1.614 
1.593 

1.678 
1.655 
1.633 
1.612 
1.591 

1.676 
1.653 
1. 631 
1.610 
1. 589 

1.674 
1.651 
1.629 
1.607 
1.587 

1.671 
1.648 
1.627 
1.605 
1.585 

1.669 
1.646 
1.624 
1.603 
1.583 

0.400 
0.410 
0.420 
0.430 
0.440 

1. 581 
1. 562 
1.543 
1. 525 
1.508 

1.579 
1.560 
1.541 
1.523 
1.50c 

1.577 
1. 558 
1.539 
1.521 
1.504 

1.575 
1.556 
1.538 
1.520 
1.502 

1.573 
1.554 
1.536 
1. 518 
1.501 

1.571 
1.552 
1.534 
1.516 
1.499 

1.569 
1.550 
1.532 
1.514 
1.497 

1.567 
1.549 
1.530 
1.513 
1.496 

1.566 
1. 547 
1.529 
1.511 
1.494 

1.564 
1.545 
1.527 
1.509 
1.492 

0. 450 
0. 460 
0. 470 
0.480 
0.490 

1.491 
1.474 
1.459 
1. 443 
1.429 

1.489 
1.473 
1.457 
1.442 
1.427 

1.487 
1.471 
1.456 
1.440 
1.426 

1.486 
1.470 
1.454 
1. 439 
1.424 

1.484 
1.468 
1. 452 
1.437 
1.423 

1.482 
1.466 
1.451 
1.436 
1.421 

1.481 
1.465 
1.449 
1.434 
1.420 

1.479 
1.463 
1.448 
1.433 
1.418 

1.478 
1.462 
1.446 
1.431 
1.417 

1.476 
1.460 
1.445 
1.430 
1.416 

0.500 
0.510 
0. 520 
0. 530 
0.540 

1.414 
1. 400 
1.387 
1.374 
1.361 

1.413 
1.399 
1.385 
1.372 
1.360 

1. 411 
1.398 
1.384 
1.371 
1.358 

1.410 
1.396 
1.383 
1.370 
1.357 

1.409 
1.395 
1.381 
1.368 
1.356 

1.407 
1. 393 
1.380 
1.367 
1.355 

1.406 
1.392 
1.379 
1.366 
1.353 

1.404 
1.391 
1.378 
1.365 
1.352 

1.403 
1.389 
1.376 
1.363 
1.351 

1.402 
1.388 
1.375 
1.362 
1.350 

0.550 
0.560 
0. 570 
0. 580 

I 0. 590 

1.348 
1.336 
1.325 
1.313 
1. 302 

1.347 
1.335 
1.323 
1.312 
1.301 

1.346 
1.334 
1.322 
1.311 
1.300 

1.345 
1.333 
1.321 
1.310 
1.299 

1.344 
1.332 
1.320 
1.309 
1. 297 

1. 342 
1. 330 
1.319 
1.307 
1.296 

1.341 
1.329 
1.318 
1.306 
1.295 

1.340 
1.328 
1.316 
1.305 
1.294 

1.339 
1.327 
1.315 
1.304 
1.293 

1.338 
1.326 
1.314 
1.303 
1.292 
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T A B L E X I I , Continued 

z .000 .001 .002 .003 .004 .005 .006 .007 .008 .009 

0.600 
0.610 
0.620 
0.630 
0.640 

1.291 
1.280 
1.270 
1. 260 
1. 250 

1.290 
1.279 
1.269 
1.259 
1.249 

1.289 
1.278 
1.268 
1.258 
1. 248 

1.288 
1.277 
1.267 
1.257 
1.247 

F 
pv 
1.287 
1.276 
1.266 
1.256 
1.246 

1.286 
1.275 
1.265 
1.255 
1.245 

1.285 
1.274 
1.264 
1.254 
1.244 

1.284 
1.273 
1.263 
1.253 
1.243 

1.282 
1. 272 
1.262 
1.252 
1.242 

1.281 
1.271 
1.261 
1.251 
1.241 

0.650 
0. 660 
0.670 
0.680 
0.690 

1.240 
1. 231 
1.222 
1.213 
1.204 

1.239 
1.230 
1.221 
1.212 
1.203 

1.238 
1.229 
1.220 
1.211 
1. 202 

1.237 
1.228 
1.219 
1.210 
1.201 

1.237 
1.227 
1.218 
1.209 
1. 200 

1.236 
1.226 
1.217 
1.208 
1.200 

1. 235 
1.225 
1.216 
1.207 
1. 199 

1.234 
1.224 
1.215 
1.206 
1.198 

1.233 
1.224 
1.214 
1.206 
1.197 

1.232 
1.223 
1.214 
1.205 
1.196 

0. 700 
0.710 
0.720 
0. 730 
0. 740 

1.195 
1.187 
1.179 
1.170 
1. 162 

1.194 
1.186 
1.178 
1.170 
1.162 

1.194 
1.185 
1.177 
1.169 
1.161 

1.193 
1.184 
1.176 
1.168 
1.160 

1.192 
1.183 
1.175 
1.167 
1.159 

1.191 
1.183 
1.174 
1.166 
1.159 

1.190 
1.182 
1.174 
1.166 
1.158 

1.189 
1.181 
1.173 
1.165 
1.157 

1.188 
1.180 
1.172 
1.164 
1.156 

1.188 
1.179 
1.171 
1.163 
1.155 

0. 750 
0. 760 
0. 770 
0. 780 
0. 790 

1. 155 
1.147 
1. 140 
1.132 
1.125 

1.154 
1.146 
1.139 
1.132 
1.124 

1.153 
1.146 
1.138 
1.131 
1.124 

1.152 
1.145 
1.137 
1.130 
1.123 

1. 152 
1. 144 
1. 137 
1.129 
1. 122 

1.151 
1.143 
1.136 
1.129 
1.122 

1.150 
1.143 
1.135 
1.128 
1.121 

1.149 
1.142 
1.134 
1.127 
1.120 

1.149 
1.141 
1.134 
1.127 
1. 119 

1.148 
1.140 
1. 1 
1.12& 
1.119 

0. 800 
0.810 
0. 820 
0. 830 
0. 840 

1.118 
1. I l l 
1.104 
1.098 
1.091 

1.117 
1.110 
1.104 
1.097 
1.090 

1.117 
1. UO 
1.103 
1.096 
1.090 

1.116 
1.109 
1.102 
1.096 
1.089 

1. 115 
1.108 
1.102 
1.095 
1. 089 

1.115 
1.108 
1.101 
1.094 
1.088 

1.114 
1.107 
1.100 
1.094 
1. 087 

1.113 
1.106 
1.100 
1.093 
1.087 

1.112 
1.106 
1.099 
1.092 
1.086 

1.112 
1.105 
1.098 
1.092 
1.085 

0. 850 
0. 860 
0. 870 
0. 880 
0.890 

1.085 
1.078 
1.072 
1.066 
1.060 

1.084 
1.078 
1.071 
1.065 
1.059 

1.083 
1.077 
1.071 
1.065 
1.059 

1.083 
1.076 
1.070 
1.064 
1. 058 

1.082 
1.076 
1.070 
1.064 
1.058 

1.081 
1.075 
1.069 
1.063 
1.057 

1.081 
1.075 
1.068 
1. 062 
1.056 

1.080 
1.074 
1.068 
1.062 
1.056 

1.080 
1.073 
1.067 
1.061 
1.055 

1.079 
1.073 
1.067 
1.061 
1.055 

0. 900 
0.910 
0. 920 
0. 930 
0. 940 

1.054 
1.048 
1.043 
1. 037 
1.031 

1.054 
1.048 
1.042 
1.036 
1.031 

1.053 
1. 047 
1.041 
1.036 
1.030 

1. 052 
1.047 
1.041 
1.035 
1.030 

1.052 
1.046 
1.040 
1. 035 
1.029 

1.051 
1.045 
1.040 
1.034 
1.029 

1.051 
1.045 
1.139 
1.034 
1.028 

1.050 
1.044 
1.039 
1.033 
1.028 

1.049 
1.044 
1.038 
1.033 
1.027 

1.049 
1.043 
1.038 
1.032 
1.027 

0. 950 
0. 960 
0. 970 
0. 980 
0. 990 

1.026 
1.021 
1.015 
1.010 
1.005 

1.025 
1.020 
1.015 
1.010 
1.005 

1.025 
1.020 
1.014 
1.009 
1.004 

1.024 
1.019 
1.014 
1.009 
1.004 

1.024 
1.019 
1.013 
1.008 
1.003 

1.023 
1.018 
1.013 
1.008 
1.003 

1.023 
1.017 
1.012 
1.007 
1. 002 

1.022 
1.017 
1.012 
1.007 
1.002 

1.022 
1.016 
1.011 
1.006 
1.001 

1.' 
l . f 
1.011 
1.006 
1.001 
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T A B L E X I I I 

C O N V E R S I O N OF API G R A V I T Y T O S P E C I F I C G R A V I T Y - Gj 

141. 5 
G, 1 131 .5+API 

API API API 
Gravity Specific Gravity Specific Gravity Specific 
at 60F Gravity at60F Gravity at60F Gravity 

10 1.000 35 0. 8498 60 0.7389 
11 0.9930 36 0.8448 61 0.7351 
12 0.9861 37 0.8398 62 0.7313 
13 0.9792 38 0.8348 63 0.7275 
14 0.9725 39 0.8299 64 0.7238 

15 0.9659 40 0.8251 65 0. 7201 
16 0.9593 41 0. 8203 66 0.7165 
17 0.9529 42 0. 8155 67 0.7128 
18 0.9465 43 0.6109 68 0.7093 
19 0.9402 44 0.8063 69 0.7057 

20 0.9340 45 0. 8017 70 0.7022 
21 0.9279 46 0.7972 71 0.6988 
22 0.9218 47 0.7927 72 0.6953 
23 0.9159 48 0. 7883 73 0.6919 
24 0.9100 49 0. 7339 74 0.6886 

25 0. 9042 50 0.7796 75 0. 6852 
26 0.8984 51 0. 7753 76 0.6819 
27 0.8927 52 0.7711 77 0.6787 
28 0.8871 53 0. 7669 78 0.6754 
29 0. 8816 54 0. 7628 79 0.6722 

30 0. 8762 55 0.7587 80 0.6690 
31 0. 8708 56 0.7547 81 0.6659 
32 0.8654 57 0. 7507 82 0.6628 
33 0. 8602 58 0. 7467 83 0. 6597 
34 0.8550 59 0.7428 84 0.6566 

For conversion from other temperature to 60F see Table XVII. page VII - 97. 
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TABLE XIV 
— s 

Values of l-e for Various Values of GL 

VALUES OF GL 1-e"-S VALUES OF GL 1-e~-S VALUES OF GL 1-e"-S 
FROM TO FROM TO FROM TO 

598 611 .043 1,320 1,334 .092 2.083 2.098 . 141 
612 625 .044 1,335 1,349 .093 2.099 2. 114 . 142 
626 640 .045 1.350 1,365 .094 2.115 2.130 .143 
641 654 .046 1,366 1.380 .095 2. 131 2.146 .144 
655 669 .047 1,381 1,395 ,396 2.147 2.162 .145 
670 683 .048 1,396 1.410 .097 2,163 2.178 .146 
684 698 .049 1,411 1,426 .098 2.179 2,194 .147 
699 712 .050 1,427 1,441 .099 2.195 2,210 .148 
713 727 .051 1,442 1.456 .100 2.211 2.226 . 149 
728 741 .052 1,457 1,471 .101 2.227 2,243 .150 
742 756 .053 1,472 1,487 .102 2,244 2,259 .151 
757 770 .054 1,488 1.502 .103 2.260 £275 .152 
771 785 .055 1,503 1,517 . 104 2,276 2,291 . 153 
786 799 .056 1.518 1,533 .105 2, 292 2,307 .154 
800 814 .057 1,534 1.548 . 106 2,308 2,324 . 155 
815 828 .058 1,549 1,563 .107 2.325 2,340 . 156 
829 843 .059 1,564 1,579 .108 2.341 2,356 . 157 
844 858 .060 1,580 1, 594 . 109 2.357 2,373 . 158 
859 872 .061 1.595 1,610 . 110 2,374 2,389 .159 
873 8t# .062 1.611 1.625 .111 2.390 2.405 .160 
888 902 .063 1.626 1,641 . 112 2,406 2,422 . 161 
903 916 .064 1,642 1,656 .113 2,423 2,438 .162 
917 931 .065 1,657 1,672 . 114 2.439 2,455 .163 
932 946 .066 1,673 1,687 .115 2,456 2, 471 . 164 : 
947 961 .067 1,688 1,703 .116 2.472 2,488 .165 
962 975 .068 1, 704 1,718 . 117 2,489 2,504 . 166 
976 990 .069 1,719 1,734 . 118 2, 505 2, 521 . 167 
991 1. 005 .070 1.735 1.750 .119 2. 522 2,537 .168 
1,006 1, 020 .071 1,751 1,765 .120 2, 538 2, 554 . 169 
1,021 1,035 .072 1,766 1,781 .121 2,555 2, 570 . 170 
1,036 1,049 .073 1,782 1,797 . 122 2. 571 2.587 . 171 
1, 050 1,064 .074 1,798 1,812 . 123 2.588 2,603 .172 
1,065 1. 07Q .075 1,813 1,828 . 124 2,604 2,620 .173 
1,080 1,094 .076 1, e_- ; 1,844 .125 2,621 2,637 .174 
1,095 1,109 .077 1,845 1,859 . 126 2. 638 2, 653 . 175 
1,110 1.124 .078 1.860 1.875 .127 2. 654 2.670 .176 
1,125 1,139 .079 1,876 1,891 .128 2.671 2,687 .177 
1,140 1,154 .080 1,892 1,907 . 129 2, 688 2,703 . 178 
1,155 1,169 .081 1,908 1,923 . 130 2.704 2,720 .179 
1.170 1,184 .082 1,924 1,938 .131 2.721 2,737 .180 
1,185 1,199 .083 1,939 1,954 .132 2.738 2,754 .181 
1,200 1,214 .084 1,955 1,970 .133 2.755 2,771 .182 
1,215 1,229 .085 1,971 1,986 .134 2. 772 2,787 . 183 
1.230 1.244 .086 1.987 2,002 .135 2. 788 2.804 . 184 
1,245 1,259 .087 2.003 2.018 .136 2,805 2,821 .165 
1,260 1,274 .088 2,019 2,034 . 137 2.822 2.838 .186 
1,275 1,289 .089 2, 035 2,050 .138 2. 839 2,855 . 187 
1,290 1,304 .090 2,051 2.066 .139 2.856 2,872 . 188 
1,305 1,319 .091 2,067 2. 082 . 140 2, 873 2. 889 . 189 
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TABLE XIV, Continued 
VALUES OF GL 1-e"-S VALUES OF GL 1-e"-S VALUES OF GL 1-e"-S 
FROM TO FROM TO FROM TO 

2,890 2.906 . 190 3,747 3,765 .239 4,662 4,680 .288 
2,907 2,923 . 191 3,766 3.783 .240 4,681 4,700 .289 
2,924 2,940 .192 3,784 3,801 .241 4,701 4.719 .290 
2.941 2.957 .193 3.802 3.819 .242 4,726 4.739 .291 
2,958 2.974 .194 3,820 3.837 .243 4.740 4,758 .292 
2,975 2.991 .195 3,838 3.855 .244 4,759 4,777 .293 
2,992 3, 008 .196 3,856 3.873 .245 4,778 4,816 .294 
3,009 3.025 .197 3,874 3.892 .246 4,798 4,816 .295 
3,026 3.042 . 198 3,893 3.910 .247 4,817 4,836 .296 
3,043 3,060 .199 3,911 3.928 .248 4,837 4,855 .297 
3,061 3,077 .200 3,929 3,947 .249 4,856 4,875 .298 
3,078 3,094 .201 3,948 3.965 .250 4,876 4,895 .299 
3,095 3,111 .202 3,966 3,983 .251 4,896 4,914 .300 
3,112 3,128 .203 3,984 4,002 .252 4,915 4,934 .301 
3,129 3,146 .204 4,003 4,020 .253 4,935 4,954 .302 
3,147 3,163 .205 4,021 4,038 .254 4,955 4,973 .303 
3,164 3,180 .206 4,039 4,057 .255 4,974 4,993 .304 
3,181 3,198 .207 4,058 4,075 .256 4,994 5,013 .305 
3,199 3,215 .208 4,076 4.094 .257 5,014 5,033 .306 
3.216 3.232 .209 4.095 4.112 .258 5.034 5.053 .307 
3,233 3,250 .210 4,113 4.131 .259 5,054 5.072 .308 
3,251 3,267 .211 4,132 4,150 .260 5,073 5,092 .309 
3,268 3,285 .212 4,151 4,168 .261 5,093 5,112 .310 
3,286 3,302 .213 4,169 4,187 .262 5.113 5,132 .311 
3, 303 3,320 .214 4,188 4,205 .263 5,133 5,152 .312 
3,321 3,337 .215 4,206 4, 224 .264 5,153 5,172 .313 
3,338 3,355 .216 4,225 4,243 .265 5,173 5,192 .314 
3.356 3.372 .217 4.244 4.262 .266 5.193 5.212 .315 
3.373 3.390 .218 4,263 4.280 .267 5.213 5.233 .316 
3.391 3.408 .219 4, 281 4,299 .268 5.234 5,253 .317 
3.409 3,425 .220 4,300 4,318 .269 5,254 5,273 .318 
3,426 3,443 .221 4,319 4,337 .270 5.274 5,293 .319 
3,444 3, 460 .222 4,338 4,356 .271 5. 294 5,313 .320 
3,461 3.478 .223 4,357 4,375 .272 5,314 5,333 .321 
3,479 3,496 .224 4,376 4,393 .273 5,334 5,354 .322 
3,497 3,514 .225 4.394 4,412 .274 5,355 5.374 .323 
3.515 3,531 .226 4.413 4,431 .275 5,375 5.394 .324 
3.532 3,549 .227 4,432 4,450 .276 5,395 5.415 .325 
3,550 3,567 .228 4,451 4,469 .277 5,416 5,435 .326 
3,568 3,585 .229 4,470 4,488 .278 5,436 5,456 .327 
3,586 3,603 .230 4,489 4,508 .279 5,457 5,476 .328 
3,604 3,621 .231 4,509 4,527 .280 5,477 5,497 .329 
3,622 3,639 .232 4,528 4,546 .281 5,498 5,517 .330 
3,640 3.656 .233 4,547 4.565 .282 5.518 5,538 .331 
3,657 3.674 .234 4,566 4.584 .283 5,539 5,558 .332 
3,675 3,692 .235 4,585 4.603 .284 5. 559 5, 579 .333 
3,693 3,710 .236 4,604 4,623 .285 5.58U 5,600 .334 
3,711 3,728 .237 4,624 4,642 .286 5.601 5,620 .335 
3,729 3, 746 .238 4,643 4,661 .287 5. 621 5,641 .336 
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TABLE XIV, Continued 

VALUES OF GL 1-e"-S VALUES OF GL 1-e"-S VALUES OF GL 1-e"-S 
FROM TO FROM TO FROM TO 

5,642 5,662 .337 6,697 6,718 .386 7,840 7,863 .435 
5,663 5,682 .338 6,719 6,741 .387 7,864 7,887 .436 
5,683 5,703 .339 6,742 6.763 .388 7.888 7.912 .437 
5.704 5,724 .346 6,764 6.766 .389 7.913 7.936 .438 
5,725 5,745 .341 6,787 6,808 .390 7,937 7,961 .439 
5,746 5,766 .342 6,809 6,831 .391 7.962 7,985 .440 
5.767 5,787 .343 6,832 6,854 .392 7,986 8,010 .441 
5,788 5,808 .344 6,855 6,876 .393 8,011 8,035 .442 
5,809 5,829 .345 6,877 6,899 .394 8,036 8,059 .443 
5,830 5,850 .346 6,900 6,922 .395 8,060 8,084 .444 
5,851 5,871 .347 6,923 6,944 .396 8,085 8,109 .445 
5.872 5.892 .348 6.945 6.967 .397 8.110 8.134 .446 
5,893 5,913 .349 6.968 6.990 .398 8,135 8,159 .447 
5,914 5,934 .350 6,991 7.013 .399 8,160 8,183 .448 
5,935 5,955 .351 7,014 7,036 .400 8,184 8,208 .449 
5,956 5,977 .352 7,037 7,059 .401 8,209 8.233 .450 
5,978 5,998 .353 7, 060 7,082 .402 8,234 8,258 .451 
5,999 6,019 .354 7, 083 7,105 .403 8,259 8,284 .452 
6,020 6, 040 .355 7,106 7,128 .404 8,285 8,309 .453 
6,041 6.062 .356 7,129 7,151 .405 8,310 8.334 .454 
6,063 6.083 .357 7.152 7.174 .406 8,335 8.359 .455 
6.084 6,105 .358 7,175 7,197 .407 8,360 8,384 .456 
6,106 6,126 .359 7,198 7,221 .408 8,385 8,410 .457 
6,127 6,148 .360 7,222 7, 244 .409 8,411 8,435 .458 
6,149 6,169 .361 7,245 7, 267 .410 8, 436 8,461 .459 
6,170 6,191 .362 7,268 7, 290 .411 8,462 8,486 .460 
6,192 6.212 .363 7,291 7,314 .412 8,487 8,512 .461 
6,213 6,234 .364 7.315 7. 337 .413 8.513 8.537 .462 
6,235 6,256 .365 7, 338 7. 361 .414 8.538 8,563 .463 
6,257 6,277 .366 7. 362 7. 384 .415 8,564 8, 588 .464 
6,278 6, 299 .367 7. 385 7, 408 .416 8, 589 8,614 .465 
6,300 6.321 .368 7. 409 7, 431 .417 8,615 8,640 .466 
6,322 6,342 .369 7. 432 7.455 .418 8.641 8,666 .467 
6,343 6,364 .370 7.456 7. 479 .419 8.667 8.691 .468 
6.365 6,386 .371 7.480 7, 502 .420 8.692 8,717 .469 
6.387 6.408 .372 7. 503 7.526 .421 8.718 8.743 .470 
6.409 6, 430 .373 7,527 7,550 .422 8. 744 8.769 .471 
6,431 6, 452 .374 7, 551 7,574 .423 8.770 8,795 .472 
6,453 6, 474 .375 7,575 7,598 .424 8. 796 8,821 .473 
6,475 6,496 .376 7,599 7,622 .425 8.822 8,848 .474 
6,497 6,518 .377 7,623 7,646 .426 8.849 8,874 .475 
6,519 6,540 .378 7,647 7,670 .427 8,875 8,900 .476 
6,541 6,562 .379 7,671 7,694 .428 8,901 8,926 .477 
6.563 6,585 .380 7.695 7,718 .429 8.927 8,953 .478 
6,586 6,607 .381 7.719 7. 742 .430 8,954 8. 979 .479 
6,608 6,629 .382 7,743 7, 766 .431 8,980 9,005 .480 
6,630 6,651 .383 7,767 7,790 .432 9, 006 9,032 .481 
6,652 6,674 .384 7,791 7,814 .433 9. 033 9,059 .482 
6,675 6,696 .385 7,815 7. 839 .434 9.060 9,085 .483 
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TABLE XIV, Continued 

VALUE OF GL 1-e"-S VALUE OF GL i V - S VALUE OF GL 1-e"-S 
FROM TO FROM TO FROM TO 

9,086 9,112 .484 9.657 9.684 .505" 10,253 10,281 .526 
9.113 9,138 .485 9.685 9.712 .506 10.282 10.310 .527 
9.139 9,165 .486 9.713 9.739 .507 10.311 10,339 .528 
9.166 9.192 .487 9.740 9.767 .508 10.340 10.368 .529 
9.193 9,219 .488 9.768 9,795 .509 10.369 10.397 .530 
9,220 9.246 .489 9,796 9.824 .510 10.398 10.427 .531 
9,247 9.273 .490 9.825 9.852 .511 10,428 10.456 .532 
9,274 9,300 .491 9.853 9,880 .512 10,457 10.485 .533 
9,301 9,327 .492 9.681 9,908 .513 10,486 10,515 .534 
9,328 9,354 .493 9.909 9,936 .514 10,516 10,544 .535 
9,355 9,381 .494 9.937 9.965 .515 10.545 10.574 .536 
9,382 9.408 .495 9.966 9.993 .516 10.575 10,604 .537 
9,409 9.436 .496 9,994 10,022 .517 10,605 10,634 .538 
9,437 9,463 .497 10,023 10,050 .518 10,635 10,663 .539 
9,464 9,490 .498 10,051 10, 079 .519 10,664 10,693 .540 
9,491 9,518 .499 10,080 10,107 .520 10,694 10,723 .541 
9,519 9.545 .500 10,108 10,136 .521 10,724 10,753 .542 
9,546 9,573 .501 10,137 10,165 .522 10,754 10,783 .543 
9.574 9.601 .502 10,166 10.194 .523 10,784 10.814 .544 
9.602 9.628 .503 10.195 10.223 .524 10.815 10.844 .545 
9.629 9.656 .504 10,224 10,252 .525 10,845 .546 
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TABLE XV 

F r i c t i o n Factors f o r Various Flow S t r i n g s (F ) , Tubing 

FRICTION FACTORS (Fc) FOR SMALL DIAMETER FLOW STRINGS 

NOMINAL FRICTION 
PIPE OUTSIDE WEIGHT INSIDE FACTOR 
SIZE DIAMETER POUNDS DIAMETER 
INCHES INCHES PER FT INCHES Fc 

TUBING 

3/4 1. 050 1.20 .824 94.68 

1 1.315 1.80 1.049 50.40 

1 1/4 1.660 2. 40 1.380 24.62 
1 1/4 1.600 2. 10 1.410 23.28 

1 1/2 1.900 2.90 1.610 16.46 
1 1/2 1.900 2.40 1.650 15.44 

2 1/16 2.062 3.25 1.867 11. 18 

2 3/8 2.375 S.95 1.867 11. 18 
2 3/8 2.375 4.70 1.995 9.402 

2 7/8 2.875 8.70 2.259 6.796 
2 7/8 2.875 6.50 2.441 5.551 

3 1/2 3.500 12.95 2.750 4.065 
3 1/2 3.500 10.20 2.922 3.470 
3 1/2 3.500 9.30 2.992 3.262 
3 1/2 3.500 7.70 3.068 3.055 

4 4.000 11. 00 3.476 2.205 
4 4.000 9.50 3.548 2. 090 

4 1/2 4.500 12. 75 3.958 1. 571 

CASING 

4 1/2 4.500 15. 10 3.826 1.716 
4 1/2 4.500 13.50 3.920 1.611 
4 1/2 4.500 12.75 3.958 1.571 
4 1/2 4.500 11.50 4. 000 1.528 
4 1/2 4.500 10.50 4.052 1.477 
4 1/2 4.500 9.50 4.090 1.442 

5 5.000 24. 10 4.000 1.528 
5 5. 000 21.40 4. 126 1.409 
C 5. 000 21. 00 4. 154 1.384 
5 5.000 | IS. 00 4.276 1.284 
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TABLE XV, C o n t i n u e d (Cas ing ) 

FRICTION FACTORS (Fc) FOR LARGE DIAMETER FLOW STRINGS 

CASING CASING CASING FRICTION CASING CASING CASING FRICTION 
NOMINAL WEIGHT INSIDE FACTOR NOMINAL WEIGHT INSIDE FACTOR 
SIZE POUNDS DIAMETER SIZE POUNDS DIAMETER 
INCHES PER FT. INCHES Fc INCHES PER FT. INCHES Fc 

* 
5.000 15.00 4.408 1.187 7.625 47.10 6.375 .4577 
5.000 13.00 4.494 1. 129 7.625 45. 00 6.445 .4450 
5.000 11.50 4.560 1. 087 7.625 42.80 6.501 . 4352 

7.625 39.00 6.625 .4144 
7.625 33.70 6.765 .3927 

5.500 25. 00 4.580 1.075 7.625 29.70 6.875 .3766 
5.500 23.00 4.670 ' 1.022 7.625 26.40 6.969 .3637 
5.500 20.00 4.773 .9637 7.625 24.00 7.025 .3562 
5.500 17.00 4.892 .9068 
5.500 15.50 4.950 .8796 
5.500 15.00 4.976 .8678 8.625 49. 00 7.511 .2997 
5.500 14.00 5.012 .8518 8.625 44.00 7.651 .2858 
5.500 13.00 5.044 .8379 8.625 43.00 7.625 .2883 

8.625 40.00 7.725 .2787 
8.625 38.00 7.775 .2741 

6.000 26.00 5.140 .7981 8.625 36.00 7.825 .2696 
6.000 23. 00 5.240 .7594 8.625 32.00 7.907 .2625 
6.000 20.00 5.352 .7190 8.625 32.00 7.921 .2613 
6.000 18. 00 5.424 .6946 8.625 28.00 8. 003 .2544 
6.000 17.00 5.450 .6861 8.625 28.00 8.017 .2533 
6.000 15.00 5.524 .6626 8.625 24.00 8.097 .2469 

8.625 20.00 8.191 .2396 
8.625 17.50 8.249 .2353 

6.625 34.00 5.595 .6411 
6.625 32.00 5.675 .6181 
6.625 28.00 5.791 .5866 9.625 58.00 8.435 .2221 
6.625 26.00 5.855 .5702 9.625 53.50 8.535 .2155 
6.625 24. 00 5.921 .5539 9.625 47.00 8.681 .2062 
6.625 22.00 5.98Q .5378 9.625 43.50 8.755 .2018 
6.625 20.00 6.049 .5242 9.625 40.00 8.835 . 1971 

9.625 36.00 8.921 . 1922 
9.625 32.30 9.001 . 1878 

7.000 40. 00 5.836 .5750 
7.000 38.00 5.920 .5542 
7.000 35. 00 6. 004 .5344 
7.000 32.00 6.094 .5142 
7.000 30.00 6. 154 .5014 
7.000 29.00 6.184 .4951 
7.000 28.00 6.214 .4890 
7.000 26.00 6.276 .4766 
7.000 24.00 6.336 .4650 
7.000 23.00 6.366 .4594 
7.000 22.00 6.398 .4535 
7.000 20.00 6.455 .4430 
7.000 17.00 6.538 .4288 
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TABLE XVI F r i c t i o n Factors for Various Annuli (F ) 
r 

FRICTION FACTORS (Fc) FOR ANNUL AR FLO W IN GAS WELL FLOW STRINGS 

CASINQ CASINO CASING TUBING SIZES 
OUTSIDE WEIGHT INSIDE OUTSIDE DIAMETE R INCHES 
DIAMETER POUNDS DIAMETER 
INCHES PER FT. INCHES 1. 050 1.315 1.660 1.900 2.0625 2.375 2.875 

-
2.375 5.95 1.867 27. 12 46. 77 205. 1 
2.375 4.70 1.995 20.54 32. 13 91.08 651.7 
2.375 4.00 2.041 18.75 28.51 73. 10 340.8 

2.875 8.70 2.259 12.71 17.53 33.29 71.59 182.0 
2.875 6.50 2.441 9.609 12.56 20.74 35.41 60.71 948.2 

3.500 12.95 2.750 6.389 7.848 11.27 15.96 21.71 54. 16 
3.500 9.30 2.992 4.846 5.762 7. 733 10. 13 12. 71 23. 17 309. 3 
3.500 7.70 3.068 4.472 5.271 6.957 8.949 11. 03 18.95 136.3! 

4.000 11.60 3.428 3. 156 3.605 4. 479 5.411 6.295 9. 055 23.54 
4. 000 11.00 3.476 3.024 3.442 4.250 5. 102 5.902 8.358 20.43 
4.000 10.40 3.500 2.960 3.364 4. 141 4.957 5.719 8. 039 19. 11 
4.000 "9.50 3.548 2.839 3.216 3.936 4.685 5.378 7.455 16.83 

4.500 15.10 3.826 2.259 2.S18 2.995 3.467 3.886 5.054 9.241 
4.500 13.50 3.920 2. 100 2.331 2.749 3. 159 3.518 4.499 7.828 
4.500 12.75 3.958 2. 040 2.260 2.658 3.045 3.383 4.300 7.349 

• 4.500 11.60 4.000 1.977 2. 186 2.563 2.927 3.243 4.095 6.870 
4.500 10.50 4.052 1.903 2.099 2.451 2.789 3.081 3.861 6.339 
4.500 9.50 4.090 1.851 2.039 2.374 2.694 2.970 3.702 5.990 

5.000 24. 10 4.000 1.977 2. 186 2.563 2.927 3.243 4. 095 6.870 
5.000 21.40 4. 126 1.803 1.984 2.304 2.609 2.870 3.561 5.685 
5.000 21.00 4. 154 1.768 1.942 2.251 2.545 2.795 3.456 5.464 
5.000 18.00 4.276 1.623 1.775 2.042 2.291 2.503 3. 048 4.637 
5.000 15.00 4.408 1.485 1.616 1.845 2.056 2.233 2.682 3.938 
5.000 13.00 4.494 1.403 1.524 1. 731 1.921 2.080 2. 478 3.564 
5.000 11.50 4.560 1.345 1.457 1.650 1.826 1.972 2.336 3.312 

5.500 25.00 4.580 1.328 1. 438 1.627 1. 799 1.941 2.295 3.241 
5.500 23.00 4.670 1.249 1.356 1.527 1.682 1.809 2. 124 2.948 
5.500 20. 00 4.778 1. 170 1.258 1.418 1.556 1.668 1.943 2.645 
5.500 17.00 4.892 1.094 1. 173 1.315 1.437 1.536 1.775 2.373 
5.500 15.50 4.950 1.058 1. 133 1.257 1.381 1.474 1.697 2.250 
5.500 15.00 4. 976 1. 043 1. 115 1.237 1.357 1.447 1.664 2. 198 
5.500 14.00 5.012 1. 022 1. 092 1.209 1.325 1. 412 1.619 2. 129 
5.500 13.00 5. 044 1.003 1.072 1. 185 1.298 1.381 1. 581 2. 070 
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TABLE X V I , C o n t i n u e d 

FRICTION FACTORS (Fo) FOR ANNUL AR FLO W IN GAS WELL FLOW STRINGS 

CASING CASING CASING TUBING SIZES 
OUTSIDE WEIGHT INSIDE UUTS1DE DIAMETE R INCHES 
DIAMETER POUNDS DIAMETER 
INCHES PER FT. INCHES 1. 050 1.315 1.660 1.900 2.0625 2.375 2.875 

6.000 26. 00 5. 140 .9513 1.014 1. 118 1.209 1.295 1.475 1.907 
6. 000 23. 00 5.240 .9011 .9588 1. 054 1. 136 1.202 1.374 1.757 
6. 000 20.00 5.352 .8492 .9017 .9875 1.062 1. 121 1.260 1.609 
6.000 18.00 5.424 .8179 .8674 .9480 1.018 1.073 1.202 1.523 
6.000 17.00 5.450 .8071 .8555 .9343 1.002 1.056 1. 182 1.493 
6.000 15.00 5.524 - .7772 .8229 .8968 .9605 1.011 1. 127 1.414 

6.625 34.00 5.595 .7500 .7931 .8628 .9226 .9697 1.079 1.344 
6.625 32.00 5.675 .7209 .7614 .8267 .8825 .9262 1. 027 1.254 
6.625 28.00 5.791 .6814 .7185 .7780 .8285 .8680 .9588 1. 161 
6.625 26.00 5.855 .6609 .6963 .7528 .8008 .8381 . 9238 1. 113 
6.625 24. 00 5.921 .6407 .6744 .7280 . 7735 .8088 .8896 1. 067 
6.625 22.00 5.989 .6208 .6528 .7037 . 7467 . 7801 .8563 1. 023 
6.625 20.00 6.049 .6039 .6345 .6832 .7242 .7560 .8283 .9855 

7.000 40. 00 5.836 .6669 .7028 .7601 .8089 . 8469 .9340 1. 127 
7.000 38.00 5.920 .6410 .6747 .7284 .7739 . 8093 .8901 1.068 
7.000 35.00 6.004 .6165 .6481 .6985 .7410 .7740 .8492 1.013 
7.000 32.00 6.094 .5916 .6213 .6684 . 7080 . 7386 .8082 .9590 
7.000 30.00 6. 154 .5758 . 6043 . 6493 .6871 .7163 . 7825 .9252 
7.000 29.00 6. 184 .5681 .5960 .6400 .6769 .7055 .7700 .9089 
7.000 28.00 6.214 .5606 .5879 .6310 .6670 .6949 .7579 .8931 

• 7.000 26.00 6.276 .5455 .5716 .6128 .6472 .6737 .7336 .8616 
7.000 24.00 6.336 .5313 .5564 .5959 .6288 .6541 .7112 .8325 
7.000 23. 00 6.366 .5245 .5490 .5877 .6199 .6446 . 7003 .8187 
7.000 22.00 6.398 .5173 .5413 .5791 .6105 .6347 .6890 .8041 
7.000 20.00 6.456 .5046 .5277 .5640 . 5941 .6173 . 6692 .7768 
7.000 17.00 6.538 .4874 .5093 .5436 .5720 .5938 .6425 . 7448 

7.625 47. 10 6.375 .5224 .5469 .5852 .6172 .6418 .6971 .8145 
7.625 45.00 6.445 .5070 .5303 .5668 .5972 .6205 .6729 . 7835 
7.625 42.80 6.501 .4951 .5175 .5527 .5818 .6042 .6543 .7599 
7.625 39.00 6.625 .4700 .4907 .5230 .5498 .5702 .6158 .7111 
7.625 33.70 6.765 .4439 .4628 .4922 .5165 .5349 .5760 .6613 
7.625 29.70 6.875 .4247 .4424 .4698 .4923 .5094 .5473 .6256 
7.625 26.40 6.969 .4092 .4259 .4517 .4728 .4889 .5244 .5973 
7.625 24.00 7.025 .4004 .4165 .4414 .4618 .4772 .5114 .5813 

J i 

I 
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TABLE X V I , Continued 

FRICTION FACTORS (Fc) FOR ANNUL AR FLO W IN GAS WELL FLOW STRINGS 

CASING CASING CASING TUBING SIZES 
OUTSIDE WEIGHT INSIDE OUTSIDE DIAMETE R INCHES 
DIAMETER POUNDS DIAMETER 
INCHES PER FT. INCHES 1.050 1.315 1.660 1.900 2.0625 2.375 2.875 

• 8.625 49.00 7.511 .3337 .3458 .3644 .3794 .3908 .4155 .4650 
8.625 44.00 7.651 .3174 .3285 .3458 .3596 .3700 .3926 .4377 
8.625 43.00 7.625 .3203 .3317 .3491 .3632 .3737 .3967 .4426 
8.625 40. 00 7.725 .3092 .3200 .3364 .3497 .3596 .3812 .4242 
8.625 38.00 7.775 .3038 .3144 .3303 .3432 .3528 .3738 .4155 
8.625 36. 00 7.825 . 2986 .3088 .3244 .3369 .3463 .3666 .4069 
8.625 32. 00 7.907 .2903 .3001 .3149 .3269 .3358 .3552 .3935 
8.625 32. 00 7.921 .2889 .2986 .3134 . 3252 .3341 .3533 .3912 
8.625 28.00 8. 003 .2810 .2903 .3044 .3157 .3241 .3424 .3785 
8.625 28.00 8.017 .2796 .2889 .3029 .3141 .3225 .3406 .3764 
8.625 24. 00 8.097 .2722 .2811 .2945 .3053 .3133 .3306 .3646 
8.625 20.00 8.191 .2639 .2723 .2851 .2953 .3029 .3193 .3515 
8.625 17.50 8.249 .2589 .2671 .2795 .2894 .2967 .3126 .3437 

9.625 58.00 8.435 .2438 .2513 .2625 .2715 .2781 .2925 .3203 
9.625 53.50 8.535 .2362 .2433 .2540 .2625 .2688 . 2824 .3087 
9.625 47.00 8.681 .2256 .2323 .2422 .2501 .2560 .2685 .2928 
9.625 43.50 8.755 .2205 .2269 .2365 .2441 .2498 .2618 .2851 
9.625 40. 00 8.835 .2152 .2214 .2306 .2379 .2433 .2549 .2772 
9.625 36.00 8.921 .2097 .2.156 .2245 .23 "5 .2367 .2477 .2690 
9.625 32.30 9.001 .2047 .2104 .2190 .2257 .2307 .2413 .2617 
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T A B L E X V I I 

C O R R E C T I O N S TO O B S E R V E D A . P . I . G R A V I T Y T A K E N A T V A R I O U S 
T E M P E R A T U R E S , TO O B T A I N A . P . I . G R A V I T Y A T 60F 

Observed 20.0 30. C 40.0 50.0 60.0 70.0 80.0 90.0 
Temperature 

F Add to observed A. P. I. reading 
30 1.7 2.0 2.4 3.0 3.7 4.3 5.0 5.7 
32 1.6 1.9 2.3 2.8 3.4 4.0 4.7 5.3 
34 1.5 1.8 2. 1 2.6 3.1 3.7 4.3 4.9 
36 1.4 1.6 2.0 2.4 2.9 3.4 4.0 4.6 
38 1.3 1.5 1.8 2.2 2.6 3.1 3.6 4.2 

40 1..2 1.4 1.6 2.0 2.4 2.8 3.2 3.8 
42 1.1 1.2 1.5 1.8 2.2 2.5 2.9 3.4 
44 0.9 1.1 1.3 1.6 2.0 2.2 2.6 3.0 
46 0.8 0.9 1. 1 1.4 1.7 1.9 2.3 2.7 
48 0. 7 0.8 0.9 1.2 1. 4 1.6 2.0 2.3 

50 0.6 0.7 0.8 1.0 1.2 1.4 1.6 1.9 
52 0.5 0.6 0.7 0.8 1.0 1.1 1.3 1.5 
54 0. 3 0.4 0.5 0.6 0.8 0.9 1.0 1.1 
56 0. 2 0.3 0.3 0. 4 0. 5 0.6 0.6 0.7 
58 0. 1 0.1 0.1 0.2 0. 3 0.3 0.3 0.4 

Subtract from observed A. P. I. reading 
60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
62 0. 1 0.1 0.1 0.2 0. 2 0.3 0.3 0.4 
64 0.2 0.3 0.3 0.4 0. 4 0.6 0.6 0.7 
66 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
68 0.5 0.6 0.6 0.7 0. 9 1.1 1.3 1.4 

70 0.6 0.7 0.8 0.9 1. 1 1. 4 1.6 1.7 
72 0.7 0.8 0.9 1. 1 1.3 1.6 1.9 2.1 
74 0.8 0.9 1.1 1.3 1.6 1.8 2.2 2.5 
76 0.9 1.1 1.3 1.5 1.8 2. 1 2.5 2.8 
78 1.0 1.2 1.4 1.7 2.0 2. 4 2.8 3.1 

80 1. 1 1. 3 1.5 1.8 2. 2 2.6 3. 1 3.5 
82 1. 2 1. 4 1.7 2.0 2. 5 2.9 3. 4 3. 9 
84 1. 3 1.5 1. 8 2.2 2.7 3. 2 3.7 4.3 
86 1. 4 1.7 2.0 2. 4 2.9 3. 4 4. 0 4.6 
88 1. 6 1.8 2. 1 2.6 3. 1 3.7 4.2 4.9 

90 1. 7 2.0 2.3 2. 7 3.3 3.9 4. 5 5.2 
92 1.8 2. 1 2.4 2.9 3.5 4. 2 4.8 5.6 
94 1. 9 2.2 2.6 3. 1 3.8 4. 4 5. 1 5.9 
96 2.0 2.3 2.7 3.3 4.0 4.6 5. 4 6.3 
98 2. 1 2.4 2.9 3. 4 4.2 4. 9 5.7 6.6 

100 2.2 2.6 3.0 3.6 4.4 5. 1 6.0 6.9 
102 2. 3 2.7 3.2 3.8 4.6 5. 4 6.3 7.2 
104 2. 4 2.9 3.3 4.0 4.8 5.7 6.6 7.5 
106 2. 5 3.0 3.5 4. 2 5.0 5.9 6.9 7.9 
108 2.7 3.1 3.6 4.3 5.2 6.2 7.2 8.2 

110 2. 8 3.2 3.7 4. 4 5. 4 6. 4 7. 5 8. 5 
112 2.9 3.3 3.9 4.6 5.6 6. 7 7.7 8.8 
114 3. 0 3. 4 4.0 4. 7 5. 8 6.9 7. 9 9. 1 
116 3. 1 3.6 4. 1 4.9 6.0 7. 1 8.2 9.4 
118 3. 2 3.7 4.3 5. 1 6. 2 7. 3 8. 5 9.8 

120 3. 3 3. 8 4. 4 5. 3 6. 4 7. 5 8.8 10.0 
Based on data from U. S. Bureau of Standards Technical Taper 77. 
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APPENDIX A 

L-10 (SQUARE ROOT) CHART CONVERSION FACTORS 

Square Static Square Static 
Root Differen Pres- Temper Root Differen Pres Temper

Chart tial, h^ aure, P ature, F . Chart tial, bw sure, P ature, F . 
Reading R h = 100 Rp = 100 R t = 150 Reading Rh = 100 V 1 * R t = 150 

0.0 0.0 0.0 0.0 
1.0 1.00 1.00 1.5 6.3 39.69 39.69 59.5 
1.5 2.25 2.25 3.4 6.4 40.96 40.96 61.4 
2.0 4.00 4.00 6.0 6.5 42.25 42.25 63.5 
2.2 4. 84 4.84 7.3 6.6 43.56 43.56 65.3 
2.4 5.76 5.76 8.6 6.7 44.89 44.89 67.3 
2.6 6.76 6.76 10.1 6.8 46.24 46.24 69.4 
2.8 7.84 7.84 11.8 6.9 47.61 47.61 71.4 
3.0 9.00 9.00 13.5 7.0 49.00 49.00 73.5 
3.2 10.24 10.24 15.4 7.1 50.41 50.41 75.6 
3.4 11.56 11.56 17.3 7.2 51.84 51.84 77.8 
3.6 12.96 12.96 19.4 7.3 53.29 53.29 79.9 
3.8 14.44 14.44 21.7 7.4 54.76 54.76 82.1 
4.0 16.00 16.00 24.0 7.5 56.25 56.25 84.4 
4.1 16.81 16.81 25.2 7.6 57.76 57.76 86.6 
4.2 17.64 17.64 26.5 7.7 59.29 59.29 88.9 
4.3 18.49 18.49 27.7 7.8 60.84 60.84 91.3 
4.4 19.36 19.36 29.0 7.9 62.41 62.41 93.6 
4.5 20.25 20.25 30.4 8.0 64.00 64.00 96.0 
4.6 21.16 21.16 31.7 8.1 65.61 65.61 98.4 
4.7 22.09 22.09 33.1 8.2 67.24 67.24 100.9 
4.8 23.04 23.04 34.6 8.3 68.89 68.89 103.3 
4.9 24.01 24.01 36.0 8.4 70.56 70.56 105.8 
5.0 25.00 25.00 37.5 8.5 72.25 72.25 108.4 
5.1 26.01 26.01 39.0 8.6 73.96 73.96 110.9 
5.2 27.04 27.04 40.6 8.7 75.69 75.69 113.5 
5.3 28.09 28.09 42.1 8.8 77.44 77.44 116.2 
5.4 29. 16 29.16 43.7 8.9 79.21 79.21 118.8 
5. 5 30.25 30.25 45.4 9.0 i 81.00 81.00 121.5 
5.6 31.36 31.36 47.0 9.1 82.82 82.82 124.2 
5. 7 32.49 32.49 48.7 9.2 84.64 84.64 127.0 
5.8 33.64 33.64 50.= 9.3 86.49 86.49 129.7 
5.9 34.81 34.81 52. 9.4 88.36 88.36 132.5 
6.0 36.00 36.00 54. i. 9.5 90.25 90.25 135.4 
6.1 37.21 37.21 55.8 9.6 92.16 92.16 138.2 
6.2 38.44 38.44 57.7 9.7 94.09 94.09 141.1 

9.8 96.04 96.04 144.1 
9.9 98.01 98.01 147.0 

10.0 100.00 100.0 150.0 

Note: Subtract the actual atmospheric pressure from the static pressure to obtain gauge (dead weight) 
pressure. 
Should the meter ranges differ from the ranges reflected in the above table, values corresponding 
to the proper range shall be determined by use of the following formula: 

Value at Range of Meter* R a n g e °* M e * f r x Value in Table 
Range of Table 
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APPENDIX B 
Calculation of the Specific Gravity of the Well Fluid (G) 

,hen the specific gravity o f t n e w e U fluid is not known, but the specific gravity of the separator gas "G_, " the 
API gravity of the separator liquid, and the gas-liquid hydrocarbon ratio are known, the well fluid gravity can 
be calculated from the following equation: 

4S95 Gi 

G = ° g + G ° R B-l 
v l 

1 + GOR 

The approximate vapor volume equivalent. Vi (cu. ft. per bbl.), corresponding to the applicable API gravity is 
obtained through use of the following equation or table: 

V x » 369 + 5 (An gravity) + 0.04 (API gravity)2 B-2 

Equation derived from Table 13.9, page 708, Volume n, U. S. Bureau of Mines Monograph 10. 

Vapor Volume Equivalent, Vj, Corresponding to API Gravity 
API Gravity 0.0 0,1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

40.0 633 634 635 635 636 637 638 63$ 640 640 
41.0 641 642 643 644 645 645 646 647 648 649 
42.0 650 650 651 652 653 654 655 655 656 657 
43.0 658 659 660 660 661 662 663 664 665 666 
44.0 666 667 668 669 670 671 672 672 673 674 

45.0 675 676 677 678 678 679 680 681 682 683 
46.0 684 685 685 686 687 688 689 690 691 691 
47.0 692 693 694 695 696 697 698 699 699 700 
48.0 701 702 703 704 705 706 706 707 708 709 
49.0 710 711 712 713 714 715 715 716 717 718 

50.0 719 720 721 722 723 724 724 725 726 727 
51.0 728 729 730 731 732 733 734 734 735 736 
52.0 737 738 739 740 741 742 743 744 745 745 
53.0 746 747 748 749 750 751 752 753 754 755 
54.0 756 757 758 758 759 760 761 762 763 764 

55.0 765 766 767 768 769 770 771 772 773 773 
56.0 774 775 776 777 778 779 780 781 782 783 
57.0 784 785 786 787 788 789 790 791 792 793 
58.0 794 795 795 796 797 798 799 800 801 802 
59.0 803 804 805 806 807 808 809 810 811 812 

60.0 813 814 815 816 817 818 819 820 821 822 
61.0 823 824 825 826 827 828 829 830 631 832 
62.0 833 834 835 836 837 £38 839 840 841 842 
63.0 843 844 845 846 847 846 849 850 851 852 
64.0 853 854 855 856 857 858 859 860 861 862 

65.0 863 864 865 866 867 868 869 870 871 872 
66.0 873 874 875 876 877 878 879 880 881 883 
67.0 884 885 886 887 888 889 890 891 892 893 
68.0 894 895 896 897 898 899 900 901 902 903 
69.0 904 905 907 908 909 910 911 912 913 914 

70.0 915 916 917 918 919 920 921 922 924 925 
71.0 926 927 928 929 930 931 932 933 934 935 
72.0 936 937 939 940 941 942 943 944 945 946 
73.0 947 948 949 950 952 953 954 955 956 957 
74.0 958 959 960 961 962 964 965 966 967 968 

B-l 



APPENDIX C 

The Flow Equations and the Friction Factor (F r ) 

The general flow equation may be expressed as follows: (1) 
P, 

1000 GL 
53.33 

P/TZ d(P) 
2.6665fQm

z + H/L(P/TZ)^ C - l 

In order to utilize equation C - l , the coefficient of friction "f" must be evaluated. It may 
be obtained from various correlations; however, for the purpose of this report the coefficient 
of friction "f" as determined from the "complete turbulence" portion of Moody's (2) curves 
has been adopted. Moody's curves were calculated by means of the Colebrook (3) equation 
and are equivalent to the Nikuradse (4) equation where the coefficient of friction is indepen
dent of the Reynolds Number and depends only on the relative roughness. These values for 
various sizes of pipe are shown below: 

Relative 
d in. Roughnessv ' Moody f( ̂  fi**) 

0.6 0.001 0.0196 0.004900 
0.75 0.0008 0.0187 0.004675 
1.00 0.0006 0.0175 0.004375 
1.50 0.0004 0.0159 0.003975 
3.00 0.0002 0.0137 0.003425 
6.00 0.0001 0.0120 0.003000 
12.00 0.00005 0.0106 0.002650 
60.00 0.00001 0.0082 0.002050 

(*) Based on an absolute roughness of 0.0006 inches. (For roughness 
other than 0.0006 inches, see page C-5) 

(**) The numerical value of the coefficient of friction "f" as used in this 
report is equal to 1/4 of the numerical value of the term "f" as used 
by Moody. 

Cullender, M. H. and Smith, R. V.: "Practical Solution of Gas-Flow Equations for 
Wells and Pipelines with Large Temperature Gradients, "AIME Trans, v 207, p 281, 
1956. 

Moody, L. F . : "Friction Factors for Pipe Flow, " ASME Trans, v 66, p 671, 1944. 

Colebrook, C. F . : "Turbulent Flow in Pipes, with Particular Reference to the 
Transition Region between the Smooth and Rough Pipe Laws, " J. Inst. Civil Engr. 
(London) v 11, p 133, 1938 - 1939. 

Nikuradse, J . : "Stromungsgesetze in Rauhen Rohren, " V. D. I. Forschungsheft 361 
(Aug., 1933), Translation, Pet. Engr. (March, May, June, July, Aug., 1940), v 11. 
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The log-log plot of the coefficient of friction "f" versus the corresponding internal diameter 
"d" for the values shown above indicates a straight line relationship for pipe diameters 
less than 4,277 inches and a different straight line relationship for pipe diameters greater 
than 4.277 inches. These straight lines may be expressed by the form f = ad*\ where "a" 
and "b" are constants. 

Application of the method of least squares to the above data results in the following ex
pressions for the coefficient of friction "f, " 

f = 4.372 x 10~3 C-2 
d0.224 

for internal diameters less than 4.277 inches, and 

f = 4.007 x 10~3

 c _ 3 

d0.164 

for internal diameters greater than 4.277 inches. 

For convenience, it is desirable to introduce two new terms F r and F g where: 

2 2.6665fQm

2 

Substitution of the right hand term of Eq. C-2 and Eq. C-3 for "f" in Eq. C-4 results 
in 

F , 0.10797 C - 5 

r

 d2.6l2 

for internal diameters less than 4.277 inches, and 

F r = 0.10337 C-6 
d2.582 

A table of values of F r for various sizes of pipe is shown in Table XV. 

For non-circular cross-sections, it is necessary to determine an effective value of the 
internal diameter "d" for substitution :n Eq. C-5 and Eq. C-6. 

The term d^ in the general flow equation is from the expression 
/4 area\3 

de5 = V TT / C-7 
perimeter 

TT 

The terms d̂ * in Eq. C-2 and d®* ^ 4 in Eq. C-3 are a result of an empirical relation
ship and are from the equivalent diameter formula: 
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de = 4 area C-8 
perimeter 

Thus the effective diameter "d" for noncircular cross-sections for use with equation C-5 
above is 

f \ 3 1 1 / 2 
4 area \ . 0.224 

2.612 
perimeter 

TT 
and for use with Eq. C-6 above is 

TT / 4 area 
perimeter 

C-9 

2.582 _ 
4 area \ 

TT ) 
0.164 

4 area 
perimeter 

TT 
perimeter 

1/2 

C-10 

The term perimeter, as used in equations C - l through C-10, refers to the total wetted 
perimeter in contact with the fluid, that is, for annular flow the wetted perimeter would 
be the sum of the internal perimeter of the larger flow string and external perimeter of 
the smaller. Thus, 

2.612 
- (d - dQ) 

1.612 (d+d f t) C - l l 
and 

^2.582 s ( d . d o ) 1 . 5 8 2 ( d + d 0) C-12 

for flow through an annular space. 

For inclined static column or flow calculations, Eq. C - l may be simplified as follows: 

18.75 GH -L P/TZ d(P) C-13 
P t L /H F e + (P/TZ)2 

It should be noted that the term "L/H" in Eq. C-13 is positive when the flow is upward as 
in a producing gas well and is negative when the flow is downward as in a gas injection well. 

Equation C-13 does not lend itself to mathematical integration unless conditions are such 
that it can be assumed that the temperature 'T" and compressibility factor "Z" are constant. 
In many cases this assumption does not introduce appreciable error and Eq. C-13 may be 
simplified with the result that 

P* = e sPr. 2 

for the static column, and 

2 

where 

P s

2 = e s P t

2 + L/H [ F r Q m T z ] 2 (e s - 1) 

C-14 

C-15 

s = 0.0375 GH/Tz. 
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Often it is desired to convert the flowing pressure "P " to a corresponding static column 
pressure "Pw. " In this case Eq. C-15 becomes 

P w

2 = P t

2 + L/H [ F r Q m T z ] 2 ( l - e " 8 ) C-16 

It should be noted that the additional assumption has been made that the temperature "T" 
and the compressibility factor "Z" are not only constant but that they are the same in 
both flowing and static columns. 

In those cases (usually in deep high-pressure gas wells) when the assumption of constant 
temperature *T" and compressibility factor "Z" introduces appreciable error, Eq. C-13 
may be evaluated by means of a numerical stepwise procedure. The equation for step
wise calculation of subsurface pressures ln shut-in gas wells is: 

37.5 GH - [(Px - P c) (I x + I c ) + (P 2 -P!> 02 + Il>] C " 1 7 

Where the subscripts "c, " "1, " and "2" indicate conditions at the wellhead, at "H/2, " 
and at "H, " respectively. 

The final evaluation, of the shut-in pressure "Pf" at a vertical depth of "H" in the well 
computed by: 

Pf = P c + A P C-18 

Where 

= 3(37.5 GH) c _ 1 9 

I c + 4Ij + I 2 

The equation for stepwise calculation of subsurface pressures in flowing gas wells is: 

37.5 GH = (Pj - Pt) ( I x + \ ) + (P2 - P2) ( ^ + \ ) C-20 

Where the subscripts "t, " "1 , " and "2" indicate conditions at the wellhead, at"H/2" 
and at "H, " respectively. 

The final evaluation of the flowing pressure "Pg" at a vertical depth of "H" in the well 
is computed by: 

P s = Pt + A P C-21 

and 

^ p = 3(37.5 GH) c_22 
L + 4 I 1 + I 2 
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If the Nikuradse (4) equation relating relative roughness with pipe diameter were used 
instead of Moody's relationship, F r for an absolute roughness of 0,0006 inches can be 
expressed as a function of pipe diameter as follows: 

F r = 1 - 6 3 2 9 4 C-23 
(15.1603 + 4 1ogd) d 5 ' 2 

In using F r values based on an absolute roughness of 0.0006 inches, a few wells will be 
found where flowing bottom-hole pressures are calculated to be more than the shut-in 
pressure. This is probably caused by the extremely smooth condition of the tubing or 
a combination of physical conditions which caused the tubing to act as a completely smooth 
pipe with a resultant low pressure drop due to friction. In those rare instances where there 
is evidence that the tubing is smoother than normal, the use of F r values based on an ab
solute roughness of 0.0001 inches is suggested. F r values based on an absolute roughness 
of 0.0001 inches may be calculated as follows: 

F - L63294 
(18.2728 + 4 1ogd)d s / z 
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APPENDIX D 

Corrections for Deviations from Ideal Gas Laws 

As a part of the problem of determining the characteristics and capacity of a gas well to 
produce, the volume of gas flowing and its flowing density must be computed 

The volume of gas flowing must be calculated to base conditions from flowing conditions 
at the point of metering, and the density of the gas in the flowing column must be calcu
lated from atmospheric conditions to those existing in the flowing string. This is done by 
the use of the Ideal Gas Law: (1) 

PV = nRT D-l* 

At relatively low pressure or high temperature the deviation of natural gas from this rela
tion is small, but at high pressures or low temperatures this deviation may be considerable. 
With pure gaseous elements corrections can be made with relatively small error by use of 
an equation of state. However, with gaseous compounds and mixtures of these gaseous 
compounds, these equations of state for the mixture become extremely complicated and 
difficult to handle mathematically. By using the "Law of Corresponding States, " calcula
tions of volumes and densities can be made with relatively small error at any pressure 
and temperature. This is: "That the ratio of the value of any intensive properties to the 
value of that property at the critical state is related to the ratios of the prevailing absolute 
temperature and pressure to the critical temperature and pressure by the same functionfor 
all similar substances. " (2) 

The reduced volume V r = __Y_ 
V 
cr 

The reduced pressure Pr = P 
Per 

The reduced temperature T r = ^ 
T A cr 

i oese relations, developed for pure elements and compounds, have been extended to apply 
to mixtures by a method devised by Kay (3). In this method, the molal average critical 
pressure and molal average critical temperature are used rather than the true critical 
pressure and true critical temperature. The molal average critical pressure and molal 
average critical temperature are called pseudocritical pressure and pseudocritical tem
perature to distinguish them from the true critical pressure and true critical temperature. 
The pseudocritical pressure and pseudocritical temperature are used to compute the 
pseudo-reduced pressure and pseudo-reduced temperature for mixtures. 

By using the pseudo-reduced pressure and pseudo-reduced temperature, the desired com
pressibility factor can be obtained from Table XI or from a compressibility chart. 

The conventional compressibility chart is a plot of Z versus P r at constant T r obtained 
from the equation: 

nRT nRT r 

*See the following page for Special Nomenclature. 
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Thus, Z is the factor necessary to correct for the deviation from the Ideal Gas Law of 
the gas under investigation. 

The chart shown (Figure 1) was prepared for hydrocarbons in natural gas. It is possible 
to utilize this chart satisfactorily by using values of the critical temperature and critical 
pressure adjusted for other material found in natural gases. 

Table A lists the critical properties, molecular weights, and gas gravities of gases com
mon to natural gases. The pseudocritical property of a mixture can be computed by multi
plying the value given in this table (use underlined property where more than one is given) 
by the volume fraction of that constituent in the mixture. The sum of these products is 
equal to the pseudocritical property of the mixture. This is the preferred method of deter
mining the pseudocritical property. 

When no analysis of the gas is available, the pseudocritical properties can be estimated 
from the gas gravity. In general, carbon dioxide, nitrogen, and hydrogen sulphide wi l l 
materially affect the pseudocritical properties. 

These affects can be approximated by use of Table X. When the quantities of CO2 or N 2 

are beyond the range of Table X, or when appreciable quantities of H 2S are present, the 
compressibility factors should be determined experimentally. 

Table IX is a tabulation of the values for hydrocarbon gases free from carbon dioxide, 
nitrogen, and hydrogen sulphide. 

Table X is a tabulation of corrections of these values for various amounts of carbon dioxide 
and nitrogen. 

Figure 2 shows pseudocritical properties versus gas gravity for miscellaneous natural 
gases and condensate well fluids. This chart should not be used when a gas analysis is 
available. 

The relationship of pseudocritical properties also can be computed from the following 
equations devised by A. E. Sweeney, Jr.: 

P c r = 693 - 35.0G + 432.9XC - 167.3X^ + 654 X ^ g D-(3) 

T c r = 158+33.0G - 167.3XC - 279.9X^+127 X ^ g D-(4) 

References 

(1) Brown, G. G., Katz, D. L . , Oberfell, G. C., and Alden, R. C., Natural Gasoline 
and The Volatile Hydrocarbons, Natural Gasoline Association of America, Tulsa 1948. 

(2) Sage, B. H. and Lacey, W. N . , Volumetric and Phase Behavior of Hydrocarbons, 
Stanford University Press, 1939. 

(3) Kay, W. B., Industrial and Engineering Chemistry, v 28, pp 1014, 1936. 

Special Nomenclature 

P = pressure, lbs./sq. in . , absolute P = critical pressure 
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V = volume, cu. ft. at standard conditio 
n = number of moles 
R = gas constant, 10.73 per pound mole 
T = temperature, degrees Rankine 
G = gas gravity, air = 1.000 

T c r = critical temperature 
V c r = critical volume 
X c = fractional volume of carbon dioxide 
XJJ = fractional volume of nitrogen 
XJJ g = fractional volume of hydrogen 

sulphide 
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TABLE A 

Molecular 
Component Weights Gravity Critical Temperature Critical Pressure 

M.W.* G g @ T c r * T c r # P c r * 

Air ** 28.95 
N 2 ** 28.016 

co2 ** 44.01 
H 2 0 ** 18.016 
H 2 S 34.082 

C H 4 16.042 
C 2 H 6 

30.068 
C 3 H 8 

44.094 
n C 4 H l 0 

58.120 
n C 5 H l 2 72.146 
n C 6 H 1 4 86.172 
nC 7 Hi6 100.198 

I S O - C ^ J Q 58.120 

I s o - C 5 H l 2 72.146 
Neo-C5H 1 2 72.146 

C 6 H 1 4 
86.172 2 -Methylpentane 86.172 

3 - Methylpentane 86.172 
2 - 2 - Dlmethylbutane 86.172 
2 - 3 - Dlmethylbutane 86.172 

1.000 238.74 546.69 
.968 227.22 204.0 492.32 

1.52 547.98 496.0 1, 072.81 
.622 1, 165.20 3,199.61 

1.177 672. 72 1,306.47 

.554 343.3 336.0 673.1 
1.039 549.77 708.3 
1.523 665.95 617.4 
2.008 765.31 550.7 
2.493 845.60 489.5 
2.977 914.1 439.7 
3.461 972.31 396.9 

2.008 734.65 529.1 

2.493 829.8 483.0 
2.493 780.77 464.0 

2.977 896.5 440.1 
2.977 907.8 453.1 
2.977 880.9 450.5 
2.977 900.5 455.4 

C7H16 
2 - Methylhexane 100.198 3.461 955.9 400.0 
3-Methylhexane 100.198 3.461 964.0 413.0 
3-Ethylpentane 100.198 3.461 973.4 420.0 
2 - 2 - Dimethy lpentane 100.198 3.461 937.6 417.0 
2 - 3 - Dimethy lpentane 100.198 3.461 968.0 429.0 
2-4-Dimethylpentane 100.198 3.461 936.5 403.0 
3 - 3 - Dimethyl pentane 100.198 3.461 965.0 440.0 
2 -2 -3 -Trimethylbutane 100.198 3.461 956.6 437.2 

* Values from SELECTED VALUES OF PHYSICAL THERMODYNAMIC PROPERTIES 
OF HYDROCARBONS AND RELATED COMPOUNDS; F. D. Rosini, K. S. Pitzer, 
R. L. Arnet, R. M. Braun anc G. C. Pimentel; American Petroleum Institute, 
1953. 

"* Values from INTERNATIONAL CRITICAL TABLES; McGraw-Hill Publishing Co. 
@ Calculated, Air = 1.000. 
# Values from California Natural Gasoline Association Bulletin No. TS 461. 
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PREFACE 

An industry committee met during 1985 - 1986 to revise 
d e l i v e r a b i l i t y testing procedures i n San Juan Basin wells. 
In the course of the meetings i t was decided a testing 
manual should be developed to replace Order R-333, as 
amended, and to incorporate a l l necessary procedures and 
tables. 

This manual was prepared to meet with the committee's 
decision. Sincere appreciation is extended to a l l the 
members of the committee, l i s t e d below, and p a r t i c u l a r l y to 
H. L. Kendrick of El Paso Natural Gas Company who chaired 
the committee and coordinated the preparation of this 
manua1. 
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I N T R O D U C T I O N 



INTRODUCTION 

Analysis of the performance of gas wells is an important part of the Petroleum 
Industry's operations. Gas well tests are used in regulatory work, various 
types of reservoir analyses, and in determining deliverability, or the capacity 
of a well to produce against a particular back-pressure. Historically, the 
capacity of gas wells to produce has been described in terms of the "open-flow" 
delivery rate or the "potential" of the well and the "shut-in pressure at the 
wellhead" or, less frequently, by some related quantity such as the "deliver
ability" at specified wellhead pressures. The open-flow capacity of a gas well 
is used for company operations, legal instruments such as contracts to buy or 
sell gas and governmental regulatory work. In the early days of the petroleum 
industry, the open-flow capacity of a gas well was measured directly. As this 
is a wasteful and hazardous practice, methods of calculating open-flow capacity 
from well tests made at reasonable and controlled rates of flow have been devised. 

The first step toward calculating the open-flow potential or capacity of a gas 
well was made in the classic report of Rawlins and Schellhardt (1) which de
scribed, proposed, and explained the back-pressure method of determining the 
capacity of the gas well to produce under various conditions of back-pressure. 
This report was a milestone in the history of petroleum engineering and in the 
conservation of petroleum. These investigators analyzed data from 582 gas 
wells located throughout the United States. Specifically, they demonstrated that 
for the normal gas well, a plot of volume-rate-of-flow versus the difference 
between the square of the static reservoir pressure and the square of the cor
responding flowing bottom-hole pressure on log-log paper is a straight line. 
Although the term "absolute open-flow potential" as used by Rawlins and 
Schellhardt represented the capacity of a well to produce against atmospheric 
pressure at the bottom of the well, the absolute open-flow will not be changed 
whether measured against atmospheric back-pressure or zero psia, because 
for most wells atmospheric pressure is negligible as compared to the shut-in 
sand face pressure. Rawlins and Schellhardt also devised a method of calculat
ing the capacity of a well to produce against atmospheric pressure at the surface, 
i . e. , the open-flow capacity, by taking into account the weight of the column of 
gas and the pressure drop due to frictional resistance in the flow string. In shal
low wells producing through large-diameter flow strings, the absolute open-flow 
capacity and open-flow capacity are nearly equal because the pressure loss 
due to friction and the weight of the column of gas in the flow string is small or 
trivial in comparison to reservoir pressure. Since that time, the term absolute 
open-flow potential has been used and will be used in this manual to mean the 
rate of flow that would be obtained if the bottom-hole pressure opposite the sand 
face were reduced to zero psia; consequently, the absolute open-flow potential is 
independent of well equipment and represents the maximum productivity of the 
reservoir rock adjacent to a particular well. 

(1) Rawlins, E. L . , and Schellhardt, M. A., Back-Pressure Data on Natural Gas 
Weils and Their Application to Production Practice. U.S. Bureau of Mines, 
Monograph 7, 1935. 
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From a theoretical standpoint, the validity of Rawlins' and Schellhardt's findings 
can be supported by a consideration of the radial flow equation for gas. This 
equation, which represents the isothermal flow of gas in the steady state to a 
well bore in a symmetrical reservoir, can be stated as: 

CTTKH (Pf2 

P a

2 ) 

Where 
Q 
C 
K 
H 
Pb 
Pf 
Ps 
Tf 
Z 

ln 
r e 

r w 

T b 

rw 

I - l 

T f Z 

flow to well, Mcf per day 
numerical constant to adjust units 
permeability of reservoir 
thickness of reservoir 
pressure base 
shut-in reservoir pressure 
flowing pressure at sand face 
formation temperature 
average compressibility 
average viscosity of the flowing gas 
natural logarithm, i . e. logarithm to the base 
drainage radius of well 
well-bore radius 
temperature base 

For a particular well, the terms C, K, H, Tj, , , Pj,, ln r e / r w , Tf, and Z 
may be considered constant and thus can be combined into a single well constant, 
"C", which reduces the flow equation to: Q = C (Pf2 - p s2). This equation 
assumes isothermal steady state streamline flow and requires an average com
pressibility factor. As neither of these assumptions holds absolutely true in a 
gas reservoir, an exponent, "n", must be Introduced to match actual field con
ditions. The formula then becomes: Q = C (Pf2 - Pg2)11. This is the formula 
developed by Rawlins and Schellhardt. (For a "perfect" gas under isothermal 
steady state streamline flow, n = 1.) For a specific well and reservoir, "n" 
must be determined by measuring Q, Pf, and P s under several different conditions 
and then solving for "n". By writing the equation as: logQ = logC + n log 
(Pf2 - P s

2 ) i t can be seen that Q plotted versus Pf 2 - P s

2 on log-log paper is a 
straight line with a slope of "n". To determine the absolute open-flow potential 
of a well, the measured points are plotted on log-log paper and the straight line 
is extrapolated to a point where Pf 2 - Ps2 as Pj2 ^ other words Ps = 0). "Q" 
read at this point is the absolute open-flow potential. The flow rate at other con
ditions of back pressure can also be determined by calculating Pf 2 - P s

2 , using 
the desired Pg and reading Q at the corresponding point. 
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Rawlins and Schellhardt considered the coefficient "C" and the exponent "n" to 
be constants for a particular weil. This is apparently true for a well operating 
under stabilized conditions; however, later studies indicate that for wells pro
ducing from low permeability reservoirs, the coefficient "C" is a variable 
related to time and can be considered as a constant only with respect to a par
ticular time. 

In general, the exponent "n" varies for individual wells between the limits of 0.S 
and 1.0 and it is generally accepted that back-pressure curves with exponents 
below 0.5 or above 1.0 are erroneous. From a theoretical standpoint, the vari
ation of the exponent "n" between different wells has not been satisfactorily 
explained; however, many investigators under both laboratory and actual field 
conditions have demonstrated the reliability of the back-pressure equation. 

The basic equation for calculating the absolute open-flow potential of a gas well 
uses bottom-hole pressures, whereas surface pressures are more frequently 
and easily obtained. The theory of calculating subsurface pressures from sur
face pressures is simple, namely that the closed-in static bottom-hole pressure 
is equal to the closed-in wellhead pressure plus the weight of the column of fluid 
and that the flowing bottom-hole pressure is equal to the flowing wellhead pres
sure plus the weight of the column of fluid plus the pressure differential required 
to overcome frictional resistance to the flow of the gas in the particular flow string. 

Several methods of calculating subsurface pressures in gas wells have been 
developed. Rawlins and Schellhardt used Weymouth's formula for calculating the 
pressure drop due to frictional resistance. As no corrections were made for 
compressibility and as an average temperature of flow of 80° F was taken, this 
method, generally termed the U. S. Bureau of Mines method.is applicable only to 
shallow, low-pressure gas wells. The technique of computation for this method 
was improved and simplified by Ferguson (2) (3). As the use of the method was 
extended to deep, high-pressure gas wells, the earlier simplifying assumptions 
had to be modified. Vitter (4) adapted the method to condensate wells. The cal
culation techniques described in this manual are basedin principle on this early 
work but incorporate recent modifications to obtain a procedure that is as simple 
as possible, consistent with accuracy. 

Throughout this manual the pressure base is taken as 15.025 psia, and the temper
ature base is60°F. All gas volumes are referred to these base conditions which 
are sometimes designated as standard volumes or standard conditions. If maxi
mum accuracy is to be obtained, all flow data gathered for back-pressure tests 

(2) Ferguson, J. William, Calculation of Back-Pressure Tests on Natural Gas Wells; 
Oil and Gas Journal, January 19, 1939. pp. 47-53. 

(3) Ferguson, J. William, Calculation ci Back-Pressure Tests; Oil and Gas Journal, 
May 7, 1942. p. 52. 

(4) Vitter, A. L . , Jr., Back-Pressure Tests on Gas-Condensate Wells; A. P. I . 
Drilling and Production Practice, 1942. pp. 79-87. 
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must be measured under stabilized conditions. With reference to the production 
of gas wells, the term "stabilized" is generally used in a manner to Infer that 
at a constant flow rate the flowing conditions within the well bore have become 
constant and are thus unchanging with time. This condition, of course, can 
never be attained when a well is producing at a constant rate because the mass 
content of the reservoir is being continually reduced. Associated with the 
reduction in mass content must be a continual decrease in the pressure level 
throughout the reservoir. In view of mis, the term "stabilized" when applied to 
well conditions associated with gas well production tests will be used to denote 
that further changes in pressure, gas-oil ratio, and rate of flow will be negli
gible and can be ignored for the purpose of calculating a back-pressure test. 

The calculation techniques described in this manual can be divided into three 
categories: (1) stabilized multipoint back-pressure tests, (2) nonstabilized 
multipoint tests, and (3) surface tests. The stabilized multipoint back-pressure 
test procedure can be used in wells in which stabilized flowing conditions can be 
reached within a reasonable period of time. Prior to testing, the well should be 
flowed at sufficient rate and for a sufficient period of time to clear the well of 
accumulated liquids mat might result in erroneous pressure data. After the well 
has been cleaned, it should be shut-in for a period long enough to permit the 
measurement of an accurate stabilized shut-in pressure. Normally, pressures 
are measured at four stabilized rates of flow for use in the equation: Q = 
C (Pf2 - P s

2 ) n . In taking the flowing pressures, the flow rates should be suffi
cient to prevent the accumulation of liquids in the well bore. A wide variation 
in flow rates is desirable to achieve a good spread in data points and thus permit 
accurate extrapolation of the back-pressure curve. 

Accurate wellhead temperatures are required in the calculation of subsurface 
pressures. Flowing temperatures can usually be measured accurately at the 
wellhead for each rate of flow; however, at low flow rates the observed well
head temperature may be distorted by atmospheric conditions. When this situ
ation exists, the mean annual temperature should be used as an approximation 
of the actual wellhead temperature. The static wellhead temperature usually 
cannot be measured accurately and in lieu thereof the mean annual temperature 
appropriate to the locality is sufficiently accurate for the computation. 

The rates of flow during the tests should be accurately measured with acceptable 
metering devices; and the gas-liquid ratios, gas and liquid gravites, and other 
pertinent information should be obtained. It is good practice to plot the data 
points as they are obtained or, at least, plot the difference of the squares of the 
surface pressures to check for alignment and make sure the data are satisfactory 
and the well properly cleaned. This procedure often will indicate the condition 
of the test equipment and the well and make it possible to make adjustments im
mediately that could eliminate the necessity for a re-test. After the field data 
have been obtained, the results canbe plotted cn log-log paper, with Q shown on 
the abscissa and Pf 2 - Ps2 on the ordinate. These points should fall in a straight 
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line, the slope of which represents the reciprocal of "n". The absolute open-
flow potential can then be determined by extrapolating the straight line graphi
cally or by use of the back-pressure equation for which the numerical values of 
"n" and "C" are easily found. 

Whenever stabilization cannot be reached within a reasonable period of time 
because of reservoir conditions, or when flow rates of sufficient duration to 
reach stabilized conditions are impractical, the slope of the back-pressure curve 
can be obtained by using one of two different procedures; namely, the constant-
time multipoint test or the isochronal multipoint test. The constant-time multi
point test is identical to the stabilized test except that the duration shall be the 
same for each flow rate. The four points determined from the constant-duration 
flow tests can be used to determine the slope of the back-pressure curve. A line 
of this slope can then be drawn through the point determined from an extended 
flow test approximating stabilized conditions. The absolute open-flow capacity 
of the well is determined from this line. The precautions to be observed and 
the method of plotting the data are also identical to the stabilized test. 

The isochronal multipoint test can also be used where it is not possible to obtain 
stabilized flow conditions. This procedure is based on the work of Cullender (5) 
which showed that the slope of the back-pressure curve can be obtained from data 
points taken prior to stabilization, providing mat each flow rate is of the same 
duration and that each flow period starts from stabilized shut-in conditions. In 
making this test, the well is f i rs t cleaned and a shut-in pressure obtained in the 
same manner as would be done under stabilized conditions. Each flow rate fo l 
lowing the shut-in pressure should be of the same duration; but, after each flow
ing pressure is observed, the well should be shut in until a reasonable constancy 
in pressure is achieved. In plotting the points, the shut-in pressure preceding 
each flow rate should be used in conjunction with the flowing pressure corre
sponding to that rate used in the calculation of Pf 2 - P s

2 . The points so calcu
lated will determine the slope of the back-pressure curve. An extended flow 
test to obtain a flowing pressure approximating a "stabilized condition" is 
required to locate the position of the back-pressure curve. The curve is com
pleted by drawing a line of the slope determined from the four constant-time 
points through the point plotted from the extended ("stabilized condition") test. 
The absolute open-flow capacity of the well is obtained from this line. 

Redetermination of me absolute open-flow potential can be made by the "one-
point" test procedure once the slope of the back - pressure curve has been 
established. This method assumes that the slope of the back-pressure curve 
does not change with time. Accordingly, a one-point test requires only that a 
shut-in pressure and one stabilized flow rate be obtained. The new value of 

(5) Cullender, M. H. , The Isochronal Performance Method of Determining the 
Flow Characteristics of Gas Wells; AIME Trans., V204, pp. 137-142, 1955. 
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absolute open flow is determined by drawing the back-pressure curve through 
this point using the known slope. This determination can also be made by using 
the following equation: 

AOF = Q 
Pf 2 " P 8

2 
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These procedures require that the subsurface pressures be either measured or 
calculated. In shallow wells with large flow strings the differences between sur
face and subsurface pressures are usually small, and surface pressures can be 
used with little error. If the error Introduced by using the surface pressures 
does not warrant the use of subsurface pressures, then the static column well
head pressures can be substituted for the bottom-hole pressures. Surface 
pressures are used in determining the deliverability of a well or capacity of the 
formation to produce gas into the wellbore against a specified surface pressure. 
The deliverability Is calculated by solving for "D" in the following equation: 

D = Q 

2 . 
Pd2 

P c

2 - P w 

1-3 

Where 
D = deliverability of well at back pressure, P,j 
Q = rate of flow at a pressure of P w , during test 
P c = shut-in wellhead pressure 

The ability of a well to produce into a gathering system can be determined for 
various wellhead pressures of the flow string corresponding to a specified line 
pressure after establishing a curve by f i rs t plotting Q versus P c

2 - Pt2 for 
several rates of flow in the same manner as is done for Q versus Pf 2 - P s

2 in 
the standard back-pressure plot. Then the producing capacity of the well at a 
given back pressure can be read from the curve using the appropriate values of 
P c

2 - P t

2 or by replacing P d and P w in the deliverability equation with the corre
sponding pressures of the flow string and utilizing the exponent "n" established 
by the plot of Q versus P c

2 - P t

2 . The plotted line may not be exactly straight 
but by restricting its use to those situations which require little extrapolation, 
the producing capacity can be determined with reasonable accuracy. 
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S E C T I O N I I 

T A B L E OF N O M E N C L A T U R E 



TABLE OF NOMENCLATURE 

AOF = absolute open flow, Mcfd 

C = coefficient of the particular back-pres sure equation 

D - deliverability of well at back pressure, P ,̂ Mcfd 

Fb = basic orifice factor, Mcfd/V h w P m 

F c combined friction, temperature, and compressibility factor, F r T Z 

F d 
meter factor for direct reading L-10 chart = 0. OlV RhRp 

F e 
energy loss factor = (FrQm)2 

F g specific gravity factor, dimensionless 

F P = basic critical flow prover or positive nonadjustable choke factor, 
Mcfd/psia 

FPV = supercompressibility factor = A / l / Z , dimensionless 

T2. 6665 f 1 0 - 5 

Fr = friction factor, J J - — 

Fs = pressure loss factor = (L/H) (F c Q m ) 2 (eS - 1) = P g

2 - e s P t

2 

F t 
= flowing temperature factor, dimensionless 

F w = pressure loss factor = (L/H) ( F c Q m ) 2 ( l - e"s) = P w

2 - P t

2 

G = specific gravity of flowing fluid (air = 1. 000), dimensionless 

G g = specific gravity of separator gas (air = 1. 000), dimensionless 

G l = specific gravity of separator liquid (water = 1. 000), dimensionless 

GOR = gas-liquid ratio, cu f t of gas (15. 025 psia and 60F) per barrel of 
hydrocarbon liquid (60F) 

H = vertical depth corresponding to L, feet 

In = value of the right hand member of the flow equation corresponding to 
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I n . | = value of the right hand member of the flow equation corresponding to 
Pn-l 

L 2 length of flow channel, feet (See General Instructions) 

M = computational aid 

Mcfd = thousand cubic feet per day (15.025 psia and 60F) 

M2cfd = million cubic feet per day (15.025 psia and 60F) 

N computational aid 

P pressure, psia 

P2 = (psia)2/i000 

P L = static pressure reading, L-10 chart 

Pa = field barometric pressure, psia 

Pb = pressure at base conditions, psia 

Pc = shut-in wellhead pressure, psia 

Per = pseudocritical pressure, psia 

Pd = designated deliverability pressure, psia 

Pf = shut-in pressure at vertical depth. H, psia 

Pm = static pressure at point of gas measurement, psia 

Pn = pressure in the flow channel at a given point, psia 

Pn-l = pressure in the flow channel at the preceding point, psia 

p r = reduced pressure, dimensionless 

Ps = flowing pressure at vertical depth H, psia 

Pt = flowing wellhead pressure, psia 

Pw static column wellhead pressure corresponding to P t, psia 

Q = rate of flow, Mcfd (15. 025 psia and 60F) 
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Qm = rate of flow, M2cfd (15. 025 psia and 60F) 

R h = meter differential range, inches of water 

*P meter pressure range, psia 

R t = meter temperature range, F 

T absolute temperature, R 

T b = absolute temperature at base conditions, R 

T c r = absolute pseudocritical temperature, R 

T m = absolute temperature of fluid at point of gas measurement, R 

T r = reduced temperature, dimensionless 

T s = absolute temperature at vertical depth H, R 

T w = absolute temperature of fluid at wellhead, R 

V l cu f t of vapor (15. 025 psia and 60F) equivalent to 1 barrel of hydro
carbon liquid (60F) 

Z = compressibility factor, dimensionless 

d = inside diameter, inches 

de = effective diameter, inches 

d o = outside pipe diameter, inches 

e = natural logarithm base = 2. 71828+ 

e s 

= weight of column factor, dimensionless 

f = coefficient of friction, dimensionless 

h d = differential reading, L-10 chart 

K = meter differential pressure, inches of water 

n = exponent of the particular back-pressure equation, dimensionless 

psia = pounds per square inch absolute 
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psig 

s 

= pounds per square inch gauge 

= 0. 0375 GH/TZ 

= temperature reading, L-10 chart 

NOTE: "F" as used in this Table of Nomenclature and throughout this manual is 
the symbol for degrees Fahrenheit. 

"R" as used in this Table of Nomenclature and throughout this manual is 
the symbol for degrees Rankine (degrees Fahrenheit absolute). 
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SECTION I I I 

RULES OF PROCEDURE FOR NORTHWEST NEW MEXICO 

DIVISION ORDER NO. R-333-I 111 - i 

RULES OF PROCEDURE FOR NORTHWEST NEW MEXICO 11 I - l 

Chapter I Type of Tests Required For Wells i n Prorated Gas Pools 111 —1 

Section 1 I n i t i a l D e l i v e r a b i l i t y f o r Newly Completed Wells 111 — 1 

A. Immediately Upon Completion 111 — 1 

B. Within 90 Days 11 I - l 

C. Requirements f o r I n i t i a l and Annual Tests 111 —2 

D. Informational Tests Not Recognized as O f f i c i a l 111 - 2 

Section 2 Annual and Biennial D e l i v e r a b i l i t y and Shut-In Tests 111 — 2 

A. Annual and Biennial Test Period 111 — 2 

B. Annual and Biennial Tests to be F i l e d 111 — 3 

Section 3 Scheduling of Tests 111-4 

A. N o t i f i c a t i o n of Pools to be Tested 111-4 

B. Annual and Bienni a l D e l i v e r a b i l i t y Tests 111 — 4 

C. D e l i v e r a b i l i t y Re-Tests 111 - 5 

Section 4 Witnessing of Tests 111 — 5 

Chapter I I Procedure f o r Testing 111 — 6 

Section 1 I n i t i a l D e l i v e r a b i l i t y Test Procedure 111 - 6 

A. Within 90 Days 111-6 

B. Optional Method for I n i t i a l Del i v e r a b i 1 i t y Test 111 —6 

Section 2 Annual and Bienni a l D e l i v e r a b i l i t y Test Procedure 111-7 

Chapter I I I Informational Tests 111-13 

A. One Point Back Pressure Test 111 -13 

B. Other Tests f o r Informational Purposes 111-13 

Chapter IV Type of Tests Required For Wells i n Non-Prorated Gas Pools 11 1-14 

Section 1 I n i t i a l Shut-In Pressure Tests 111 -14 

A. Immediately Upon Completion 111-14 

Section 2 Bienni a l Shut-In Pressure Tests 111 -14 

A. A l l w e l l s to be Tested B i e n n i a l l y 111 — 14 

B. Tests to be F i l e d by January 31 I 11 -14 

Section 3 Scheduling Tests 111 -14 

A. Notice of Pools to be Tested I 11-14 

Section 4 Test Procedure I 11-15 

A. Method to Obtain Shut-In Pressure 111 — 15 

Section 5 F i l i n g of Shut-In Pressure Data 111 -15 



STATE OF NEW MEXICO 
ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT 

OIL CONSERVATION DIVISION 

CASE NO: 8 58 6 
ORDER NO: R-333-I 

IN THE MATTER OF THE HEARING CALLED 
BY THE OIL CONSERVATION DIVISION ON 
ITS OWN MOTION FOR RESCISSION OF 
DIVISION ORDER No. R-333, AS AMENDED, 
AND FOR RECODIFICATION AND REISSUANCE 
OF GAS WELL TESTING PROCEDURES FOR 
NORTHWEST NEW MEXICO. APPLICANT 
FURTHER SEEKS AN EXTENSION OF THE 
198 6 TESTING PERIOD AND SUSPENSION OF 
THE 1987 TESTING PERIOD. MCKINLEY, 
RIO ARRIBA, SANDOVAL, AND SAN JUAN 
COUNTIES, NEW MEXICO. 

BY THE DIVISION: 

This cause came on f o r hearing at 8:00 a.m. on May 8, 
1985, and at 8:15 a.m. on December 3, 1986, i n Santa Fe, 
New Mexico, before Examiners G i l b e r t P. Quintana and 
Michael E. Stogner, r e s p e c t i v e l y . 

NOW, on t h i s __2jid__ day of October, 1987, the 
D i v i s i o n D i r e c t o r , having - considered the testimony, the 
record, and the recommendations of the Examiners, and 
being f u l l y advised i n the premises, 

FINDS THAT: 

(1) Due p u b l i c n o t i c e having been given as required 
by law, the D i v i s i o n has j u r i s d i c t i o n of t h i s cause and 
the subject matter thereof. 

(2) The applicant i n the i n s t a n t case seeks to 
rescind D i v i s i o n Order No. R-333, as amended, and to 
r e c o d i f y and amend the Special Rules and Regulations f o r 
the t e s t i n g of gas w e l l s i n Northwest New Mexico contained 
t h e r e i n . 

(3) Special r u l e s and r e g u l a t i o n s f o r the t e s t i n g of 
gas w e l l s i n MeKinley, Rio A r r i b a , Sandoval, and San Juan 
Counties, New Mexico, (Northwest New Mexico) have been 
adopted and amended by the D i v i s i o n and are embodied i n 
D i v i s i o n Order No. R-333, as amended. 
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(4) These e x i s t i n g r u l e s and r e g u l a t i o n s r e l a t i n g to 
gas w e l l t e s t i n g procedures i n Northwest New Mexico have 
been adopted over many years and are c o l l e c t e d i n numerous 
orders, t h e r e f o r e , making reference to them somewhat 
d i f f i c u l t . 

(5) I n a d d i t i o n some of the gas w e l l t e s t i n g 
procedures are out-dated and i n need of r e v i s i o n . 

(6) Because of the need to review these r u l e s 
r e l a t i n g to gas w e l l t e s t i n g i n Northwest New Mexico, the 
D i v i s i o n D i r e c t o r at that time appointed a committee to 
study the e x i s t i n g r u l e s and to recommend changes. 

(7) Harold L. Kendrick, Chairman of the 
D e l i v e r a b i l i t y Test Committee, appeared on i t s behalf at 
the May 8 , 1985 (at which time i t was taken under 
advisement, however no order was issued) and December 3, 
1987 examiner hearings and made the f o l l o w i n g 
recommendations regarding gas w e l l t e s t i n g procedures i n 
Northwest New Mexico: 

(a) to r e c o d i f y the ru l e s and i s s u i n g them as 
the "Has Well T e s t i n g Manual f o r Northwest 
New Mexi co"; 

(b) to require d e 1 i v e r a b i 1 i t y t e s t i n g i n 
prorated gas pools on a b i e n n i a l (every two 
years) basis; 

(c) to require b i e n n i a l s h u t - i n pressures i n 
non-prorated gas pools w i t l i no 
d e l i v e r a b i l i t y t e s t i n g ; 

(d) to make the d e l i v p r a b i 1 i t y test year 
be the same as tlie calendar yenr; 

(e) to make exemption from d e l i v e r a b i l i t y 
t e s t i n g i n the Blanco-Mesaverde and 
Basin-Dakota Pools based upon the combined 
prod u c i b i 1 i t y of a l l w e l l s on a gas 
pror a t ion uni t ; 

( f ) to permit w e l l s s h u t - i n f o r overproduction 
to be produced f o r d e l i v e r a b i l i t y t e s t 
purposes a f t e r the operator n o t i f i e s the 
D i v i s i o n Aztec D i s t r i c t o f f i c e ; 

(g) to re l a x r e s t r i c t i o n on flow i n t e r r u p t i o n s 
d u r i n g the c o n d i t i o n i n g period s l i g h t l y ; 
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(h) to permit the 7-day shut i n pressure to be 
measured at a time d u r i n g the current 
t e s t i n g season other than immediately 
f o l l o w i n g the t e s t flow p e r i o d ; 

( i ) to set d e l i v e r a b i l i t y pressure (Pd) 
assigned as a percentage of the 7-day 
s h u t - i n pressure i n each pool to more 
nea r l y approximate the pool average 
ope r a t i n g c o n d i t i o n s ; 

( j ) the 7-day s h u t - i n pressure f o r w e l l s i n 
non-prorated gas pools should be f i l e d w i t h 
the D i v i s i o n and reported on Form C-125 or 
any other form designated by the D i v i s i o n ; 
and 

(k) . to include i n the manual a l l required 
ta b l e s . 

(8) A l l of the above proposals are embodied i n 
E x h i b i t "A" attached hereto and made a part thereof. 

(9) A manual f o r w e l l t e s t i n g as set out i n said 
supplemental e x h i b i t should be adopted. 

(10) The e x i s t i n g D i v i s i o n Order No. R-333, as 
amended, should be rescinded, i n i t s e n t i r e t y , and a new 
order designated R-333-I should be promulgated. 

(11) I t i s f u r t h e r sought i n t h i s Case to extend the 
deadline f o r completing and f i l i n g 198fi d e 1 i v e r n b i H t y 
t e s t s to March 31, 1987, and f o r a one year suspension of 
b i e n n i a l d e l i v e r a b i l i t y t e s t i n g whereby the d e l i v e r a b i l i t y 
t e s t cycle w i l l begin again i n 1988 w i t h those pools which 
would have been tested i n 1987. 

(12) No testimony was received i n o p p o s i t i o n to t h i s 
request. 

(13) Approval of t h i s a p p l i c a t i o n i s i n the best 
i n t e r e s t of conservation and w i l l prevent waste and 
p r o t e c t c o r r e l a t i v e r i g h t s . 
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IT IS THEREFORE ORDERED THAT: 

(1) E f f e c t i v e September 1, 1987, the Special Rules 
and Regulations governing gas w e l l t e s t i n g i n Northwest 
New Mexico, which includes MeKinley, Rio A r r i b a , Sandoval 
and San Juan Counties, New Mexico, as set f o r t h i n E x h i b i t 
"A" attached hereto and made a part hereof, are hereby 
promulgated and adopted as an exception to Rules 401 and 
402 of the general statewide r u l e s and re g u l a t i o n s of t h i s 
D i v i s i o n r e l a t i n g to gas w e l l t e s t i n g procedures, 
superseding the rul e s and re g u l a t i o n s contained i n t h e i r 
e n t i r e t y i n D i v i s i o n Order No. R-333, as amended. 

(2) The deadline f o r completing and f i l i n g 1986 
d e l i v e r a b i l i t y t e s t s i s hereby extended to March 31, 1987. 

(3) The required b i e n n i a l d e l i v e r a b i l i t y t e s t i n g of 
we l l s i s hereby suspended f o r a one year p e r i o d whereby 
the d e l i v e r a b i l i t y t e s t cycle w i l l begin again i n 1988 
w i t h those pools which would have been test e d i n 1987. 

(4) J u r i s d i c t i o n of t h i s cause i s re t a i n e d f o r the 
entr y of such f u r t h e r orders as the D i v i s i o n may deem 
necessary. 

DONE at Santa Fe, New Mexico, on the day and year 
hereinabove designated. 

STATE OF NEW MEXICO 
OIL CONSERVAT.KtfJ m y IS ION 

S E A L 
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RULES C F PROCEDURE FCR NORTHWEST 
NEW MEXICO 

CHAPTER I TYPE OF TESTS REQUIRED FDR WELLS COMPLETED IN PRORATED GAS 
POOLS : 

SECTION 1: Initial Deliverability and Shut-In Pressure Tests for Newly 
Completed Well 

A. Immediately upon completion of each gas well in northwest New Mexico, 
a shut-in pressure test of at least seven days duration shall be made. 
This i n i t i a l shut-in pressure shall be filed with the Division's 
Aztec Office an either Form C-122 or C-104. 

B. Within 90 days after a well first delivers gas to a gas transportation 
facility, the well shall have been tested in accordance with Section 
1 of Chapter I I of these rules, "Initial Deliverability and Shut-In 
Pressure Test Procedures", and the results of the test filed in 
•triplicate with the Division's Aztec office and one copy filed with 
the gas transportation facility to which the well is connected. This 
tsst'is to be filed on Form C-122-A. Failure to file said test within 
the above-prescribed 90-day period will subject the well to the loss 
of one day's allowable for each day the test is late. 

1. If the newly first delivered well is an i n f i l l well on a 
proration unit, the old well on the unit is not required to 
be tested provided i t has a valid test on file for the 
current proration year. Testing of the old well follows the 
regularly assigned test year for the pool in which the wells 
are located. The new well is required to be tested annually 
until at least three annual tests are on file and then the 
well is to be tested biennially with other wells in that 
pool. 

2. I f the newly f i r s t delivered weli is an i n f i l l well on a 
proration unit and the old well on the unit is "exempt", the 
old well is to be tested along' with the new well for the 
I n i t i a l and Annual Deliverability and Shut-In Pressure 
Test. The old well w i l l lose i t s "exempt" classification 
and must be tested biennially along with other wells in that 
pool. The new i n f i l l well is required to be tested annually 
u n t i l at least three annual tests are on f i l e and then the 
well is to be tested biennially with other wells in that 
pool. 
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C. The requirements for Initial Tests and Annual or Biennial 
Deliverability and Shut-In Pressure Tests and the notification 
requirements and scheduling of such tests which apply to newly 
completed wells shall also apply to recompleted wells. 

0. Any tests taken for informational purposes prior to pipeline 
connection shall not be recognized as official tests for the 
assignment of allowables. 

SECTION 2. Annual and Biennial Deliverability and Shut-In Pressure 
Tests 

A. Annual or Biennial Deliverability and Shut-In Pressure Tests shall be 
made on all gas wells during the period from January 1 through 
December 31 of that year except as follows: 

1. A newly completed well or a recompleted well shall be tested 
on an annual basis until a minimum of three annual tests have 
been taken, after which the well shall be tested biennially 
as is required for other wells in the pool in which the well 
is located. 

2. Wells classified as "exempt" shall not be subject to the 
requirements of annual or biennial deliverability tests. 

Classification of wells into or out of the "exempt" status 
shall be done once each year immediately following the 
reporting of June production and shall be effective for the 
succeeding annual test period. 

Gas wells completed in the Pictured Cliffs or any shallower 
formation shall be classified "exempt" if at least three 
months of production history is available and the well failed 
to produce, and is incapable of producing, an average of 250 
flCF or more per month during the months produced within the 
preceding 12-month period, and the well is classified as 
marginal in the August Gas Proration Schedule. 

Gas wells completed in any formation deeper than the 
Pictured Cliffs formation shall be classified "exempt" if at 
least three months of production history is available and 
the well -ailed to produce, and is incapable of producing, 
an average of 2000 MCF or more per month during the months • 
produced within the preceding 12-month period, and the well 
is classified as marginal in the August Gas Proration 
Schedule. 
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O Gas wells on multiple well Gas Proration Units will not be 
classified "exempt" unless the Gas Proration Unit is 
classified as marginal. Any or all wells on a marginal 
multiple well Gas Proration Unit may be classified as 
"exempt" provided each Gas Proration Unit so classified 
meets the qualification for "exempt" status. Gas Proration 
Units for .wells producing from formations deeper than the 
Pictured Cliffs formation shall be classified "exempt" if at 
least three months of production history is available and 
the Gas Proration Unit failed to produce, and is incapable 
of producing, an average of 2000 MCF or more per month 
during the months produced within the preceding 12-month 
period, and the Gas Proration Unit is classified as marginal 
in the August Gas Proration Schedule. Gas Proration Units 
are to be classified as "exempt" because of their low 
producing ability. 

The District Supervisor of the Division's Aztec Office may 
classify a well or Gas Proration Unit as "exempt" at any 
time if the operator presents sufficient evidence to the 
District Supervisor indicating that the well or Gas 
Proration Unit is incapable of producing gas at a higher 
rate than that rate required for "exempt" classification for 
wells or Gas Proration Units in that pool. 

Once a well or Gas Proration Unit has been declared "exempt" 
for the following test year, it shall remain classified 
"exempt" for that test year. 

3. If a test is filed on any well on a gas proration unit, the 
test requirement for the gas proration unit has been met. 
The deliverability of the unit is taken only as the 
resulting sum of all wells tested. 

4. A shut-in pressure must be filed on Form C-122-A even if no 
as is measured during the production phase of the test, 
he filing of shut-in pressures for "exempt" wells is not 
required. 

3. All Annual and Biennial Deliverability and Shut-In Pressure Tests 
required by these rules must be filed with the Division's Aztec 
office and with the appropriate gas transportation facility within 90 
days following the completion of each test. Provided however, that 
any test completed between October 31 of the test year and January 31 
of the following year ara due no later than January 31. No extension 
of time for f i l i n g tests beycnd January 31 wil l be granted excect 
after notice and hearing. 
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Failure to file any test within the above-prescribed times will 
subject the well to the loss of one day's allowable for each day the 
test is late. A well classified as marginal shall be shut-in one day 
for each day the test is late. 

SECTION 3: Scheduling of Tests 

A. Notification of Pools to be Tested 

By September 1 of each year, the District Supervisor of the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which are to 
be scheduled for biennial testing during the following testing period 
from January 1 through the last day of December of that test year. 
The District Supervisor will also provide a list of "exempt" wells 
and a list of wells that do not have a minimum of three Annual 
Deliverability and Shut-In Pressure Tests on file. 

Any well scheduled for testing during its test year may have the 
conditioning period, test flow period, and some of the seven day 
shut-in period conducted in December of the previous year provided 
that if the 7 day shut-in period immediately follows the test flow 
period the 7 day shut-in pressure would be measured in January of the 
test year. The earliest date that a well could be scheduled for 
Annual or Biennial Deliverability and Shut-In Pressure Test would be 
such that the Test Flow Period would end on December 25 of the 
previous year. 

Downhole commingled wells are to be scheduled for tests on dates for 
pool of the lowermost prorated completion of the well. 

3. Annual and Biennial Deliverability Tests 

By November 1 of each year, each gas transportation facility shall, 
in cooperation with the operators involved, prepare and submit a 
schedule of the wells to which it is connected which are to begin 
testing in December and January. Said schedule shall be entitled, 
"Annual and Biennial Deliverability and Shut-In Pressure Test 
Schedule", and one copy shall be submitted to the Division's Aztec 
office and to each operator concerned. The schedule shall indicate 
the date of tests, pool, operator, lease, well number, and location 
of each well. 

At least 30 days prior to the beginning of each succeeding 2-month 
testing interval, a similar schedule shall be prepared and filed in 
accordance with the above. 
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The aas transportation facility and the Aztec District Office of the 
Division shall be notified immediately by any operator unable to 
conduct any test as scheduled. 

In the event a well is not tested in accordance with the existing test 
schedule, the well shall be re-scheduled by the gas transportation 
facility, and the Division and the operator of the well so notified in 
writing. Every effort should be made to notify the Division of the 
new schedule prior to the conclusion of the newly assigned 14-day 
conditioning period. 

Notice to the Division of Shut-In Pressure Tests which are scheduled 
at a time other than immediately following the flow test must be 
received prior to the time that the well is shut-in. 

It shall be the responsibility of each operator to determine that all 
of its wells are properly scheduled for testing by the gas 
transportation facility to which they are connected, in order that 
all annual and biennial tests may be completed during the testing 
season. 

In the event a well is shut-in by the state for over production, the 
operator may produce the well for a period of time to secure a test 
after notification to the Division. All gas produced during this 
testing period will be used in determining the over/under produced 
status of the well. 

Deliverability Re-Tests 

An operator may, in cooperation with the gas transportation facility, 
schedule a well for a deliverability re-test upon notification to the 
Division's Aztec office at least ten days before the test is to be 
commenced. Such re-test shall be for good and substantial reason and 
shall be subject vo the approval of the Division. Re-tests shall in 
ai l ways be conducted in conformance with the Annual and Biennial 
Deliverability Test Procedures of these rules. The Division, at i t s 
discretion, may require the re-testing of any well by notification to 
the ooerator to schedule such re-test. These tests as filed on Form 
C-122-A should be identified as "RETEST" in the remarks column. 

TION 4: Witnessing of Tests 

Any I n i t i a l Annual cr Biennial Deliverability 3nd Shut-In Pressure 
Test may ca witnessed by any or a l l of the following: an agsnt of the 
Division, an offset operator, a representative of the gas 
transportation facility connected to the weil under test, or" a 
representative of the gas transportation fac i l i t y taking gas frcm an 
offset operator. 
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CHAPTER II PROCEDURE FOR TESTING 

SECTION 1: Initial Deliverability and Shut-In Pressure Test Procedure 

A. Within 90 days after a newly completed well is first delivered to a 
gas transportation facility, the operator shall complete a 
deliverability and shut-in pressure test of the well in conformance 
with the "Annual and Biennial Deliverability and Shut-In Pressure 
Test Procedures", prescribed in Section 2 of this chapter. Results 
of the test shall be filed as required by Section 1 of Chapter I of 
these rules. 

B. In the event it is impractical to test a newly completed well in 
conformance with Paragraph A above, the operator may conduct the 
deliverability and shut-in pressure test in the following manner 
(provided, however, that any test so conducted will not be accepted 
as the first annual deliverability and shut-in pressure test as 
described in Paragraph A-l of Section 2, Chapter I): 

1. A 7-day or 8~day production chart may be used as the basis 
for determining the well's deliverability, providing the 
chart so used is preceded by at least 14 days continuous 
production. The well shall produce through either the 
casing or tubing, but not both, into a pipeline during these 
periods. The production valve and the choke settings shall 
not be changed during either the conditioning or flow period 
with the exception of the f i r s t ten (10) days of the 
conditioning period when maximum production would 
over-range the meter chart or location production 
equipment. 

2. A shut-in pressure of at least seven days duration shall be 
taken. This shall be the shut-in test required in Paragraph 
A, Section 1 of Chapter I of these rules. 

3. The average daily static meter pressure shall be determined 
in accordance with Section 2 of Chapter I I of these rules. 
This pressure shall be used as Pt in calculating Pw for the 
Deliverability Calculation. 

4. The daily average rate of flow shall be determined in 
accordance with Secticn 2 of Chapter I I . 

5. Ths static wellhead working pressure (Pw) shall be 
determined in accordance with Section 2 of Chapter I I . 
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6. The deliverability of the well shall be determined by using 
the data determined in Paragraphs 1 through 5 above in the 
deliverability formula in accordance with Section 2 of 
Chapter I I . 

7. The data and calculations for Paragraphs 1 through 6 above 
shall be reported as required in Section 1 of Chapter I of 
these rules/ upon the blue-colored Form C-122-A or on white 
Form C-122-A and identified as "INITIAL TEST ONLY" in 
remarks. 

SECTION 2: Annual and Biennial Deliverability and Shut-In Pressure 
Test Procedure : 

This test shall begin by producing a well in the normal operating 
manner into the pipeline through either the casing or tubing, but not 
both, for a period of fourteen consecutive days. This shall be known 
as the conditioning period. The production valve and choke settings 
shall not be changed during either the conditioning or flow periods 
except during the f i r s t ten (10) days of the conditioning.period when 
maximum production would over-range the meter chart or location 
production equipment. The f i r s t ten (10) days of said conditioning 
period shall not have more than forty eight (48) hours of cumulative 
interruptions of flow. The eleventh to fourteenth days, inclusive, of 
said conditioning period shall have no interruptions of flow 
whatsoever. Any interruption of flow that occurs as normal operation 
of the well as stop-cock flow, intermittent flow, or well blow down 
wi l l not be counted as shut-in time in either the conditioning or flow 
period. 

The daily flowing rate shall be determined from an average of seven or 
eight consecutive producing days, following a minimum conditioning 
period of 14 consecutive days of production. This shall be known as 
the flow period. 

Instantaneous pressures sh3li be measured by deadweight gauge or 
other method approved by the Division during the 7-day or 8-day flew 
period at the casinghead, tubinghead, and orifice meter, and shall be 
recorded along with instantaneous meter-chart static pressure 
reading. 

I f a well is producing through a ccmpressor that is located between 
the ••wellhead and the meter run, the meter run pressure and the 
wellhead casing pressure and the wellhead tubing pressure are to be 
reported on Form C-122-A. (neither the suction pressure nor the 
discnarse pressure of the compressor is considered wellhead 
pressure.) A note shall be entered in the remarks portion on Form 
C-122-A stating "This well prcducss through a ccmpressor". 
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When it is necessary to restrict the flow of gas between the wellhead 
and orifice meter, the ratio of the downstream pressure, psia, to the 
upstream pressure, psia shall be determined. When this ratio is 
0. 57, or less, critical flow conditions shall be considered to exist 
across the restriction. 

When more than one restriction between the wellhead and orifice meter 
causes the pressures to reflect c r i t i c a l flow between the wellhead 
and orifice meter, the pressures across each of these restrictions 
shall be measured to determine whether cri t i c a l flow exists at any 
restriction. When critical flow does not exist at any restriction, 
the pressures taken to disprove cri t i c a l flow shall be reported to 
the Division on Form C-122-A in item (f>) of the form. When cr i t i c a l 
flow conditions exist, the instantaneous flowing pressures required 
hereinabove shall be measured during the last 48 hours of the 7-day or 
8-day flow period. 

When crit i c a l flow exists between the wellhead and orifice meter, the 
measured wellhead flowing pressure of the string through which the 
well flowed during test shall be used as Pt when calculating the 
static wellhead working pressure (Pw) using the method established 
below. • 

When critic a l flow does not exist at any restriction, Pt shall be the 
corrected average static pressure from the meter chart plus friction 
loss from the wellhead to the orifice meter. 

The static wellhead working pressure (Pw) of any well under test 
shall be the calculated 7-day or 8-day average static tubing pressure 
i f the well is flowing through the casing; i t shall be the calculated 
7-day or 3-day average static casing pressure i f the well is flowing 
through the tubing. The static wellhead working pressure (Pw) shall 
be calculated by applying the tables and procedures set out in this 
manual. 

To obtain the shut-in pressure of a well under test, the well shall be 
shut in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured with a deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The 7-day shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be used as Pc in the 
deliverability calculation. When any such shut-in pressure is 
determined by the Division to be abnormally low or the well can not be 
shut-in due to "HARDSHIP" classification, the shut-in pressure to be 
used as Pc shall be determined by one of the following methods: 
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1. A Division-designated value. 

2. An average shut-in pressure of all offset wells completed in 
the same zone. Offset wells include the four side and four 
corner wells, if available. 

3. A calculated surface pressure based on a calculated 
bottom-hole pressure. Such calculation shall be made in 
accordance with the examples in this manual. 

All Wellhead pressures as well as the flowing meter pressure tests 
which are to be taken during the 7-day or 8-day deliverability test 
period as required hereinabove shall be taken with a deadweight gauge 
or other methed approved by the Division. The pressure readings and 
the date and time according to the chart shall be recorded and 
maintained in the operator's records with the test information. 

Orifice meter charts shall be changed and so arranged as to reflect 
upon a single chart the flow data for the gas from each well for the 
full 7-day or 8-day deliverability test period; however, no tests 
shall be voided i f satisfactory explanation is made as to the 
necessity for using test volumes through two chart periods. 
Corrections shall be made for pressure base, measured flowing 
temperature, specific gravity, and supercompressibility; provided 
however, if the specific gravity of the gas from any well under test 
is not available, an estimated specific gravity may be assumed 
therefor, based upon that of gas from near-by wells, the specific 
gravity of which has been actually determined by measurement. 

The average flowing meter pressure for the 7-day or 3-day flow period 
and the corrected integrated volume shall be determined by the 
purchasing company that integrates the flow charts and furnished to 
the operator or testing agency. 

The 7-day or 8-day flow period volume shall be calculated from the 
integrated readings as determined from the flow period orifice meter 
chart. The volume so calculated shall be divided by the number of 
testing days on the chart to determine the average daily rate of flow 
during said flow period. The flow period shall have a minimum of 
seven and a maximum of eight legibly recorded flowing days to be 
acceptable for test purposes. The volume used in this calculation 
shall be corrected to Mew Hexico Oil Conservation Division standard 
conditions of 15.025 psia pressure base, 60°F. temperature base and 
0. 50 scecific gravity base. 
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The daily volume of flow as determined from the flow period chart 
readings shall be calculated by applying the Basic Orifice Meter 
Formula or other acceptable industry standard practices. 

Q « C' (h wP f)-
5 

Where: 

Q s Metered volume of flow Mcf/d 9 15.025 psia, 60° F., and 
0. 60 specific gravity. 

C - The 24-hour basic orifice meter flow factor corrected 
for flowing temperature, gravity, and 
supercompressibility. 

h w » Daily average differential meter pressure from flow 
period chart. 

Pf • Daily average flowing meter pressure from flow period 
chart. 

The basic orifice meter flow factors, flowing temperature factor, and 
specific gravity factor shall be determined from the tables in this 
manual. 

The daily flow period average corrected flowing meter pressure, psig, 
shall be used to determine the supercompressibility factor. 
Supercompressibility Tables may be obtained from the New Mexico Oil 
Conservation Division. 

When supercompressibility correction is made for a gas containing 
either nitrogen or carbon dioxide in excess of two percent, the 
supercompressibility factors of such gas shall be determined by the 
use of Table V of the C. N. G. A. Bulletin TS-402 for pressures 100-500 
psig, or Table I I , TS-461 for pressures in excess of 500 psig. 

The use of tables for calculating rates of flow from integrator 
readings which do not specifically conform to the New Mexico Oil 
Conservation Division "Sack Pressure Test Manual", or this manual, 
may be approved for determining the daily flow period rates of flow 
uoon a showing that such tables are appropriate and necessary. 

The daily average integrated rate cf flow for the 7-day or 8-day flew 
period shail bs corrected fcr meter error by multiplication by a 
correction factor. Said correction factor shall be determined by 
dividing the square root of the deadweight flowing meter pressure, 
psia, by the square root of the chart flowing meter pressure, psia. 
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Deliverability pressure- as used herein, is a defined pressure 
applied to each well and used in the process of comparing the 
abilities of wells; in a pool to produce at static wellhead working 
pressures e«fual tp; a percentage of the 7-day shut-in pressure of the 
respective individual wells. Such percentage shall be determined and 
announced periodically by the Division based on the relationship of 
the average static wellhead working pressures (Pw) divided by the 
average 7-day shut-in pressure (PQ) of the pool. 

The deliverability of gas at the "deliverability pressure" of any 
well under test shall be calculated from the test data derived from 
the tests hereinabove required by use of the following deliverability 
formula: 

0 = 0 

Where: 

(Pc2 " Pd2) 

(Pc2 " P#2) 

n 

D = Deliverability Mcf/d at the deliverability pressure. 
(Pd)* (at Standard Conditions of 15.025 psia, 60°F and 
0. 60 sp. gr. ). 

Q = Daily flow rate in Mcf/d, at wellhead pressure (P w). 

Pc = 7-day shut-in Wellhead pressure, psia, determined in 
accordance with Section 2 of Chapter I I . 

Pd = Deliverability pressure, psia, as defined above. 

Pw = Average static wellhead working pressure, as 
determined from 7-day or 8-day flow period, psia, and 
calculated from tables in this manual entitled 
"Pressure Loss Due to Friction" Tables for northwest 
New Mexico. 

n = Average pool slope of back pressure curves as 
follows: 

For Pictured Cliffs and shallower formations 0. 85 

For formations deeper than Pictured Cliffs 0. 75 

(Mcta: Special rules for any specific pool or formation may 
supersede the above values. Check special rules i f 
in doubt. ) 
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The value of the multiplier in the above formula (ratio factor after 
the application of the pool slope) by which 0 is multiplied shall not 
exceed a limiting value to be determined and announced periodically 
by the Division. Such determination shall be made after a study of 
the test data of the pool obtained during the previous testing 
season. 

Downhole commingled wells are to be tested in year for pool of 
lowermost prorated completion of well and shall use pool slope (n), 
and deliverability pressure of lowermost pool. The total flow rate 
from the downhole commingled well will be used to calculate a value or 
deliverability. For each prorated gas zone of a downhole commingled 
well, a Form C-122-A is required to be filed and in the Summary 
portion of that form, all zones will indicate the same data for line 
h, Pc, Q, P«, and Pd. The value shown for Deliverability (D) will be 
that percentage of the total deliverability of the well that is 
applicable to this zone. A note shall be placed in the remarks column 
that indicates the percentage of deliverability to be allocated to 
this zone of the well. 

Any test prescribed herein w i l l be considered acceptable i f the 
average flow rate for the final 7-day or 8-day deliverability test is 
not more than ten percent in excess of any consecutive 7-day or 8-day 
average of the preceding two weeks. A deliverability test not 
meeting this requirement may be declared invalid, requiring the well 
to be re-tested. 

All charts relative to i n i t i a l , annual, or biennial deliverability 
tests or copies thereof shall be made available to the Division upon 
it s request. 

All testing agencies, whether individuals, companies, pipeline 
companies, or operators, shall maintain a log of a l l tests 
accomplished by them, including a l l field test data. The operator 
shall maintain the above data for a period of not less than two (2) 
years plus the current test year. 

All forms heretofore mentioned are hereby adcpted for use in the 
northwest New Mexico Area in open form subject to such modification 
as experience may indicate desirable or necessary. 

I n i t i a l and Annual or Biannial Deliverability and Shut-In Pressure 
Tests for gas wells in a l l formations shall be conducted and reported 
in accordance with these rules and procedures. Provided however, 
these rules shall be subject to any specific modification or change 
contained in Special Pool Rules adopted for any pool after notice and 
hearing. 
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CHAPTER I I I INFORMATIONAL TESTS 

A. A one-point back "pressure test may be taken on newly completed wells 
before their connection or reconnection to a gas transportation 
facility. This test shall not be a required of f i c i a l test but may be 
taken for inforjnational purposes at the option of the operator. When 
taken, this tesrurast be taken and reported as prescribed below: 

ONE-POINT 3ACK PRESSURE POTENTIAL TEST PROCEDURE 

1. This test shall be accomplished after a minimum shut-in of 
seven days. The shut-in pressure shall be measured with a 
deadweight gauge or other method approved by the Division. 

2. The flow rate shall be that rate in Mcf/d measured at the end 
of a three hour test flow period. The flow from the well 
shall be for three hours through a positive choke, which has 
a 3/4-inqh orifice. 

3. A 2-inch nipple which provides a mechanical means of 
accurately measuring the pressure and temperature of the 
flowing gas shall be installed immediately upstream from the 
positive choke. 

4. The absolute open flow shall be calculated using the 
conventional back pressure formula as shown in this manual 
or the New Mexico Oil Conservation Division "Back Pressure 
Test Manual." 

5. The observed data and flow calculations shall be reported in 
duplicate on Form C-122. "Multi-Point Back Pressure Test for 
Gas Wells. " 

6. Non-critical flow shall be considered to exist when the 
choke pressure is 13 psig or less. When this condition 
exists the flow rate shall be measured with a pitot tube and 
nipple as specified .in tnis manual or in the Division's 
Manual of "Tables "and Procedure for Pitot Tests." The pitot 
test nipple shall be installed immediately downstream frcm 
the 3/4-inch positive choke. 

7. Any well completed with 2-inch nominal size tubing 
(1.995-inch ID) or larger shail be tested throuah tne 
tubing. 

3. Other tests for informational purposes may be conducted prior to 
obtaining a pipeline connection for a newly completed well upon 
receiving specific approval therefor frcm the Division's Aztec 
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office. Approval of these tests shall be based primarily upon the 
volume of gas to be vented. 

CHAPTER IV TYPE OF TESTS REQUIRED FOR WELLS COMPLETED IN NON-PRORATED 
POOLS 

SECTION 1: Initial Shut-In Pressure Tests for Newly Completed Wells 

A. (Same as Chapter I, Section 1, A) 

SECTION 2: Biennial Shut-In Pressure Tests 

A. Non-prorated wells will be tested biennially as required by the 
District Office except as follows: 

1. Wells which meet the "exempt" qualification as shown in 
Chapter I, Section 2, paragraph A-2 of these rules shall also 
be exempt from shut-in test requirements. 

2. Wells classified as "hardship" wells during the test year 
shall also be exempt from shut-in test requirements. 

8. All shut-in tests required by these rules must be filed with the 
Division's Aztec office by January 31 of the following year. Failure 
to f i l e the test w i l l subject the well to being shut-in one day for 
each day the test is late. 

SECTION 3: Scheduling Tests 

A. By September 1 of each year, the District Supervisor or the Aztec 
District Office of the Division shall by memorandum notify each gas 
transportation facility and each operator of the pools which ara to 
be scheduled for biennial shut-in pressure testing during the 
following testing period frcm January 1 through the last day of 
December of that test year. The District Supervisor w i l l also 
provide a l i s t of "exempt" wells. 

Any well scheduled for testing during i t s test year may have the test 
flow period, and some of the seven day shut-in period conducted in 
December of the previous year. Tha earliest date that a well could be 
scheduled fcr Biennial Shut-In Pressure Test would be such that the 
iest Flew Period would end on Decemoer 25 of the previous year. 
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Downhole commingled wells are to be scheduled for tests on dates for 
pool of lowermost completion of well. 

SECTION 4: Test Procedure 

A. To obtain the shut-in pressure of a well under test, the well shall be 
shut-in some time during the current testing season for a period of 
seven to fourteen consecutive days, which have been preceded by a 
minimum of seven days of uninterrupted production. Such shut-in 
pressure shall be measured by deadweight gauge or other method 
approved by the Division on the seventh to fourteenth day of shut-in 
of the well. The shut-in pressure shall be measured on both the 
tubing and the casing when communication exists between the two 
strings. The higher of such pressures shall be reported as the 
shut-in pressure of the well. 

SECTION 5: Filing of Shut-In Pressure Data 

The result of this test shall be reported in the last column of 
Oivision Form C-125 showing the pressure in psia and shall be filed in 
triplicate with the Aztec District Office of the Division. 
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SECTION IV 

FORMS 

SUGGESTED FIELD DATA SHEET 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL (Form C-122) 

GAS WELL TEST DATA SHEET - SAN JUAN BASIN (Form C-122-A) 

INITIAL POTENTIAL TEST DATA SHEET (Form C-12 2-B) 

DELIVERABILITY TEST REPORT (Form C-122-C) 

WORKSHEET FOR CALCULATION OF STATIC COLUMN WELLHEAD PRESSURE 
(P ) (Form C-122-D) w 

WORKSHEET FOR STEPWISE CALCULATION OF (SURFACE) (SUBSURFACE) PRESSURE 
(P & P ) (P- & P ) (Form C-122-E) c w f s 

WORKSHEET FOR CALCULATION OF WELLHEAD PRESSURES (P or P ) FROM KNOWN 
BOTTOMHOLE PRESSURE (P f or P ) (Form C-122-F)

C W 

I s 
WORKSHEET FOR CALCULATION OF STATIC COLUMN PRESSURE AT GAS LIQUID INTERFACE 

(Form C-122-G) 

GAS V/ELL SHUT-IN PRESSURE TESTS (Form C-125) 



SUGGESTED FIELO D A T A S H E E T (Not Required To File) SUGGESTED FIELO D A T A S H E E T (Not Required To File) 

Type Tost Teal 
C D Initial • Annual O Special 

Date Lease No. or Serial No. 

Company Connection Allottee 

Field Reservoir Location Unit 

Completion Date Total Depth Plug Back TD Elevation Farm or Lease Name 

Csq. Size Wt. d Set At Perforations: From To Well No. 

Tbg. Size Wt. d Set At Perforations: From To Sec. Twp.-Blk. Rge.-Sur. 

Type Completion (Describe) Packer Set At County or Parish 

Producing Thru Reservoir Temp. F Mean Annual Temp. F Baro. Press. - p a State 

I- H a . * c62 % N 2 

* H 2 S Prover Meter Run Taps 

DATE 

Time oi 
Heading 

E L A P , 
TIME 

Hrs. 

Wellhead Working Pressure 

Tbg. Psia. Csq. Psig, Temp. F 

METER OR PHOVER 

Pressure 
Pslg. Diff. Temp. F Orifice 

REMARKS 

r Include liquid production data:v 
L Type—A.P.I. Gravity—Amount ' 

NOT REQUIRED 

TO BE FILED 
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O I L C O N S E R V A T I O N DIV IS ION 
STATE OF NEW MEXICO p. o . B O X 20s8 

ENERGY ANO MINERALS DEPARTMENT S A N T A F E , N E W M E X I C O 8 7 S 0 1 

For* C-122 
Xevlstd 10-1-78 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL 
Type Test 

f"~l Initial f_~j Annual (~J Special 
Test Date 

Company Connection' 

Pool Formation Unit 

Completion Date Total Depth Plug Back TD Elevation Farm or Lease Name 

Csq. Size Wt. d 
1 

Sel At Perforations: 

From To 

Well No. 

Tbg. Clio Wt. d Set At Perforations: 

From To 

Unit Sec. Twp. Rge* ' 

Type Wcll —Single— Dradenhead — Q . C or C O . Multiple Pocker Set At County 

Producing Thru Reservoir Temp. * F 

• 
Mean Annual Temp. * F Baro. Press . — P_ a Stale 

L H Oa N C O j % N 2 % H 2 S Prover Meter Run Taps 

F L O W D A T A T U B I N G D A T A CASING OATA Duration 
ol 

Flow 
NO. 

Prover OrlUee 

! - m « Size 
Size 

Press, 
p.s.i.g. 

OKI. Temp. 

• F 
Press, 
p.s.i.g. 

Temp. 
• F 

Press, 
p.s.i.g. 

Temp. 
• F 

Duration 
ol 

Flow 

SI 

I . 

2. 

3. 

: 1 

1 i 1 ! 1 1 1 
R A T E O F F L O W C A L C U L A T I O N S 

Coefficient 

(24 Hour) 

Pressure Flow Temp. Gravity Super 
Rate oi Flow 

0 . Meid NO. 
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F t . 

Factor 
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Compress. 
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Rate oi Flow 

0 . Meid 
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z. 
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5. 
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SECTION V 

BASIC C A L C U L A T I O N S 

Determination of Compressibility Factor, Z, and 
Supercompressibility Factor, F p v V - l 

Calculation of the Rate of Flow, Using Orifice 
Meter Data V - l 

Calculation of the Rate of Flow, Using Critical 
Flow Prover Data V - 2 

Calculation of the Rate of Flow, Using Positive 
Choke Data V - 2 

Determination of the Exponent "n" of the 
Back-Pressure Equation V - 3 



BASIC C A L C U L A T I O N S 

n 
Number 1. 

Determination of compressibility factor (Z) and supercompressibility 
factor (F p„): 

Using the data from the Field Data Sheet, Test Example 1. 

Gg = 0.625 
Carbon dioxide = 2% 
Nitrogen = 3% 

From Table IX determine P c r and TJ.-and make appropriate 
corrections for carbon dioxide and nitrogen content as 
t&BWxmiMd ftom Table X, thus: 

P c r = 671 + 8 - 5 = 674 
T c r = 365 - 3 - 9 = 353 

Using the 3-hour data obtained from the first flow, 

P r = P m / P c r = 734. 2/674 = 1.09 
^ j T r = T m / T c r = 526/353 = 1. 49 

From Table XI for P r = 1.09 and T r = 1.49, 

Z = 0.891 

From Table XII for Z = 0. 891, 

F p v - 1.059 

Number 2. 

Calculation of the rate of flow using meter data: 

Q = F b x V ( h

w ) ( p m ) x F t x F g x F p v 

Using the 3-hour data obtained from the first flow, 

Q - (16. 80) V(8 . 3) (734. 2) (0. 9943) (1. 265) (1. 059) 

= (16. 80) (78. 05) (0. 9943) (1. 265) (1. 059) 

* 1747 Mcfd 

v - i 



Number 2. (Continued) 

Source of factors: 

Fi_ = 16.80 (from Table II for 4-inch meter run and 1.750 
inch orifice) 

Note: Use Table I for flange tap meters. 

V(8.3)(734.2) = (2.881)(27.09) (from Table IH) 
- 78.05 

F t 0. 9943 (from Table VU for temperature of 66 F) 

F g = 1.265 (from Table Vin for G g = 0.625) 

F p v = 1.059 (from Basic Calculation Number 1, page V - l ) 

Number 3. 

Calculation of the rate of flow using critical flow prover data: 

Q = F p x P m x F t x F g x F p v 

Source of factors: 

F p (from Table V for appropriate prover size and orifice 
diameter) 

P m (prover pressure, psia) 

Note: Other factors are determined in the same manner as in 
Basic Calculation Number 2. 

Number 4. 

Calculation of the rate of flow using positive choke data: 

Q = F p x P m x F t x F g x F p v 

Source of factors: 

Fp (from Table VI for appropriate choke size and type) 

P m (choke pressure, psia) 

Note: Other factors are determined in the same manner as in 
Basic Calculation Number 2. 



Number 5. 

Determination of the exponent "n" of the back-pressure equation: 

The exponent of the back-pressure equation, "n", may be 
determined as follows: 

logQ2 - logQi 

l o g ( P c

2 " Pw2>2 - log(P c

2 - Pw 2)l 

If (P c - P w >2 is selected from the back-pressure curve 
at a point one cycle greater than (P c

2 - P w

2 ) j , then 

n - logQ 2 - logQi, or 

n = logQ 2 /Q 1 

Using the back-pressure curve in Test Example 1 

at (P c

2 - P w

2 ) i = 2,250, 

- 9,400 and log Q l * 3.9731 

and 

at (P c

2 - P w

2 ) 2 = 225, 

Q 2 - 1,590 and log Q 2 = 3.2014 

0. 7717 

and 

n = 0 . 7 7 2 

When the back-pressure curve is plotted on equal cycle log-log paper, the expo
nent "n" is equal to the tangent of the angle formed with the ( ? c

2 - P w

2 ) - axis or 
the cotangent of the angle formed with the "Q"-axis. 

The exponent "n" may also be determined by the use of curve fitting methods such 
as that of least squares. 

V-3 



n SECTION VI 

TEST EXAMPLES 

TEST EXAMPLE NO. 1 VI- 1 

A. Calculation of Absolute Open Flow on a Gas 
Well Where P Cannot be Measured (Using 
Average Temperature and Compressibility 
Factor, Step 6) VI- 1 

B. Alternate Method of Calculation P 
Corresponding to Flowing Wellhead 
Pressure, P. (Using Stepwise Procedure, 
Step 6-A) . VI-10 

TEST EXAMPLE NO. 2 - Calculation of Absolute Open Flow 
on a Gas Well Where P Can be Measured VI-19 

w 
TEST EXAMPLE NO. 3 - Calculation of Absolute Open Flow 

Using the One-Point Back-Pressure Test VI-25 
TEST EXAMPLE NO. 4 - Calculation of D e l i v e r a b i l i t y (D) 

Using the One-Point Back Pressure Test VI-30 

TEST EXAMPLE NO. 5 - Calculation of Wellhead Pressure 
P or P Where the Observed Wellhead Pressure 
is Affected by Liquids i n the Wellbore 
(Using Average Temperature and Pressure) VI-34 

TEST EXAMPLE NO. 6 - Calculation of Wellhead Pressure 
P or P Where the Observed Wellhead Pressure 
is Affected by Liquids i n the Wellbore 
(Using Stepwise Procedure) VI-38 

TEST EXAMPLE NO. 7 - Calculation of Subsurface Pressure 
P» (sandface) Where the Wellhead Shut-in 
Pressure i s Affected by Liquids in the 
Wellbore . .. VI-4 3 

A. Calculation of Subsurface Pressure at the 
Sandface (Using Average Temperature and 
Compressibility Factors) VI-43 

B. Calculation of Subsurface Pressure at the 
Sandface (Using Stepwise Procedure) VI-47 

TEST EXAMPLE NO. 8 - Well D e l i v e r a b i l i t y Test as 
Required for Prorated Gas Pools i n Northwest 
New Mexico VI-52 



TEST EXAMPLE NO. 1 

A. CALCUl^Tl^^ OF ABSOLUTE OPEN FLOW ON A GAS WELL WHERE P w CANNOT 
BE MEASLfkED 

NOTE: If liquids are known to exist in the wellbore under shut-in 
conditions, refer to Test Example 5 or 6 for calculation 
of effective wellhead shut-in pressure P c . 

ALL SQUARED PRESSURES IN THOUSANDS 

STEP 1. 

Using general data on suggested Field Data Sheet, fill in C-122 where applicable. 

STEP 2. 
Calculate the compressibility Factor, Z, and supercompressibility Factor, F p v , 
for flow rate calcnlafeiorns as follows: 

Obtain P c r and T c r from Table IX for a gas gravity of 0.625; 
obtain corrections for CO2 = 2.0% and N 2 = 3.0% from Table X. 
Correct P^. and T c r as follows: 

P c r = 671 + 8 - 5 = 674 
T c r = 365 - 3 - 9 » 353 
P m » 721 + 13.2 * 734.2 psia 
T m » 66 + 460 *526 R 
P r = P m / P c r = 734.2 = 1.09 

674 

T_ » T m / T c r - I 2 6 . =1.49 r m cr 3 5 3 

From Table XL for P = 1.09 and T r - 1.49, Z = 0.891 
From Table XH for Z = 0.891, F = 1.059 

STEP 3. 
Calculate the flow rates as follows and record on C-122 

Q s p b NOHWS x P m x F t x F g x Fpv 

a. Rate #1 
F b =16.80 Table II 
F t = . 9943 Table Vn 
F g = 1.265 Table VUJ 
F p v = 1.059 Determined in Step 2 

Qj = 16.80 \/8.3 x 734.2 x 0.9943 x 1.265 x 1.059 
= 1747* Mcfd 

b. In like manner, the other three flow rates are calculated to be 
Rate #2 - 2590 Mcfd 
Rate #3 - 339L8 Mcfd 
Rate #4 - 4082 Mcfd 

Record on Form C-122 

VI-1 



STEP 4. 
Since the well produces liquids with the gas, it is necessary to calculate the 
specific gravity (G) of the flowing fluid (air « 1.000) for use in the pressure 
calculations. 

G = G g + . 
4595 Gi 

GOR 

1 + 
GOR 

where: 
4595 = Constant 
G g = 0.625 (air = 1.000) 
G 1 = 0.7787 (water = 1.000) Table Xm - API » 50.2° 
GOR = 193 Mcf/bbl. 
V x = 721 (Appendix B page B-l) 

n A ? g + (4595) (0.7787) 
193,000 

1 + 
721 

193,000 
= 0.641 

STEP 5. 

Obtain P c r and T from Table IX for a gas with a specific gravity of 
0.641; obtain corrections for CO2 = 2.0% and N 2 = 3.0% from Table X. 
Correct P c r and T c r as follows: 

P c r = 670 + 8 - 5 • 673 
T c r = 372 - 3 - 9 = 360 

(If the composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, Appendix D) 

b. Calculate L/H, the length of the flow string divided by the vertical depth. 
L/H = 1.000 

c. GH = 0.641 x 8130 = 5211 

STEP 6. 
Calculate P w for the 1st flow rate using Average Temperature and Compressibility 
factors. (For greater accuracy, in wells with shut-in pressure in excess of 2000 
psig, the Stepwise Procedure should be used to calculate P w . The Stepwise Procedure 
is described starting on page VI - 10, Step 6-A.) 

a. Enter Q m = 1. 747 on Form C-122-D Line 1, 1st Trial 

VI-2 



STEP 6. (Cont'd) 

b. T w = 74 + 460 » 534 (Line 2) 
T 8 » 155 + 460 * 615 (Line 3) 
T » ( T w + T s ) /2 » (534 + 615V2 = 574.5 (Line 4) 

STEP 7, 

Estimate compressibility factor, Z. In this case Z is estimated to be 0.825. 

STEP 8. 

a. TZ » 574.5 x 0.825 » 474.0 (Line 6) 
GH/TZ - 5211/474^- 10.994 (Line 7) 

STEP 9. ; . 

For GH/TZ » 10.994, read e s and 1 - e" s from Table XIV 

e s * 1.510 

l - e ' 8 * 0.338 
STEP 10. 

a. ? t » flowing wellhead pressure = 1785.2 psia (Line 10) 

b. P t

2 » (1785.2)2 * 3186.9 (Line 11) 

STEP 11. 

For flow string with d = 1.995", F r from Table XV is 0.018231 

STEP 12. 

a. F c » F f TZ * (0.018231) (474.0) = 8.641 (Line 13) 

b. F c Q m = (8.641) (1.747) = 15.10 (Line 14) 

c. L/H ( F c QJJ,)2 - 1.000 (15.10)2 = 228.0 (Line 15) 

d. F w » L/H (F c Q m ) 2 (1 - e" s) = (228. 0) (. 338) = 77.06 (Line 16) 

e. P w

2 = P t

2 + F w = 3186.9 + 77.06 = 3264.0 (Line 17) 

STEP 13. 

a. P s

2 « e s P w

2 = (1.510) (3264.0) = 4928.6 (Line 18) 
b. P3 = V P S

2 = V4928.6 = 2220.1 psia (Line 19) 

c. P = (Pt + P s)/2 = (1785.2 + 2220. l)/2 = 2002. 7 (Line 20) 
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STEP 13. (Cont'd.) 

d. P_ = „ P = 2 0

J

0 2 - 7 = 2.98 (Line 21) 
r 673 

e. T = T = 574.5 = 1.60 (Line 22) 
T c r 360 

STEP 14. 
Enter on Line 23 the compressibility factor, Z, from Table XI corresponding to 
a P r of 2.98 and a T r of 1.60. In this example Z * 0.826. 

STEP 15. 
Since Z in line 23 is not equal to Z in line 5, the estimation of Z in line 5 and 
subsequent calculations of P w

2 are in error. Enter Z from line 23, 1st Trial, 
on line 5, 2nd Trial, and repeat calculations, Line 4 through Line 23. When Z 
in Line 5 is equal to Z in Line 23, the calculated value of P w

2 is correct for the 
first flow rate. 

STEP 16. 

Repeat procedure for other flow rates and record the results on Form C-122. 

STEP 17. Determination of Absolute Open Flow. 
Calculated data points from Form C-122 are to be plotted upon log-log paper of 
at least three inches per cycle to establish the absolute open flow and exponent "n. " 
Q shall be plotted on the horizontal axis and the difference of the squared pressures, 
J 2 . p " 
c w P 2 - P 2 on the vertical axis. (SQUARED PRESSURES IN THOUSANDS) 

Q Mcfd P r

2 - P w

2 

1. 1747 259.8 
2. 2590 425.8 
3. 3396 601.4 
4. 4083 770.5 

Absolute open flow is defined as ths calculated 24-hour rate of flow against atmos
pheric pressure. The rate of flow shall be expressed at New Mexico Oil Conserva
tion Commission base conditions of 15.025 psia and 60 F. 

The error caused in the value of the absolute open flow, when atmospheric pressure 
is ignored, is insignificant when the shut-in pressure is above 100 psia. Because 
of this fact, atmospheric pressure wil l not be considered in this example. 

The absolute open flow shall be read on the Q axis directly under the point where 
the value of P c

2 intersects the back-pressure curve. In this example, Pc2 = 3523.9. 
When plotted on the back-pressure curve the absolute open flow is 13, 250 Mcfd, 
see attached curve. 

STEP 18. 
Determination of exponent, n, of the back-pressure curve. 
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STEP 18. (ContU) " 
The nunrnttoil value of the exponent, n, is the cotangent of the angle formed by 
the back pjcegBBTA a i r l a n d the horizontal axis of the log-log plot. 

The most a<^urate methoAto determine "n" is to find the difference of the logrithms 
of two vahjejrtrf wW^-are exactly one vertical cycle apart. Exponent "n" is found 
as follows: 

9400 Mcfd 

1590 Mcfd 

Log 1390 ^ 3^20140 

h « 0.77173 

n » 0.772 

STEP 19. . ;. . . 
The value of absolute open flow should be checked by substituting test data into the 
following formula.r itf attest data point does not fall on the curve as drawn, then any 
convenient! value of Q and (P c

2 - P w

2 ) from the curve should be used. 

AOF * Q 

where: 
AOF * absolute open flow. 
Q * rate"otllow from test data point or from back-pressure curve. 
P c f we^^agatM in pressure. 
P w * static column wellhead pressure. 
n curve. 

NOTE: Where Q is taken from the back-pressure curve, (P c

2 - P w

2 ) is read 
directly tomKtise curve. 

Substituting values in the equation (2nd flow rate) 

AOF = 2590 Mcfd 

7 772 
AOF * 2590 (8.276) ' 
AOF = 2590 (5.112) 
AQF = . 1^240 Sfcfd 

AOF from hack-pressure curve is 13, 250 Mcfd which is in good agreement. Although 
the figure 45> 250 Mefd as read from the curve cannot be used, it is a good method for 
checking the calculations. . 

Q x (where P a ? - l ^ s 2250) = 

Q2 (^eWj^i JSr^» 2 2 5> = 

Lqg ̂ 460 (QiY » 3 .$7313 

3523.9 
3S23.9" - 3098.1 
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SUGGESTED F I E L D DATA SHEET (Not Requited To Fil.) 

CD Initial LX] Annual • Special \Y)¥&^64 
Lease No. or Serial No. 

Company Connection 

Test Example No. 1 Blowe Gas Company 
Allottee 

I tow Reeervoir Location 
Monument McKee 

Unit 

Compl.Mlon li.uc Total Depth Pluq Back TD Elevation 

2-4-58 8293 
Farm or Lease Name 

H. I. Test 
(..tiq. Mu> Wt. d set At Perforation.: Fran To 

7" 23. # 6.366 8293 8112 8138 
Well No. 

1 
U M . Sua wt. d Sat At Perforations: From To 

2-3/8" 4.7# 1.995 8130 Open Ended V ffi 19T-T 3o"-E 
Typ* Completion (Describe) Packer iet At 

Single 8100 
County at Parish 

Lea 
1'ro.luctrm Thru Reservoir Temp. F Mean Annual Temp. F Baco. Press, _ P 

Tb?. 155 @ 8130' 60 13.2 
State 

New Mexico 

8130 2.0 3.0 4" 
l l A T f . I ; L A P . 

' t' IK/1EZ 
Wellhead Working Pressure M E T E R O R P R O V E R R E M A R K S 

Time of 
Reading Hrs. Tbq. Pslq. Csq . Pslq. Temp. F 

Pressure 
Pslq. 

Dil l . Temp. F Ori l lcs 
/ Include liquid production dola:\ 

Type—A.P.I. Gravity—Amount 

11-10-64 St Tk 3' - 7 1/8" 60F 

7:45 A 1864.0 Packer 72 hour Shut-in Pressure 
8-.00A Start 1st Flow 
fi-30A 1809.0 74 718.0 7.0 60 1.75 
9:00A 1793.0 74 720.0 8.0 59 
9:30A 1772.0 74 721.0 8.4 64 

10:00A 1772.0 74 721.0 8.3 66 St Tk 3' - 7 1/2" 60F 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

10:00A Increased Rate for 2nd Flow 
10-.30A 1765.0 74 719.0 15.0 54 1.75 
11:00A 1742.0 74 719.0 15.0 54 
11:30A 1698.0 74 722.0 15.7 55 
12:00N 1698.0 74 729.0 17.5 56 St Tk 3' - 8 1/4" 60F 

12:00N Increased Rate for 3rd Flow 
12:30P 1705.0 74 739.0 24.0 43 1.75 
1:00P 1672.0 74 740.0 25.5 46 
1-.30P 1608.0 74 742.0 27.5 50 
2: OOP 1608.0 74 744.0 29.3 54 St Tk 3' - 9 1/8" 60F 

2: OOP Increased Rate for 4th Flow 
2:30P 1630.0 74 745.0 38.0 44 1,75 
3: OOP 1587.0 74 746. 0 3Q 3 4fi 
3:30P 1512.0 74 749.0 41.5 52 
4:00P 1512.0 74 759.0 41.5 55 St Tk 3' - 10 1/4" 60F 

API - 50.2 at 60F 

Tank Size - 12' Diameter 
1.68 Barrels/inch 

of Cam B y . 
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NEW M E X I C O O I L C O N S E R V A T I O N COMMSSION Form C-152 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL R , v , M d *" 

Type Test 

Q Initial [x} Annual Q Special 
Test Date 

11-10-64 
Comr>uny 

Test Example No. 1 
Connect ion 

Blowe Gas Co. 
Pool 

Monument 
Formation 

McKee 
Unit 

Completion Date 

2-4-58 
Total Depth-

8293 
Pluq Back TD Elevation Farm or Lease Name 

H. I. Test 
C * j . Size 

7" 
Wl. 

23 
a 

6.366 
Bel At 

8293 
Perforations! 

r,.m 8112 TO 8148 
Well No. 

1 
Tbq. Giro 

2-3/8" 
Wi. 

4.7 
«. 1 1 1 

i.99$ 

Set At" 

8130 
Perforatlonst 

From open To Ended 
Unil Sec. Twp, Rye. 

D 30 19-S 36-E 
Type Wcll - Simile - Drodenheod - C O . er O.O. Multiple 

Single £ 
Packer Set At 

8100 
County 

Lea 
f'roductnq Thro 

Tbe. 
Reservoir Tejtap.>F 

155 • 8130* 
Mean Annual Temp. «F 

60 
Baro. Press. — P a 

13.2 
State 

New Mexico 
L 

8130 
H 

8130 
OB 

0.625 
*co, 

2.0 
% N j 

3.0 
% HjS Prover Meter Run Taps 

0.0 4" Pipe 
F L O W O A T A T U B I N G OATA CASING OATA Duration 

of 
Flow 

NO. Prover Orillee 

»»«• 
Press, 

p.s.l.q. 
oin. Temp. 

• F 
Press. 

p.s.l.q. 
Temp. 

•r 
Press. 
p.s.l.q. 

Temp. 
• F 

Duration 
of 

Flow 

SI 1864.0 Pkr 72 
1. 4x1.75 721.0 8.3 66 1772.0 74 2 
2. 4x1. 75 729.0 17,5 56 1698.0 74 2 
3. 4x1.75 744.0 29.3 54 1608.0 74 2 
4. 4x1.75 ' 4i.5 55 1512.0 74 2 
5. 

R A T E O F FLOW C A L C U L A T I O N S 

NO. 

Coefficient 

124 Hour) 

Pressure 

p» 

Flow Temp. 
Factor 

F t . 

Gravity 
Factor 

F a 

Super 
Compress. 

Factor, Fpv 

Rate ol Flow 

O, Mcfd 

1 16.80 78.66 ?34.2 .9943 1.265 1.059 1747 
2 16.80 114.0 742.2 1.004 1.265" 1.065 2590 
3 16.80 149.0 757.2 1.006 1.265 1.066 3396 
4 16.80 179 rO 772.2 1.005 1.265 1.068 4083 
5 

NO. Temp. ' R T, z 

1 1.09 526 1.49 0.891 Specific Gravity Separata 

Specific Gravity Flawina 

r Gas 0.625 x x x x x x x x x 
2. i . 10 516 1.46 0^882 

Specific Gravity Separata 

Specific Gravity Flawina Fluid xxxxx 0.641 
3. t 1. 12 514 1.46 0. 880 Critical Pressv 

Critical Tempe 

ire 674 A. 

R 

673 0 « , A 

"1 1.15 515 1.46 0. 877 
Critical Pressv 

Critical Tempe rature " J O 

A. 

R 360 
5 

Critical Pressv 

Critical Tempe 

i:. 1877.2 P„*3523. 9 • 2 « r 2 Tn «; 1 1 n , 
N O j P,- : (1) 

i 3136.9 3264.1 259.8 
(1) 

%2 - H? 1 Pc2 - j 
2 I2Q28.2 3098.1 425.8 
3 2628.3 2922.5 601.4 AOF = P» - 13,240 j 

la '2326.2 2753.4 770.5 
AOF = 

P,2~PJ 
j 

s 1 ! 

Aitsoiuitt Cuen Flow l 3 » 2 4 0 #* i«; n 772* ! 

Approved ily Commission: Conducive. By: I Caicu;ai»»d By. Checked By: 
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n. 

Company 
W«U 
Location 
County 
Date 

Test Example Nn. 1 
H. I . Test Nn. I 
D. 30-20S-36E 

J*aa 
11-10-64 

IOOO 7 3 3 10 

ry APf 

0, = 

z _ 
Q, Mcfd 

c 1 w 
2 o 2 -

2 2 5 0 

Pcz— Pwz = 2 25 

9 4 0 0 Mcfd 

1590 Mcfd 

LOG Q, = 3.97313 

LOG • Q2= 3.20140 

n = .77173 = 0.772 
VI-9 



B. ALTERNATE METHOD OF CALCULATION P w CORRESPONDING TO FLOWING 
WELLHEAD PRESSURE, P t 

(This method is based on Stepwise Procedure rather than 
using average temperature and compressibility factors.) 

NOTE: This method of calculation is to be used when shut-in wellhead 
pressures exceed 2000 psi. However, in order to be consistent 
in the use of basic data, this example uses a shut-in wellhead 
pressure of 1864 psig. 

STEP 6-A. 

a. Fill in the required information at the top of Form C-122-E. 

b. Obtain the inside diameter of the flow string and corresponding F r value. 

Enter at the top of Form C-122-E. 

d = 1.995" 
F r = 0.018231 Table XV 

c. Calculate (L/H) ( F r Q m ) 2 and enter on Form C-122-E 
(1.000) (0.018231 x 1.747)2 = 0.001014 

STEP 7-A. 
Determine the flowing temperature at die surface, mid-point of the flow string, 
and at the bottom of the hole for use in the pressure calculations. 

T @ H - 0 = 74 + 460 = 534 R 
T @ H = 8130/2 = (74 + l55)/2 + 460 = 574.5 R 
T @ H = 8130 = 155 + 460 = 615 R 

STEP 8-A. 
Enter H - 0 on Line 1, Column 1. Form C-122-E. (Line references are indicated 
in parenthesis following each step; column references remain unchanged unless 
indicated.) 

a. Lines 1, 2, and 3 in Column 1 are zero. 

b. Pt = 1785.2 psia (measured wellhead pressure) (Line 4) 

c P r = i L = 1 7 8 5 , 2 = 2.65 (Line 5) 
673 

cr 

d. T = wellhead temperature, 534 R (Line 6) 

f. Z » 0. 777 Table XI (Line 8) VI-10 



STEP 8-A. (Cont'd.) 

g. P/Z = (1785.2)/. 777 = 2297.6 (Line 9) 

h. P/TZ = 2297.6/534 = 4.3026 (Line 10) 

i. (P/TZ)2/1000 = (4.3026)2/1000 = 0.018512 (Line 11) 

j . (L/H) ( F r Q m ) 2 • 0.001014 (previously calculated) (Line 12) 

k. Add (Une 11) and (Line 12); 
0.018512 + 0.001014 * 0.019526 (Line 13) 

1. L̂  = (Line l0)/(Line 13) = 4.3026/0.019526 = 220.352 (Line 14) 

STEP 9-A. 
Make first trial calculation for the pressure at the midway point, H = 8130/2 = 
4065'. (Line 1, Column 2) 

a. Compute GH and 37.5 GH 
GH = 0.641 x 4065 = 2605.67 (Line 2) 
37.5 GH = 37.5 x 2605.67 = 97, 713 (Line 3) 

b. Estimate value of M as follows: 
(37.5 GH/2L. = 97, 713/2 (220.352) = 222 (Line 15, Column 2) 

c. AddMto Pt, 222 + 1785.2 = 2007.2 (Line 4) 

d. Compute P r and T r using the estimated pressure and temperature at 
H = 4065, and obtain Z from Table XI. 

p r = 2 ° ^ ' . 2 = 2.98 (Line 5) 

T = 574.5 R (Line 6) 
574 5 

T r = = 1.60 (Line 7) 

Z = 0.826 (Line 8) 
o 

e. Compute P/Z, P/TZ, and (P/TZ)"/1000 and enter appropriate values in Lines 
9, 10, and 11, respectively. 

£. Since L/H * 1.000 and neither F r or Q m have changed, L/H (F r Q m ) 2 is 
still equal to the previously calculated value of 0.001014 (Line 12) 

g. (Line 11) plus (Line 12) = 0.017391 + 9.001014 = 0.018905 (Line 13) 

h. I A = (Line l0)/(Line 13) = 223.740 (Line 14) 

i . N = I t +Tr ia l I j = 220.352 + 223.740 = 444.092 (Line 16) 
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STEP 9-A. (Cont'd.) 

j . Calculate M by dividing 37.5 GH by N, 97, 713/444.092 » 220 (Line 15, 
Column 3) 

k. When M has been estimated correctly, the value determined under item (j) 
will equal M under item (b). 

1. Enter 220 under M (Line 15, Column 3) and repeat items (c) through (j) until 
the correct M is estimated. 

m. By repeating the calculations, the correct value of M is determined to be 220. 

n. Multiply final values of M and N 

(220) (444.284) = 97,742 (Line 17) 

0. Enter the value of M x N under > (M x N) (Line 18) 

STEP 10-A. 
Make first trial calculation for the pressure at H =» 8130'. (Line 1, Column 4) 
a. Compute GH and 37.5 GH and enter on die appropriate line. 

GH = 0.641 x 8130 = 5211.33 (Line 2) 
37.5 GH = 37.5 x 5211.33 = 195, 425 (Line 3) 

b. Estimate value of M by dividing N (Line 16, Column 3) into the difference 
between 37.5 GH (Line 3, Column 4) and M x N (Line 17, Column 3) 
M = (195, 425 - 97, 742)/444.284 = 220 (Line 15, Column 4) 

c. P 2 = M + P t = 220 + 2005.2 = 2225.2 

d. Compute Pr-and T r at H = 8130; obtain appropriate Z. Compute P/Z P/TZ, 
and (P/TZ)2/iOOO. Enter all these values on the appropriate Lines 5 through 11. 

e. L/H ( F r Q m ) 2 = 0.001014 (Line 12) 

f. (Line 11) + (Line 12) = 0.018632 (Line 13) 

g. I 2 = (Line 10)/(Line 13) = 4.1974/. 018632 = 225.279 (Line 14) 

h. N » I x + Trial I 2 = 223.932 + 225.279 = 449.211 (Line 16) 

1. Compute M by dividing N (Line 16) into the difference, 37.5 GH (Line 3) 
minus (M x N) (Line 17, Column 3) thus 
M = (195, 425 - 97, 742)/449.473 = 217 (Line 15, Column 5) 

j . When M has been estimated correctly, the value determined under item (i) is 
equal to that determined under item (b). 
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STEP 10-A. (Cont'd.) 

k. Enter M » 217 on Line 15, Column 5, and repeat items (c) through (i) until 
the correct value of M is determined. 

1. By repeating the calculations, the correct M is determined to be 217. 

m. Multiply final values of M and N 
217 x 449.473 = 97, 536 (Line 17) 

n. Add M x N (Line 17) to ^ ( M x N) (Line 18, Column 3) and enter on Line 18, 
Column 5. ^_(MxN) = 97, 742 + 97, 536 = 195, 278 

STEP 11-A. 
Using the following equations, compute the flowing pressure (Ps) at H = 8130 feet. 

A P 3(37.5 GH) 

PS= Pt + A P 

where: 
G » 0.641 
H = 8130' 
\ • 220.352 (Line 14, Column 1) 
I 2 * 223.932 (Line 14, Column 3) 
I 2 » 225.541 (Line 14, Column 5) 
P t - 1785. 2 (Line 4, Column 1) 

/ \ P = 3(195, 425) 
220.352 + 4(223.932) + 225.541 

/ \ P = 586, 275 = 437 > 0 

1341.621 
P s = 1785.2 + 437.0 
P s « 2222.2 psia at H * 8130' 
P g is to be used in the next major step in the calculations, which is to convert 

P g to a static column pressure at the wellhead, P w . 

STEP 12-A. 
Transfer the following from the last column on page 1, Form C-122-E, to Column 1, 
Page 2: H = 8130', G H - 5211.33, 37. 5 GH = 195, 425, P n = 2222.2, P r = 3.30, 
T = 615, T r » 1.71, Z = 0. 862, P/Z = 2578.0, and P/TZ = 4.1919. 

a. Lines 11, 12, and 13 can be omitted ia the static column case where Q m is 
zero. Where Q m » 0, L/H ( F r Q m ) 2 must necessarily = 0. Therefore, 
I n resolves. 

T = • P/TZ = ?/TZ 
7J7TZ)^/1000 + L / K ( F r Q m y (P/TZ)^/1000 + 0 

In - 1222 
P/TZ 

I s = (lO0O)/4. 1919 = 238.555 (Line 14) 
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STEP 12-A. (Cont'd.) 

b. Enter value of 37.5 GH • 195,425 from Line 3 to 18. 

STEP 13-A. 
Make first trial calculation for the pressure at H/2 = 8130/2 * 4065 (Line 1, 
Column 2) 

a. H = 4065 (Line 1) 

b. GH = 2605.67 (Line 2) . 

c. 37.5GH = 97,713 (Line 3) 

d. Estimate value of M by dividing 2Ig (Line 14, Column 1) into the difference 
between JT"(MxN) (Line 18, Column 1) and 37.5 GH (Line 3, Column2) 
M = (195, 425 - 97, 713)/2 (238.555) * 205 (Line 18, Column 2) 

e. Pl - P n - M = 2222.2 - 205 = 2017.2 (Line 4) 

f. Pr - 2017.2/673 = 3.00 (Line 5) 

g. T = estimated temperature at 4065' = (74 + 155)/2 + 460 = 574.5 (Line 6) 

(Since the temperature of a static column wil l approach the temperature of 
the adjoining flowing column, the temperatures used in the calculations of 
pressure at H = 4065 and H = 0 should be die temperatures of the flowing 
column.) 

h. T r = 574.5/360= 1.60 (Line 7) 

i . Z = 0.825 (Line 8) 

j . P/Z = 2017.2/0.825 = 2445.1 (Line 9) 

k. P/TZ * 2445.1/574.5 = 4.2560 (Line 10) 

1. I i = 1000/(P/TZ) = 1000/4.2560 = 234.962 (Line 14) 

m. N = I g (Column 1) + Trial I j (Column 2) » 238.555 + 234.962 = 473.517 (Line 16) 

n. M = 37.5 GH/N = 97, 713/473.517 = 206. When M has been estimated correctly, 
the value determined under this step will be equal to M as estimated under (d). 

o. Enter M = 206 (Line 15, Column 3) 

p. ?i is then P n - M = 2222,2 - 206 = 2016.2 (Line 4, Column 3) 

q. Repeat Steps (f) through (n) until the correct value of M is determined. M = 206 
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ST3P 13-A. (Cont'd.) 

r. Multiply final values of M x N 
206 x 473.628 = 97, 567 (Line 17) 

s. Subtract M x N (Line 17) from (M x N) (Line 18, Column 1) 
195,425 - 97, 567 = 97, 858 (Line 18) 

STEP 14-A. 

Make first trial calculation for the pressure at H = 0 (Line 1, Column 4) 

a. GH = 0 

b. 37.5 GH = 0 
c. Estimate M by dividing N (Line 16, Column 3) into ^ (M x N) (Line 18, Column 3) 

M = 97,858/473.628 = 207 (Line 15, Column 4) 

d. Subtract M from ? l (H = 4065) 
2016.2 - 207= 1809.2 (Line 4) 

e. P r = 1809.2/673 = 2.69 (Line 5) 

f. T = 74 + 460 = 534 (Line 6) 

g. T r = 534/360 = 1.48 (Line 7) 

h. Z = 0.775 (Line 8) 

i. P/Z= 2334.5 (Line 9) 

j . P/TZ = 4.3717 (Line 10) 

k. I c = 1000/4.3717 = 228.744 (Line 14) 

1. N = 235.078 + 228.744 = 463.822 (Line 16) 

m. Compute M by dividing J>~(M x N) (Line 18, Column 3) by N (Line 16, Column 4) 
M = 97, 858/463.822 = 211 
When M has been estimated correctly, the value determined under this item 
will be equal to that determined under item (c). 

n. Enter M = 211 on Line 15, Column 5 and repeat the calculations (d) through (m). 
M = 210 

o. Multiply final values of M and N 
210 x 465.053 = 97, 661 (Line 17) 
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STEP 15-A. 
Using the following equations calculate the static column wellhead pressure P w . 

^ p _ 3(37.5 GH) 
*w + « j + I j 

Pw " P s " A P 

where: 
Q * 0.641 
H = 8130 
1̂  = 229.975 (Line 14, Column 6) 
11 = 235.073 (Line 14, Columr 3) 
12 = 238.555 (Line 14, Column 1) 
P 8 = 2222.2 (Line 4, Column 1) 

A P - 3(37.5) (.641) (81301 » 586.275 » 416.1 
229.975 + 4 (235.073) + 238.555 1408.822 

P w = 2222.2 - 416.1 = 1806.1 

STEP 16-A. 
Using the same procedure as outlined, the other three pressure points are then 
calculated. After calculating P w for all flow rates, refer to Steps 17, 18, and 
19 on pages VI-4 and VI-5 for the procedure to be followed in determining the 
absolute open flow. 
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TEST EXAMPLE NO. 2 

CALCULATION OF ABSOLUTE OPEN FLOW ON A GAS WELL WHERE P w CAN BE MEASURED 

Producing through tubing with casing pressures available. 

STEP 1. 
Using general data on suggested Field Data Sheet, fill in C-122 where applicable. 

STE? 2. 
Calculate Flow rates as follows, and record on C-122: 

Q = F b Vhw x P m x F t x F g x F p v 

a. Rate #1 
P c r = 669 Table IX 
T c r = 382 Table IX 
P m - 754+ 13.2 = 767.2 
T = 74 + 460 = 534 
P r = 767.2 = 1.15 

669 
T r = 534 = 1.40 

382 
Z = . 856 Table XI 
F = 1.081 Table XII 
F £ = 10.84 Table I 
F t = . 9868 Table VII 
F g = 1.217 Table Vin 
Q = 10.84 x 95.94 x .9868 x 1.217 x 1.081 = 1350 Mcfd 

b. In like manner, the other three flow rates are found to be (see Form C-122): 
Rate #2 Q 2 = 1839 Mcfd 
Rate #3 03 = 2032 Mcfd 
Rate #4 Q 4 = 2432 Mcfd 

STEP 3. 
Pressure calculations -
Since the static wellhead working pressures (Pw) are measured, the pressure 
loss due to friction calculations are not necessary. 
Data for plotting back pressure curve: 

Q vs. (P c

2 - P w

2 ) 
where: 

Q = rate of flow, Mcfd @ i5. 025 psia & 60 F. 
? c = wellhead shut-in pressure, casing or tubing whichever is higher. 
?-v = static wellhead -vorkin^ pressure at the termination of each flow 

period. (Casing if flowing through cubing, tubing if flowing through 
casing.) 

ALL SQUARED PRESSURES IN THOUSANDS 
Values of P c and Pw are calculated by adding 13. 2 (Northwest New Mexico 
use 12. 2) to the casing pressures recorded on Suggested Field Data Sheet. 
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Q Pc P 2 
r c Pw Pw2 Pc2-Pw2 

Race (Mcfd) (Psia) (Thsnds) (Psia) (Thsnds) (Thsnds) 
1 1350 999.2 998.4 855.2 731.4 267.0 
2 1839 999.2 998.4 795.2 632.3 366.1 
3 2032 999.2 998.4 767.2 588.6 409.8 
4 2432 999.2 998.4 711.2 505.8 492.6 

STEP 4. 
The above data shall then be plotted on log-log paper of at least three inch cycles 
in accordance with rule 5a of the Stabilized Multipoint Test instructions. Q shall 
be plotted on the horizontal axis and <FC

2 - P w

2 ) on the vertical axis aa shown at 
the end of this example. 

Enter values of Pc, Pc 2, P w , P w

2 , and (P c

2 - P w

2 ) on Form C-122. 

STEP 5. 
Determining the value of the exponent "n" of the back-pressure curve. The 
numerical value of "n" is the cotangent of the angle formed by the back-pressure 
curve and the horizontal axis of the log-log plot. 
However, a more convenient and accurate method may be used to determine the 
value of "n. " The difference of the logarithm of two values of Q which are exactly 
one vertical cycle apart shall be determined in the following manner: (see attached 
curve) 

Value of Q where curve intersects the (P c

2 - P w

2 ) scale exactly one cycle higher 
than the (P c

2 - P w

2 ) value used for O4. In this example, this value is 2000 
(thousands). 

Q 2 = 8910; Log Q 2 = 3.949878 

Value of Q where curve intersects the lowest convenient value of (P c

2 - P w

2 ) . 
In this example this value is 200 (thousands) 

Ql = 1045; Log Q x = 3.019116 
n = .930762 

Rounded off to three decimals, "n" is then 0.931, This value shall be entered 
on Form C-122. 

STEP 6. 
Determining Absolute Open Flow. 
Absolute open flow is defined as the calculated 24-hour rate of flow against atmos
pheric pressure. The rate of flow shall be expressed at New Mexico Oil Conserva
tion Commission base conditions of 15.025 psia and 60 F. 

The error caused in the value of the absolute open flow, when atmospheric pressure 
is ignored, is insignificant when shut-in pressure is above 100 psia. Because of 
this fact, atmospheric pressure wil l not be considered in this example. 

The absolute open flow shall be determined by plotting the value of (P c

2 - P w

2 ) 
on the back-pressure curve when Pw equals zero. The absolute open flow is 
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STEP6. (Cont'd.) 

read on the Q or horizontal scale of the log-log plot directly under the plotted 
point where the (P 2 - P 2 ) value intersects the back-pressure curve. 

In this example P c

2 equals 998.4 (thousands). When plotted on the back-pressure 
curve, the value of the absolute open flow is 4670 Mcfd. Record this value on 
Form C-122. 

The value oi AOF should be checked by substituting test data in the following 
formula. If a data point; does not fall on the curve as drawn, then any convenient 
value of Q and (P c

2 - P^2) from the curve should be used. 

AOF 
(Pc2 " pw 2> 

where: 
AOF 
Q 
Pc 
Pw 

absolute open flow 
rate of flow from test data point, or from back-pressure curve 
wellhead shut-in pressure psia 
static column wellhead pressure 
exponent of back-pres sure curve 

Note: Where Q is taken from the back-pressure curve, (P c

2 - is read 
directly from the curve. 

Substituting values in equation (4th flow rate): 

AOF = 2432 998.4 
(998.4 - 505.8) 

0.931 

AOF = 2432 (2.027) - 9 3 1 

AOF « 2432 (1.931) 
AOF = 4696 Mcfd 

The calculation checks the value of 4670 Mcfd as read from the back-pressure 
curve and is correct. 

Although the figure 4670 as read from the curve cannot be used, it is a good 
method for checking the calculations. 
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SUGGESTED FIELD DATA SHEET (Not Required To Film) 

Tyre Test 

Company 
• Initial (ZD Annual • Special 

No. of Serial No. 

Flel.1 
Test Example No. 2 

Connection 
Blowe Gas Co. 

Al lotto* 

Eumont 
Completion Dm* 

6-4-50 
C«q. Size wt. 

5-1/2 15.5 
Tbq. Size W. 

2-3/8 4/7 
Type Completion (Describe) 

Reservoir 
Queen 

Plug Back TQ~ 

Location Unit 

Total Depth 

3593. 
aeration 

Proration., Fngy.^ ^ 

Farm ot Lease Name 

H. I. Test 
4.950 

Wall No., 

d S e t At 

1.995 3573 
Perioral lone: From To 

Open End 
~ Paster Stt At 

None 

IT" 2% UPB 
Single 

County er Pariah 

Lea 
Producing Thru 

S i 

Reaervoir Temp. F Mean Annual Teetp.T" ftaro.Pr^.-P 

ALL 
State 

New Mexico 
inn Meter Run -

Tap» 

D A T E E L A P . 
TTMF 

Wellhead Working Pree»ure METER OH PROVER REMARKS 
Time el 
Reoding 

1 IMC* 

Hrs. Tbq. Peiq. Cag. Peiq. T#np« K 
Pressure 

Pslq. DlH. Temp. F Or Ulce 
/ Include liquid production datoix 
' Typa—A.P.I. Oravlty-Amount ' 

11-10-64 

7..00A 72 986 984 75 - - - ' - 72 nr. S. I. Press 

11-11-64 

7?00A 24 754 842 75 754 12.0" 74 1.5" In* Flow rate 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

11-12-64 

7:00A 24 652 782 75 652 26.0" 7; 1.5" 2nd Flow rate 

11-13-64 

7:00A 24 598 754 75 598 35.0" 71 1.5" 3rd Flow rate 

11-14-64 

7:00A 24 401 698 75 401 77.0" 71 1,5" 4th Flow rate 

Page . of Data By . 
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N E W M E X I C O O I L C O N S E R V A T I O N C O M M S S I O N Form C-l 12 

MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL *•*..<!9-i-«s 

Tyi". ' T e l l 

f j ! Initial [_"] Annual Q Special 
T e s t Date 

11-10-64 
Company 

Test Example No. 2 
Connection 

Blowe Gas Company 
Pool 

Eumont 
Formation 

Queen 
Unit 

Completion Date ' 

6-4-50 
Total Depth 

3593 
Plug Back TD Elevation Farm or Lease Name 

H. I. Test 
Csu. Sixe 

5-1/2 
Wt. 

15.5 4v950 
Set At 

S593 
Perforations: 

From 3 5 5 0 Te 3 5 6 0 

Well Ne. 

6 
Tbq. Slue 

2-3/8 
Wt. 

4.7 
d 

1.995 
let Al ' 

3573 
Perforation*! 

From Open Te Ended 
Unit See. Twp. Rqe. 

A 36 22-S 35-E 
Type well - Simile - tVadenMqt. 

Single 
- a a or 0 0 . Multiple Packer Set Al 

None 
County 

Lea 
Produelnq Thru 

Tba. 
Reservoir T e n s . «F 

• 130 
Mean Annual Temp. * F BQfOe i P f • • • • ••> ifg 

3.2 
Slate 

New Mexico 
L 

3573 
H 

3573 
or 

0.675 
%oo2 

» H 2 S Prover I Meier Run 1T 

1 4" 1 1 
aps 

Flange 
F L O W D A T A T U B I N O D A T A C A S I N O O A T A Duration 

ef 
Flow 

N O . 
Prover „ Oritur* 

SAT 
OKI. Tamp. 

• F 
Preea. 
p.s.i.g. 

Tamp. 
• F 

Prees, 
p.s.i.g. 

Temp. 
• F 

Duration 
ef 

Flow 

SI 4" 1.5" 986 75 9*8*4 75 51 72 hr. 
1. 7S4 12". 6" 74 754 f t 842 II U 
2. 4 „ 652 26.0 71 652 t l 782 i t 24 
3. 4" " 598 35:0 71 598 If 754 II 24 
4. 401 77.0 71 401 ft 698 II 24 
5. 

H A T E O F F L O W C A L C U L A T I O N S 

Na 
Coefficient 

{24 Hour) 

Flow Temp. 
Factor 

Ft . 

Gravity 
Factor 

Pg 

Super 
Compress. 

Factor, Fpv 

Rate oi Flow 

O, Mcfd 

i 10.84 95.95 767.2 .9868 1.217 1.081 1350 
2 10.84 131.51 665,2 .9896 1.217 1.071 1839 
3 10.84 146.26 611.2 .9896 1.217 1 0 6 4 2 0 3 7 

4. 10.84 178.59 414.2 .9896 1.217 1 0 4 3 2 4 3 9 . 

5 

Dry Gas 
NO 

I 

4. 

5_ 
r_ 

NO 

1. 15 
99 
91 
62 

Temp. *R 

534 
531 
531 
531 

_UL 1.39 
1.39 

,856 

___7_L 883 
.919 

Gas Liquid Hydrocarbon Ratio _ _ _ _ _ 

A.P . I . Gravity of Liquid Hydrocarbons 

Specific Gravity Separator Gas 

Specific Gravity Flowing Fluid _ _ _ _ _ 

Critical Pressure 669 

Critical Tempera! uru _ 

.675 
Dry 

x. x. X X x 

382 
.P.S.I .A. 

R 

. Mcf/bbl. 

— . Deq. 

4 U L 1 
Dry G 

x x x x x 
ias 

. P.S.l.A. 

B 

355. 2 

767, 2 
711. 2 

731.4 
________ 
588,6 
505.8 

rr 
267.0 

_______ 
409. 3 
492.6 

( i > 

Pc2 - H7 

= 2.027 
L %2 -rtj 

* 1.931 

B 2 
AOF = Q 

p . ^ p* 

4696 

A b s o l u t e O p e n T K J W 4696 Mcfd t? ;5.0.S ! Anql« o( S i o p « & . Slope, n . 931 

! remarks: , 

Approved iiy Commiseion: Conducted By: j Calculated By: Checked By: 

VI-23 



Company 
Well 
Location 
County 
Date 

Test Example No. 2 
H. I. Test No. 6 
A, 36-22S-35E 
Lea 
11-10-64 

• . f f . i M i i i n i i i u i i i i i i l l l i i t i i a * I I I I I I 
M l * l u l l 

•a i *sam-BKSsi iBt i i i i t i i i ia t i i i iu i i i i i i i i i««af t t i i f t i i i i i i t t i iu i i inr ,aRKsiQiEi i i i i4> i i t i i 
• • • • • • • • • • • • • • • • • • • • i i i i i i i i i i i i i i i i i i i i i i i i i m i l I I I I I I I I I I m i i ' M i i . i c i i i i M i . i 11 m u 
• • • • • • • • • • • • • • • i i i u i i l i M i i i i i i i i i l i i i i i i i i i i i i i l i t l ! ! : i i i i ! u u ; : : i i 3 . i i . i i i s i j i . m v - i a a a a a 
• • • - • • a a i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i ' . i i i u i i i i i i i i i i i i i i i i i u u i a a a a a a a 
a a a a a i a i i i i i i i i i i i i i i i i i i i i i i i i i i i i i t i i i i i a i i I I I I I I I I I I ( I I I M I I I ! U H I I > ! I 1 I I I I ! I ! : : I V : : S » ( I I I 

. i a a - _ a a a i i r * i i i t ^ M i M i M i i i i i t w i w i m i i i i i m ^ 

H a a T S a S a t a a C a l l S « a • • « • < a a a l » i l » > « 5 i ! 5 » * i 5 S 5 • • u i l i H i i H i a a i A a i B a a i 
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5 « 7 8 9 10 

Q, Mcfd 

Q, = 8 9 1 0 M c f d t LOG Q, = 3 . 9 4 9 8 7 8 

Qs = 1 0 4 5 Mcfd-, LOG Q. = 3 .019116 

n = 0 . 9 3 0 7 6 2 = 0.931 
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TEST EXAMPLE NO. 3 

f~\ CALCULATION OF ABSOLUTE OPEN FLOW USING THE ONE-POINT BACK-PRESSURE TEST 

This example assumes that casing pressures can be measured. 
If P w catuot be measured, the point can be calculated using the 
procedure used in Example No. 1. 

NOTE: A copy of the back-pressure curve used to establish the value 
of "n" must be submitted with Form C-122. (Refer to Testing 
Procedure, page TH-12.) 

STEP 1. 

Using general data on suggested Field Data Sheet, fill in C-122 where applicable. 

STEP 2. 
Calculate flow rate as follows and record on C-122. 

Q = F b \ / h w x P i r i x F t x F g x F p v 

G - 0.675 
P c r = 669 Table IX 
T c r = 382 Table IX 
P m = 754 + 13. 2 = 767.2 
T m = 74 + 460 * 534 
P r = 767.2 = 1. 15 

669 
T r = 534 = 1.40 

382 
Z = 0.856 Table XI 
F p v = 1.081 Table XII 
F b = 10.84 Table I 
F = 0.9868 Table VII 
F a = 1.217 Table VIII 

Q° = 10.84 x 95.94 x 0.9868 x 1.217 x 1.081 = 1350 Mcfd 

ALL SQUARED PRESSURES IN THOUSANDS 

STEP 3. 
The absolute open flow may be calculated from the one-point back-pressure test 
by use of the following equation: 

A 0 F - <5 
»c2 ; a 

! 1 c r• v 
whers: — 

AOF = absolute open flow 
Q = rate of flow from test data point 
Pc = wellhead shut-in pressure, psia 
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STEP3. (Cont'd.) 

Pw = static column wellhead pressure (casing if flowing through 
tubing, tubing if flowing througa casing); since Pw is measured, 
the pressure loss due to friction calculations are not necessary. 

n = exponent of back-pressure curve (0.931 as determined from 
the latest back-pressure test) 

AOF « 1350 

AOF * 
AOF « 
AOF » 

1350 (3.739) 
1350 (3.414) 
4609 Mcfd 

.931 

Enter 4609 Mcfd on C-122. 

3 
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S U G G E S T E D F I E L D D A T A S H E E T (Not Required To Rio) 

Type Test Test Date 
CZ] Initial [Sll Annual • Special 1 - 1 5 - 6 5 

Lease No. or Serial No. 

Company Connection 

Test Example No. 3 Blowe Gas Co. 
Allottee 

rield Reservoir Location 

Eumont Queen 
Unit 

Completion Cate Total Depth Pluq Back TD Elevation 

6-4-50 3593 
Farm or Lease Name 

H. I. Test 
C»g. SUe Wt. d Set At Perforations: From To 

5.50 15.5 4.950 3593 3550 3560 
Well No. 

6 
Tba. Size Wt. d Set At Perforations: From To 

2.375 4.7 1.995 3573 Ooen Ended 
Unit Sec. Twp. Rae. 

A 36 22-S 35-E 
Type Completion (Describe) Packer Set At 

Single None 
County or Parish 

Lea 
Produclnq Thru Reservoir Temp, F Mean Annual Temp. F Baro. Press. - P_ 

Tubing 130 @ 3573 13."_ 
State 

New Mexico 
L K <3_ % CO2 % N- * H.S Prover Meter Run Taps 

3573 3573 675 4" Flange 
DATE 

Time of 
Reading 

1-15-65 

E L A P , 
TIME 

Hrs. 

Wellhead Working Pressure 

Tbq. Pslq. Csq. Pslq, Temp. F 

METER OR PROVER 

Pressure 
Pslq. Diff. Temp. F Orifice 

REMARKS 

/ Include liquid production dataiv 
* Type—A.P.I. Gravity—Amount 

7:00A 

1-16-65 

7:00 A 

7 T 

24 

986 

754 

984 

ML 

75 

_7_5_ 

72 hr. S. I. Press. 

254- 12,Q _7_4_ JL_5_ 

NOT REQUIRED 

TO BE FILED 



NEW M E X I C O O I L C O N S E R V A T I O N COMMSSION 
MULTIPOINT AND ONE POINT BACK PRESSURE TEST FOR GAS WELL 

fora C-122 
Revised v-l««S 

Type T M I 

• Initial I I Annual Special 
T « l Data 

1-15-65 
Company 

Test Example No. 3 
Conn<ct ion 

Blowe Gas Co. 
Pool Formation Unit 

Eumont Queen 
Completion Data 

6-4-50 
Total Depth 

3593 
lie* At 

3593 

Pluq Back TO Elevation Farm or Learn Nana 

H. I. Test 
Ceq. SI ae 

5.50 
TTT 

15.5 4.95 from 3550 
r r -» None 

T. 3560 
WellNe. 

2.375 4.7 1.995 
rxr 
3573 Type Well _ •tnctla - Itotdennaad - a a ar O.O. Multiple 

Single 

Unit 

A 
Sea. Twp. 

36 22-S 35-E 

TT»T Aaaaol Taata. *r 

Poaker aat At 

None Lea 
Reservoir Temp. «r 

130 * 3573 13.2 New Mexico 

3573 3573 .675 «up •WaWHW 
• a ea • m ea a» 

Molar Run 
4" Flange 

NO. Lute 
Orllloe 

FLOW OATA* 

MM. 
TUSINO DATA CASINO DATA 

•r 
75" 

DaMUaaj 
•I 

TST IT 
986 

I T i . 1.5 1270 754 75 842 24 

4. 

R A T E O F F L O W C A L C U L A T I O N S 

NO. 

Coefflelent 

(24 Hour) 

Flaw Teea 
Factor 

F l . 

Gravity 
Factor 

Fq Factor, Fp* 

Rale ol Flew 

O. Mcfd 

10, §4 95,95 767,2 Pi 9968 1,317 1,081 .350 

NO. R; Temp. »R T, z Gam 1 ImilH U m k . . ! . . ! R o m D l V G a S 
NO. R; Temp. »R T, z 

1 1. 15 534 1.40 0. 856 Sseelfle Gravltv Seaaralar Gaa _ . 6 7 5 X X X X X X X X X 
2. Speffille C n r i l y Fbnri.u, Ft«ui . X X X X X 
3. Critical Preaaure _ _ _ 6 6 9 _ . o s i a OS I A 

4. Critical TemueralMe 382 R 
5 

999.2 V 998. 4 
NO PW P 2 

855.2 731. 4 267 
2 

3 
4 

s 

(II Pc 2 3.739 (2) r * I- 3.414 

AOF = O r * TV 4609 

Abaolute Open Flow 4609 . Mcfd • IS.02S I Anqle of Slope «>. Slope. - 0- 931* 

nemorka: * Previous Back Pressure Test 

Approved Dy Comm!salon: Conducted By: Calculated By: Checked By: 
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Company Test Example No. 3 
Well H. I . Test No, 6 
Location A, 36-22S-35E 
County Lea 
Date 11-10-64 

(Curve from Latest Previous Test) 

<S 1 1 3 iO 

- S 3 .C V.cfd ; LOG 0, 

LOC Q 2 

n 

0 , M cf d 

3.3<*9378 

3.019!!5 

0 . 9 3 0 7 5 2 - 0.931 



TEST EXAMPLE NO. 4 

CALCULATION OF DELIVERABILITY (D) USING THE ONE-POINT BACK-PRESSURE TEST 
(Refer to Testing Procedure, page m-14) 

The calculations for Deliverability are the same as for die absolute open flow except 
that a deliverability pressure, Pd, is used instead of atmospheric pressure. The de
liverability pressure is defined by the New Mexico Oil Conservation Commission as a 
percent of the shut-in wellhead pressure. The exact percent is determined at the-time 
deliverability is adopted in a field's special pool rules and is not a calculated value. 
For this example, P d is used as 80% of P c . 

NOTE: A copy of the latest back-pressure curve must be submitted with Form 
C-122-C. The data in this example is the same as in Example 3 and 
Steps 1 and 2 are also the same. 

STEP 3. 
Calculate the deliverability using the following equation: 

D = Q 

where: 
D = 
Q = 
P c -
p d -
Pw = 

n = 

P c* - Pd" 

Pc* " Pw2 

deliverability of the well at back-pressure P^ 
rate of flow from test data point (1350 Mcfd) 
wellhead shut-in pressure (999.2 psia) 
deliverability pressure (80% of P c) 
static column wellhead pressure (casing if flowing through 
tubing, tubing if flowing through casing) 
exponent of back-pressure curve (0.931 as determined 
from the latest back-pressure test) 

ALL SQUARED PRESSURE IN THOUSANDS 

D = 1350 
(999.2)2 - (. 80 x 999. Tp-

- 0.931 

(999.2)2 - (855.2)2 

D = 1350 (1.346)- 9 3 1 

D = 1350 (1.319) 
D = 1781 Mcfd 
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1 

S U G G E S T E D F I E L D D A T A S H E E T (Not Required To File) 

"VP" - ' Test Date, 
i Initial GB Annual • Special 1 - 1 5 - 0 5 

Lease No. or Serial No. 

Comoany . . . Connection 

Test Example No. 4 Blowe Gas Co. 
Alloltee 

Field Reservoir Location 

Eumont Queen 
Unit 

, Co.-t:pioi:on iJute Total Depth Pluq Back TD Elevation 

1 6-4-50 3593 
Farm or Lease Name 

H. I. Test 
L:iq. a:zo Wt. d Set At Perforations: From....... T o . . - -

5.30 15.5 4.950 3593 ^550 3560 
Well No. ^ 

Tbq. uUo wt. d Set At Perioratlons: From To 

2.375 4.7 1.995 3573 . Open Ended 
Unit Sec. Twp. Rqe. 

A 36 22-S 35-E 
Type Completion (Describe! Packer Set At 

Slnsrle None 
County or Parish 

Lea 
Proauctnq Thru Reservoir Temp. F Moan Annual Temp. F Baro. Press. — P_ _ _ 

Tubinsr 130 # 3573 a 13.2 
s , o t " New Mexico 

L H a %CO, % N« %H4S Prover Mete* Run., Taps 

3573 3573 '.675 - 2 -- - 2 4* Plange 
DATE E L A P . 

TIME 

Hrs. 

Wellhead Woriclnq Pressure METER OR PROVER REMARKS 
Time of 
Reading 

E L A P . 
TIME 

Hrs. Tbq. Pslq, Csg. Pslq. Temp. F 
Pressure 

Pslq. Diff. Temp. F Orifice 
/ Include liquid production datai\ 
* Type—A.P.I. Gravity—Amount 

1-.15-65 1 
( 

7:G0A ! 72 j ?86 m 75 - - - - 72 hr. S. I. Press. 
1 

1-16-65 ! 

1 

7: Q0A 24 754 842 75 754 12.0 74 1.5" 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

NOT REQUIRED 

TO BE FILED 

' l 

I i 

j 

1 

; i 
i i i 

! 1 

j i 
i 
i • i t 
j i i ! 
! 1 1 | j 

i i , 1 j i 1 
I ! • ' ' i S 1 1 

• ) , 
I ! 

! i ! i ( 

i ! 
i 

1 

Pane -\ ' Mta By 

V 1 - o i 



NEW MEXICO OIL. C O N S E R V A T I O N COMMISSION 

DELIVERABILITY TEST REPORT 
Form C-122-C 
Revised 9>1<-6S 

"ype T«»t 
Initial fxTI Annual I 1 Special 

Test Example No. 4 
Connection 

Test Date 

1-15-65 

Blowe Gas Co. 
Formation .̂ ool Ur.lt 

Eumont Queen 
-omplctior. 

6-4-50 
Total Depth 

3593 
Pluq Back TO Elevation Farm ar L « - . . . Warns 

H. I. Test 

5.50 
Wt. 

15.5 4.95 
Set At 

3593 
Set Al 

3573 

Pvrleratlonsi 

From 3550 To 3560 
Well No. 

Unit See. Twp. Aqe. 

A 36 T-22S R-35I: 
. oq. Slf 

2.375 4.7 1.995 
Perforations! 

From 

ksFf? 
To Ended 

:'ype Welt -S lnqle- arooenheod-a.G. or O.O. Multiple 

Single 
Packet 

None 
County 

Lea 
Producing Thru 

Tubing 
Reservoir Temp. *T 

130 • 3573 
Mean Annual Temp. * F Bora. Press. — P_ 

3.2 
Slate 

New Mexico 
Meter Hun 

4" 
Taps 

Unge 
L 

3573 
H 

3573 
Qa. * CO, 

.675 
% N , * HjS Prover 

FLOW DATA 
prover 

Line 
Sl ie 

Choke 
Ort lice 

SIM 

Press. 
p.sU.q. 

Did. 
hw 

Temp. 

TUBING DATA 

Press. 
p.s.l.q. 

CASING OATA 

Press. 
p.s.l.q. 

W 

Temp. 
• F 

Duration 
ol 

Flow 

—73 
1.5 754 12.0 74 754 75 842 75 24 

Coefficient 

(24-Hour) 

Pressure Flow Temp. 
Factor 

Ft 

Gravity 

Factor 
Fq 

WT1 0. 9868 

Super 
Compress. 
Factor Fpv 

TT581 

Rata of Flow 

0. Mcfd 

ism— 10. 84 95.94 

o-l P' Temp. R z 

:.! 1.15 534 1. 40 0.856 

1.217 

• 0.8 (999.2) - 99.4 

Gas Liquid Hydrocarbon Ratio — — 

A.P.I . Gravity of Liquid Hydrocarbons 

Specific Gravity Separator Gas 

Dry Gas 

Pry 

93971 
639.0 

2 998.4 

Specflc Gravity Flowlnq F l u . d - J O X X X . 

CriUcal pressure 

Critical Temperature 

Pf P(2 

382 
. p.s*La. 

R 

. Mci/bbl. 

Ooq. 

xxxxxxxxxx 

p. 0.1.0. 

R 

P e l P , J Pw p 1 

P c J - P w S P . P . 2 

P | 2 - P s S 

i 855.2 | 731.4 267.0 

2 _ P 2 

359. 4 
267 

1.346 Loq P d ' = 0.129045 

1. 319 n Loq 
P 2 

? c 2 - P w 2 

0.120141 

ll v. - o " P j ' 1 = (1.350) (1.319) 
p 1 - p 1 

J 
78] • Mcfd 

Previous back-oressvre test 
(£>>urCA of n) 

Commission 

Company 

Others 
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ry 

Company 
Well 
Location 
County 
Date 

Test Example No. 4 
H. I, Test No. 6 
A, 36-22S-35E 
Lea 
11-10-64 : 

(Curve from Latest Previous Test) 

5 S 7 .1 3 10 

G, Mcfd 

LOG Q, = 3.94-9373 

LGG C, = 3.0 ! 5 ! i 5 

n = 0 . 9 3 0 7 S 2 = 0 93 ! 
VI -33 



TEST EXAMPLE NO. 5 

CA LCULATION OF WELLHEAD PRESSURE P c OR P w WHERE THE OBSERVED WELLHEAD 
PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

(Using Average Temperature and Pressure) 

'Hie general instructions, page III-1, provide that the stepwise procedure shall be used 
for wells with SIWHP in excess of 2000 psig. However, for purposes of comparison of 
.-csuits, Test Examples 5 and 6 are calculated using the same data. 

In some cases it may be necessary to calculate the wellhead pressure which would have 
existed had there been no liquid accumulation in the wellbore. This calculation depends 
upon a known reservoir pressure which has been determined by the use of a bottom-hole 
pressure gauge or calculated as in Example 7. 

With the known reservoir pressure, the adjusted wellhead pressure is determined by 
carrying out the normal static column calculations in reverse, i. e., by starting with 
pressure at the sandface and calculating the wellhead pressure. Since the calculations 
of P c and P w from measured bottom-hole pressures are based on conditions of "no flow, " 
the procedure set out in this example will apply to either shut-in (Pc) or flowing cases 
(Pw). Data from a shut-in case will be used in this example. 

Using the information given below, the calculations would be carried out as shown below. 

Given: 
H = 8130 N 2 = 3.0% 
L = 8130 T s = 155 F 
Ggas = 0.625 T w = 74 F 
Oil Gravity = 50.2° API P f = 2309 psia 
CO2 = 2.0% GOR = 193Mcf/bbl. 

STEP 1. 
Since the weil produces liquids with the gas, It is necessary to calculate the average 
specific gravity (G) of the flowing fluid (air = 1.000) for use in the pressure calcula
tions . 

+ 4595 Gi 
n ^ g GOR 

v l 
1 + UUK 

where: 
G.r = 0.625 (air = 1.C00) 
45*95 = Constant 
G, = 0.7787 (water = 1.000) Table XIII 
GOR = 1-3 Mcf/bbl. 
V; = 721 (Appendix B, page B-i) 

(J-595) (0.7787) 
= 0.625 + 193,OOG 

72 i 
i + 193,000 

0.641 
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STS? 2. 

a. Enter well information at the top of Form C- 122-D. 

b. Obtain P c r and T c r from Table IX for a gas with a gravity of 0.641. Obtain 
corrections for CO2 * 2.0% and N2 » 3.0% from Table X and correct P c r 

and T c r as follows: 
P - 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Calculate L/H, the length of the flow string divided by the vertical depth. 

L /H =1.000 

d. GH * 0.641 x 8130 • 5211 

STEP 3. 

a. T w • Wellhead temperature, R = 74 + 460 • 534 R (Line 1) 

b. T g = Bottom-hole temperature, R = 155 + 460 = 615 R (Line 2) 

c. T = (T w + T s ) /2 = (534 + 615)/2 = 575 (Line 3) 

STEP 4. 
Estimate effective compressibility factor. In this example Z was estimated 
to be 0.360 (Line 4) 

STEP 5. 

a. TZ = 575 x 0. 860 = 495 (Line 5) 

b. GH/TZ = 5211/495 = 10.527 (Line 6) 

c. For GH/TZ = 10. 527 read e s in Table XIV. e s = 1. 484 (Line 7) 

a. Enter reservoir pressure (Pf) = 2309 (Line 8) 

b. ? r = (2309>2/l000 = 533:. 5 (Line 9) 



a. P = (Pc + Pf)/2 = (1895 + 2309)/2 = 2102 (Line 12) 

b. P r = 2102/673 = 3.12 (Line 13) 

c. T r = T / T c r = 575/360 = 1.60 (Line 14) 

STEP 8. 
Enter in Line 15 the compressibility factor from Table XI corresponding to a 
P r of 3.12 and a T r of 1.60. In this example, Z = 0.822 (Line 15). 

STEP 9. 
Since Z (Line 15) is not equal to Z (Line 4), enter Z » 0.822 on Line 4, 2nd 
Trial and repeat Steps 5 through 8. 

STEP 10. 
Since the final value of Z (Line 15, 2nd Trial) is equal to the assumed value 
of Z (Line 4, 2nd Trial), the value of Pc = 1878 (Line 11, 2nd Trial) is used 
in the back-pressure computations. 

VI-36 



04 X 

51 

o 
u 

0 . 

IS> 
LU 
OC 
3 
!3 
i u 
QC 
0. 
a 
< 
UJ 
X 
—J 

* 

a. 
ai 
oc 

UJ 
Of 
Q. 
UJ 

O 
X 

u. 
o 

< r -

_ J 
< 
( J 

o 

X 

o 
2c 

Z 

o 
z 

UJ 
r-
< 

O 
Z 
J 
_1 

UJ 
t/1 
< 
Ul 

CA 
c 

o 

cu 
Cy} 

CO 
CN 

a: 
as 

c 
CO* 

CM 

z 
3? 

O 

CM 

CN 
o 
o 

uo 
C 
CO 
~ H 

s= CO 

3! 
ai 
3! 
ai 
MI 
;n! 

x 
"J 

1 =3 
O l 

Z 

z o 
< | Q. < 

o 1 O o U J 

o 
vO 
CO 

0 
H 

CO 

so 

c a 

o 
o —* o CM 

UO 

ZC 

_ J 

CM 

cS 
w l 

u 
H 
co 

UJ 
z 
J 

CO 
UO 

co uo 

a 

S 
e 

Si 
& 

m 
—t ; 

UO 

m 

CN 
CN 
00 CO 

o —I 
U0 o 

CO 
<N 

i n 

co co m 
CS 
U0 
CO 

co 
J> 
00 

av o 
CN 

o 
CN 
CN 
oo 

co 

1/0 

vO 

uO 
r-
uO 

o 
o 
CO UO 

Ov 

CN 
i n co § 

CO 
CN 

U0 

co co uo 

CN 
CTv 
UO 

co 

uo 
Ov 
00 

CN 

o 
CN 

CN 

CO 

o 
v© 

CS 
CN 
00 

of 
c 

se ci 
H H 

- (VJ 

(/I 

hi 
f-

M 

x 
a 

> 

a. 
o 
aT 

o 
CN 

aT 

-

tn 

CN 

LX 

o 
o 

a 

a 

u 

71 

c. 
5 

o 
CL 
\ 
LX 
n 

a. 

o 

\ 

n 
*— 

E— 

_ai 

o 

M 

VI-37 



TEST EXAMPLE NO. 6 

C. LCULATION OF WELLHEAD PRESSURE P c OR P WHERE THE OBSERVED WELLHEAD 
PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

(Using Stepwise Procedure) 

The general instructions, page m-1, provide that the stepwise procedure shall be used 
for wells with SIWHP in excess of 2000 psig. However, for purposes of comparison of 
results, Test Examples 5 and 6 are calculated using the same data. 

In some cases it may be necessary to calculate the wellhead pressure which would have 
existed had there been no liquid accumulation in the wellbore. This calculation depends 
upon a known reservoir pressure which has been determined by the use of a bottom-hole 
pressure gauge or calculated as in Example 7. 

With the known reservoir pressure, the adjusted wellhead pressure is determined by 
carrying out the normal static column calculations in reverse, 1. e., by starting with 
the pressure at the sandface and calculating the wellhead pressure. Since die calcula
tions of P c and P w from measured bottom-hole pressures are based on conditions of 
"no flow, " the procedure set out in this example will apply to either shut-in (Pc) or flow
ing (? w ) cases. Data from a shut-in case will be used in this example. 

Using the information given below, the calculations would be carried out as shown below. 

Given: 
H = 8130 N, = 3.0% 
L = 8130 Tg = 155 F 
G ^ = 0.625 T w = 74 F 
Oil Gravity = 50.2° API Pf = 2309 psia 
CO2 =2.0% GOR= 193 Mcf/bbl. 

STEP 1. 
Since the well produces liquids with the gas, it is necessary to calculate the average 
specific gravity (G) of the flowing fluid (air = 1.000) for use in the pressure calcula
tions. 

4595 Gi 

G + GOR 

1 + GOR 
where: 

G, - 0.625 (air = 1.0C0) 
4595 = Constant 
G{ - 0.7787 (water = .'.. 000) Table XUI 
GOR = l«3 Mcf/bbi. 
VI - "21 (Appendix B, .page B-l) 

• (4595) (0.7737) 

n 625 + 193,000 

1 + 193,000 

G = C.641 
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STEP 2. 

i O a. Enter well information at the top of Form C-122-E. 

b. Obtain P c r and T c r from Table IX for a gas with a gravity of 0.641. Obtain 
corrections for C 0 2 = 2.0% and N 2 = 3.0% from Table X and correct P c r 

STEP 3. 

STEP 4. 

and T c r as follows: 
P c r = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Enter H = 8130 on Line 1, Column 1. (Line references are indicated following 
each step. Column references remain unchanged unless indicated.) 

d. GH = 0.641 x 8130 = 5211 (Line 2) 

e. 37.5 GH - 37.5 x 5211 » 195, 413 (Line 3 and Line 18) 

a. Enter P n = 2309 on Line 4 

b. P r = P n / P c r • 2309/673 = 3.43 (Line 5) 

c. Enter T - 155 + 460 • 615 R (Line 6) 

d. T r = T / T c r = 615/360 = 1. 71 (Line 7) 

e. Z » 0.861 from Table XI (Line 8) 

f. P/Z = 2309/0.861 = 2682 (Line 9) 

g. P/TZ = 2682/615 = 4.3610 (Line 10) 

h. Lines l i , 12, and 13 may be omitted in the static column case. Where 
Q m = 0, L/H ( F r Qni)" must necessarily = 0; therefore, I n resolves to: 

I n = (P/TZ)/ [(P/TZ)2/1C00 - L/H <F r Q m ) 2 

L, = 1000/(P/TZ) = 229.305 (Line 14) 

= 1000/(P/TZ) + 0 

Make first trial calculation fcr a-.e pressure at H/2 = 8130/2 = 4C65 (Line 1, 
Colu:nn 2) as follows: 

a. H = 4065 (Line 1) 

b. GH = 0.641 x 4065 = 2o06 (Line 2) 
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STEP 4, (Cont'd.) 

c. 37.5 GH = 37.5 x2606 = 97,725 

d. Estimate value of M by dividing 2 I n (Line 14, Column 1) into the difference 
between <>_(M x N) (Line 18, Column 1) and 37.5 GH (Line 3, Column 2). 
(195. 413 - 97, 725)/2 x 229.305 = 213 (Line 15), then P 2 = Pf - M = 
2309 - 213 = 2096 (Line 4). 

e. P r = 2096/673 = 3.11 (Line 5) 

f. T = estimated temperature at 4065 ft. = (74 + l55)/2 + 460 = 575 R (Line 6) 

g. T r = 575/360= 1.60 (Line 7) 

h. Z = compressibility factor of a gas at a P r of 3.11 and a T_ of 1.60 = 
0. 822 (Line 8) 

i . P/Z = 2096/0. 822 = 2550 (Line 9) 

j . P /TZ = 2550/575 = 4.4348 (Line 10) 

k. I x = 1000/(P/TZ) = 225.489 (Line 14) 

1. N = I 2 (Column 1) + I x (Column 2) = 229.305 + 225.489 = 454. 794 (Line 16) 

m. M = 37.5 GH/N = 97, 725/454.794 = 215. When M has been estimated correctly, 
the value determined under this step will be equal to M as estimated under (d). 

n. Enter M = 215 (Line 15, Column 3). P x (Line 4, Column 3) is then P f - M = 
2309 - 215 = 2094. 

o. Repeat steps (e) through (m) until the correct value of M is determined (Line 15, 
Column 4). 

p. Multiply final values of M and N. 215 x 455.059 = 97838 (Line 17, Column 3). 

q. Subtract (M x N) (Line 17, Column 3) from ^ > ^ ( M x N) (Line 18, Column 1). 
195, 413 - 97, 838 = 97, 575 (Line 18, Column 3). 

Make ;"ir.st i r i a i calculation for the pressure at H = 0 (Line 1, Column 5) 

a. GH = 0 (Line 2) 

b. 37. 5 GH = 0 (Line 3) 

c. Estimate M by dividing N (Line 16, Column 3) into Line 18, Column 3 = 
l>7, 575/455.059 = 214 (Line 15, Column 5) 
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STEP 5. (Cont'd.) 

d. Subtract M from P n value found at H = 4065. 2094 - 214 = 1880 (Line 4, 
Column 5) 

e. P r = 1880/673 = 2.79 (Line 5) 

f. T = 74 + 460 = 534 R (Line 6) 

g. T r = 534/360 = 1.48 (Line 7) 

h. Z = compressibility factor of gas at a P r of 2.79 and a T r of 1.48 = 0.771 
(Line 8) 

i. P/Z= 1880/0. 771 = 2438 (Line 9) 

j . P/TZ = 2438/534 = 4. 5655 (Line 10) 

k. I c = 1000/4.5655 = 219.034 (Line 14) 

1. N = 225.754 + 219.034 = 444.788 (Line 16) 

m. Divide ^ ( M x N) (Line 18, Column 3) by N (Line 16, Column 5) = 97,575/ 
444.788 = 219. When M has been estimated correctly, the value determined 
under this step will be equal to M as estimated under (d). 

n. Enter M = 219 (Line 15, Column 6). Pj (Line 4, Column 6) is then P̂  - M = 
2094 - 219 = 1875 (Line 4, Column 6). 

o. Repeat steps (e) through (m) until the correct value of M is determined. 

p. Multiply final values of M and N. 219 x 445.327 = 97, 527 (Line 17, Column 6). 

q. Subtract Line 17, Column 6 from Line 18, Column 3. 97, 575 - 97, 527 = 48 
(Line 18, Column 6). 

STE? 6. 
Using the equation A P = 3 (37. 5 GH)/(IC + 4IX + I 2 ) , calculate A P by substituting 
219. 573 (Line 14, Column 6) for I c , 225. 754 (Line 14, Column 3) for l h and 229.305 
(Line 14, Column 1) for I 2 as indicated by calculations near the bottom of Form 
C-122-E. The result is ZX P = 434. By use of the equation Pf = P c + A P, P c = 
2309 - 434 = 1875. 
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TEST EXAMPLE NO. 7 

CALCULATION OF SUBSURFACE PRESSURE Pf (sandface) WHERE THE WELLHEAD 
SHUT-IN PRESSURE IS AFFECTED BY LIQUIDS IN THE WELLBORE 

When the height of a liquid column in the wellbore and the specific gravity of the liquid 
are known, the reservoir pressure may be calculated by making the normal static column 
calculations to determine the pressure at the gas-liquid interface and adding the pressure 
exerted by the liquid column above the desired datum plane. 

Using the results obtained in this example, an equivalent wellhead pressure may be calcu
lated ln accordance with the procedures in example 5 or 6. 

In this example, the depth "H" and "L" and pressure "Pf" will refer to the gas-liquid 
interface rather than at the datum plane. This pressure may be calculated by either the 
average temperature and compressibility factor method or the stepwise procedure. 

The additional pressure to be added to the calculated pressure at the gas-liquid interface 
"Pf" is determined as follows: 

Height of liquid column (ft.) x Sp. gr. (water = 1.00) x . 433 = pressure psi. 

A. CALCULATION OF SUBSURFACE PRESSURE AT THE SANDFACE 
(Using Average Temperature and Compressibility Factors) 

Given: Shut-in wellhead pressure of 1878 psia, H = 8130 f t . , L = 8130 f t . , 
L/H = 1.00, gas gravity = 0.641, C0 2 = 2.0%, N 2 = 3.0%, wellhead 
temperature = 74 F, and 1000 ft . of liquid having a specific gravity 
of 0.74. 

STEP 1. Begin calculation of pressure at the gas-liquid interface. 

a. Enter well information as shown at top of Form C-122-G. 

b. Obtain P c r and T c r from Table IX for a gas with a specific gravity 
of 0. 641; obtain corrections for carbon dioxide = 2.0 percent, and 
nitrogen = 3.0 percent from Table X. 
Correct P c r and T c r as follows: 

P c r = 670 + 8 - 5 = 673 
T c r = 372 - 3 - 9 = 360 

(If the composition of the gas is known, P c r and T c r may be calculated 
directly from critical pressure and temperature data, Table A, 
Appendix D.) 

c. Determine H for the '-veil and calculate L/H. In most gas wells L/H is 
unity as H is equal to L. However, L/H is greater than unity for di
rectionally drilled wells. In this example, both L and H are 8130 f t . , 
and L/H is 1.000. 

d. GH = 0.641 x 8130 = 5211. 
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STEP 2. 

a. Enter "0" rate of flow on Line 1. (Line references are indicated in 
parenthesis following each step.) ~~ 

b. T w = Wellhead temperature, R = 74 + 460 = 534 R (Line 2). 
T g = Bottom-hole temperature, R=155 + 460 = 6l5R (Line 3). 

The bottom-hole temperature should be measured or estimated 
from reliable data on other wells in the area. 

c T » ( T w + T s ) /2 = (534 + 6l5)/2 * 575 R (Line 4). 

STEP 3. (First Trial) 
Estimate effective compressibility factor. In this example Z was estimated 
to be 0.860 (Line 5). 

STEP 4. 

a. TZ = 575 x 0. 860 = 495 (Line 6). 

b. GH/TZ = 5211/(495) = 10. 527 (Line 7). 

c. For GH/TZ = 10.527 read e s in Table XIV. e s = 1.484 (Line 8). 

STEP 5. ^ 

a. Enter wellhead shut-in pressure (P c) = 1878 (Line 10). 

b. = (1878)2/1000 = 3526.9 (Line 11). 

c. e £ 1 P c

2 = (1.484) (3526.9) = 5233.9 (Line 18). 

STEP 6. 
Lines 12 through 17 are not used in the static column calculation. 

STEP 7. 

a. ?f e s P c

2 = 5233.9 (1000) = 2288 (Line 19). 

b. P = (P c + P f)/2 = (1878 + 2288)/2 = 2083 (Line 20). 

c. P r = P/P c r = 2033/673 = 3.10 (Line 21). 

d. T 
' t = T / T c r = 575/360 = 1.60 (L:.ne 22). 

io a P .. OL 

Line 23 the compressibiii.y factor from Table XI corresponding 
3. 10 and a T r cf 1.60. In this example, Z = C. 822 (Line 23). 
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STEP 9. 
Since Z (Line 23) is not equal to Z (Line 5), enter Z = 0.822 on Line 5, 
2nd Trial, and repeat Steps 4 through 8. 

STEP 10. 
Since the final value of Z (Line 23, 2nd Trial) is equal to the assumed value of 
Z (Une 5, 2nd Trial), the value of es P c

2 « Pj2 = 5332.7 and Pf » 2309. 

STEP 11. 

Row calculate the pressure exerted by the liquid column, 

a. 1000' x 0. 74 x 0. 433 = 320.4 psi. 

STEP 12. 
Calculate pressure at datum by adding 2309 psia (Pf) and 320.4 psi (pressure 
of liquid column). 
a. 2309 + 320.4 * 2629.4 psia at the sandface. This is the Pf which 

should be used in calculating a wellhead pressure in accordance with 
the procedures in example 5 or 6. 
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CALCULATION OF SUBSURFACE PRESSURE AT THE SANDFACE 
(Using Stepwise Procedure) 

Given: Shut-in wellhead pressure = 3573 psig, gas gravity = 0. 865, P c r = 664, 
T c r * 444, H * 14, 998 feet, wellhead temperature = 74 F, temperature 
at 14, 998 feet » 238 F (therefore, the temperature at 7499 feet * 156 F 
or the arithmetic average of wellhead and bottom-hole temperature), and 

1000 feet of liquid having a specific gravity of 0.74. 

STEP 1. 
Begin calculation of bottom-hole shut-in pressure, P f. 

a. Enter H * 0 on Line 1, Column 1, Form C-122-E (Line references 
are indicated in parentheses following each step; column references 
remain unchanged unless indicated.) 

b. GH = 0 (Line 2) 

c. 37.5 GH » 0 (Line 3) 

d. P c = 3573 + 13. 2 = 3586. 2 (Line 4) 

e. P r = P c / P c r = 3586.2/664 = 5.40 (Line 5) 

f. T = 534 R (Line 6) 

g. T r = T / T c r = 534/444 = 1.20 (Line 7) 

h. Z 0.731 Table XI (Line 8) 

i . P/Z = 3586.2/. 733 = 4905.9 (Line 9) 

j . P/TZ = 4905.9/534 = 9.1871 (Line 10) 

k. Since this calculation deals with shut-in conditions and Q = 0, Lines 
11, 12, and 13 may be omitted. 
Where Q m = 0, L/H (F r Q m ) 2 ^ust = 0. Therefore, 1̂  resolves to: 

P/TZ P/TZ 
T» = (P/TZy/1000 + L/H ( F r Q m )^ = (P/TZ)^/1000 

T _ 1000 
P/TZ 

L_ = lOQO/CP/TZ) = 1C00/9. 1371 = 108.848 {Line 14) 



STEP 2. 
Make first trial calculation for the pressure at the midway point, H = 
14, 998/2 = 7499. (Une 1. Column 2). 

a. Compute GH and 37.5 GH 
GH = 0.865 x 7499 • 6486.64 (Une 2) 

37. 5 GH = 37. 5 x 6486.64 = 243, 249 (Une 3) 

b. Estimate value of M as follows: 
M = 37.5 GH/2It = 243, 249/2 (108.848) = 1117.4 (Line 15) 

c. Add M to Pc for estimate of ?\ 
P x = 1117.4 + 3586.2 = 4703.6 (Line 4) 

d. Compute P r and T r for H = 7499 
p r = P i /P c r = 4703.6/664 = 7.08 (Line 5) 
T = 616 R (Line 6) 
T r = T / T c r = 616/444 = 1.39 (Line 7) 

e. Z = 0.907 Table XI (Line 8) 

f. P/Z= 4703.6/0.907 = 5185.9 (Line 9) 

g. P/TZ = 5185.9/616 = 8.4187 (Line 10) 

h. Ix = 1000/(P/TZ) = 1000/8.4187 = 118.783 (Line 14) 

i . N = I t + Trial ^ = 108. 848 + 118. 783 = 227.631 (Line 16) 

j . Calculate Mas follows: 
M = 37. 5 GH/N = 243, 249/227.631 = 1069 

k. When M has been estimated correctly, the value determined under 
Item (j) wil l equal M under item (b). Since the values of M are different, 
enter M = 1070 on Line 15, Column 3 and repeat items (c) through (j) 
until the correct value of M is determined. 

1. By repeating the calculation, the correct value of M is determined to 
be 1066. 

m. Multiply final values of M and N. 
1066 x 228. 284 = 243, 351 (Line 17) 

n. Enter t;ie value of M x N under ^> (M :t N) (Line 18) 

Make first trial calculation for the pressure at H = 14, 998. (Line 1, Column 5). 

a. Compute GH and 37. 5 GH 
GH = 0. 865 x 14, 998 = .12, 973.27 (Line 2, Column 5) 
37. 5 GH = 37. 5 x 12, 973. 27 = 486, 498 (Line 3) 
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STEP 3. (Cont'd.) 

b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

j . 

k. 

STEP 4. 

Estimate value of Mas follows: 
M = (37.5 GH) - 2 1 (M x N)/N (Line 16, Column 5) 
M = (486,498 - 243,35l)/228.284 = 1065 (Line 15) 

P 2 = M + Pj = 1065 + 4652.2 = 5717.2 (Line 4) 

Compute P r and T r at H = 14, 998. Obtain appropriate Z from 
Table XI. Compute P/Z and P/TZ. Enter all these values on 
the appropriate lines 5 through 10. 

I j = 1000/(P/TZ) = 1000/7.8940= 126.678 (Line 14) 

N = I x + Trial 1̂  = 119.436 + 126.678 = 246.114 (Line 16) 

Compute M as follows: 
M = (37.5GH)- X \ M x N ) / N 
M = (486, 498 - 243, 351)/246.114 = 987.9 

When M has been estimated correctly, the value determined under 
item (g) will be equal to M as estimated under item (b). Since the values 
of M are not the same, enter M = 987.9 on Line 15, Column 6, and 
repeat items (c) through (g). 

By repeating the calculations, the correct value of M is determined to 
be 985.1. 

Multiply final values of M and N 
M x N = 985.1 x 246.831 = 243, 153 (Line 17) 

X I (M x N) = 243, 153 + 243, 351 = 486, 504 (Line 18) 

ng the following equations, compute the bottom-hole shut-in pressure, 
at H = 14, 998. 

P= 3 (37.5 GH) 
I,. 4- 4 I L + I 2 

= P c + A P 

wnere: 
G 
H 
k 
h 
h 



STEP4. (Cont'd.) 

P * 3586.2 (Line 4, Column 1) 
. 3(37.5 x . 865x14,998) 

* 108.845 4- 4(119.436) + 127.395 
A P 3 2044.2 

Pf = 3586.2 + 2044.2 » 5630.4 psia 

STEP 5. 

Now calculate pressure exerted by liquid column, 

a. 1000 x 0.74 x 0.4333 » 320.6 

STEP 6. 
Add pressure at the gas-liquid interface and pressure exerted by the liquid 
column to get pressure at sandface. 
a. 5630.4 + 320.6 = 5951 psia 
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TEST EXAMPLE NO. 8 

WELL DELIVERABILITY TEST AS REQUIRED FOR PRORATED GAS POOLS 
IN NORTHWEST NEW MEXICO 

This test is a part of the basis upon which gas wells are 
prorated in the northwest. Division Form C-122-A i s to be 
used for reporting both the i n i t i a l , annual, and biennial 
test results as required by Division Order No. R-333-1 and 
filed in triplicate with the Aztec District Office of the 
Division. 

I . LINE-BY-LINE INSTRUCTIONS FOR ENTERING INFORMATION AND 
DATA TO PROPERLY COMPLETE FORM C-122-A. 

A. The calendar year for which the annual or biennial 
test is required. For i n i t i a l tests, enter the calendar year 
of f i r s t delivery. 

B. The name of the pool as separate from the formation. 
C. The pool slope as determined by Order No. R-333-I or 

any Special Pool Rules superseding same. 
D. The full formation name. 
E. County in which the well is located. 
F. Complete operator name, well name and number, and 

well location (unit, section, township, and range). 
G. Name of pipeline that i s transporting the gas. 
H. Well completion information. 
I. Top and bottommost perforations for cased wells and 

the depths of the casing shoe and TD for open holes. 
J. Indicate type of flow stream. 
K. Gas gravity for latest test (this data is usually 

obtained from the transporter). 
L. The product of (K) times the depth in feet of the 

uppermost casing perforation, casing shoe depth, or 
uppermost tubing perforation, which ever is applicable. 

M. The appropriate test dates. 
N. Pressure data corrected to PSIA. 
0. Calculate meter error and friction loss as shown. 
P. Average meter pressure (usually supplied by the 

transporter). 
Q. Calculate corrected meter pressure and average 

wellhead pressures as shown. If the ratio of average 
wellhead pressure to corrected meter pressure is 0.57 or 
less, c r i t i c a l flow will be considered to exist and the 
(measured) average wellhead pressure as shown in item (b) of 
this form shall be used as the average wellhead pressure. A 
notation of such shall be made in the "Remarks" section of 
the form, unless an intermediate pressure entry in item (n) 
of the form disproves c r i t i c a l flow. 

R. Select the highest shut-in pressure, casing or 
tubing, and multiply i t by the appropriate percentage, 
pursuant to Order No. R-333-I, to find the deliverability 
pressure, P,. 
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S. The integrated average daily volume produced during 
the test corrected for meter error as shown (S. x S 3). 

T. Calculate working pressure using tables and 
equations from "Hathod of Calculating Pressure Loss Due To 
Friction In Gas Well Strings". Note: I f R is greater than 
or equal to P. then f r i c t i o n loss is negligible, therefore 
Pw = V 

U. Calculate for d e l i v e r a b i l i t y "D" as shown. 
V. Use "Remarks" section for the following: 

1. C r i t i c a l flow notations 
2. Commingled well allocations 
3. Delinquent test 
4. I n i t i a l test 
5. Other information which is pertinent 

w. Summary of data. 
X. Show company doing the testing and person(s) 

responsible. 
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STATE OF NEW MEXICO 
ENERGY ANO MINERALS DEPARTMENT 

O I L C O N S E R V A T I O N D I V I S I O N 
P. O. B O X 2088 

S A N T A F E . N E W M E X I C O 87501 
Foni C-1Z2-A 
Revised 10-1-78 

W E L L . O E U V E R A B I L I T Y T E S T R E P O R T F O R 19 A . 

POOL MAWC POOL t L f l K COVMTV 

B. n= C. D. E . 

c 0 * * * * * * * 

p. 
W C L L NAMt AMO M w y l K R 

F . 
UNIT WCTTCO 

F . 
S I C T I O B 

F . F . 
OAMCC 

F . 
PUOCHASMlC P lPCLIMC 

G. 
C A S I O * O.O. - IMCHCa 

H. 
CASINO 1 O - IMCMCO 

H. 
OCT A t BCPTtf — r i l T 

H. 
TUatNO O M - IMCHCS 

H. 
T V H M I I - l a C H C S 

H. 
TOO - TU OIN« » C A r . F C C T 

H. 
CAS PAT ZOMC 

r o o u < • 

WCLL MtOOHCIM Tm* 

CA»m« ToaiKO ^ ' 

• A S «HAVITT 

K. 

SHAVITT I LCHCTH 

L . 
DATC OF PLOW T B T ^ 

m o M TO 

OATK SMUT-IN OOCSSUOC MCA SUA CO J«J^ 

PRESSURE OATA - ALL PRESSURES IN PSIA 

( a ) F l o w i n ( C o s i n g 
P r e s s u r e ( D W t ) 

N. 

( h ) F l o w i n g T u b i n g 
P r e s s u r e ( D W t ) 

N. 

( c ) F l o w i n g M e i e r 
P r e s s u r e ( D W t ) 

N. 

( d ) F l o w C h a n 
S t a t i c R e a d i n g 

N. 

( a ) M a t e r E r r o r 
( I t e m c — I t e m 4 ) 

0. 

( 0 F r i c t i o n L o s s 
( a - c ) o r ( b - c ) 

0. 

( ( ) A v e r a g a M e t e r 
P r a a a u r o ( I n t e g r . ) 

P. 

( h ) C o r r e c t e d H a t e r 
P r e s s u r e + e ) 

Q. 

( i ) A » « . W e l l h e a d 

P r e s s . P , = ( h + 0 

Q. 

( J ) S h u t - i n C a s i n g 
P r o a s u r e ( D W t ) 

N. 

( k ) S h u t - i n T u b i n g 
P r a a a u r o ( D W t ) 

N. 

(1) P e = h i g h e r v a l u e 
of 0 ) o , ( k ) 

R. 

( a ) D e l . P r e s s u r e 

P d = * P c 

R. 

( n ) S e p a r a t o r o r D e -
h y d r a tor P r . ( D W t ) 
for c r i t i c a l f l o w o n l y 

FLOW RATE CORRECTION (METER ERROR) 

Integrated Volume - MCF/D 

S l . 

Item c 
Quotient of — — — 

Item d 

S 2 . 

V Item d 

S 3 . 

Corrected Volume 

Q = ^ 4 . MCF/D 

WORKING PRESSURE CALCULATION 

( l - e - B ) ( F e Q ^ ) 7 ( 1 0 0 0 ) ( l - . ~ " ) ( F c f j ^ i o o q P w * = P , 1 4- R * Pw = V P - 2 

T. T . ' T . T . T . T . 

DELIVERABILITY CALCULATION 

TP
 2 - P/1" r/ \ " ( \ n ~~ 

°-°k--z\ • ( \ \ ) 
M C F / D 

u. i ) REMARKS: 

V. 

SUMMARY 
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SECTION V I I 

TABLES 

TABLE I Basic O r i f i c e Factors - Flange Taps (F b) V I I - 2 

TABLE I I Basic Orif i c * Factors - Pipe Taps (F b) V I I - 4 

TABLE I I I Square Roots. V I I - 6 

TABLE IV Meter Factors f o r L-10 (Square Root) Charts ( F J V I I - 9 
a 

TABLE V Basic C r i t i c a l Flow Prover Factors (F ) V I I - 10 
P 

TABLE VI Basic Positive Choke Factors (F ) V I I - 11 
P 

TABLE V I I Flowing Temperature Factors (F ) V I I - 12 
TABLE V I I I Specific Gravity Factors (F ) V I I - 13 

8 
TABLE IX Pseudocritical Properties of Hydrocarbon Gases 

and T ) V I I - 14 
cr cr 

TABLE X Correction to Pseudocritical Properties of Hydrocarbon 

Gases for Carbon Dioxide and Nitrogen V I I - 15 

TABLE XI Compressibility Factors for Natural Gas V I I - 17 

TABLE X I I Conversion Facotrs from Compressibility (Z) to 

Supercompressibility ( F

p v ) V I I - 84 

TABLE X I I I Conversion of API Gravity to Specific Gravity (G^ V I I - 86 

TABLE XIV Values of l - e ~ S for Various Values of GL VI I - 87 

TABLE XV F r i c t i o n Factors f o r Various Flow Strings (F r) V I I - 91 

TABLE XVI F r i c t i o n Factors for Various Annuli (F ) V I I - 93 

TABLE XVII Corrections to Observed API Gravity Taken at Various 

Temperatures, to Obtain API Gravity at 60°F V I I - 96 
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T A B L E I 

BASIC O R I F I C E F A C T O R S - FLANGE TAPS - Mcfd/Vh^P^ - F b 

T b - 520R(60F) T m = 520R (60F) 

P b » 15.025 psia G - 1.000 

All other factors = 1.000 

Nom. Diameter, Inches 2 3 4 
ASA Schedule 160 80 40 xxHvy 160 80 40 xxHvy 160 

Inside Diameter, Inches 1.689 1.939 2.067 2.300 2.626 2.900 3.068 3.152 3.438 
Orifice Diameter 

Inches • • 

0.250 0.2987 0.2990 0.2991 0.2991 a 2991 0.2990 0.2989 0.2989 0. 2987 
0.375 0.6700 0.6691 0,6689 0.6685 a 6681 0.6678 0.6677 0.6676 0.6674 
0.500 1.195 1.190 1.189 1.187 1.185 1.184 1.183 1.183 1.183 
0.625 1. 884 1.871 1.866 1.860 1.854 1.851 1.850 1.849 1.848 
0.750 2.755 2.720 2.709 2.695 2.682 2.675 2.672 2.671 2.667 

0.875 3.834 3.754 3.729 3.697 3.670 3.657 3.650 3.648 3.640 
1.000 5.171 4.999 4.946 4.881 4.828 4.801 4.789 4.784 4.770 
1.125 6.847 6.499 6.393 6.267 6.165 6.116 6.095 6.086 6.062 
1.250 9.077 8,319 8.120 7.885 7.703 7.615 7.577 7.561 7.520 
1.375 10.55 10.20 9. 782 9.463 9.313 9.249 9.223 9.153 

1. 500 . . . . . . . 12. 76 12.02 11.48 11.23 11.13 11.09 10.97 
1.625 — 14.68 13.81 13.40 13.24 13.17 13.00 
1.750 — 16.50 15.87 15.61 15.50 15.24 
1.875 — 19. 64 18.68 18.29 18.13 17.72 
2.000 — 21.90 21.32 21.08 20.48 

2. 125 — . . . . 25.67 24.76 24.43 23.56 
2. 250 — 28. 78 28.23 27.00 
2.375 — 30.86 
2.500 — 35.26 

Adapted from American Gas Association Gas Measurement 
Committee Report No. 3 

* Use this column if only the nominal diameter is known. 
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TABLE I , Continued 

BASIC O R I F I C E FACTORS — FLANGE TAPS — M c f d / ~ ~ F] 

T b » 520R(60F) T m = 520R (60F) 

P b = 15.025 psia G =1.000 

All other factors = 1.000 

4 6 8 Nom. Diameter. Inches 
80 40 xxHsrv 160 80 40 80 40 30 ASA Schedule 

3.826 4.026 4.897 5.W9 5.761 6.065 7.625 7.981 8.071 Inside Diameter. Inches 
Orifice Diameter 

* * Inches 

0.2985 0. 2984 — T - . . . . . . . . . . . . . . . . . . . . . . . . 0.250 
0.6671 0.667C . . . . 0.375 
1.182 1.182 1.181 1.181 1.181 1.181 . . . . 0.500 
1.846 1.845 1.843 1.843 1.842 1.842 0.625 
2.662 2.661 2.656 2.655 2.653 2.652 . . . . 0.750 

3.633 3.630 3.621 3.618 3.615 3.613 3.608 3.607 3.607 0.875 
4. 758 4.753 4.737 4.734 4.728 4.726 4.717 4.715 4.715 1.000 
6.040 6.031 6.007 6.002 5.993 5.989 5.976 5.974 5.973 1.125 
7.483 7. 469 7. 431 7.423 7.410 7.405 7.386 7.383 7.382 1.250 
9.093 9.071 9.011 8.999 8.981 8. 973 8. 947 8.942 8.941 1.375 

10. 88 10. 84 10.75 10.73 10.71 10. 70 10.66 10. 65 10.65 1.500 
12. 84 12. 79 12.65 12.63 12.59 12.57 12.52 12.52 12.51 1.625 
15.01 14.93 14.72 14.68 14.63 14.61 14.54 14.53 14.53 1.750 
17. 38 17. 26 16.96 16.91 16.83 16. 80 16.71 16. 70 16.70 1.875 
19. 99 19.81 19.39 19. 31 19.20 19.16 19.04 19.02 19.02 2.000 

22. 85 22. 60 22.00 21.89 21.74 21.69 21.52 21.50 21.50 2.125 
25.99 25. 64 24.81 24.66 24.46 24. 38 24.17 24.14 24.13 2.250 
29. 46 28. 98 27. 83 27.63 27.35 27. 25 26. 97 26.93 26.92 ?. 375 
33. 29 32.64 31.08 30.81 30.44 30.31 29. 94 29. 89 29.88 2.500 
37. 54 36.66 34.57 34.21 33.73 33.55 33.07 33.01 32.99 2.625 

42. 28 41. 10 3 a 33 37.85 37.22 36. 99 36. 37 36.29 36. 28 2.750 
46.01 42. 38 41.75 40.94 40. 65 39. 84 39.75 39. 73 2. 875 
51. 64 46. 74 45. 94 44.89 44.51 43.50 43. 38 43. 35 3.000 

51.46 50.43 49.09 48.61 47. 33 47.18 47.15 3.125 
56. 57 55.26 53. 56 52. 96 51.35 51.17 51. 13 3. 250 

62. 10 60.46 58. 33 57. 57 55. 57 55. 34 55. 29 3. 375 
03. 13 66.07 63.41 b2. 47 59.99 59.71 59. 55 3.500 
74. 34 72. 12 68. 84 67. 67 64.62 64. 28 64. 20 3.625 

78.72 74.64 73. 20 69. 69. 05 68.96 3. 750 
86. 06 80.84 79. 09 74. 55 74. 04 73.93 3. 375 

37, 48 85. 37 79. 36 79. 26 79. 12 4. 000 
102.5 99. 21 91. 23 90.40 90. 21 4. 250 

115,3 103. 3 102.6 102. 3 4. SCO 
117.7 116.0 115.6 4.750 
132. 9 130.6 130.1 5. 000 

149.9 146.7 146.1 5.250 
168. 7 164. 5 163.6 5. 500 

184.2 183.0 5. 750 
204.9 6. 000 
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TABLE II 

BASIC O R I F I C E FACTORS - PIPE TAPS - Mcfd/ V V m — Fb 

T b » 520R(60F) T m » 520R (60F) 

Pb = 15.025 psia G * 1.000 

All other factors = 1.000 

om. Diameter, Inches 2 3 4 
ASA Schedule 160 80 40 160 80 40 xxHvy 160 

Inflde Diameter, Inches 1.689 1.939 2.067 2.300 2.626 2.900 3.068 3.152 3.438 
Orifice Diameter 

Inchea • • 

0.250 0.3023 0.3015 0.3012 0.3007 0.3003 0.3001 0.2999 0.2999 0.2997 
0.375 0.6908 0.6846 0.6825 0.6796 a 6769 0.6755 a 6749 0.6745 0.6737 
0.500 1.264 1.243 1.235 1.224 1.214 1.208 1.206 1.205 1.201 
0.625 2.052 1.998 1.978 1.951 1.925 1.909 1.902 1.899 1.890 
0.750 3.111 2.985 2.941 2.881 2.825 2.792 2.776 2.769 2.750 

0.875 4.535 4.259 4.166 4.045 3.935 3.872 3.842 3.830 3.792 
1.000 6.481 5.908 5.724 5.489 5.284 5.171 5.118 5.095 5.030 
1.125 9.222 8.070 7.717 7.281 6.913 6.717 6.627 6.589 6.480 
1.250 — 10.96 10.31 9.518 8.879 8.551 8.403 8.340 8.165 
1.375 - - - - 13.74 12.35 11.26 10.72 10.49 10.39 10.11 

1.500 . . . . . . . . 15.98 14.17 13.31 12.94 12.78 12.36 
1.625 — 17.77 16.41 15.83 15.60 14.96 
1.750 — 22.28 20.15 19.27 18.91 17.96 
1.875 — 24.71 23.39 22.85 21.46 
2.000 — 3a 37 28.37 27.57 25.54 

2.125 . . . . . . . . . . . . . . . 34.47 33.29 30.35 
2.250 —. 36.05 
2.375 - - - 42.89 

Adapted from American Gas Association Gas Measurement 
Committee Report No. 3 

* Use this column if only the nominal diameter is known. 
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TABLE I I , Continued 

BASIC ORIFICE FACTORS - PIPE TAPS — Mcfd/ W m "~ F | 

T b - 520R(60F) T m « 520R (60F) 

P b » 15.025 psia G * 1.000 

All other factors = 1.000 

4 6 8 Nom. Diameter, Inches 
80 40 xxHvy 160 80 40 80 40 ZO ASA Schedule 

3.826 4. 026 4. 897 5,189 5.761 6. 065 7.625 7.931 8.071 Inside Diameter, Inches 
Ori f ice Diameter 

* * • Inches 

0.2995 0. 2993 . . . . . . . . . . . . . . . . . . . . . . . . 0.250 
0.6729 0. 6725 . . . . 0.375 
1.198 1.197 1.194 1.193 1.192 1.191 0.500 
1.882 1.878 1.869 1.867 1.864 1.863 . . . . 0.625 
2.731 2. 723 2. 701 2.697 2.690 2. 687 - - - - . . . . 0.750 

3.754 3.740 3.697 3.687 3.674 3. 668 3. 649 3. 647 3.646 0.875 
4.965 4.939 4.862 4.845 4.320 4.810 4. 776 4. 772 4.770 1.000 
6. 374 6. 332 6. 205 6.177 6.134 6.117 6. 061 6.053 6.052 1.125 
7. 997 7.930 7.735 7.690 7. 624 7. 597 7. 508 7.495 7. 493 1.250 
9.854 9.753 9.460 9. 395 9. 296 9. 255 9.120 9.101 9. 097 1.375 

11.97 11.82 11. 39 11.30 11.16 11. 10 10. 90 10. 87 10.87 1.500 
14.28 14. 16 13. 55 13.41 13.22 13. 13 12. 86 12.82 12.81 1.625 
17.12 16. 80 15. 94 15.76 15.48 15.37 15. 00 14.95 14.93 1.750 
20.24 19. 79 18.59 13.34 17.97 17.82 17.33 17.25 17.24 1.875 
23.80 23.18 21. 52 21.18 20.69 20. 49 19.84 19.75 19. 73 2.000 

27. 89 27.02 24.76 24.31 23.66 23.40 22. 56 22. 44 22. 41 2.125 
32.60 31.40 28.35 27.75 26.90 26. 56 25. 48 25. 33 25. 29 2.250 
38.05 36.41 32.31 31. 53 30.43 29.99 28.62 28.42 28. 33 2.375 
44.41 42.17 36.72 35.70 34.27 33. 71 31.98 31.74 31.68 2.500 
51.90 48.84 41.61 40.29 38.45 37.75 35. 58 35. 27 35.21 2.625 

. . . . 56. 63 47.05 45.35 43.02 42. 12 39. 42 39.05 38.97 2.750 
53.14 50.96 48.00 46. 87 43. 53 43. 07 42. 97 2.875 
59.97 57.18 53. 44 52. 04 47. 90 47. 36 47. 23 3.000 
67.65 64.10 59.39 57. 65 52. 58 51.91 51.76 3.125 
76.35 71. 83 65.92 63. 76 57. 56 56.76 56. 58 3.250 

86.25 80.49 73. 10 70. 43 62. 88 61.92 61.70 3.375 
90.25 81.01 77. 72 68. 56 67. 40 67.14 3. 500 

101.3 89. 75 85. 70 74.61 73.24 72.93 3.625 
99.44 94. 46 81.08 79. 45 79.08 3.750 

. . . . . . . . 110.2 104. 1 88.00 86.06 85.63 3.875 

. . . . . . . . 122.3 114. 8 95. 39 93.10 92.59 4.000 

. . . . 111.8 108.6 107.9 4.250 
- - - - 130. 7 126.3 125.4 4.500 

152.6 146.6 145.3 4.750 
. . . . 178. 1 170.0 168.2 5.000 

. . . . . . . . 208.2 197.1 194.7 5.250 
223.8 225.5 5.500 
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T A B L E I I I 
SQUARE ROOTS 

N 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9 
0 O.OCO 0.317 0.447 0.548 0.632 0.707 0.775 0.837 0.894 0.949 
1 1.000 1.049 1.095 1.140 1.183 1.225 1.265 1.304 1.342 1.378 
2 1,414 1. 449 1.483 1.517 1.549 1.581 1.612 1.643 1.673 1.703 
3 1.732 1.761 1.789 1.817 1.844 1.871 1.897 1.923 1.949 1.975 
4 2.000 2.025 2.049 2.074 2.098 2.121 2.145 2.168 2.191 2.214 

5 2.236 2. 258 2.280 2. 302 2. 324 2.345 2.366 2.387 2.403 2.429 
6 2. 449 2. 470 2. 490 2. 501 2. 530 2.550 2.569 2.588 2.608 2.627 
7 2.646 2.665 2.6S3 2.702 2. 720 2.739 2.757 2.775 2.793 2.811 
8 2. 628 2. 846 2.864 2.381 2. E?3 2.915 2.933 2.950 2. 966 2.983 
9 3. COO 3.017 3.033 3.050 3.066 3.032 3.093 3.114 3.130 3.146 

10 3.162 3.178 3.194 3.209 3. 225 3. 240 3.256 3.271 3.266 3.303 
11 3,317 3, 332 3.347 3.362 3. 376 3.391 3.406 3.421 3. 435 3.450 
12 3.464 3.479 3. 493 3.507 3. 521 3.536 3.550 3.564 3.578 3.592 
13 3.605 3.619 3.633 3.647 3.661 . 3.674 3.683 3.701 3.715 3.728 
14 3.742 3.755 3.768 3.782 3.795 3.808 3.821 3.834 3.847 3.860 

15 3.873 3.886 3.899 3.912 3. 924 3.937 3.950 3.962 3.975 3.987 
16 4. 000 4.012 4.025 4.037 4.050 4.062 4.074 4.037 4.099 4.111 
17 4. 123 4.135 4.147 4.159 4.171 4.183 4.195 4.207 4.219 4.231 
18 4. 243 4. 254 4.266 4. 278 4. 290 4.301 4.313 4.324 4.336 4.347 
19 4.359 4. 370 4.3S2 4. 393 4.405 4.416 4.427 4.438 4. 450 4.461 

20 4.472 4. 433 4.494 4.506 4.517 4. 528 4.539 4.550 4. 561 4.572 
21 4. 583 4.593 4.604 4.615 4.626 4.637 4.648 4.658 4.669 4.680 
22 4. 690 4.701 4.712 4.722 4.733 4.743 4.754 4.764 4.775 4.785 
23 4. 7C6 4. 806 4.817 4.827 4.337 4.848 4. 858 4.868 4.879 4.889 
24 4. 4. 909 4.919 4.930 4. 940 4. 9iU 4. 960 4.970 4.980 4.990 

25 ?. COO 5.010 5.020 5.030 5. 040 5. 050 5.060 5.070 5.079 5.089 
26 5. C?-9 5.109 5.119 S. 128 5.133 5.148 5.158 5.167 5.177 5.187 
27 5,196 5.206 5.215 5.225 5.235 5.244 5.254 5.263 5.273 5.282 
28 5.292 5. SOI 5.310 5. 320 5.329 5.339 5.343 5.357 5.367 5.376 
29 5.385 5.394 5. 404 5.413 5. 422 5. 431 5. 441 5.450 5.459 5.468 

30 5. 477 5. 406 5.495 5.505 5.514 5.523 5. 532 5. 541 5.550 5.559 
31 5.5o8 5.577 5.536 5.595 5. 604 5.612 5.621 5.630 5.639 5.648 
32 5.657 5.666 5.675 5. 683 5. 692 5.701 5.710 5.713 5.727 5.736 
33 5.745 5.753 5,7C.-2 5.771 5. 779 5.788 5.797 5.805 5.814 5.622 
34 5.831 5. 840 5. 348 5.857 5.865 5.874 5.8C2 5.891 5.899 5.908 

35 5.916 5. 925 5. 933 5.941 5. 950 5. 953 5.967 5.975 • 5.983 5.992 
od G. 000 6. C'J8 6.017 6.025 6. 033 6. 0 :2 6. C30 6. 05G 6. C66 6.075 
Ci 1 6. r n 6. 091 6. c:<) 6.107 6.116 6. 124 6.132 6. I-O 6. 3.4G 6.156 
33 6.164 6.173 6.131 6.189 6.197 6.205 6.213 6.221 6.229 6.237 
39 6.245 6.253 6.261 6.269 6. 277 6.285 6. 293 6. 301 6.309 6.317 

40 6. 32.; 6.332 6.340 0. 0*rO 6. 355 6. 354 6. 372 6. 380 0. 337 6.395 
-11 6. <:03 6. 411 6. 41? 6. 427 6. 434 6. 442 6.450 6. 458 6. ̂ 65 6. 473 
'•12 6. -131 6. -iflb 6. ̂ 6 6. 504 6. 512 6.519 6. 527 6. 535 6. 542 6.550 

6.557 6. 565 6. 573 6. SCO 6. 588 6. 595 6. 603 6.611 6.613 6.626 
44 6.633 6.641 6.6'.3 6.656 6. 663 6. 671 6. 678 6.6C6 6.693 6.701 

45 6. 703 6.716 6.723 6.731 6. 738 6. 745 6.753 6. 760 6. 768 6.775 
<?6 6. 7fi2 6.790 6.797 6.804 6.812 6.819 6. 826 6.834 6. 841 6.343 
47 6. CSO 6.363 6. 870 6.377 6. 885 6. 892 6.899 6.907 6.914 6.921 
48 6. 923 6.935 6.943 6.950 6. 957 6. 964 6. 971 6.979 6.936 6.993 

49 7.000 7.007 7. 014 7.021 7. 029 7. 036 7. 043 7. 050 7.057 7.054 
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TABLE I I I , Continued 

N 0 1 2 3 4 5 6 7 8 9 
50 7.071 7.141 7.211 7.280 7. 348 7.416 7.483 7.550 7.616 7.681 
60 7.746 7.810 7.874 7.937 8. 000 8.062 8.124 8.185 8.246 8.307 
70 8. 367 8.426 8. 485 8. 544 8.602 8.660 8.718 8.775 8. 832 8.888 
80 8. 944 9.000 9.055 9.110 9. 165 9.220 9. 274 9.327 9.381 9.434 
90 9. 487 9.539 9. 592 9.644 9. 695 9. 747 9. 798 9.849 9. 899 9. 950 

100 10. 00 10.05 10.10 10.15 10. 20 10.25 10.30 10.34 10.39 10. 44 
110 10. 49 10.54 10. 58 10. 63 10. 68 10.72 10.77 10.82 10.86 10.91 
120 10. 95 11.00 11.05 11.09 11.14 11.18 11.22 11.27 11.31 11.36 
130 11.40 11.45 11.49 11.53 11. 58 11.62 11.66 11.70 11. 75 11.79 
140 11. 83 11.87 11.92 11.96 12. 00 12.04 12.08 12.12 12.17 12.21 

ISO 12.25 12.29 12.33 12. 37 12. 41 12.45 12. 49 12.53 12.57 12.61 
160 12. 65 12.69 12.73 12.77 12.81 12.85 12.88 12.92 12.96 13.00 
170 13.04 13.08 13.11 13.15 13.19 13.23 13.27 13.30 13.34 13.38 
180 13.42 13.45 13.49 13.53 13. 56 13.60 13.64 13.67 13.71 13.75 
190 13.78 13.82 13.86 13.89 13. 93 13.96 14.00 14.04 14.07 14.11 

200 14.14 14.18 14.21 14.25 14. 28 14.32 14.35 14.39 14.42 14.46 
210 14.49 14.53 14.56 14.59 14.63 14.66 14.70 14.73 14.76 14.80 
220 14.83 14.87 14.90 14.93 14.97 15.00 15.03 15.07 15.10 15.13 
230 15.17 15.20 15.23 15.26 15. 30 15.33 15. 36 15.39 15. 43 15.46 
240 15.49 15.52 15.56 15.59 15.62 15.65 15.68 15.72 15.75 15.78 

250 15.81 15.84 15.87 15.91 15. 94 15.97 16.00 16.03 16.06 16.09 
260 16.12 16.16 16.19 16.22 16. 25 16.28 16. 31 16.34 16. 37 16.40 
270 16. 43 16.46 16. 49 16. 52 16. 55 16. 58 16.61 16.64 16.67 16.70 
280 16.73 16.76 16.79 16. 82 16. 85 16. 88 16.91 16.94 16.97 17.00 
290 17.03 17.06 17.09 17.12 17. 15 17.18 17.20 17.23 17.26 17.29 

300 17. 32 17.35 17.38 17.41 17.44 17.46 17.49 17.52 17. 55 17.58 
310 17.61 17.64 17.66 17.69 17.72 17.75 17. 78 17.80 17. 83 17.86 
320 17. 89 17. 92 17.94 17. 97 18.00 18.03 18.06 18.08 18.11 18.14 
330 18. 17 18.19 18.22 18.25 18. 28 18. 30 18.33 18.36 18.38 18. 41 
340 18. 44 18.47 18.49 18.52 18. 55 18. 57 18.60 18. 63 18.65 18.68 

350 18.71 18.73 .18. 76 18.79 18. 81 18. 84 18. 87 18. 89 18. 92 18. 95 
360 18. 97 19.00 ' 19.03 i 9 . 05 19. 08 19. 10 19. 13 19.16 19.18 19.21 
370 19. 24 19. 26 19. 29 19.31 19. 34 19.36 19. 39 19.42 19. 44 19. 47 
380 19. 49 19. 52 19.54 •9.57 19.60 19.62 19. 65 19.67 19. 70 19. 72 
390 19. 74 19.77 19. 30 ..9. 32 19. S5 19. 87 19. 90 19. 92 19. 95 19. 97 

400 20. 00 20. 02 20. 05 20. 07 20. .0 20.12 20.15 20.17 20. 20 20. 22 
410 20. 25 20. 27 20. 30 20. 32 20. 35 20. 37 20.40 20. 42 20. 45 20. 47 
420 20. 49 20. 52 20. 54 20. 57 20. 59 20.62 20. 64 20. 66 20. 69 20. 71 
430 20. 74 20. 76 20. 78 20.31 20. 33 20.36 20. 88 20. 90 20. 93 20. 95 
440 20. 98 21. 00 21.02 21. 05 21.07 2 i . 10 21.12 21.14 21. 17 21.19 

. - 21. 21 21.24 21. 25 21.23 2 i . : i 21.33 21.35 21.38 21. 40 21.42 
46 li 21. 45 2 1 . 47 21. 49 21. 52 21. 54 21. 56 21.59 21.61 21. 63 21. 66 
470 21.68 21. 70 21. 73 21. 75 i 21. 79 21. 82 21.84 21.36 21.89 
..... 21. 9i 2'.. 9,v 21. 95 21.93 22. CO 22. 02 22.05 22.07 22. 09 22.11 
490 22. i-r 22. id 22. 13 22.20 22. 23 22. 25 22.27 22. 29 22. 32 22. 34 

22. 36 22. .36 22. 41 22. ;:> '>• • ~ S 22. 47 22. 49 22.52 22. 54 22. 56 
. r, i w 22. 58 22. ol 22. 63 22.05 22. ;i7 22. o° 22. 72 22.74 22. 76 22.78 

22. 30 22. a 3 22. 85 22. 37 22. .-]•) 22.91 22. 93 22. 96 22. 98 23.00 
, .-.30 23. 32 '• 3 J 23. 07 23. Jv 23. 11 23. 1.3 23. 15 23.17 23.19 23. 22 

23. 24 2-.'. 20 23. 23 23. 30 ••' < •- / 23. ̂ 5 23. 37 23. 39 23. 41 23. 43 



T A B L E I I I , Continued 

N 0 1 2 3 4 5 6 7 8 9 
550 23. 45 23.47 23.49 23.52 23.54 23.56 23.58 23.60 23.62 23.64 
560 23. 66 23.69 23. 71 23. 73 23.75 23.77 23. 79 23.81 23.83 23.85 
570 23. 37 23.90 23.92 23.94 23.% 23.98 24.00 24.02 24.04 24.06 
580 24.08 24.10 24.12 24.15 24.17 24.19 24.21 24.23 24. 25 24. 27 
590 24.29 24.31 24.33 24.35 24.37 24. 39 24. 41 24.43 24.45 24.47 

60C 
610 
620 
630 
640 

650 
660 
670 
680 
690 

700 
710 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 

850 
M;i0 
a 70 
H80 
890 

| 900 
I -MO 
j 920 
i 'Vjo 
| 940 

i 
i 950 

, 9vn : 
'SO j 

24. 49 
24. 70 
24.90 
25.10 
25.30 

25.50 
25.69 
25.88 
26.08 
26.27 

26.46 
26.65 
26.83 
27.02 
27. 20 

27.39 
27. 57 
27. 75 
27. 93 
28.11 

28. 28 
28.46 
28.64 
28.31 
28. 98 

29. 15 
29. 33 
29. 30 
29. 66 
29.83 

30. 00 
30. 17 
30. 33 
30. 50 
30.66 

24.52 
24. 72 
24. 92 
25.12 
25.32 

25.51 
25.71 
25.90 
26.10 
26. 29 

26. 48 
26. 66 
26.85 
27.04 
27. 22 

27.40 
27.59 
27. 77 
27.95 
28.12 

28.30 
28.48 
28.65 
28. 83 
29.00 

29. 17 
29. 34 
29.51 
29. 68 
29. 35 

30. 02 
30. ia 
30. 35 
30. 51 
30. 68 

24.54 
24.74 
24.94 
25.14 
25.34 

25.53 
25.73 
25.92 
26.12 
26.31 

26. 50 
26.68 
26.87 
27.06 
26.24 

27. 42 
27.60 
27. 78 
27.96 
28.14 

28.32 
28.50 
28.67 
28.84 
29.02 

29.19 
29. 36 
29. 53 
29. 70 
29. 87 

3 0. 03 
30. 20 
30. 36 
30. 53 
30.69 

24.56 
24.76 
24.96 
25.16 
25.36 

25.55 
25.75 
25.94 
26.13 
26.32 

26.51 
26. 70 
26.89 
27.07 
27.26 

27.44 
27.62 
27. 80 
27. 98 
28.16 

28. 34 
28.51 
28.69 
28. 86 
29. 03 

29.21 
29. 38 
29. 55 
29. 72 
29.88 

30. 05 
30.22 
30. 38 
30. 55 
30.71 

24.58 
24.78 
24.98 
25.18 
25.38 

25. 57 
25.77 
25.96 
26.15 
26. 34 

26.53 
26. 72 
26.91 
27.09 
27. 28 

27.46 
27. 64 
27. 82 
28.00 
28. 18 

28. 35 
28.53 
28.71 
28. 88 
29.05 

29. 22 
29. 39 
29. 56 
29. 73 
29. 90 

30.07 
30. 23 
30. 40 
30. 56 
30. 72 

24.60 
24.80 
25.00 
25.20 
25.40 

25.59 
25.79 
25.98 
26.17 
26. 36 

26.55 
26.74 
26.93 
27.11 
27.29 

27.48 
27. 66 
27.84 
28. 02 
28. 20 

28. 37 
28. 55 
28. 72 
28. 90 
29.07 

29. 24 
29. 41 
29. 58 
29. 75 
29. 92 

30. 08 
30. 25 
30.41 
30. 58 
30.74 

24. 62 
24.82 
25.02 
25.22 
25.42 

25. 61 
25.81 
26.00 
26.19 
26.38 

26.57 
26. 76 
26.94 
27.13 
27.31 

27.50 
27. 68 
27. 86 
28.04 
28.21 

28. 39 
28. 57 
28. 74 
28. 91 
29.09 

29. 26 
29. 43 
29. 60 
29. 77 
29. 93 

30. 1.0 
30. 27 
30. 43 
30. 59 
30. 76 

24.64 
24.84 
25.04 
25.24 
25.44 

25.63 
25.83 
26.02 
26.21 
26.40 

26.59 
26.78 
26.96 
27.15 
27. 33 

27.51 
27.69 
27. 87 
28.05 
28.23 

28.41 
28.58 
28. 76 
28.93 
29.10 

29. 27 
29. 44 
29.61 
29. 78 
29. 95 

30. 12 
30. 28. 
30. 45 
30.61 
30. 77 

24.66 
24.86 
25.06 
25.26 
25.46 

25.65 
25.85 
26.04 
26.23 
26.42 

26.61 
26.80 
26.98 
27.17 
27.35 

27.53 
27.71 
27.89 
28.07 
28.25 

28.43 
28.60 
28.77 
28.95 
29.12 

29.29 
29.46 
29. 63 
29. 80 
29.97 

30.13 
30.30 
30.46 
30. 63 
30.79 

24.68 
24.88 
25.08 
25.28 
25.48 

25.67 
25.87 
26.06 
26.25 
26.44 

26.63 
26. 81 
27.00 
27.18 
27.37 

27.55 
27.73 
27.91 
28.09 
28.27 

28.44 
28.62 
28.79 
28.97 
29.14 

29. 31 
29.48 
29. 65 
29.82 
29. 98 

30. 15 
30.32 
30. 48 
30.64 
30.81 

0 

30. 82 30. 34 30. 85 30. 87 30.89 30. 90 30. 92 30. 94 30. 95 30. 97 
30. 93 31.00 31. 02 31.03 31.05 31.06 31.08 31.10 31.11 31.13 
31. 14 31. 16 31. 18 31.19 31.21 31.22 31.24 31.26 31.27 31.29 
31.30 31. 32 31.34 31.35 31. 37 31.38 31. 40 31. 42 31. 43 31.45 
31. 46 31. 4)5 31.50 31.51 31.53 31.54 31. 56 31. 58 31. 59 31.61 
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T A B L E IV 

M E T E R F A C T O R S F O R L - 1 0 ( S Q U A R E R O O T ) C H A R T S - F { 

F d = 0.01 V R h ' R p 

Meter 
Pressure Meter Differential Range, Inches - RQ 

Range 
psia - Rp 10 20 50 100 200 

24.7 0.1572 0.2223 0.3514 m — 

50.0 0.2236 0. 3162 0.5000 0.7071 1.000 
100.0 0.3162 • 0.4472 0.7071 1.000 1.414 
150.0 - 0. 5477 0. 8660 1.22 1.732 
250.0 - 0. 7071 1.118 1.581 2.236 

300.0 0. 7746 1.225 1.732 2.449 
350.0 - 0. 8367 1.323 1.871 2.646 
500.0 - 1.000 1.581 2.236 3.162 
750.0 - - 1.936 2.739 3. 873 

1000.0 - - 2.236 3.162 4.472 

1500. 0 - - 2.739 3.873 5.477 
2000. 0 - - 3.162 4.472 6.325 
2500. 0 - - - 5.000 7.071 
3000. 0 - - - 5.477 7.746 
4000.0 - - - 6. 325 8. 944 

5000. 0 - - - 7.071 10.00 
6000. 0 - - - 7. 746 10. 95 

10000. 0 _ 10. 00 14.14 
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T A B L E V 

BASIC C R I T I C A L F L O W P R O V E R F A C T O R S - Mcfd/psia - Fj 

T b - 520R(60F) T m » 520R (60F) 

Pb = 15.025pBia G =1.000 

Two-Inch Prover Four-Inch Prover 
Orifice Diameter, Inches F B Orifice Diameter, Inches F D 

1/16 0.06405 1/4 1.047 
3/32 0.1410 3/8 2.354 
1/8 0.2648 1/2 4.211 
3/16 0.6082 5/8 6.561 
7/32 0. 8393 3/4 9.402 

1/4 1.087 7/8 12.79 
5/16 1.672 1 16.66 
3/8 2. 378 1 1/8 20.98 
7/16 3. 408 1 1/4 25.91 
1/2 4. 279 1 3/8 31.19 

5/8 6. 473 1 1/2 37.17 
3/4 9. 453 1 3/4 50.77 
7/8 13.00 2 67.08 

1 17. 09 2 1/4 85.99 
1 1/8 21.89 2 1/2 107. 8 

1 1/4 27. 63 2 3/4 133.5 
1 3/8 33. 95 3 164.1 

1 1 1/2 42. 11 

Based on data from USBM Monograph 7, Tables 26 and 27, pages 122 and 123. 
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T A B L E V I 

BASIC P O S I T I V E C H O K E F A C T O R S - Mcfd/psia - F ] 

T b - 520R(60F) T m - 520R (60F) 

P h » 15.025 psia G » 1.000 

Factor -•Fo 
Nominal Choke Inside Diameter Six-Inch (1) Choke Thornhill-Carver (2) 

Size, Inches Inches Nipple Positive Choke 

1/8 0.1250 0.2618 0.2416 
9/64 0.1406 0.3346 0.3105 
5/32 0.1563 0. 4173 0.3885 

11/64 0.1719 0.5090 0.4758 
3/16 0.1875 0.6101 0. 5725 

13/64 0.2031 0.7208 0.6778 
7/32 0.2188 0.8419 0. 7924 

15/64 0.2344 0. 9720 0. 9165 
1/4 0.2500 1.112 1. 050 

17/64 0.2656 1.262 1.187 

9/32 0. 2813 1.422 1.331 
19/64 0.2969 1.592 1.484 

5/16 0. 3125 1.771 1.645 
21/64 0. 3281 1.961 1.817 
11/32 0. 3438 2.162 1.999 

23/64 0. 3594 2.371 2.189 
3/8 0.3750 2.591 2.388 

25/64 0.3906 2.821 2. 587 
13/32 0.4663 3. 063 2.794 
27/64 0. 4219 3. 313 3.009 

7/16 0. 4375 3.574 3. 231 
29/64 0.4531 3. 845 3.460 
15/32 0. 4688 4.128 3.697 
31/64 0. 4844 4.420 3. 942 
1/2 0.5000 4.722 4. 194 

9/16 0. 5625 6.038 5. 290 
5/8 0.6250 7.522 6. 510 

11/16 0.6875 9.177 7.978 
3/4 0.7500 11.00 9. 604 

(1) Based on data published on page 294 of Diehl's Natural Gas Handbook. 

(2) Based cn data published in 1946 on page iS ci che "P.eport on che Calibration of Positive Flow Beans" by 
the Texas College of Arts and Industries, Kingsville, Texas. 
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TABLE VII 

FLOWING TEMPERATURE FACTORS — F t 

Observed 
Temperature 

Op 
0 1 2 3 4 5 6 7 8 9 

0 1.063 1.062 1.061 1.060 1.059 1.057 1.056 1.055 1.054 1.053 
10 1.052 1.051 1.050 1.049 1.047 1.046 1.045 1.044 1.043 1.042 
20 1.041 1.040 1.039 1.038 1.037 1.035 1.034 1.033 1.032 1.031 
30 1.030 1.029 1.028 1.027 1.026 1.025 1.024 1.023 1.022 1.021 
40 1.020 1.019 1.018 1.017 1.016 1.015 1.014 1.013 1.012 1.011 

SO 1.010 1.009 1.008 1.007 1.006 1.005 1.004 1.003 1.002 1.001 
60 1.000 0.9990 0.9981 0.9971 0.9962 0.9952 0.9943 0.9933 0.9924 0.9915 
70 0.9905 0.9896 0.9887 0.9877 0.9868 0.9859 0. 9850 0.9840 0.9831 0.9822 
80 0.9813 0. 9804 0.9795 0.9786 0.9777 0.9768 0.9759 0.9750 0.9741 0.9732 
90 0. 9723 0.9715 0.9706 0.9697 0.9688 0.9680 0.9671 0.9662 0.9653 0.9645 

100 0.9636 0.9628 0.9619 a 9610 0.9602 0.9594 0.9585 0.9577 0.9568 0.9560 
110 0. 9551 0.9543 0.9535 0.9526 0.9518 0.9510 0.9501 0.9493 0.9485 0.9477 
120 0. 9469 0.9460 0.9452 0.9444 0.9436 0.9428 0.9420 0.9412 0.9404 0.9396 
130 0. 9388 0.9380 0.9372 0.9364 a 9356 a 9349 0.9341 0.9333 0.9325 0.9317 
140 0. 9309 0.9302 0.9294 0.9286 0.9279 0.9271 0.9263 0.9256 0.9248 0.9240 

150 0. 9233 0.9225 0.9217 0. 9210 0.9202 0.9195 0.9187 0.9180 0.9173 0.9165 
160 0. 9158 0.9150 0.9143 0.9135 0. 9128 0.9121 0.9114 0.9106 0.9099 0.9092 
170 0. 9085 0.9077 0.9071 0.9063 0.9055 0.9048 0.9042 0.9035 0.9028 0.9020 
180 0. 9014 0.9007 0.9000 0.8992 0.8985 0.8979 0.8972 0.8965 0.8958 0.8951 
190 0. 8944 0. 8937 0.8931 0.8923 0.8916 0.8910 0.8903 0.8896 0.8889 0. 8882 

200 0. 8876 0. 8870 0. 8863 0.8856 0.8849 0. 8843 0.8836 0.8830 0.8823 0.8816 
210 0.8810 0. 8803 0.8797 0.8790 0.8784 0.8777 0.8770 0.8764 0.8758 0. 8751 
220 0. 8745 0. 8738 0. 8732 0. 8725 0.8719 0. 8713 0.8706 0.8700 0.8694 0. 8687 
230 0. 8681 0. 8675 0.8668 0.8662 0.8656 0.8650 0.8644 0.8637 0.8631 0.8625 
240 0. 8619 0.8613 0.8606 0.8600 0. 8594 0.8588 0.8582 0.8576 0.8570 0. 8564 
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T A B L E V I I I 

SPECIFIC G R A V I T Y FACTORS 

Specific 
Gravity 

G 
.000 .001 .002 .003 .004 .005 .006 .007 .008 .009 

0. 550 1.348 1.347 1.346 1.345 1. 344 1. 342 1.341 1.340 1.339 1.338 
0.560 1.336 1.335 1.334 1.333 1.332 1.330 1.329 1.328 1.327 1.326 
0. 570 1.325 1.323 1. 322 1.321 1.320 1.319 1.318 1.316 1.315 1.314 
0.580 1.313 1.312 1.311 1.310 1.309 1.307 1.306 1.305 1.304 1.303 
0. 590 1.302 1.301 1.300 1.299 1.298 1.296 1.295 1.294 1.293 1.292 

0.600 1.291 1.290 1.289 1.288 1. 287 1.286 1.285 1.284 1.282 1.281 
0. 610 1.280 1.279 1.278 1.277 1.276 1.275 1.274 1.273 1.272 1.271 
0.620 1.270 1,269 1.268 1.267 1.266 1.265 1.264 1.263 1.262 1.261 
0.630 1.260 1.259 1.258 1.257 1.256 1.255 1.254 1.253 1.252 1.251 
0.640 1.250 1.249 1.248 1.247 1.246 1.245 1.244 1.243 1.242 1.241 

0. 650 1.240 1.239 1.238 1.237 1.237 1.236 1.235 1.234 1.233 1.232 
0. 660 1.231 1.230 1.229 1.228 1.227 1.226 1.225 1.224 1.224 1.223 
0. 670 1.222 1.221 1.220 1.219 1.218 1.217 1.216 1.215 1.214 1.214 
0. 680 1.213 1.212 1.211 1.210 1.209 1.208 1.207 1.206 1.206 1.205 
0. 690 1. 204 1.203 1.202 1.201 1.200 1.200 1.199 1.198 1.197 1.196 

0. 700 1.195 1.194 1.194 1. 193 1. 192 1.191 1.190 1.189 1.188 1.188 
0.710 1.187 1.186 1.185 1.184 1. 183 1.183 1.182 1.181 1.180 1.179 
0. 720 1.179 1.178 1.177 1.176 1. 175 1.174 1.174 1.173 1.172 1.171 
0. 730 1.170 1.170 1.169 1. 168 1.167 1.166 1.166 1.165 1.164 1.163 
0. 740 1.162 1.162 1.161 1.160 1.159 1.159 1.158 1.157 1.156 1.155 

0. 750 1.155 1.154 1.153 1. 152 1.152 1.151 1.150 1.149 1.149 1.148 
0. 760 1.147 1.146 1.146 1.145 1. 144 1.143 1.143 1.142 1.141 1.140 
0. 770 1.140 1.139 1.138 1.137 1. 137 1.136 1.135 1.134 1.134 1.133 
0. 780 1.132 1.132 1.131 1. 130 1. 129 1.129 1.128 1.127 1.127 1.126 
0. 790 1.125 1.124 1.124 1. 123 1. 122 1.122 1.121 1.120 1.119 1.119 

0. 800 1.118 1.117 1.117 1. 116 1.115 1.115 1.114 1.113 1.112 1.112 
0. 810 1.111 1.110 1. ilO 1. IC9 1.108 1.108 1.107 1.106 1.106 1.105 
0. 820 1.104 1.104 1.103 1.102 1. 102 1.101 1. ICO 1.100 1.099 1.098 
0. 830 1.098 1.097 1.096 1. C96 1.C95 1.094 1.094 1.093 1.092 1.092 
0. 840 1.091 1.090 1.090 1.039 1.039 1.088 1.087 1.087 1.086 1.085 

0. 350 1.085 1.084 1. 083 i . 083 1. 33.2 1.031 1. 081 1.080 1.080 1.079 
0. 860 1.078 1.078 1.077 1.076 1. 076 1.075 1.075 1.074 1.073 1. 073 
0. 870 1.072 1.072 1.071 1.070 1. 070 1.069 1.068 1.068 1.067 1.067 
0. 880 1.C66 1.065 1.065 i . C64 1.064 i . 063 1.062 1.062 1.061 1.061 
0. 890 1.060 1.059 1.059 . 1.058 1. 053 1. 057 1.056 1.056 1.055 1.055 

0. 900 1. 054 1. 054 1.C53 :.os, 1. 052 i. 051 1.051 1.050 1.049 1.049 
0.910 1. 048 1.048 1.047 1. 047 1. 04o 1. 045 1.045 1.044 1.044 1.043 
0. 920 i.043 1.042 1.041 1.041 1.040 i . 040 1.039 1.039 1.038 1.038 
0. 930 1.037 1.036 1. 036 i. 035 i . 035 1.034 1.034 1. 033 1.033 1.032 
0. 940 1.031 1.031 1. 030 1. 030 1. 029 1.C29 1. 028 1. 028 1.027 1.027 

0. 950 1.026 1.025 1. 025 J. 024 I. 02'- I . 023 1.023 1.022 1.022 1.021 
0. 960 1.021 1.020 1.020 1.019 1. 01' "' 1.013 1.017 1.017 1.016 1.016 
0. 970 1.015 1. 015 1.014 t. 014 1. 013 1. 013 1.012 1.012 1.011 1.011 
0. 980 1.010 1.010 1.009 1. 009 1. 003 1. 008 1.007 1.007 1.006 1.006 
0. 990 1.005 I . 005 1.004 1. 004 I. CO ) 1. 003 1. 002 1.002 1.001 1.001 
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TABLE IX 

P S E U D O C R I T I C A L P R O P E R T I E S O F H Y D R O C A R B O N GASES — P snd T 
r c r * c r 

G Per Tcr G Per T 

0.55 673 336 a 85 664 441 
0.56 673 341 0.86 664 444 
0.57 672 346 0.87 663 448 
0.58 672 350 0.88 663 451 
0.59 672 354 0.89 662 454 

0.60 671 358 0.90 662 457 
0.61 671 362 0.91 662 461 
0.62 671 36S 0.92 662 464 
0.63 670 368 0.93 661 467 
0.64 670 372 0.94 661 471 

0.65 670 375 0.95 660 474 
0.66 670 378 0.96 660 477 
0.67 669 382 0.97 659 481 
0.68 669 385 a 98 659 484 
0.69 669 388 0.99 659 487 

0.70 668 392 1.00 658 491 
0.71 668 395 1.01 658 494 
0.72 668 398 1.02 657 497 
0.73 668 401 1.03 656 500 
0. 74 667 405 1.04 656 504 

0.75 667 408 1.05 655 507 
0.76 667 411 1.06 655 510 
0. 77 666 415 1.07 654 514 
0.78 666 418 1.08 654 517 
0.79 666 421 1.09 653 520 

0. 80 665 424 1,10 652 524 
0.81 665 428 1.11 652 527 
0.82 665 431 1.12 651 530 
0.83 665 434 1.13 651 534 
0. 84 664 438 1.14 650 537 

Do not interpolate, values are inclusive to the next higher value. 

Reproduced by permission of the California Natural Gasoline Association from Bulletin 
No. TS - 461. 
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T A B L E X 

C O R R E C T I O N TO P S E U D O C R I T I C A L P R O P E R T I E S OF HYDROCARBON G A S E S 
F O R CARBON D I O X I D E AND N I T R O G E N 

Values given below are to be added if positive, or subtracted if negative, from values taken from 
Table DC, Pseudocritical Properties of Hydrocarbon Gases. 

J Volume Percent of 
CO2 or N 2 in Gas 

Carbon Dioxide, CO2 
Per T c r Per 

Nitrogen, N 2 

T C r 

1 + 4 1 - 1 - 3 
2 4- 8 - 3 - 3 - 6 
3 + 12 - 5 - 5 - 9 
4 17 - 7 - 7 - 11 
5 + 21 - 9 - 9 - 14 
6 + 25 - 11 - 11 - 17 
7 + 30 - 12 - 12 - 20 
8 + 34 - 14 - 14 - 22 
9 + 39 - 16 - 16 - 25 
10 + 44 - 17 - 17 - 28 
11 + 48 - 19 - 19 - 30 
12 + 53 - 21 - 21 - 33 
13 + 57 - 22 - 22 - 36 
14 + 61 - 24 - 24 - 39 
15 + 66 - 26 - 26 - 42 
16 + 70 - 27 - 27 - 44 
17 + 74 - 29 - 29 - 47 
18 + 79 - 31 - 31 - 50 
19 + 83 - 32 - 32 - 52 
20 + 87 - 34 - 34 - 55 
21 + 92 - 36 - 36 - 58 
22 + 96 - 37 - 37 - 60 
23 4- 100 - 39 - 39 - 63 
24 + 104 - 41 - 41 - 66 
25 + 109 - 42 - 42 - 68 
26 4- 113 - 44 - 44 - 71 
27 4- 117 - 46 - 46 - 74 
28 + 122 - 47 - 47 - 77 
29 + 126 - 49 - 49 - 79 
30 + 130 - 51 - 51 - 82 
31 + 134 - 52 - 52 - 85 
32 + 139 - 54 - 54 - 87 
33 + 143 - 56 - 56 - 90 
34 + 147 - 57 - 57 - 93 
35 + 152 - 59 - 59 - 95 
36 + 156 - 01 - 61 - 98 

3ased on data from the California Natural Gajoiine Association 3ulletin No.TS-461. 
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T A B L E XI 

C O M P R E S S I B I L I T Y F A C T O R S 

FOR N A T U R A L GAS 

Expanded from Tables of Compressibility Factors and Integral Functions for 

Natural Gas as a function of pseudo-reduced pressure and temperature, Table 3, 

The Multiphase Flow of Gas, Oil, and Water Through Vertical Flow Strings with 

Application to the Design of Gas-lift Installations; F . H. Poettmann and P. G. 

Carpenter; Drilling and Production Practice, pages 279-291, 1952, American 

Petroleum Institute. 

Interpolation between T r values required. 

(Values of P r and T r shall be calculated to four significant figures and rounded 
off to two significant figures following the decimal point before determining the Z 
value from Table XI.) 

? r and T r in this table are pseudo-reduced pressure and pseudo-

reduced temperature. 



1.05 1.10 1.15 1.20 1.25 1. 30 1.35 1.40 1.45 1.50 

0.20 0.938 0.948 0.953 0.959 0.964 0.969 0.971 0.973 0.978 0.979 
0.21 0.935 0. 945 0.951 0.957 0.962 0.967 0.970 0.972 0.977 0.978 
0.22 0.932 0.942 0. 948 0.955 0.960 0.965 0.968 0.971 0.976 0.977 
0. 23 0.928 0.940 0.946 0.853 a 959 0.964 0.967 0.970 0.974 0.976 
0.24 0.925 0.937 0.943 0.951 a 957 0.962 0.965 0.969 0.973 0.975 

0.25 0.922 0.934 0.941 0.949 0.955 0.960 0.964 0.968 0.972 0.974 
0.26 0.919 0.931 0.938 0.947 a 953 0.958 0.962 0.967 0.971 0.973 
0.27 0.915 0.928 0.936 0.945 0.951 0.956 0.961 0.966 0.969 0.972 
0.28 0.912 0.926 0.933 0.942 0.950 0.955 0.959 0.964 0.968 0.971 
0.29 0.908 0.923 0.931 0.940 0.948 0.953 0.958 0.963 0.966 0.970 

0.30 0.905 0.920 0.928 0.938 0.946 0.951 0.956 0.962 0.965 0.969 
0.31 0.901 0. 917 0.925 0.936 0.944 0.949 0.955 0.961 0.964 0.968 
0.32 0.898 0.914 0.922 0.934 0.942 0.948 0.953 0.960 0.963 0.967 
0.33 0.894 0.911 0.920 0.931 0.941 0.946 a 952 0.958 0.961 0.966 
0.34 0. 891 0.908 0.917 0.929 0.939 0.945 0.950 0.957 0.960 0.965 

0.35 0. 887 0.905 0.914 0.927 0.937 0.943 0.949 0.956 0.959 0.964 
0.36 0.883 0.902 0.911 0.925 0.935 0.941 0.948 0.955 0. 958 0.963 
0.37 0.879 0.899 0.908 0.923 a 933 0.939 0.946 0.953 0.957 0.962 
0.38 0.876 0.895 0.906 0.920 0.932 0.938 0.945 0.952 0.955 0.961 
0.39 0. 872 0.892 0.903 0.918 0.930 0.936 0.943 0.950 0.954 0.960 

0.40 0.868 0. 889 0.900 0.916 0.928 0.934 0.942 0.949 0.953 0.959 
0. 41 0.864 0.886 0.897 0.914 0.926 0.932 0.940 0.948 9.952 0.958 
0.42 0.860 0.882 0.895 0.912 0.924 0.931 0.939 0.947 0.951 0.957 
0.43 0. 857 0.879 0.892 0.909 0.923 0.929 0.937 0.945 0.950 0.956 
0. 44 0. 853 0.875 0.890 0.907 0.921 0.928 0.936 0.944 0. 949 0.955 

0. 45 0. 849 0. 872 0.887 0.905 0.919 0.926 0.934 0.943 0. 948 0.954 
0. 46 0.845 0. 869 0.884 0.903 0.917 0.924 0.932 0.942 0. 947 0.953 
0. 47 0. 841 0.865 0.882 0.901 0.913 0.923 0. 931 0.941 0.946 0.952 
0. 48 0. 837 0. 862 0.879 0.898 0.913 0.921 0.929 0.939 0.944 0.951 
0. 49 0. 833 0. 858 0.877 0.896 0.911 0.920 0. 928 0.938 0.943 0.950 

0. 50 0. 829 0. 855 0. 874 0.894 0.909 0. 918 0.926 0. 937 0. 942 0. 949 
0.51 0.825 0. 852 0. 872 0.892 0.907 0.916 0. 925 0. 936 0. 941 0. 948 
0. 52 0.821 0. 849 0. 869 0.890 0.905 0.913 0. 923 0.934 0.940 0. 947 
0. 53 0.818 0. 845 0. 867 0.887 0.904 0.912 0. 922 0. 933 0. 939 0.946 
0. 54 0. 814 0. 842 0. 864 0. 885 0.902 0.911 0. 920 0. 931 0. 938 0. 945 

0.55 0. 810 0. 839 0. 862 0. 883 0.900 0.909 0. 919 0. 930 0.937 0.944 
0. 56 0. 806 0. 836 0.859 0. 881 0.898 0.907 0.918 0.929 0.936 0. 943 
0. 57 0. 802 0. 832 0. 857 0.879 0.896 0.905 0. 916 0.927 0. 935 0.942 
0. 58 0. 798 0. 829 0. 854 0.876 0.894 0. 904 .0.915 0.926 0. 933 0. 941 
0. 59 0. 794 0. 825 0.852 0.874 0. 892 0.902 0.913 0. 924 0. 932 0. 940 

0. bO 0.790 0. 822 0. 849 0. 872 0. 890 0.900 0. 912 0.923 0. 931 0.939 
O.M 0. 786 0.813 0.846 . 0. 870 0.888 0. 899 0.911 0. 922 0. 930 0.938 
0. '2 0.782 0.815 0.843 0. 868 0. 886 0.897 0. 909 0.921 0. 929 0. 937 
0. 03 0.777 0.811 0.841 0.865 0.885 0.896 0. 908 0.919 0. 928 0. 937 
0. 64 0. 773 0. 808 0. 838 0. 863 0. 883 0.894 0. 906 0.918 0. 927 0.936 
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Pr 
0.20 - 0.64 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

0.934 
0. 983 
0.982 
0. 982 
0. 981 

0. 987 
0.986 
0.986 
0.985 
0.985 

0.990 
0.990 
0.989 
0.989 
0.988 

0.991 
0.991 
0.990 
0.990 
0.990 

0.993 
0.993 
0.993 
0.992 
0.992 

0. 995 
0. 995 
0.995 
0.995 
0.995 

0.998 
0. 998 
0.998 
0.998 
0.998 

0. 999 
0.999 
0.999 
0.999 
0.999 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1. 001 
1.001 
1.001 
1.001 

0.20 
0.21 
0.22 
0.23 
0.24 

0.980 
0.979 
0. 978 
0.978 
0.977 

0.984 
0. 983 
0.983 
0.982 
0. 982 

0.988 
0.987 
0.987 
0.986 
0.986 

0.990 
0.990 
0.989 
0.985 
0.988 

0.992 
0.992 
0.991 
0.991 
0.990 

0. 995 
0.995 
0. 995 
0.994 
0.994 

0.998 
0.998 
0.998 
0.997 
0.997 

0.999 
0.999 
0.999 
0.999 
0.999 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1.001 
1.001 
1.001 
1.001 

0.25 
0.26 
0.27 
0.28 
0.29 

0.976 
0.975 
0. 974 
0.974 
0..973 

0.981 
0.980 
0.980 
0.979 
0. 979 

0.985 
0.985 
0.984 
0.984 
0.983 

0.988 
0.988 
0.987 
0.987 
0.986 

0.990 
0.990 
0.990 
0.989 
0.989 

0.994 
0. 994 
0.994 
0.994 
0. 994 

0.997 
0.997 
0.997 
0.997 
0.997 

0.999 
0.999 
0.999 
0.999 
0.999 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1.001 
1.001 
1.001 
1.001 

0.30 
0.31 
0.32 
0.33 
0.34 

0.972 
0. 971 
0.970 
0.970 
0.969 

0.978 
0.977 
0.977 
0.976 
0.976 

0.983 
0.982 
0.982 
0.981 
0.981 

0.986 
0.985 
0.985 
0.984 
0.984 

0.989 
0.989 
0.988 
0.988 
0.987 

0.994 
0.994 
0.993 
0. 993 
0. 992 

0.997 
0.997 
0.997 
0.996 
0. 996 

0.999 
0.999 
0.999 
0.998 
0.998 

1.000 
1.000 
1.000 
1.000 
1.000 

1.001 
1.001 
1.001 
1.002 
1.002 

0. 35 
0.36 
0.37 
0.38 
0.39 

0.968 
0. 967 
0. 966 
0.966 
0. 965 

0.975 
0. 974 
0. 974 
0.973 
0. 973 

0.980 
0. 980 
0. 979 
0.979 
0. 978 

0. 983 
0.983 
0.982 
0.982 
0.981 

0. 987 
0. 987 
0.986 
0.986 
0.985 

0. 992 
0. 992 
0. 992 
0.991 
0. 991 

0. 996 
0. 996 
0.996 
0.995 
0. 995 

0.998 
0.998 
0. 998 
0. 998 
0.998 

1.000 
1.000 
1.000 
1.000 
1.000 

1.002 
1.002 
1.002 
1.002 
1.002 

0.40 
0.41 
0.42 
0. 43 
0.44 

0.964 
0.963 
0.962 
0. 962 
0. 961 

0. 972 
0.971 
0. 971 
0.970 
0.970 

0.978 
0.978 
0. 977 
0.977 
0.976 

0.981 
0.981 
0.980 
0.980 
0.979 

0.985 
0.985 
0.984 
0.984 
0.983 

0. 991 
0. 991 
0. 991 
0. 990 
0. 990 

0. 995 
0. 995 
0. 995 
0. 994 
0. 994 

0.998 
0.998 
0.998 
0.998 
0.998 

1.000 
1.000 
1.000 
1.000 
1.000 

1.002 
1.002 
1.002 
1.002 
1.002 

0.45 
0.46 
1.47 
0. 48 
0.49 

0. 960 
0. 959 
0.958 
0. 958 
0. 957 

0. 969 
0. 968 
0.968 
0. 967 
0. 967 

0.976 
0.976 
0. 975 
0. 975 
0. 974 

0. 979 
0.979 
0.979 
0.978 
0. 973 

0.983 
0.983 
0. 983 
3.982 
3. 982 

0. 990 
0. 990 
0. 990 
0. 989 
0.989 

0. 994 
0. 994 
0.994 
0.994 
0. 994 

0.998 
0.998 
0.998 
0.998 
0. 998 

1.000 
1.000 
1.000 
1.000 
1.000 

1.002 
1.002 
1.002 
1.002 
1.002 

0.50 
0.51 
0.52 
0. 53 
0.54 

0. 956 
0. 955 
0. 954 
0. 954 
0. 953 

0. 966 
0. 965 
0. 965 
0. 965 
0. 964 

0. 974 
0. 973 
0. 973 
0. 972 
0. 972 

0. 978 
0. 978 
0. 977 
0. 977 
0.976 

0. 932 
0. 982 
0. 982 
0. 981 
0. 981 

0. 989 
0. 989 
0. 989 
0. 983 
0. 988 

0. 994 
0.994 
0. 994 
0. 993 
0. 993 

0. 998 
0. 998 
0. 998 
0. 997 
0. 997 

1.000 
1.000 
1. 000 
1.000 
1.000 

1.002 
1.002 
1.002 
1.003 
1.003 

0. 55 
0. 56 
0. 57 
0.58 
0.59 

0. 952 
0. 951 
0. 951 
0. 950 
0.950 

0. 963 
0. 963 
0. 962 
0. 962 
0. 96 i 

0. 971 
0.971 
0. 970 
0. 970 
0.969 

0.976 
0.976 
0. 975 
0.975 
0. 974 

0. 981 
0. 381 
0. 931 
0. 9SO 
0. 980 

0. 988 
0.988 
0. 988 
0. 987 
0. 987 

0. 993 
0. 993 
0. 993 
0. 993 
0. 993 

0. 997 
0. 997 
0. 997 
0. 997 
0.997 

1.000 
1.000 
1.000 
1.000 
1.000 

1.003 
1.003 
1.003 
1.003 
1.003 

0.60 
0.61 
0.62 
0.63 
0.64 
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Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

0.65 0. 769 0.804 0.835 0.861 0.881 0.893 0.905 0.917 0.926 0.935 
0.66 0.765 0.800 0.832 0.859 0.879 0.891 0.904 0.916 0.925 0.934 
0.6" 0.760 0.796 0. 829 0.857 0.877 0.890 0.902 0.915 0.924 0.933 
0. 68 0.756 0.793 0.826 0.854 0.875. 0.888 0. 901 0.913 0.923 0.932 
C. 69 0.751 0.789 0.823 0.852 a 873 0.887 0.899 0.912 0.922 0.931 

0.70 0.747 0.785 0.820 0.850 0.871 0.885 0.898 0.911 0.921 0.930 
0.71 0. 742 0.781 0.817 0.848 0.869 0.884 0.896 0.910 0.920 0.929 
0.72 0.737 0.778 0.814 0.846 0.867 0.882 0.895 0.909 0.919 0.928 
0.73 0.732 0.774 0.812 0.843 0.865 0.881 0.893 0.907 0.918 0.927 
0.74 0.727 0.771 0.809 0.841 a 863 0.879 0.892 0.906 0.917 0.926 

0. 75 0.722 0.767 0.806 0.839 0.861 0.878 0.890 0.905 0.916 0.925 
0.76 0.717 0.763 0.803 0.837 0.859 0.876 0.889 0.904 0.915 0.924 
0. 77 0.712 0.759 0.800 0.834 0. 857 0.875 0.887 0.903 0.914 0.923 

0.78 0.708 0.756 0.797 0.832 0.855 0.873 0.886 0.901 0.912 0.922 
0.79 0.703 0.752 0.794 0.829 0.853 0.872 0.884 0.900 0.911 0.921 

0. 80 0.698 0.748 0.791 0.827 0.851 0.870 0.883 0.899 0.910 0.920 
0.81 0.693 0.744 0.788 0.825 0.849 0.868 0.882 0.898 0.909 0.919 
0.82 0.688 0.740 0.785 0.822 0.847 0.866 0.880 0.897 0.908 0.918 
0.83 0.682 0. 737 0.782 0.820 0.846 0.865 0. 879 0.895 0.907 0.918 
0.84 0.677 0.733 0.779 0. 817 0.844 0.863 0.877 0.894 0.906 0.917 

0.85 0.672 0. 729 0.776 0. 815 0.842 0.861 0.876 0.893 0.905 0.916 
0.86 0.667 0.725 0.773 0.812 0.840 0.859 0.875 0.892 0.904 0.915 
0.87 0.661 0.721 0.770 0.810 0.838 0.857 0. 874 0.891 0.903 0.914 
0. 88 0.656 0.718 0.767 0.807 0.836 0.856 0.872 0.889 0.901 0.913 
0.89 0.650 0.714 0.764 0.805 0.834 0.854 0.871 0.888 0.900 0.912 

0. 90 0.645 0.710 0.761 0. 802 0.832 0.852 0. 870 0.887 0.899 0.911 

0.91 0.640 0. 706 0. 758 0.800 0.830 0.851 0.869 0. 886 0.898 0.910 
0. 92 0. 634 0. 702 0. 756 0.798 0.828 0.849 0.867 0.885 0.897 0.909 
0. 93 0.629 0.698 0.753 0.795 0.827 0. 848 0. 866 0.883 0.897 0.908 
0.94 0.623 0. 694 0. 751 0.793 0. 825 0. 846 0.864 0. 882 0. 896 0.907 

0. 95 0. 618 0. 690 0. 748 0. 791 0.823 0. 845 0. 863 0.881 0.895 0.906 

0. 9b 0.612 0. 686 0. 745 0. 789 0. 821 0.844 0.862 0.880 0.894 0.905 
0. 97 0.607 0. 682 0.742 0. 787 0.819 0.842 0. 860 0.879 0.893 0.904 
0. 98 0.601 0. 678 0. 740 0. 784 0.817 0.841 0. 859 0. 877 0. 892 0.903 
0. 99 0. 596 0. 674 0.737 0. 782 0. 815 0. 839 0.857 0. 876 0.891 0. 902 

1.00 0. 590 0.670 0. 734 0. 780 0.813 0. 838 0.856 0. 875 0. 890 0.901 

1.01 0. 583 0. 665 0. 731 0. 778 0.811 0. 836 0. 855 0. 874 0. 889 0.900 
1.02 0. 576 0.661 0. 728 0. 775 0. 809 0. 834 0. 853 0.873 0.888 0. 899 

1.03 0. 569 0. 656 0. 725 0. 773 0.807 0. 833 0.852 0. 871 0. 887 0. 899 

1.04 0. 562 0. 652 0. 722 0.770 0.805 0.831 0. 850 0.870 0. 886 0.898 

1. 05 0. 555 0. 647 0. 719 0. 768 0.803 0. 829 0.849 0.869 0. 885 0.897 

1. Oft 0. 548 0. 642 0.716 0.765 0.801 0. 827 0. 848 0. 868 0. 884 0.896 

1.07 0. 541 0.638 0. 713 0.763 0. 799 0.825 0. 846 0. 866 0. 883 0. 895 

1. 08 0. 534 0. 633 0.709 0.760 0. 797 0. 824 0. 845 0.865 0. 881 0. 895 
1.09 0. 527 0. 629 0. 706 0. 758 0.795 0. 822 0. 843 0.863 0.880 0. 894 
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Pr 
0.65 - 1.09 

1.60 1.70 1. 80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

0.949 0.961 0.969 0.974 0. 980 0. 987 0.993 0.997 1.000 1.003 0.65 
0. 948 0. 960 0.969 0.974 0.980 0. 987 0.993 0.997 1.000 1.003 0.66 
0. 947 0. 960 0.968 0.973 0. 979 0. 987 0.993 0.997 1.000 1.003 0.67 
0. 947 0. 959 0.968 0.973 0.979 0. 986 0.992 0.997 1.001 1.004 0.68 
0. 946 0. 959 0.967 0.972 0.978 0.986 0.992 0.997 1.001 1.004 0.69 

0.945 0.958 0.967 0.972 0.978 0.986 0.992 0.997 1.001 1.004 0.70 
0.944 0. 957 0.967 0.972 0.978 0.986 0.992 0.997 1.001 1.004 0.71 
0. 944 0.957 0. 966 0.972 0.978 0. 986 0. 992 0.997 1.001 1.004 0.72 
0.943 0.956 0.966 0.971 0.977 0.985 0.992 0.997 1.001 1.004 0.73 
0.943 0. 956 0.965 0.971 0.977 0.985 0.992 0.997 1.001 1.004 0.74 

0. 942 0.955 0.965 0.971 0.977 0. 985 0.992 0.997 1.001 1.004 0.75 
0. 941 0.954 0.964 0.971 0.977 0.985 0.992 0.997 1.001 1.004 0.76 
0. 940 0.954 0.964 0.970 0.976 0. 985 0.992 0.997 1.001 1.004 0.77 
0. 940 0. 953 0.963 0.970 0.976 0.984 0.991 0.997 1.001 1.005 0. 78 
0. 939 0.953 0.963 0.969 0.975 0. 984 0.991 0. 997 1.001 1.005 0.7S 

0. 938 0. 952 0.962 0.969 0.975 0.984 0. 991 0.997 1.001 1.005 0.80 
0. 937 0. 952 0.962 0.969 0.975 0. 984 0.991 0.997 1.001 1.005 0.81 
0. 937 0.951 0.961 0.968 0.975 0.984 0.991 0.997 1.001 1.005 0.82 
0. 936 0. 951 0.961 0.968 0.974 0.983 0.991 0.997 1.001 1.005 0.83 
0. 936 0. 950 0.960 0. 967 0.974 0. 983 0.991 0.997 1.001 1.005 0.84 

0. 935 0. 950 0.960 0.967 0. 974 0.983 0. 991 0.997 1.001 1.005 0. 85 
0. 934 0.949 0.960 0.967 0.974 0. 983 0.991 0.997 1.001 1.005 0.86 
0. 933 0. 949 0. 959 0.966 0.973 0.983 0. 991 0. 997 1.001 1. 005 0.87 
0. 933 0. 948 0.959 0.966 0.973 0. 983 0.990 0.996 1.001 1.006 0. 88 
0. 932 0. 948 0. 958 0.965 0.972 0. 983 0.990 0.996 1.001 1.006 0.89 

0. 931 0. 947 0.958 0.965 0.972 0.983 0. 990 0.996 1.001 1.006 0.90 
0. 930 0. 946 0. 958 0.965 0.972 0.983 0. 990 0.996 1.001 1.006 0.91 
0. 929 0.946 0.957 0.964 0.972 0. 983 0. 990 0.996 1.001 1.006 0. 92 
0. 929 0. 945 0.957 0.964 0.971 0.982 0. 990 0.996 1.001 1.006 0.93 
0. 928 0. 945 0.956 0.963 0.971 0. 982 0. 990 0.996 1.001 1.006 0.94 

0. 927 0. 944 0. 956 0.963 0. 971 0. 982 0. 990 0.996 1.001 1.006 0. 95 
0. 926 0. 943 0. 955 0. 963 0.971 0. 982 0. 990 0.996 1.001 1. 006 0.96 
0. 925 0. 943 0. 955 0.962 0. 971 0. 982 0. 990 0.996 1.001 1.006 0. 97 
0. 925 0. 942 0. 954 0.962 0. 970 0. 981 0. 989 0.996 1.001 1.007 0. 98 
0. 924 0.942 0.954 0. 961 0.970 0. 981 0. 989 0. 996 1.001 1.007 0.99 

0. 923 0. 941 0.953 0. 961 0. 970 0. 931 0. 989 0.996 1.001 1.007 1.00 
0. 922 0. 941 0. 953 0. 961 0.970 0. 981 0. 989 0. 996 1.001 1.007 1.01 
0. 922 0. 940 0. 952 0. 961 0.970 r- * 939 0. 996 1.001 1.007 1.02 

0. 921 0. 940 0. 952 0. 960 0.. 969 o. voO 0. ̂39 0. 996 1.001 1. 007 1.03 
0. 921 0. 939 0. 951 0. 960 0. 9b9 0. 9i0 o. 939 0. 996 1. 001 1. 007 1.04 

0. '2'i 0. 939 0. 951 0. 9ft0 0 9c9 0-939 0. 996 1.001 1.007 1.05 
. •. •,'9 0. 93R 0. 951 C. 960 0. 9o9 U. '>* 989 0. 996 1.001 1.G07 1.06 
• /. v 19 C. 938 0. 950 0. 959 0. 963 ->89 0. 996 1.001 1.007 1.07 
0. 9' 8 0. 937 0. 950 0. 959 C. 963 3. 979 0. 9.-8 0. 996 1.002 1.008 1. 08 
u. 913 0. 937 0. 949 0.953 0. 907 0. 979 0. 9SS 0. 996 1.002 1.008 1.09 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

1. 10 
1.11 
i. I : 
1. 13 
1. 14 

0.520 
0.512 
0.505 
0.497 
0. 490 

0.624 
0.620 
0.615 
0.611 
0.606 

0.703 
0.700 
0.697 
0.694 
0.691 

0.755 
0.753 
0.750 
0.748 
0.745 

a 793 
0.791 
0.789 
a 787 
0.785 

0.820 
0.818 
0.817 
0.815 
0.814 

0.842 
0.841 
0.840 
0. 838 
0.837 

0.862 
0.861 
0.860 
0.858 
8.857 

0.879 
0.878 
0.877 
0.876 
0.875 

0.893 
0.892 
0.891 
0.891 
0.890 

1.15 
1.16 
1.17 
1.18 
1.19 

0.482 
0.474 
0.467 
0.459 
0.452 

0.602 
0.598 
0.593 
0.589 
0.584 

0.688 
0.685 
0.682 
0.678 
0.675 

0.743 
0.741 
0.738 
0.736 
0.733 

0.783 
0.781 
0.779 
0.777 
0.775 

0.812 
0.810 
0.809 
0.807 
0.806 

0.836 
0.835 
0.833 
0.832 
0.830 

0.856 
0.855 
0.854 
0.852 
0.851 

0.874 
0.873 
0.872 
0.871 
0.870 

0.889 
0.888 
0.887 
0.886 
0.885 

1.20 
1.21 
1.22 
1.23 
1.24 

0.444 
0.435 
0.426 
0.416 
0. 407 

0.580 
0.575 
0.570 
0.565 
0. 560 

0.672 
0.669 
0.666 
0.662 
0.659 

0.731 
0.729 
0.726 
0.724 
0.721 

0.773 
0.771 
0.769 
0.767 
0.765 

0.804 
0.803 
a 801 
0.800 
0.798 

0.829 
0.828 
0.827 
0.825 
0.824 

0.850 
0.849 
0.848 
0.847 
0.846 

0.869 
0.868 
0.867 
0.866 
0.865 

0.884 
0.883 
0.882 
0.882 
0.881 

1.25 
1.26 
1. 27 
1.28 
1.29 

0.398 
0. 389 
0.379 
0.370 
0.360 

0.555 
0. 550 
0.545 
0.540 
0.535 

0.656 
0.653 
0.650 
0.646 
0.643 

0.719 
0.717 
0.714 
0. 712 
0.709 

0.763 
0.761 
0.759 
0.757 
0.755 

0.797 
0.795 
0.794 
0.792 
0.791 

0.823 
0.822 
0.821 
0.819 
0.818 

0.845 
0.844 
0.843 
0.841 
0.840 

0. 864 
0.863 
0.862 
0.861 
0.860 

0.880 
0.879 
0.878 
0.878 
0.877 

1.30 
1.31 
1.32 
1.33 
1.34 

0.351 
0.342 
0.333 
0.325 
0.316 

0.530 
0. 525 
0. 520 
0.515 
0. 510 

0.640 
0.637 
0.633 
0.630 
0.626 

0.707 
0.705 
0.702 
0.700 
0.697 

0.753 
0.751 
0.749 
0.747 
0.745 

0.789 
0.787 
0.786 
0.784 
0.783 

0.817 
0.816 
0.814 
0.813 
0. 811 

0.839 
0.838 
0.837 
0.836 
0.835 

0.859 
0.859 
0.857 
0.857 
0.856 

0.876 
0.875 
0.874 
0.874 
0.873 

1.35 
1.36 
1.37 
1.38 
1.39 

0.307 
0. 298 
0. 289 
0. 281 
0. 272 

0.505 
0. 500 
0. 495 
0.490 
0.485 

0.623 
0.619 
0.616 
0.612 
0.609 

0.695 
0.692 
0.690 
0.687 
0.685 

0.743 
0.741 
0.739 
0.736 
0.734 

0.781 
0.779 
0.777 
0.776 
0.774 

0.810 
0.809 
0.807 
0.806 
0.804 

0.834 
0.833 
0.832 
0.830 
0.829 

0.855 
0.854 
0.853 
0.852 
0.851 

0.872 
0.871 
0.870 
0.870 
0.869 

1. 40 0.263 0. 480 0.605 0.682 0.732 0.772 0.803 0.828 0. 850 0.868 
1.41 0.262 0.475 0.602 0.680 0.730 0.771 0.802 0.827 0. 849 0.867 
1.42 0. 261 0. 469 0.598 0.677 0.728 0.769 0.801 0.826 0. 848 0.866 

1.43 0. 261 0. 464 0.595 0.675 0.725 0.768 0.790 0.826 0. 848 0.866 
1.44 0. 260 0. 458 0. 591 0.672 0.723 0.766 0.798 0.825 0. 847 0.865 

1.45 0. 259 0. 453 0. 588 0.670 0.721 0.765 0.797 0.824 0. 846 0. 864 

1.46 0. 258 0. 447 0.584 0.667 0.719 0. 763 0.796 0.823 0. 845 0. 863 
1.47 0. 257 0.442 0.581 0.665 0.717 0.762 0.795 0.821 0. 844 0.862 
1.48 0. 256 0.436 0.577 0.662 0.714 0.760 0.793 0.820 0. 843 0. 861 
1.49 0. 255 0. 431 0. 574 0.660 0.712 0.759 0.792 0.818 0. 842 0. 860 

1. 50 0. 254 0. 425 0.570 0.657 0.710 0. 757 0. 791 0.817 0. 841 0.859 

1. 51 0. 254 0.422 0.567 0.655 0.708 0.756 0. 790 0.816 0. 340 0. 858 
1.52 0. 254 0. 419 0.564 0.653 0.706 0.754 0. 789 0.815 0. 839 0.857 
1.53 0. 253 0. 415 0.562 0.650 0.705 0. 753 0. 787 0.813 0. 839 0. 857 
1.54 0. 253 0. 412 0.559 0.648 0.703 0.751 0. 786 0.812 0. 838 0.856 

VII - 22 



Pr 
1.10 - 1. 54 

1.60 1.70 1.80 1.90 2.00 2. 20 2. 40 2. 60 2.80 3.00 Pr 

0.917 0. 936 0.949 0.958 0.967 0. 979 0. 988 0.996 1.002 1.008 1.10 
0.916 0. 935 0.949 0.958 0.967 0. 979 0. 988 0.996 1.002 1.008 1.11 
0.915 0. 935 0.948 0.958 0. 967 0.979 0.988 0. 996 1.002 1.008 1.12 
0. vi5 0. 934 0.948 0.957 0.966 0. 979 0. 988 0.996 1.002 1.008 1.13 
0.914 0. 934 0.947 0.957 0.966 0. 979 0. 988 0.996 1.002 1.008 1.14 

0.913 0. 933 0.947 0.957 0.966 0. 979 0.988 0.996 1.002 1.008 1.15 
0. 912 0.932 0.947 0.957 0.966 0. 979 0. 988 0.996 1.002 1.008 1.16 
0.911 0. 932 0.946 0.956 0.965 0.979 0.988 0.996 1.002 1.008 1.17 
0.911 0. 931 0.946 0. 956 0.965 0.978 0.987 0.996 1.002 1.008 1.18 
0.910 0. 931 0. 945 0. 955 0.964 0. 978 0. 987 0. 996 1.002 1.008 1.19 

0. 909 0. 930 0.945 0.955 0.964 0.978 0. 987 0.996 1.002 1. 008 1.20 
0. 908 0. 930 0.945 0.955 0.964 0.978 0. 987 0.996 1.002 1.008 1.21 
0. 907 0.929 0.944 0.955 0.964 0. 978 0.987 0. 996 1.002 1.008 1.22 
0. 907 0.929 0.944 0.954 0.963 0. 978 0. 987 0.996 1.002 1.008 1.23 
0.906 0. 928 0.943 0.954 0.963 0. 978 0.987 0.996 1.002 1.008 1.24 

0. 905 0. 928 0.943 0.954 0.963 0. 978 0. 987 0.996 1.002 1.008 1.25 
0. 904 0.927 0.943 0.954 0.963 0. 978 0.987 0.996 1.002 1.008 1.26 
0. 903 0.927 0.942 0.953 0.963 0. 978 0.987 0. 996 1.002 1.008 1.27 
0. 903 0.926 0.942 0. 953 0.962 0. 977 0.987 0.996 1.002 1.009 1.28 
0. 902 0. 926 0. 941 0.952 0.962 0. 977 0. 987 0.996 1.002 1.009 1.29 

0.901 0. 925 0.941 0. 952 0. 962 0. 977 0.987 0.996 1.002 1.009 1.30 
0. 900 0. 925 0.941 0.952 0. 962 0. 977 0. 987 0.996 1.002 1.009 1.31 
0. 900 0. 924 0.941 0.952 0.962 0. 977 0. 987 0.996 1.002 1. 009 1.32 
0.899 0. 924 0. 940 0.951 0.961 0. 976 0. 986 0.996 1.002 1.009 1.33 
0. 899 0. 923 0. 940 0.951 0.961 0. 976 0. 986 0. 996 1.002 1.009 1. 34 

0. 898 0. 923 0. 940 0.951 0.961 0. 976 0. 986 0.996 1.002 1.009 1.35 
0. 897 0. 922 0. 940 0. 951 0.961 0. 976 0. 986 0.996 1.002 1.009 1.36 
0. 897 0. 922 0.939 0. 950 0.961 0. 976 0.986 0.996 1.002 1.009 1.37 
0.896 0. 921 0. 939 0. 950 0.960 0. 975 0. 986 0. 996 1.002 1.010 1.38 
0. 896 0. 921 0. 938 0.949 0.960 0. 975 0. 986 0.996 1.002 1.010 1.39 

0. 395 0. 920 0. 938 0. 949 0. 960 0. 975 0. 986 0.996 1.002 1.010 1.40 
0. 394 0. 920 0. 938 0. 9*9 0. 960 0. 975 0. 986 0.996 1.002 1.010 1.41 
0. S94 0.919 0. 937 0. 948 0.960 0. 975 0. 986 0. 996 1.002 1.010 1.42 
0. 893 0. 919 0. 937 0.943 0. 959 0. 975 0. 9S6 0. 996 1.002 1. 010 1.43 
0. S93 0. 918 0. 936 0. 947 0. 959 0. 975 0. 986 0. 996 1.002 1. 010 1. 44 

0. Sl>2 0. 913 G. 936 0. 947 ). 959 •~! C~ 0. 936 0. 996 1.002 1.010 1. 45 
U. -391 0. 917 0. 936 0. 947 0. 759 0. .;75 C. 986 0. 996 1.002 1.010 1. 46 
0. 491 0. 9.7 0. 935 0. 947 ). 953 0. v75 0. 9S6 0. 996 1.002 1.010 1.47 
0. 390 0. r'Kl 0. 935 0. 946 :j. 953 j . )74 G. 985 0. 995 1. 003 1.010 1.48 
0. 31'0 '). Jin 3. «3H 0. 9-,6 0. 957 C. 9S5 0. 995 1.003 1. 010 1. 49 

;'. :•.,•*•» 
3. 9 i 5 0. 934 0. '-4c 3. 9}5 0. 995 1.003 1. 010 1.50 
0. •]-. G. 93-r 0. 94o 3. 957 9. u. 995 1.003 1.010 1. 51 

;>. ,w-;i 3. i : 0.-'33 0. 946 0. 95" 3. .--.5 0. 995 1.003 1.010 1.52 
;;. C. 9i4 0. >>32 0. 945 0. 95o 0. '73 J. 995 1.003 1.010 1. 53 
>•. sS7 Cl '• ' • 0. 932 0. -M5 0. 95o • 3. 97.1 0. 1>.S5 •J. 995 1.003 1. 010 1.54 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

1.55 0. 253 0.409 0.556 0.646 0.701 0.750 0.785 0.811 0.837 0.855 
1.56 0.253 0.406 0.553 0.644 0.699 0.748 0.784 0.810 0.836 0.854 
1. 57 0.252 0.403 0.550 0.641 0.697 0.747 0.783 0.809 0.835 0.853 
1.56 0. 252 0.399 0.547 0.639 0.695 0.745 0.781 0.807 0. 834 0.853 
1.59 0.251 0.396 0.544 0.636 0. 693 0.744 0.780 0.806 0.833 0.852 

1.60 0.251 0.393 0.541 0.634 0.691 0.742 0. 779 0.805 0.832 0.851 
1.61 0.251 0.392 0.539 0.632 0.689 0.741 0.778 0.804 0.831 0.850 
1.62 0.251 0.390 0.536 0.630 0.687 0.739 0.777 0.803 0.830 0.849 
1.63 0.251 0.389 0.534 0.627 0.686 0.738 0.775 0.802 0.830 0.849 
1.64 0. 251 0.387 0.531 0.625 0.684 0.736 0.774 0.801 0.829 0.848 

1.65 0.251 0.386 0.529 0.623 0.682 0.735 0.773 0.800 0.828 0.847 
1.66 0.251 0.384 0.527 0.621 0.680 0.734 0.772 0.799 0.827 0.846 
1.67 0.251 0.383 0.524 0.619 0.678 0.732 0.771 0.798 0.826 0.845 
1.68 0.252 0.381 0.522 0.616 0.676 0.731 0.769 0.797 0.825 0.845 
1.69 0.252 0.380 0.519 0.614 0.674 0.729 0.768 0.796 0.824 0. 844 

1.70 0.252 0.378 0.517 0.612 0.672 0.728 0.767 0.795 0.823 0. 843 
1.71 0.253 0.377 0.515 0.610 0.670 0.726 0.766 0.794 0. 822 0.842 
1.72 0. 254 0.376 0.513 0.608 0.669 0.725 0.765 0.793 0.821 0.842 
1.73 0.254 . 0.376 0.511 0.606 0.667 0.723 0.763 0.792 0.821 0.841 
1.74 0.255 0.375 0.509 0.604 0.666 0.722 0.762 0.791 0.820 0.841 

1.75 0. 256 0.374 0.507 0.602 0.664 0.720 0.761 0.790 0.819 0.840 
1.76 0.257 0. 373 0.505 0.600 0.662 0.718 0.760 0.789 0.818 0.839 
1.77 0. 258 0.372 0.503 0.598 0.661 0.717 0.759 0.788 0.817 0.839 
1.78 0.258 0.372 0. 501 0.596 0.659 0.716 0.757 0.786 0. 817 0.838 
1.79 0.259 0. 371 0.499 0.594 0.658 0.714 0. 756 0.785 0.816 0. 838 

1.80 0. 260 0. 370 0. 497 0.592 0.656 0. 712 0.755 0.784 0.815 0.837 
1.81 0. 261 0. 370 0. 495 0.590 0.654 0. 711 0. 754 0.783 0.814 0.836 
1.82 0. 262 0. 370 0. 494 0.588 0.653 0. 710 0.753 0.782 0.813 0.836 
1.83 0. 263 0. 370 0. 492 0.586 0.651 0. 708 0.752 0.781 0.813 0.835 
1.84 0. 264 0.370 0. 491 0.584 0.650 0. 707 0.751 0.780 0.812 0.835 

1. 85 0. 265 0. 370 0. 489 0.582 0.648 0.706 0.750 0. 779 0. 811 0. 834 
1.86 0. 266 0. 370 0. 487 0. 580 0.646 0.705 0. 749 0.778 0. 810 0.833 
1.87 0. 267 0. 370 0.485 0. 578 0.645 0.703 0.748 0.777 0.809 0.832 
1.88 0. 268 0. 369 0.484 0.576 0. 643 0.702 0.746 0.776 0.808 0.832 
1.89 0. 269 0. 369 0.482 0.574 0.642 0. 700 0. 745 0. 775 0. 807 0.831 

1.90 0. 270 0. 369 0. 480 0.572 0.640 0. 699 0. 744 0.774 0. 806 0.830 
1.91 0. 271 0. 369 0.479 0.570 0.639 0.698 0.743 0.773 0.805 0.829 
1.92 0. 272 0. 369 0.478 0.569 0. 638 0.697 0.742 0.773 0. 805 0.829 
1.93 0. 273 0. 369 0.476 0. 567 0.636 0. 695 0. 740 0.772 0. 804 0. 828 
1. 94 0. 274 0. 369 0. 475 0.566 0. 635 0.694 0. 739 0.772 0. 804 0.828 

1. 95 0. 275 0. 369 0.474 0.564 0. 634 0. 693 0. 738 0.771 0. 803 0. 827 
1. ,;A 0. 276 0. 369 0.473 0.562 0.633 0. 692 0. 737 0. 770 0. 802 0. 826 
1. 9/ 0. 277 0.369 0.471 0.560 0.631 0.691 0. 736 0. 769 0. 801 0.826 
1.98 0. 278 0. 370 0.470 0.559 0.630 0.689 0. 734 0.769 0. 801 0.825 
1.99 0.279 0. 370 0.468 0.557 0.628 0.688 0. 733 0. 768 0.800 0. 825 

VU - 24 



1.55 T 1.99 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 P r 

0.886 0.913 0.932 0.945 0.956 0. 973 0.985 0.995 1.003 1.010 1,55 
0. 885 0.912 0. 932 a 945 0.956 0. 973 0.985 0.995 1.003 1.010 1.56 
0. 8U 0. 912 0.931 0.944 0. 955 0. 973 0.985 0. 995 1.003 1.010 1.57 
0. 884 0.911 0.931 0.944 0. 955 0. 972 0.984 0.995 1.003 1. Oil 1.58 
0.883 0.911 0.930 0.943 0.954 0. 972 0.984 0.995 1.003 1.011 1.59 

0. 882 0.910 0.930 0. 943 0.954 0. 972 0.984 0.995 1.003 1. Oil 1.60 
0. 882 0.910 0.930 0.943 0.954 0. 972 0.984 0.995 1.003 1. Oil 1.61 
0.881 0.909 0.930 0.943 0.954 0. 972 0.984 0.995 1.003 1. Oil 1.62 
0. 881 0.909 0.929 0.942 0.953 0. 972 0. 984 0.995 1.003 1. Oil 1.63 
0.880 0.908 0.929 0.942 0.953 0. 972 0.984 0.995 1.003 1.011 1.64 

0.880 0.908 0.929 0.942 0.953 0. 972 0.984 0.995 1.003 1. Oil 1.65 
0. 879 0. 907 0.929 0.942 0.953 0. 972 0. 984 0.995 1.003 1. Oil 1.66 
0.879 0.907 0.928 0.942 0.953 0. 972 0.984 0.995 1.003 1. Oil 1.67 
0.878 0.906 0. 928 0.941 0.952 0. 971 0. 983 0.995 1.004 1.012 1.68 
0. 878 0.906 0.927 0.941 0.952 0. 971 0.983 0.995 1.004 1.012 1.69 

0,877 0.905 0. 927 0.941 0.952 0, 971 0. 983 0.995 1.004 1.012 1.70 
0. 876 0.905 0.927 0.941 0.952 0. 971 0. 983 0.995 1.004 1.012 1.71 
0. 876 0.904 0.926 0.941 0.952 0. 971 0. 983 0.995 1.004 1.012 1.72 
0.875 0.904 0.926 0.940 0.951 0. 971 0. 983 0.995 1.004 1.012 1.73 
0. 875 0. 903 0.925 0.940 0.951 0. 971 0. 983 0.995 1.004 1.012 1.74 

0. 874 0. 903 0.925 0.940 0. 951 0. 971 0. 983 0. 995 1.004 1. 012 1.75 
0. 873 0.902 0.925 0.940 0.951 0. 971 0.983 0.995 1.004 1.012 1.76 
0. 373 0. 902 0. 924 0. 939 0.951 0. 971 0. 983 0.995 1.004 1. 012 1.77 
0. 872 0. 901. 0.924 0.939 0.950 0. 970 0.983 0.995 1.004 1.012 1.78 
0.872 0.901 0.923 0. 938 0.950 0. 970 0. 983 0.995 1.004 1.012 1.79 

0. 871 0.900 0.923 0.938 0.950 0. 970 0.983 0.995 1.004 1.012 1.80 
0. 871 0.900 0.923 0. 938 0.950 0. 970 0. 983 0.995 1.004 1.012 1.81 
0. 870 0.900 0.923 0.938 0.950 0. 970 0.983 0.995 1.004 1.012 1.82 
0. 870 0. 399 0.922 0.937 0.949 0. 970 0.983 0.995 1.004 1.012 1.83 
0. 869 0. 899 0. 922 0,937 0. 949 0. 970 0. 983 0.995 1.004 1.012 1.84 

0. 369 0. 899 0. 922 0.937 0. 949 0. 970 0. 983 0.995 1.004 1. 012 1. 85 
0. 863 0. 399 0. 922 0.937 0. 949 0. 970 0. 933 0.995 1.004 1.012 1.86 
0. 3o8 0. 898 0. 922 0.937 0.949 0. 970 0.983 0.995 1.004 1. 012 1.87 
0. do7 0. 398 0. 921 0.936 0. 948 0. 969 0. 982 0. 995 1.005 1.013 1.88 
0. 867 0.897 0. 921 0. 936 0. 948 0. 969 0. 982 0. 995 1. 005 1.013 1.89 

0. 3o6 0. 897 0. 921 0. 936 0. 943 0. 969 0. 932 0. 995 1.005 1.013 1.90 
0. S66 0. 397 0. 921 0. 936 0. 943 0. 939 0. 995 1.005 1.013 1.91 
0. 365 0. 896 0. 921 0. 936 0. 943 0. ':9 0. \r<l2 0. 995 1.005 1. 013 1.92 
0. 365 0. 896 0. 920 0. 935 0. 943 0.995 1.005 1.013 1.93 
0. 3o4 0. 395 0. 920 0. 935 0. 9-.-3 0. 0. >82 0. 995 1. 005 1. 013 1. 94 

0. 395 0. 920 0. 935 C. K3 f l /» 0. 995 1. COS 1. 013 1.95 
J • -j ' . 3 0. 395 w, V i. < J 0. 935 ' 1. 9-:v r- 0. 995 1.005 1.013 1.96 
0. .vir..i 0. 394 0.919 0. 934 '.J. 

:'.;9 C. 995 1.C05 1.013 1.97 
.-C.2 0. 894 0. 919 0. 934 o. v-n f> 

•J. '• : -. 0. 995 1.006 1.014 1.93 
0. :-o2 0. 593 0.913 0. 933 0. 947 0. *. Z 'j 0. 9i,2 0. 995 1.006 1.014 1.99 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

2.00 
2.01 
2. 02 
2. 03 
2. 04 

0.280 
0.281 
0.282 
0.284 
0.285 

0.370 
0.370 
0.370 
0.371 
0.371 

0.467 
0.466 
0.465 
0.464 
0.463 

0.555 
0.553 
0.552 
0.550 
0.549 

0.627 
0.626 
0.624 
0.623 
0.621 

0.687 
0.686 
0.685 
0.683 
0.682 

0. 732 
0.731 
0.730 
0.729 
0.728 

0.767 
0.766 
0.765 
0.764 
0.763 

0.799 
0.798 
0.797 
0.797 
0.796 

0.824 
0.823 
0.823 
0.822 
0.822 

2.05 
2.06 
2.07 
2.08 
2.09 

0.286 
0.287 
0.288 
0.290 
0.291 

0.371 
0.371 
0.371 
0.372 
0.372 

0.462 
0.461 
0.460 
0.459 
0.458 

0.547 
0.545 
0.544 
6.542 
0.541 

0.620 
0.618 
0.617 
0.615 
0.614 

0.681 
0.680 
0.678 
0.677 
0.675 

0.727 
0.726 
0.725 
a 723 
a 722 

0.762 
0.761 
0.760 
0.759 
0.758 

0.795 
0.794 
0.793 
0.793 
0.792 

0.821 
0.820 
0.820 
0.819 
0.819 

2.10 
2.11 
2.12 
2.13 
2.14 

0.292 
0.293 
0.294 
0.296 
0.297 

0.372 
0.372 
0.373 
0.373 
0.374 

0.457 
0.456 
0.456 
0.455 
0.455 

0.539 
0.538 
0.537 
0.536 
0.535 

0.612 
0.611 
a 610 
0.609 
0.608 

0.674 
0.673 
0.672 
0.671 
0.670 

0.721 
0.720 
0.719 
0.718 
0.717 

0.757 
0.756 
0.755 
0.755 
0.754 

0.791 
0.790 
0.790 
0.789 
0.789 

0.818 
0.817 
0.817 
0.816 
0.816 

2. IS 
2.16 
2.17 
2.18 
2.19 

0.298 
0.299 
0.301 
0.302 
0.304 

0.374 
0.374 
0.375 
0.375 
0.376 

0.454 
0.453 
0.452 
0.452 
0.451 

0.534 
0.533 
0.532 
0.530 
0.529 

0.607 
0.606 
0.605 
0.604 
0.603 

0.669 
0.668 
0.667 
0.665 
0.664 

0.716 
0.715 
0.714 
0.713 
0.712 

0.753 
0.752 
0.751 
0.750 
0.749 

0.788 
0.787 
0.786 
0.786 
0. 785 

0.815 
0.814 
0.813 
0.813 
0.812 

2.20 
2.21 
2.22 
2.23 
2. 24 

0.305 
0.306 
0,307 
0.309 
0.310 

0. 376 
0. 376 
0.377 
0.377 
0. 378 

0.450 
0.450 
0.450 
0.449 
0.449 

0.528 
0.527 
0.527 
0.526 
0.526 

0.602 
0.601 
0.600 
0.600 
0.599 

0.663 
0.662 
0.661 
0.660 
0.659 

0. 711 
0.710 
0.709 
0.709 
0.708 

0.748 
0.747 
0.747 
0.746 
0.746 

0.784 
0.783 
0.783 
0.782 
0.782 

0.811 
0.810 
0.810 
0.809 
0.809 

2.25 
2. 26 
2.27 
2.28 
2. 29 

0. 311 
0.312 
0.314 
0. 315 
0. 317 

0.378 
0. 378 
0.379 
0. 379 
0.380 

0.449 
0.449 
0.449 
0.448 
0.448 

0.525 
0.524 
0.524 
0.523 
0.523 

0.598 
0.597 
a 596 
0.595 
0.594 

0.658 
0.657 
0.656 
0.654 
0.653 

0.707 
0.706 
0.705 
0.704 
0.703 

0.745 
0.744 
0.743 
0.743 
0.742 

0.781 
0.780 
0.780 
0.779 
0.779 

0.808 
0.807 
0.807 
0.806 
0.806 

2. 30 
2.31 
2. 32 
2. 33 
2. 34 

0.318 
0.319 
0.320 
0.322 
0. 323 

0.380 
0.381 
0.381 
0.382 
0. 382 

0.448 
0.448 
0.448 
0.448 
0.448 

0.522 
0.522 
0.522 
0.521 
0.521 

0.593 
0.592 
0.592 
0.591 
0.591 

0.652 
0.651 
0.651 
0.650 
0.650 

0.702 
0.701 
0.701 
0.700 
0.700 

0. 741 
0.740 
0.739 
0.739 
0.738 

0.778 
0.777 
0.777 
0.776 
0.776 

0.805 
0.805 
0.804 
0.804 
0.803 

2. 35 
2.36 
2. 37 
2. 38 
2. 39 

0. 324 
0.325 
0.326 
0.328 
0. 329 

0.383 
0. 384 
0. 385 
0.385 
0.386 

0.448 
0.448 
0.448 
0.449 
0. 449 

0.521 
0.521 
0.521 
0.520 
0.520 

0.590 
0.589 
0.588 
0.588 
0.587 

0.649 
0.648 
0.647 
0.647 
0.646 

0.699 
0.698 
0.697 
0.697 
0.696 

0.737 
0.736 
0.735 
0.735 
0.734 

0.775 
0. 774 
0.773 
0.773 
0.772 

0.803 
0.802 
0. 802 
0.801 
0. 801 

2. 40 
2. 41 
2.42 
2. 43 
2.44 

0.330 
0. 331 
0.332 
0.334 
0.335 

0.387 
0. 388 
0.388 
0.389 
0. 389 

0.449 
0.449 
0.449 
0.450 
0.450 

0.520 
0.520 
0.520 
0.520 
0.520 

0.586 
0.585 
0.585 
0.584 
0.584 

0.645 
0. 644 
0.644 
0.643 
0.643 

0.695 
0.694 
0. 694 
0.693 
0.693 

0.733 
0.733 
0.732 
0.732 
0.731 

0. 771 
0.770 
0.770 
0.769 
0.769 

0.800 
0.800 
0.799 
0.799 
0.798 

VU - 26 



Pr 
2.00 - 2.44 

1. 60 1. 70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 - Pr 

0. 861 0. 893 0.918 0.933 0. 947 0.968 0.982 0. 995 1.006 1. 014 2.00 
0. 861 0. 893 0.918 0. 933 0.947 0.968 0.982 0.995 1.006 1.014 2.01 
0. 860 0. 892 0.918 0.933 0.947 0.968 0.982 0.995 1.006 1.014 2.02 
0. 860 0.892 0.917 0.932 0.946 0. 968 0. 982 0.995 1.006 1. 014 2.03 
0.859 0.891 0.917 0. 932 0.946 0. 968 0.982 0. 995 1.006 1.014 2.04 

0. 859 0. 891 0.917 0.932 0.946 0. 968 0. 982 0.995 1.006 1.014 2.05 
0. 858 0.891 0.917 0.932 0. 946 0.968 0.982 0.995 1.006 1.014 2.06 
0. 858 0. 890 0.916 0. 932 0.946 0.968 0.982 0.995 1.006 1.014 2.07 
0.857 0.890 0.916 0.931 0.945 0.967 0.981 0.995 1.007 1.015 2.08 
0. 857 0.889 0. 915 0. 931 0.945 0.967 0. 981 0. 995 1.007 1.015 2.09 

0. 856 0. 889 0.915 0.931 0.945 0.967 0.981 0. 995 1.007 1.015 2.10 
0. 856 0. 889 0.915 0. 931 0.945 0.967 0.981 0.995 1.007 1.015 2.11 
0.855 0.888 0. 915 0.931 0.945 0.967 0. 981 0.995 1.007 1.015 2.12 
0.855 0. 888 0.914 0.930 0.945 0.967 0.981 0.995 1.007 1.015 2.13 
0. 854 0. 887 0.914 0.930 0.945 0.967 0.981 0. 995 1.007 1.015 2.14 

0.854 0. 877 0.914 0. 930 0.945 0. 967 0.981 0. 995 1.007 1. 015 2.15 
0.853 0. 887 0. 914 0.930 0.945 0.967 0. 981 0.995 1.007 1. 015 2.16 
0. 853 0. 886 0.913 0.930 0. 945 0.967 0.981 0.995 1.007 1.015 2.17 
0. 852 0.886 0.913 0.929 0.944 0. 966 0. 981 0.995 1.007 1. 016 2.18 
0. 852 3. 885 0.912 0.929 0.944 0. 966 0. 981 0.995 1.007 1.016 2,19 

0. 851 0. 885 0.912 0.929 0.944 0. 966 0. 981 0.995 1.007 1.016 2. 20 
0. 851 0. 885 0.912 0.929 0. 944 0. 966 0. 981 0.995 1.007 1.016 2.21 
0. 851 0. 885 0. 912 0.929 0. 944 0. 966 0. 981 0.995 1.007 1. 016 2.22 
0.850 0. 884 0.911 0. 928 0.943 0. 966 0. 981 0. 995 1.007 1.016 2.23 
0. 850 0. 884 0.911 0. 928 0.943 0. 966 0.981 0.995 1.007 1.016 2.24 

0. 850 0. 884 0.911 0.928 0.943 0. 966 0. 981 0.995 1.007 1.016 2.25 
0.850 0. 884 0.911 0.928 0. 943 0.966 0. 981 0.995 1.007 1.016 2.26 
0.849 0. 883 0.910 0.928 0.943 0. 966 0. 981 0. 995 1.007 1.016 2. 27 
0. 849 0. 883 0.910 0.927 0.942 0. 965 0. 980 0.995 1.008 1.017 2.28 
0. 848 0. 882 0.909 0. 927 0.942 0. 965 0. 980 0.995 1.008 1.017 2.29 

0. 848 0. 882 0.909 0. 927 0.942 0. 965 0. 980 0.995 1.008 1.017 2.30 
0. 3*8 0. S82 0. 909 0.927 0. 942 0. 965 0. 980 0. 995 1.008 1.017 2.31 
0.347 0. 882 0.909 0.927 0. 942 0. 965 0. 980 0.995 1.008 1.017 2.32 
0. 8*7 0. S81 0.908 0. 327 0. 942 0. 965 0. 930 0. 995 1.008 1.017 2.33 
0. 3*6 0. 881 0. 908 0. 327 0.942 0. 9o5 0. 930 0.995 1.008 1. 017 2. 34 

0. 346 0. 881 0. 908 0. 927 0. 942 0. 965 0.980 0. 995 1.008 1.017 2. 35 
0. 845 0. 881 0. 908 0. 927 0. 942 0. 965 0. 980 0. 995 1.008 1.017 2. 36 
0. 345 0. 880 0. 908 0. 927 0. 942 0. 965 0. 980 0. 995 1.008 1.017 2. 37 
0. 844 0. 380 0. 907 0. 926 0. 941 0. 964 0. 980 0. 995 1.008 1.018 2. 38 
0. 344 0. 379 0. 907 0. 926 0. 941 0. 964 0. 980 0. 995 1.008 1.018 2.39 

G. o43 0. 379 0. 907 0.926 0. 941 0. 9c 4 0. 980 0. 995 1.008 1.018 2. 40 
v j . o * i . j 0. 379 0. 907 0. 926 0. 941 0. 964 0. 930 0. 995 1.008 1.018 2.41 
0. a*3 C. o79 0. 907 0. 926 0. 941 0. 964 0. 930 0. 995 1.008 1. 013 2. 42 
0. 0. 373 0. 906 0. 925 0. 941 0. 96 1 C. 980 0. 995 1.008 1.018 2. 43 

0. 373 0. 906 0. 925 0. -J G. 9o4 0. 980 0. 995 1.C08 1. 018 2.44 

VII 



Pr 1.05 1.10 1.15 1.20 1.2F 1.30 1.35 1.40 1.45 1.50 

2.45 0.336 0.390 0.450 0.520 0.583 0.642 0,692 0.731 0.768 0.798 
2.46 0.337 0.391 0.450 0.320 0.583 0.641 0.691 0.730 0.767 6.798 
2.47 0.339 0.392 0.450 0.520 0. 582 0.640 0.690 0.730 0.767 0.797 
2.48 0.340 0.392 0.451 0.519 0.582 0.640 0.690 0.729 0.767 0.797 
2.49 0.342 0.393 0.451 0.S19 0.581 0.639 0.689 0.729 0.767 0.796 

2.50 0.343 0.394 0.451 0.519 0.581 a 638 0.688 0.728 0.765 0.796 
2.51 0.344 0.395 0.452 0.519 0.581 0.638 0.687 0.727 0.765 0.795 
2.52 0.345 0.396 0.452 0.519 0.581 0.637 0.687 0.727 0.764 0.795 
2.53 0. 347 0.396 0.453 0.519 0.58? 0.637 0.686 0.726 0.764 0.794 
2.54 0.348 0.397 0.453 0.519 0.581 0.636 0.686 0.726 0.763 0.794 

2.55 0.349 0.398 0.454 0.519 a 581 0.636 0.685 0.725 0.763 0.793 
2.56 0.350 0.399 0.455 0.319 0.581 0.635 0.684 0.724 0.762 0.793 
2.57 0.352 0.400 0.456 0.519 0.581 0.635 0.684 0.724 0.762 0.792 
2.58 0.353 0.400 0.456 0.520 0.580 0.634 0.683 0.723 0.761 0.792 
2.59 0.355 0.401 0.457 0.520 a 580 0.634 0.683 0.723 0.761 0.791 

2.60 0.356 0.402 0.458 0.520 0.580 0.633 0.682 0.722 0.760 0.791 
2.61 0.357 0.403 0.458 0.520 0.580 0.633 0.682 0.722 0.760 0.791 
2.62 0.358 0.404 0.459 0.520 0.580 0.632 0.681 0.721 0.759 0.790 
2.63 0.360 0.404 0.459 0.521 0.580 0.632 0.681 0.721 0.759 0.790 
2.64 0.361 0.405 0.460 0.521 0.580 0.631 0.680 0.720 0.758 0.789 

2.65 0.362 0.406 0.460 0.521 0.580 0.631 0.680 0.720 0.758 0.789 
2.66 0.363 0.407 0.461 0.521 0.580 0.631 0.680 0.720 0.758 0.789 
2. 67 0.365 0.408 0.461 0.521 0.580 0.630 0.679 0.719 0.757 0.788 
2.68 0.366 0.408 0.462 0.522 0.579 0.630 0.679 0.719 0.757 0.788 
2.69 0.368 0.409 0.462 0.522 0.579 0.629 0.678 0.718 0.756 0.787 

2.70 0.369 0. 410 0. 463 0.522 0.579 0.629 0.678 0.718 0.756 0.787 
2.71 0. 370 0.411 0.464 0.522 0.579 0.629 0.678 0.718 0.756 0.787 
2. 72 0.371 0. 412 0.465 0.523 0.579 0.629 0.677 0.717 0.755 0.786 
2. 73 0.373 0.412 0. 465 0.523 0.579 0.628 0.677 0.717 0.755 0.786 
2. 74 0.374 0. 413 0.466 0.524 0.579 0.628 0.676 0.716 0.754 0.785 

a 

2. 75 0.375 0.414 0. 467 0.524 0.579 0.628 0.676 0.716 0.754 0.785 
2. 76 0.376 0.415 0.468 0.524 0.579 0.628 0.675 0.715 0.754 0.785 
2. 77 0. 377 0.416 0. 469 0.525 0. 579 0.628 0.675 0.715 0.753 0.784 
2. 78 0. 379 0.417 0.470 0.525 0. 579 0. 627 0. 674 0.714 0.753 0.784 
2. 79 0. 380 0.418 0.471 0. 526 0.579 0. 627 0. 674 0.714 0. 752 0. 783 

2. 80 0.381 0. 419 0.472 0.526 0. 579 0. 627 0. 673 0.713 0. 752 0.783 
2. 81 0. 382 0. 420 0.473 0.526 0.579 0. 627 0. 673 0.713 0.752 0.783 
2. 82 0. 383 0. 421 0.474 0. 527 0.579 0. 627 0.673 0.713 0. 751 0.782 
2. 83 0. 385 0. 422 0.474 0. 527 0.579 0.626 0. 672 0.712 0. 751 0.782 
2. 34 0. 386 0. 423 0.475 0. 528 0. 579 0.626 0. 672 0.712 0. 750 0. 781 

2. 85 0. 387 0. 424 0. 476 0. 528 0. 579 0.626 0. 672 0.712 0. 750 0.781 
2. 36 0. 388 0. 425 0.477 0. 528 0.579 0.626 0.672 0.712 0. 750 0. 781 
» 
4.. 

87 0. 390 0. 426 0. 478 0. 529 0.579 0.626 0. 671 0.711 0. 749 0. 780 
T 
4.. 
88 0.391 0.427 0.479 0.529 0.580 0.625 0. 671 0.711 0. 749 0.780 

2. 89 0. 393 0. 428 0.480 0.530 0.580 0.625 0. 670 0.710 0.748 0.779 

VII - 28 



Pr 
2.45 - 2. 89 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

0. 842 0. 878 0.906 0.925 0.941 0.964 0.980 0.995 1.008 1.018 2.45 
0.842 0.878 a 906 0.925 0.941 0. 964 0. 980 0.995 1.008 1.018 2.46 
0. 841 0. 877 0.905 0.925 0.941 0. 964 0.980 0.995 1.008 1. 018 2.47 
0.841 0.877 0.905 0.924 0.941 0.963 0.980 0.995 1.009 1.019 2. 48 
0. 840 0.876 0.904 0.924 0.941 0. 963 0.980 0.995 1.009 1. 019 2.49 

0.840 0. 876 0.904 0.924 0.941 0.963 0.980 0.995 1.009 1.019 2. 50 
0. 840 0.876 0.904 0.924 0.941 0. 963 0.980 0.995 1.009 1.019 2.51 
0. 840 0.876 0.904 0.924 0.941 0. 963 0.980 0.995 1.009 1.019 2.52 
0.839 0.875 0.903 0.923 0.941 0. 963 0.980 0.995 1.009 1.019 2.53 
0. 839 0.875 0.903 0.923 0.941 0. 963 0.980 0.995 1.009 1.019 2.54 

0. 839 0.875 0.903 0.923 0,941 0.963 0.980 0.995 1.009 1.019 2.55 
0.839 0.875 0.903 a 923 0.941 0.963 0.980 0.995 1.009 1. 019 2.56 
0. 838 0.874 0.903 0.923 a 941 0. 963 0.980 0.995 1.009 1.019 2.57 
0.838 0. 874 0.902 0.922 0.940 0.963 0.980 0. 995 1.009 1.020 2.58 
0. 837 0. 873 0.902 0.922 0.940 0. 963 0.980 0.995 1.009 1.020 2. 59 

0.837 0.873 0.902 0.922 0.940 0.963 0.980 0.995 1.009 1.020 2.60 
0. 837 0. 873 0.902 0. 922 0.940 0.963 0.980 0.995 1.009 1.020 2.61 
0. 836 0. 873 0.902 0.922 0.940 0.963 0.980 0.995 1.009 1.020 2.62 
0. 836 0. 872 0.901 0.922 0.940 0. 963 0.980 0.995 1.009 1.020 2.63 
0. 835 0. 872 0.901 0.922 0.940 0. 963 0. 980 a 995 1.009 1.020 2.64 

0.835 0. 872 0.901 0. 922 0.940 0. 963 0.980 0.995 1.009 1.020 2.65 
0. 835 0. 872 0.901 0.922 0.940 0. 963 0.980 0.995 1.009 1.020 2. 66 
0. 834 0. 372 0.901 0,922 0. 940 0. 963 0. 980 0. 995 1.009 1.020 2. 67 
0. 334 0. 871 0.900 0. 921 0 939 0. 962 0. 980 0.996 1.010 1.021 2.68 
0. 833 0. 871 0.900 0.921 0.939 0. 962 0. 980 0.996 1.010 1.021 2.69 

0. 833 0. 871 0.900 0.921 0. 939 0. 962 0. 980 0. 996 1.010 1.021 2.70 
0. 833 0. 371 0.900 0.921 0. 939 0.962 0.980 0. 996 1.010 1.021 2.71 
0. 833 0. 871 0.900 0.921 0.939 0.962 0.980 0.996 1.010 1.021 2.72 
0. 832 0. 870 0.900 0. 921 0.939 0. 962 0. 980 0.996 1.010 1.021 2. 73 
0. 832 0. 870 0. 900 0. 921 0,939 0. 962 0. 980 0. 996 1.010 1.021 2. 74 

0. 832 0. 870 0. 900 0.921 0. 939 0. 962 0. 980 0. 996 1.010 1.021 2. 75 
0. 832 0. 870 0.900 0.921 0.939 0. 962 0. 980 0. 996 1.010 1.021 2. 76 
0.331 0. 870 0.900 0. 921 0. 939 0. 962 0. 980 0. 996 1.010 1.021 2. 77 
0. 331 0. 869 0.899 0. 920 0.933 0. 962 0. 930 0. 996 1.010 1.022 2.78 
0. 830 0. 869 0.399 0.920 0. 933 0. 962 0. 930 0. 996 1.010 1.022 2. 79 

0. 830 0. 869 0.399 0.920 0. 938 0. 962 0. 980 0. 996 1.010 1.022 2. 80 
0. 830 0. 869 0. 899 0. 920 0. 938 0. 9o2 0. 930 0. 996 1.010 1.022 2.81 
0. 830 0. £69 0.399 0. 920 0. 933 0. 962 0. 930 0. 996 1.010 1.022 2. 82 
0. 829 0. S68 0. 393 0. 920 0. 938 0. 9a 2 0. 980 0. 996 1.010 1.022 2. 33 
0. 329 0. S68 0.398 0. 920 0. 933 0. 9o2 0. 930 0. 996 1.010 1.022 2. 34 

329 0. 368 0. 398 0. 920 0. .38 0. 930 0. 996 1.010 1.022 2. 85 
C. 329 0. 363 0. 398 C. 920 U, 9.,3 }. , o2 0. 530 0. 996 1.010 1. 022 2. 36 
3\ 329 0. 368 0. 398 0. 7^,0 J. tz J. V-jO 0. 996 1.010 1.022 2.37 
3. 329 0. 357 0. 397 0. 919 0. ;33 0. -)o2 3. 980 0. 997 1.011 1.023 2. 38 
0. 323 0. So7 0.397 0. 919 0. ̂ 37> 0. 962 v. -50 0. 997 1.011 1.023 2. 89 



T r 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

2.90 0.394 0.429 0.481 0.530 0.580 0.625 0.670 0.710 0.748 0.779 
2.91 0.395 0.430 0.482 0.530 0.580 0.625 0.670 0.710 0.748 0.779 
2.92 0.397 0.431 0.483 0.531 0.580 0.625 0.670 0.710 0.748 0.779 
2. 9" 0.398 0.432 0.483 0.531 0.580 0.625 0.670 0.709 0.747 0.778 
2.94 0.400 0.433 0.484 0.532 0.580 0.625 0.670 0.709 0.747 0.778 

2.95 0.401 0.434 0.485 0.532 0.580 0.625 0.670 0.709 0.747 0.778 
2.96 0.402 0.435 a 486 0.532 0.580 0.625 0.670 0.709 0.747 0.778 
2.97 0.403 0.436 a 487 0.533 0.580 0.625 0.670 0.708 0.746 0.778 
2.98 0.405 0.438 0.487 0.533 0.581 0.624 0.669 0.708 0.746 0.777 
2.99 0.406 0.439 0.488 0.534 0.581 0.624 0.669 0.707 0.745 0.777 

3.00 0.407 0.440 0.489 0.534 0.581 0.624 0.669 0.707 0.745 0.777 
3.01 0.408 0.441 0.490 0.535 0.581 0.624 0.669 0.707 0.745 0.777 
3.02 0.409 0.442 0.491 0.535 0.581 0.624 0.669 0.707 0.745 0.777 
3.03 0.411 0.444 0.492 0.536 0.582 0.624 0.669 0.706 0.744 0.776 
3.04 0.412 0.445 0.493 0.536 0.582 0.624 0.669 0.706 0.744 0.776 

3.05 0.413 0.446 0.494 0.537 0.582 0.624 0.669 0.706 0.744 0.776 
3.06 0. 414 0.447 0.495 0.538 0.582 0.624 0.669 0.706 0.744 0.776 
3.07 0.416 0.448 0.496 0.538 0.583 0.624 0.669 0.706 0.743 0.776 
3.08 0.417 0.450 0.497 0.539 0.583 0.625 0.668 0.705 0.743 0.775 
3.09 0.419 0.451 0.498 0.539 0.584 0.625 0.668 0.705 0.742 0.775 

3.10 0.420 0.452 0.499 0.540 0.584 0.625 0.668 0.705 0.742 0.775 
3.11 0.421 0.453 0.500 0.541 0.584 0.625 0.668 0.705 0.742 0.775 
3.12 0.422 0.454 0.501 0.541 0.585 0.625 0.668 0.705 0.742 0.775 
3.13 0.424 0. 455 0.501 0.542 0.585 0.625 0.668 0.704 0.742 0.774 
3.14 0.425 0. 456 0.502 0.542 0.586 0.625 0.668 0.704 0.742 0.774 

3. 15 0.426 0. 457 0.503 0.543 0. 586 0.625 0.668 0.704 0.742 0.774 
3. 16 0.427 0. 458 0.504 0.544 0.586 0.625 0.668 0.704 0.742 0.774 
3. 17 0.428 0. 459 0.505 0.544 0.587 0.625 0.668 0.704 0.742 0.774 
3. 18 0.430 0. 461 0.505 0.545 0.587 0.626 0.668 0.703 0.741 0.773 
3. 19 0.431 0.462 0.506 0.545 0.588 0.626 0.668 0.703 0. 741 0.773 

3. 20 0. 432 0.463 0.507 0.546 0.588 0.626 0. 668 0.703 0.741 0.773 
3. 21 0. 433 0. 464 0.508 0.546 0.588 0.626 0.668 0.703 0.741 0.773 
3. 22 0. 434 0.465 0.509 0.547 0. 589 0.626 0.668 0.702 0.741 0.773 
3. 23 0.436 0. 467 0.509 0.547 0.589 0.627 0.668 0.702 0. 741 0. 773 
3. 24 0. 437 0.468 0.510 0. 548 0. 590 0.627 0.668 0.701 0.741 0.773 

3. 25 0.438 0. 469 0.511 0.548 0. 590 0.627 0.668 0.701 0.741 0.773 
3. 26 0. 439 0. 470 0.512 0.549 0. 590 0.627 0.668 0.701 0.741 0.773 
3. 27 0. 441 0. 471 0.513 0.549 0.591 0.627 0.668 0.701 0.741 0.773 
3. 28 0. 442 0. 473 0.514 0.550 0. 591 0.628 0.668 0.702 0.740 0.772 
3. 29 0. 444 0. 474 0.515 0.550 0.592 0.628 0.669 0.702 0.740 0.772 

3. 30 0. 445 0. 475 0.516 0.551 0. 592 0.628 0.669 0.702 0.740 0.772 
3. 31 0. 446 0. 476 0.517 0.552 0. 592 0.628 0.669 0.702 0. 740 0.772 
3. 32 0. 447 0. 477 0.518 0.553 0. 593 0.628 0.669 0. 702 0. 740 0.772 
3. 33 0. 449 0.479 0.518 0.553 0.593 0. 629 0.669 0.702 0.740 0.772 
3. 34 0. 450 0. 480 0.519 0.554 0.594 0.629 0.669 0.702 0. 740 0.772 

vn - 30 



2.90 - 3.34 

1. 60 1.70 1.80 1.90 2.00 2. 20 2.40 2.60 2.80 3.00 

0.328 0.867 0.897 0. 919 0.938 0. 962 0. 980 0.997 1.011 1.023 2.90 
0. 828 0. 867 0.897 0.919 0.938 0.962 0. 980 0.997 1.011 1.023 2.91 
0. 828 0. 867 0.897 0.919 0.938 0.962 0. 980 0.997 1.011 1.023 2.92 
0.827 0. 866 0.897 0.919 0.938 0. 962 0.980 0.997 1.011 1.023 2. 93 
0. 827 0. 866 0.897 0.919 0.938 0. 962 0. 980 0.997 1.011 1.023 2.94 

0.827 0. 866 0. 897 0.919 0. 938 0.962 0. 980 0.997 1.011 1.023 2. 95 
0. 827 0. 866 0.897 0. 919 0.938 0. 962 0. 980 0.997 1.011 1.023 2.96 
0. 826 0.865 0.897 0.919 0.936 0.962 0.980 0.997 1. Oil 1.023 2.97 
0. 826 0. 865 0.896 0.918 0.938 0.962 0.981 0.997 1.012 1.024 2.98 
0. 825 0.864 0.896 0.918 0.938 0. 962 0. 981 0.997 1.012 1.024 2.99 

0. 825 0. 864 0. 896 0. 918 0.938 0.962 0.981 0.997 1.012 1.024 3.00 
0.825 0. 864 0.896 0.918 0.938 0.962 0.981 0.997 1.012 1.024 3.01 
0. 824 0.864 0.896 0.918 0.938 0. 962 0.981 0.997 1.012 1.024 3.02 
0. 824 0.863 0.896 0. 918 0.938 0.962 0. 981 0.997 1.012 1. 024 3.03 
0.823 0. 863 0.896 0.918 0.938 0. 962 0.981 0.997 1.012 1.024 3.04 

0. 823 0.863 0.896 0.918 0.938 0.962 0. 981 0.997 1.012 1.024 3.05 
0. 823 0.863 0.896 0.918 0.938 0.962 0.981 0.997 1.012 1.024 3.06 
0. 823 0.863 0.896 0.918 0.938 0. 962 0.981 0.997 1.012 1.024 3.07 
0. 822 0.862 0.895 0.917 0.937 0. 962 0.981 0.998 1.013 1.025 3.08 
0. 822 0. 862 0.895 0.917 0.937 0. 962 0.981 0.998 1.013 1.025 3.09 

0. 822 0. 862 0.895 0. 917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.10 
0. 822 0. 862 0.895 0.917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.11 
0. 822 0. 862 0.895 0.917 0.937 0. 962 0. 981 0. 998 1.013 1.025 3.12 
0.822 0. 862 0.395 0.917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.13 
0.822 0. 862 0.895 0. 917 0.937 0. 962 0.981 0.998 1.013 1.025 3.14 

0. 822 0.862 0. 895 0.917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.15 
0.822 0. 862 0. 895 0.917 1 937 0. 962 0. 981 0. 998 1.013 1.025 3.16 
0. 822 0. 862 0.895 0.917 0. 937 0. 962 0. 981 0.998 1.013 1.025 3.17 
0.321 0. 861 0. 894 0. 917 0. 937 0. 962 0. 982 0.998 1.014 1.026 3.18 
0. 821 0. 861 0.894 0.917 0. 937 0. 962 0. 982 0. 998 1.014 1.026 3.19 

0. 321 0. 361 0. 894 0.917 0.937 0. 9o2 0. 982 0. 998 1.014 1.026 3.20 
0.821 0. 861 0. 894 0.917 3. 937 0. 9o2 0. 982 0.998 1.014 1.026 3.21 
0. 821 0. 861 0. 394 0.917 0. 937 0. 962 0.982 0. 998 1.014 1.026 3.22 
0. 820 0. 360 0. 39* 0. 917 X 937 0. 962 0. 982 0. 998 1.014 1.026 3.23 
0. 820 0. 8o0 0. 894 0. 917 0. 937 0. 962 0. 982 0.998 1.014 1.026 3. 24 

0. 820 0. 860 0.394 0. 917 0. 937 0. 932 0. 932 0. 998 1.014 1.026 3.25 
0. 320 0. 360 0. 894 0. 917 0. 937 0. 962 3. 982 0. 998 1. 014 1.026 3. 26 
0. 820 0. 860 0.894 0. 917 0. 937 0. 962 0. 9S2 0. 998 1.014 1.026 3.27 
0. 319 0. 859 0. 893 0. 916 0. 937 0. 962 0. 9S2 0. 999 1.015 1.027 3.28 
0. S19 0. 859 0.893 0. 916 0.937 0. 9o2 0. 932 0. 999 1.015 1.027 3.29 

•J • ' '-» G. 359 0. o93 0.916 0. 937 0. 9?2 0. -52 0. 999 1.015 1.027 3. 30 
0. 3rv G. 393 0. 916 :). 937 0. 962 G. yr>1 0. 999 1.015 i.027 3.31 

- • o G. 359 G. 393 0. 916 U. 937 0. 9c2 \ j . y b 2 0. 999 1.015 1.027 3. 32 
G. 3 • 9 0. 339 0. 393 0. 916 3. °37 G. 9o2 0. 999 1.015 1.027 3. 33 
'. . r>' 9 0. 33- 3. 393 0.916 -w 0. 962 0. ->2 0. 999 1.015 1.027 3. 34 

VII - ;.! 



1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

3.35 0.451 0.481 0.520 0.555 0.594 0.629 0.669 0.702 0.740 0.772 
3.36 0.452 0.482 0.521 0.556 0.595 0.629 0.669 0.702 0.740 0.772 
3.37 0.454 0.484 0.522 0.557 0.595 0.630 0.669 a 702 0.740 0.772 
3. 38 0.455 0.485 0.523 0.557 0.596 0.630 0.670 0.703 0.739 0.771 
3.39 0.457 0.487 0.524 0.558 0.596 0.631 0.670 0.703 0.739 0.771 

3.40 0.458 0.488 0.525 0.559 a 597 0.631 0.670 0.703 0.739 0.771 
3.41 0.459 0.489 0.526 0.560 0.597 0.631 0.670 0.703 a 739 a 771 
3.42 0.460 0.490 0.527 0.560 a 598 0.631 0.670 0.703 a 739 0.771 
3.43 0.462 0.492 0.528 0.561 a 598 0.633 0.670 0.703 a 739 a 771 
3.44 0.463 0.493 0.529 a 561 0.599 0.632 0.670 0.703 0.739 0.771 

3.45 0.464 0.494 0.530 0.562 0.599 0.632 0.670 0.703 0.739 0.771 
3.46 0.465 0.495 0.531 0.563 0.600 0.632 0.670 0.703 a 739 0.771 
3.47 0.467 0.496 0.532 0.564 0.600 0.632 0.670 & 703 0.739 a 771 
3.48 0.468 0.498 0.533 0.564 0.601 0.633 0.670 0.704 0.739 0.771 
3.49 0.470 0.499 0.534 0.565 0.601 0.633 0.670 0.704 0.739 0.771 

3.50 0.471 0.500 0.535 0.566 0.602 0.633 a 670 0.704 0.739 0.771 
3.51 0.472 0.501 0.536 0.567 0.603 0.633 0.670 0.704 a 739 0.771 
3.52 0.473 0.502 0.537 0.567 0.603 0.634 0.671 0.704 0.739 0.771 
3.53 0.475 0.503 0.537 0.568 0.604 0.634 0.671 0.705 0.739 0.771 
3.54 0.476 0.504 0.538 0.568 0.604 0.635 0.672 0.705 0.739 0.771 

3.55 0.477 0.505 0.539 0.569 0.605 0.635 0.672 0.705 0.739 0.771 
3.56 0.478 0.506 0.540 0.570 0.606 0.635 0.672 0.705 a 739 0.771 
3.57 0.479 0.507 0.541 0.570 0.606 0.636 0.672 0.705 0.739 0.771 
3.58 0.481 0.509 0.542 0.571 0.607 0.636 0.673 0.706 0.740 0.771 
3.59 0.482 0.510 0.543 0.571 0.607 0.637 0.673 0.706 0.740 0.771 

3.60 0.483 0.511 0.544 0.572 0.608 0.637 0.673 0.706 0.740 a 771 
3. 61 0.484 0.512 0.545 0.573 0.609 0.637 0.673 0.706 0.740 0.771 
3.62 0.486 0.513 0.546 0.574 0.609 0.638 0.674 0.706 0.740 0.771 
3.63 0. 487 0.515 0.546 0. 575 0.610 0.638 0.674 0.707 0.740 0.771 
3. 64 0.489 0.516 0.547 0.576 0.610 0.639 0.675 0.707 0.740 0.771 

3. 65 0. 490 0. 517 0.548 0.577 0.611 0.639 0.675 0.707 0.740 0.771 
3. 66 0. 491 0.518 0.549 0.578 0.612 0.639 0.675 0.707 0.740 0.771 
3. 67 0. 493 0.519 0. 550 0.579 0.612 0.640 0.676 0.707 0.740 0.771 
3. 68 0. 494 0. 521 0.551 0.580 0.613 0.640 0.676 0.708 0.741 0.772 
3. 69 0. 496 0. 522 0. 552 0. 581 0.613 0. 641 0. 677 0.708 0.741 0.772 

3. 70 0. 497 0. 523 0. 553 0.582 0.614 0.641 0.677 0.708 0.741 0.772 
3.71 0. 498 0.524 0. 554 0.583 0.615 0.641 0.677 0.708 0.741 0.772 
3. 72 0. 499 0. 525 0.555 0.583 0.615 0.641 0.677 0.708 0.741 0.772 
3. 73 0. 501 0. 527 0. 556 0.584 0.616 0.642 0.678 0.709 0.741 0.772 
3.74 0.502 0. 528 0.557 0.585 0.616 0.642 0.678 0.709 0.741 0.772 

3. 7 - 0. 503 0. 529 0. 558 0. 586 0.617 0.642 0. 678 0.709 0.741 0.772 
0. 504 0. 530 0.559 0.587 0.618 0.642 0.678 0.709 0.741 0.772 

3. 7/ 0. 505 0. 531 0.560 0.588 0.618 0.643 0.679 0.709 0. 741 0.772 
3. ;d 0.507 0. 533 0.561 0.588 0.619 0.643 0.679 0.710 0.742 0.773 
: i . , 9 0. 508 0.534 0.562 0. 589 0.619 0.644 0.680 0.710 0.742 0.773 

VII - 32 



T 
r 

p r 
3.35 - 3. 79 

1.60 1.70 1. 80 1.90 2.0a 2. 20 2.40 2.60 2. 80 3.00 Pr 

0.819 0. 859 0.893 0.916 0.937 0. 962 0. 982 0.999 1.015 1.027 3.35 
0.819 0.859 0.893 0.916 0.937 0. 962 0.982 0.999 1.015 1.027 3.36 
0.319 0. 859 0. 893 a 916 0.937 0. 962 0.982 0.999 1.015 1.027 3. 37 
0. 818 0. 858 0.892 0.916 0.937 0. 963 0.983 1.000 1.016 1. 028 3.38 
0. 818 0. 858 0.892 0.916 0.937 0. 963 0.983 1.000 1.016 1.028 3. 39 

0.818 0. 858 0.892 0.916 0.937 0. 963 0.983 1.000 1.016 1.028 3.40 
0.818 0.858 0.892 0.916 0.937 0. 963 0.983 1.000 1.016 1.028 3. 41 
0.818 0. 858 0.892 a 916 0.937 0.963 0.983 1.000 1.016 1.028 3.42 
0.818 0. 858 0.892 0.W6 0.937 0.963 0.983 1.000 1.016 1.029 3.43 
0.818 0. 858 0.892 0,916 0.937 0.963 0. 983 1.000 1.016 1.029 3.44 

0.818 0. 858 0.892 0.916 0.937 0. 963 0.983 1.000 1.016 1.029 3.45 
0.818 0. 858 0.892 0.916 0.937 0. 963 0.983 1.000 1.016 1.029 3.46 
0.818 0. 858 0.892 0. 916 a 937 0.963 0.983 1.000 1.016 1.029 3.47 
0.817 0.858 0.891 0.915 0.937 0. 963 0.984 1.000 1.017 1.030 3.48 
0.817 0. 858 0.891 a 915 0.937 0.963 0.984 1.000 1.017 1.030 3.49 

0.817 0. 858 0.891 0.915 0.937 0.963 0. 984 1.000 1.017 1.030 3.50 
0.817 0. 858 0.891 0.916 0.937 0.963 0.984 1.000 1.017 1.030 3.51 
0.817 0.858 0.891 0.915 0.937 0.963 0.984 1.000 1.017 1.030 3.52 
0.817 0. 858 a 891 0.915 0.937 0. 963 0. 984 1.000 1. 017 1.030 3.53 
0.817 0. 858 0.891 0.915 0.937 0.963 0.984 1.000 1.017 1.030 3. 54 

0.817 0.858 0.891 0. 915 0. 937 0. 963 0. 984 1.000 1.017 1.030 3.55 
0.817 0. 858 0. 891 0. 915 0.937 0. 963 0. 984 1.000 1.017 1.030 3. 56 
0.817 0. 858 0. 891 0.915 0. 937 0. 963 0. 984 1.000 1.017 1.030 3. 57 
0.816 0 857 0. 890 0.915 0.937 0. 964 0.985 1. 001 1.018 1.031 3.58 
0.816 0. 857 0.890 0.915 0.937 0. 964 0. 985 1.001 1.018 1.031 3.59 

0. 816 0.857 0. 890 0. 915 0. 937 0.964 0. 985 1.001 1.018 1.031 3. 60 
0.816 0. 857 0.890 0.915 C. 937 0. 964 0. 985 1.001 1.018 1.031 3. 61 
0. 816 0. 857 0. 890 0. 915 0.937 0.964 0.985 1.001 1.018 1.031 3. 62 
0. 816 0. 857 0. 890 0.915 0. 937 0. 964 0. 985 1. 001 1.019 1.031 3. 63 
0.316 0. 857 0.890 0.915 0.937 0. 964 0. 985 1.001 1.019 1.031 3. 64 

0.816 0. 857 0. 390 0. 915 0. 937 0. 964 0. 985 1.001 1. 019 1.031 3. 65 
0.816 0. 857 0.390 0.915 0.937 0. 964 0. 985 1. 001 1.019 1.031 3. 66 
0.316 0. 857 0. 390 0. 915 0. 937 0. 964 0. 985 1. 001 1.019 1.031 3. 67 
0. 816 0. 856 0. 390 0.916 0. 937 0. 965 0. 986 1.002 1.019 1.032 3. 68 
0.816 0. 856 0.390 0.916 0. 937 0. 965 0. 986 1.002 1.019 1.032 3. 69 

0.316 0. 856 0. 890 0. 916 0.937 0. 965 0. 986 1.002 1. 019 1.032 3. 70 
0. 816 0. 856 0.390 0.916 0. 937 0. 965 0. 986 1.002 1.019 1.032 3. 71 
0.816 0. 856 0.890 0.916 0. 937 0. 965 0. 986 1. 002 1. 019 1.032 3. 72 
0.816 0. 856 0. 890 0. 916 0.937 0. 965 0. 936 1.002 1.019 1.032 3. 73 
0. 316 0. 856 0. 390 0. 916 0. 937 0. 965 0. 936 1. 002 1.019 1.032 3. 74. 

0.816 0. 856 0. S90 C.916 G.937 0. 9-5 0. 936 1. 002 1.019 1.032 3. 75 
C. 316 C. 356 3. S90 0. 916 0. 937 c. •; i3 0. 936 1.002 1.019 1.032 3. 76 
J. 316 0. 356 C.390 ' C.'9i6 0. 937 0. 9~5 •3. 9S6 1.002 1.019 1.032 3. 77 
0. 316 0. 355 0. 391 0. 916 0. 937 0. 9oo 3. 937 1. 003 1.020 1. 033 3. 78 
0. 310 0. S55 0. 391 0. 916 0. 937 0. 9eo 0. 9S7 i . 0G3 1.020 1.033 3. 79 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

3.80 0.509 
3.81 a 510 
3.82 0.511 
3. c-3 0.513 
3.84 0.514 

3.85 0.515 
3.86 0.516 
3.87 0.518 
3.88 0.519 
3.89 0.521 

3.90 0.522 
3.91 0.523 
3.92 0.524 
3.93 0.526 
3.94 0.527 

3.95 0.528 
3.96 0.529 
3.97 0.530 
3.98 0.532 
3.99 0.533 

4.00 0.534 
4.01 0.535 
4.02 0.536 
4.03 0.538 
4.04 0.539 

4.05 0.540 
4.06 0.541 
4.07 0.543 
4.08 0.544 
4.09 0.546 

4.10 0.547 
4.11 0.548 
4.12 0.549 
4.13 0.551 
4.14 0. 552 

4.15 0.553 
4.16 0.554 
4.17 0.556 
4.18 0.557 
4. 19 0.559 

4. 20 0. 560 
4.21 0.56' 
4. 22 0.562 
4.23 0.564 
4. 24 0.565 

0.535 0.563 
0.536 0.564 
0.537 0.565 
0.539 0.566 
0.540 0.567 

0.541 0.568 
0.542 0.569 
0.543 0.570 
0.545 a 571 
0.546 a 572 

0.547 0.573 
0.548 0.574 
0.549 0.575 
0.550 0.575 
0.551 0.576 

0.552 0.577 
0.553 0.578 
0.554 a 579 
0.556 a 580 
0.557 0.581 

0.558 0.582 
0.559 0.583 
0.560 0.584 
0.562 a 585 
0.563 0.586 

0.564 0.587 
0.565 0.588 
0.566 0.589 
0.568 0.590 
0.569 0.591 

0.570 0.592 
0.571 0.593 
0.572 0.594 
0.573 0.594 
0.574 0.595 

0.575 0.596 
0.576 0.597 
0.577 0.598 
0. 579 0.599 
0. 580 0.600 

0.581 0.601 
0.582 0.602 
0.583 0.603 
0.585 0.604 
0.586 0.605 

0.590 0.620 
0.591 0.621 
0.592 a 621 
a 592 0.622 
0.593 0.622 

0.594 0.623 
a 595 a 624 
0.596 0.625 
0.597 0.625 
0.598 0.626 

0.599 0.627 
a 600 0.628 
0.601 0.628 
0.601 0.629 
0.602 0.629 

0.603 0.630 
a 604 0.631 
0.605 0.631 
a 606 a 632 
0.607 0.632 

0.608 0.633 
0.609 0.634 
0.610 0.634 
0.610 0.635 
0.611 0.635 

0.612 0.636 
0.613 0.637 
0.614 0.638 
0.614 0.638 
0.615 0.639 

0.616 0.640 
0.617 0.641 
0.618 0.642 
0.618 0.642 
0.619 0.643 

0.620 0.644 
0.621 0.645 
0.622 0.646 
0.622 0.646 
0.623 0.647 

0.624 0.648 
0.625 0.649 
0.626 0.649 
0.626 0.650 
0.627 0.650 

0.644 0.480 
0.644 0.680 
0.645 0.680 
0.645 0.681 
0.646 0.681 

a 646 0.681 
0.647 0.681 
0.647 0,682 
0.648 a 682 
0.648 0.683 

0.649 0. 683 
0.649 0.683 
0.650 a 684 
0.650 a 684 
0.651 0.685 

0.651 0.685 
0.651 0.685 
a 652 0.686 
0.652 0.686 
0.653 0.687 

0.653 0.687 
a 654 0.687 
0.654 0.688 
0.655 0.688 
0.655 0.689 

0.656 0.689 
0.657 0.690 
0.657 0.690 
0.658 0.691 
0.658 0.691 

0.659 0.692 
0.660 a 693 
0.660 0.693 
0.661 0.694 
0.661 0.694 

0.662 0.694 
0.663 0.695 
0.663 0.696 
0.664 0.696 
0.664 0.697 

0.665 0.697 
0.666 0.697 
0.666 0.698 
0.667 0.698 
0.667 0.699 

0.710 0.742 
0.710 0.742 
0.710 0.742 
a 711 0.742 
0.711 0.742 

0.711 0.742 
0.711 0.742 
0.712 0.742 
0.712 0.743 
0.713 0.743 

0.713 0.743 
0.713 0.743 
0.713 0.743 
0.714 0.744 
0.714 0.744 

0.714 0.744 
0.714 0.744 
0.715 0.745 
0.715 0.745 
0.716 0.746 

0.716 0.746 
0.716 0.746 
0.716 0.746 
0.717 0.747 
0.717 0.747 

0.717 0.747 
0.717 0.747 
0.718 0.748 
0.718 0.748 
0.719 0.749 

0.719 0.749 
0.719 0.749 
0.719 0,749 
0.720 0.750 
0.720 0.750 

0.720 0.750 
0.720 0.750 
0.721 0.751 
0.721 0.751 
0.722 0.752 

0.722 0.752 
0.722 0.752 
0.723 0.752 
0.723 0.753 
0.724 0.753 

0.773 
6.773 
0.773 
0.773 
0.773 

0.773 
0.773 
0.773 
0.774 
0.774 

0.774 
0.774 
0.774 
0.775 
0.775 

0.775 
0.775 
0.775 
0.776 
0.776 

0.776 
0.776 
0.776 
0.777 
0.777 

0.777 
0.777 
0.778 
0.778 
0.779 

0.779 
0.779 
0.779 
0.780" 
0.780 

0.780 
0.780 
0.780 
0.781 
0. 781" 

0.781 
0.781 
0.781 
0.782 
0.782 

VU - 34 



T 
r 3. 80 - 4. 24 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2.60 2. 80 3.00 Pr 

0. S16 0.855 0.891 0.916 0.937 0.966 0.987 1.003 1.020 1.033 3. 80 
0.816 0.855 0.891- 0.916 0*937 0.966 0. 987 1.003 1.020 1.033 3.81 
0.816 0. 855 0.891 0.916 0i937 0. 966 0.987 1.003 1.020 1.033 3. 82 
0.316 0. 855 0.891 0.916 0.937 0.966 0. 988 1.004 1.021 1.033 3.83 
0.816 0.855 0.891 0.916 0.937 0.966 0. 988 1.004 1.021 1.033 3.84 

0.816 0. 855 0.891 0.916 0.937 0.966 0. 988 1.004 1.021 1.033 3.85 
0.816 0. 855 0.891 0.916 0.937 0.966 0.988 1.004 1.021 1.033 3.86 
0.816 0.855 0.891 0.946 0.937 0.966 0.988 1.004 1.021 1.033 3.87 
0.817 0. 855 0.891 0.917 0.938 0. 967 0. 989 1.005 1.022 1. 034 3.88 
0.817 0.855 0.891 0.917 0.938 0. 967 0.989 1.005 1.022 1.034 3. 89 

0.817 0.855 0.891 0.917 0.938 0.967 0.989 1.005 1.022 1.034 3.90 
0.817 0.855 0.891 0.417 0.938 0.967 0.989 1.005 1.022 1.034 3. 91 
0.817 0.855 0.891 0.317 0.938 0.967 0.989 1.005 1.022 1.034 3.92 
0.817 0. 855 0.891 0.917 0.938 0. 967 0. 989 1.006 1.022 1.034 3.93 
0.817 0. 855 0.891 0. 917 0.938 0.967 0. 989 1.006 1.022 1.034 3.94 

0. 817 0. 855 0.891 0. 917 0.938 0.967 0.989 1.006 1.022 1.034 3. 95 
0.817 0. 855 0.891 0.917 0.938 0.967 0. 989 1.006 1.022 1.034 3.96 
0.817 0. 855 0.891 0.917 0.938 0.967 0. 989 1.006 1.022 1.034 3.97 
0.818 0.856 0.892 0.917 0.939 0. 968 0.990 1.007 1.023 1.035 3.98 
0.818 0.856 0.892 0. 917 0.939 0.968 0.990 1.007 1.023 1.035 3. 99 

0.818 0. 856 0.892 0.917 0.939 0. 968 0. 990 1. 007 1.023 1.035 4.00 
0.818 0. 856 0.892 0. 917 0. 939 0.968 0. 990 1. 007 1.023 1.035 4.01 
0.818 0.856 0.892 0.917 0.939 0.968 0. 990 1. 007 1.023 1.035 4.02 
0.819 0. 856 0. 892 0.917 0.939 0. 968 0. 991 1.008 1.023 1.035 4.03 
0.819 0. 856 0. 892 0.917 0.939 0. 968 0.991 1.008 1.023 1.035 4.04 

0.819 0. 856 0.892 0.917 0.939 0. 968 0. 991 1.008 1.023 1.035 4. 05 
0.819 0. 856 0.892 0.917 0.939 0.968 0.991 1.008 1.023 1.035 4.06 
0.819 0. 856 0. 892 0.917 X 939 0. 968 0. 991 1.008 1.023 1.035 4.07 
0. 820 0. 357 0.893 0. 918 0.940 0. 969 0. 992 1.009 1.024 1. 036 4. 08 
0. 820 0. 857 0. 893 0. 918 0. 940 0. 969 0.992 1.009 1.024 1. 036 4. 09 

0. 320 0. 857 0. 893 0. 918 0. 9 40 0. ̂ >69 0. 992 1.009 1.024 1.036 4.10 
0. 820 0. 357 0.893 0. 918 C. 940 0. vo9 0. 992 1.009 1.024 1.036 4.11 
0. 320 0. 857 0. 393 0. 913. 0.940 0. ̂ 9 0. 992 1.009 1.024 1. 036 4.12 
0. 621 0. 357 0.. 894 0.91S 0. 940 G. 970 G. 993 1.010 1.025 1.036 4.13 
0. 321 0. 357 0. 894 0. 918 0. 940 0. 970 0. 993 1. 010 1.025 1.036 4.14 

0. 321 0. 357 0. 394 0. 913 0. 940 0. 970 G. 993 1.010 1.025 1. 036 4.15 
1). 321 0. 357 0. 894 0. 913 0. 9-TO 0. 970 C. 993 1. 010 1.025 1.036 4. 16 
0. 321 0. 353 0. 394 0. 913 C . 940 0. 970 0. c<93 1. 010 i. 02 D 1.036 4.17 
J. .:,22 0. ,iS3 0. 395 0.919 •3. 941 - < i 0. 994 1. Gli 1. 026 1.037 4. 18 
G. 322 0. 359 0. 395 0. 919 G. 9-tl 0 -7' G. '9 4 1. Oil 1. 026 1.037 4. 19. 

;. '~. ' 2 0. 359 0. 395 3. ;'19 0. 941 0. * '1 ... J94 1. Oil 1.026 1. 037 4. 20 
\ j . 322 G. 35° 0. 395 0. 919 0. 94i G. 1. J l i 1. 025 1. 037 4.21 
0. 322 0. ciy.-* G. 39S 0. 919 0. -41 0. ->94 1. Gil 1. 026 1.037 4. 22 
! ,; •; 1 G. 359 0. -,9.6 0. 919 0. 941 0. ?72 0. -'95 1. 012 1. 026 1.037 4.23 

t \ - - i . ' j G. o59 0. 39c 0. 919 0. 941 0. 972 0. 1. 012 1.026 1.037 4. 24 



1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

4.25 0.566 0.587 0.606 0.628 0.651 0.668 0.699 0.724 0.753 0.782 
4.26 0.567 0.588 0.607 0.629 0.652 0.669 0.699 0.724 0.753 0.782 
4.27 0.568 0.589 0.608 0.630 0.633 0.669 0.700 0.725 0.754 0.783 
4.28 0.570 0.591 0.609 0.630 0.653 0.670 0.700 0.725 0.754 0.783 
4.29 0.571 0.592 0.610 0.631 0.654 0.670 0.701 0.726 0.755 0.784 

4.30 0.572 0.593 0.611 0.632 0.655 0.671 0.701 0.726 0.755 0.784 
4.31 0.573 0.594 0.612 0.633 0.656 0.672 0.701 0.726 0.755 0.784 
4.32 0.575 0.595 a 613 0.634 0.656 0.672 0.702 0.727 a 756 0.784 
4.33 0.576 0.596 0.614 0.634 0.637 0.673 0.702 0,727 0.756 a 785 
4,34 0.578 0.597 0.615 0.635 a 657 0.673 0.703 0.728 a 757 0.785 

4.35 0.579 0.598 0. 616 0.636 0.658 0.674 0.703 0.728 0.757 0.785 
4.36 0.580 0.599 0.617 0.637 a 659 0.675 0.704 0.728 0.757 0.785 
4.37 0.582 0.600 a 618 0.638 0.660 0.676 0.704 0.729 0.758 0.786 
4.38 0.583 0.602 0.619 0.639 0.660 0.676 0.705 0.729 0.758 0.786 
4.39 0.585 0.603 0.620 0.640 0.661 0.677 0.705 0.730 0.759 0.787 

4.40 0.586 0.604 0.621 0.641 0.662 0.678 0.706 0.730 a 759 0.787 
4.41 0.587 0.605 0.622 0.642 0.663 0.678 0.707 0.730 0.759 0.787 
4.42 0.588 0.606 0.623 0.643 0.664 0.679 0.707 0.731 a 760 0.787 
4.43 0.590 0.608 0.624 0.643 0.664 0.679 0.708 0.731 0.760 0.788 
4.44 0.591 0.609 0.625 0.644 0.665 •0.680 0.708 0.732 0.761 0.788 

4.45 0.592 0.610 0.626 0.645 0.666 0.680 a 709 0.732 0.761 0. 788 
4.46 0.593 0.611 0.627 0.646 0.667 0.6S1 0.710 0.732 0.761 0.788 
4.47 0.595 0.612 0.628 0.647 0.668 0.681 0.710 0.733 0.762 0.789 
4.48 0.596 0.614 0.629 0.648 0.668 0.632 0.711 0.734 0.762 0.789 
4.49 0.598 0.615 0.630 0.649 0.669 0.632 0.711 0.734 0.763 0.790 

4.50 0.599 0.616 0.631 0.650 0.670 0.683 0.712 0.734 a 763 0.790 
4.51 0.600 0.617 0.632 0.651 0.671 0.684 0.713 0.734 0.763 0.790 
4.52 0.601 0. 618 0.633 0.652 0.671 0.685 0.713 0.735 0.764 a 791 
4.53 0.603 0.619 0.634 0.652 0.672 0.685 0.714 0.735 0.764 0.791 
4.54 0.604 0.620 0.635 0.653 0.672 0.686 0.714 0.735 0.764 0.791 

4.55 0. 605 0.621 0.636 0.634 0.673 0.687 0.715 0.736 0.765 0.792 
4.56 0.606 0.622 0.637 0.655 0.674 0.688 0.716 0.737 0.766 0.792 
4.57 0.608 0.623 0.638 0.656 0.675 0.689 0.716 0.737 0.766 0.793 
4. 58 0.609 0.625 0.639 0.657 0.675 0.689 0.717 0.738 0. 767 0.793 
4. 59 0.611 0.626 0.640 0.658 0.676 0.690 0.717 0.738 0.767 0.794 

4.60 0.612 0.627 0.641 0.659 0.677 0.691 0.718 0.739 0.768 0.794 
4.61 0.613 0.628 0.642 0.660 0.678 0.692 0.718 0.739 0.768 0.794 
4.62 0.614 0. 629 0.643 0.661 0.679 0.692 0.719 0.740 0.769 0.795 
4.63 0. 615 0.631 0.644 0.661 0.679 0.693 0.719 0.740 0.769 0.795 
4. 64 0. 616 0.632 0.645 0.662 0.680 0.693 0.720 0.741 0.770 0.796 

4. to 0.617 0.633 0.646 0. 663 0.681 0.694 0.720 0.741 0.770 0.796 
4. no 0.618 0.634 0.647 0.664 0.682 0.695 0.721 0.741 0.770 0.796 
4.67 0.619 0.635 0.648 0.665 0.683 0.696 0. 721 0.742 0.771 0.797 
4. 68 0.621 0.637 0. 649 0.666 0.683 0.696 0.722 0.742 0.771 0.797 
4. 69 0.622 0.638 0.650 0.667 0.684 0.697 0.722 0.743 0.772 0.798 

VII - 36 



T 
r 4.25 - 4.69 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2. 80 3.00 p r 

0. 823 0. 859 0.896 0.919 0. 941 0. 972 0. 995 1.012 1.026 1.037 4.25 
0. 823 0. 859 0.896 0.919 0.941 0. 972 0. 995 1. 012 1.026 1.037 4.26 
0. 823 0. 860 0.896 0.919 0.941 0. 972 0. 995 1. 012 1.026 1.037 4.27 
0. 824 0.860 0.897 0.920 0.942 0. 973 0. 996 1.013 1.027 1.038 4.28 
0. 824 0. 861 0.897 0.920 0.942 0. 973 0. 996 1.013 1.027 1.038 4.29 

0. 824 0. 861 0.897 0.920 0.942 0. 973 0. 996 1.013 1.027 1.038 4.30 
0. 824 0. 861 0.897 0.920 0.942 0. 973 0.996 1.013 1.027 1.038 4.31 
0. 824 0.861 0.897 0.920 0.942 0. 973 0. 996 1.013 1.027 1.038 4.32 
0. 825 0. 861 0.897 0.921 0.942 0. 973 0.997 1.013 1.028 1.039 4.33 
0. 825 0.861 0. 897 0.921 0.942 0. 973 0. 997 1.013 1.028 1.039 4.34 

0. 825 0. 861 0.897 0. 921 0.942 0. 973 0.997 1.013 1.028 1.039 4. 35 
0. 825 0.861 0.897 0.921 0.942 0. 973 0.997 1.013 1.028 1.039 4.36 
0. 825 0.861 0.897 0.921 0.942 0.973 0. 997 1. 013 1.028 1.039 4. 37 
0.826 0.862 0.898 0.922 0.943 0.974 0.998 1. 014 1.029 1.040 4.38 

0.826 0. 862 0. 898 0.922 0.943 0.974 0. 998 1. 014 1.029 1.040 4.39 

0. 826 0.862 0. 898 0.922 0. 943 0. 974 0. 998 1.014 1.029 1.040 4.40 
0. 826 0.862 0.898 0.922 0. 943 0. 974 0.998 1.014 1.029 1.040 4. 41 
0. 826 0. 862 0.898 0.922 0. 943 0. 974 0.998 1.014 1.029 1.040 4.42 
0. 827 0. 862 0. 899 0.922 0. 943 0. 975 0.999 1.015 1.029 1.040 4.43 
0. 827 0. 862 0.899 0.922 0. 943 0. 975 0. 999 1.015 1.029 1.040 4.44 

0. 827 0. 862 0. 899 0.922 0. 943 0. 975 0. 999 1.015 1.029 1.040 4. 45 
0. 827 0.862 0. 899 0.922 0. 943 0. 975 0. 999 1.015 1.029 1. 040 4.46 
0. 828 0. 863 0.899 0.922 0. 943 0. 976 0. 999 1.015 1.029 1.040 4. 47 

0. 828 0. 863 0.900 0. 923 0. 944 0. 976 1.000 1.016 1.030 1.041 4. 48 

0. 829 0. 864 0.900 0.923 0. 944 0. 977 1.000 1. 016 1.030 1.041 4.49 

0. 829 0. 864 0.900 0. 923 0. 944 0. 977 1.000 1. 016 1.030 1.041 4.50 

0. 829 0. 864 0. 900 0. 923 0.944 0. 977 1. COO 1. 016 1. 030 1.041 4.51 

0. 829 0. 864 0. 900 0.923 0.944 0. 977 1.000 1.016 1.030 1.041 4. 52 

0.330 0. 865 0. 901 0. 924 0. 945 0. 977 1.001 1.017 1.031 1.042 4.53 

0. 330 0. 865 0.901 0. 924 0. 945 0. 977 1.001 1.017 1.031 1.042 4. 54 

0. 330 0. 365 0. 901 0.924 0. 945 0. 977 I. 001 1.017 1.031 1.042 4.55 

0. 330 0. 865 0. 901 0.924 0. 945 0. 977 1. 001 1.017 1.031 1.042 4. 56 

0.331 0. 366 0. 901 0.924 0. 945 0. 977 1.001 1.017 1.031 1.042 4. 57 

0. S31 0. 366 0. 902 0. 925 0. 946 0. 973 1.002 1.018 1.032 1.043 4. 58 

0.332 0. 867 0. 902 0. 925 0. 946 0. 973 i.002 1.018 1.032 1.043 4. 59 

0.332 0. 3c7 3. 902 0. 925 C. 946 0. »73 1. CG2 1. 018 1.032 1.043 4. 60 

0. 332 0. .;fc7 0. 902 0. 925 0. 946 0. 973 1. 002 1. 013 1,032 1.043 4.61 

0. 332 0. o67 •3. H)2 0. 925 0. 94o 0. 'J"8 1. ZZl 1. 018 1.032 1. 043 4. 62 

0. 333 0. 36S 3. 903 0. 92 o 0. 947 0. .>T-i 1. 019 1.033 1.043 4. 63 

J. >G3 <J. .-,63 0. 903 0. 92o r\ \. i - • ' . i7 r' i . 303 1. 019 1.033 1.043 4.64. 

•. ..• •; 
0. 3Co, . '. - W J 0. 926 ' ' '- i • ~* 0. :•?••' *. o Jo :. 019 1.033 1.043 4.65 

G 333 u. 903 0. 420 0. y~ T 1. 019 1.033 1. 043 4. 66 

W. . j v j T 3. 3ofj 3. 903 0. v26 0. c!47 : . C03 1.019 1.033 1.043 4. 67 

»';. 334 0. 369 0. 904 0. 927 0. 9-3 0. - iu 1. 304 1. 320 1.034 1. 044 4.68 

yi. 39.?' 0. 369 0. 904 0. 927 0. 'j~H 0. 931 1 f'OJ, 1. 020 1.034 1.044 4.69 



——. A /-^ 
Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

4.70 0.623 0.639 0.651 0.668 0.685 0.698 0.723 0.743 0.772 0.798 
4.71 0.624 0.640 0.652 0.669 0.686 0:699 0.724 0.744 0.772 0.798 
4.72 0.626 0.641 0.653 0.670 0.687 0.699 0.724 0.744 0.773 0.799 
4.73 0.627 0.642 0.653 0.670 0.687 0.700 0.725 0.745 0.773 0.799 
4.74 0.629 0.643 0.654 0.671 0.688 0.700 0.725 0.745 0.774 0.800 

4.75 0.630 0.644 0.655 0.672 0.689 0.701 0.726 0.746 0.774 0.800 
4.76 0.631 0.645 0.656 0.673 0.690 a 702 0.727 0.747 0.775 0.800 
4.77 0.633 0.646 0.658 0.674 0.691 0.703 0.727 0.747 0.775 0.801 
4.78 0.634 0.648 0.659 0.675 0.691 0.703 0.728 0.748 0.776 0.801 
4.79 0.636 0.649 0.661 0.676 0.692 0.704 0.728 0.748 0.776 0.802 

4.80 0.637 0.650 0.662 0.677 0.693 0.705 0.729 0.749 0.777 0.802 
4.81 0.638 0.651 0.663 0.678 0.694 0.706 0. 730 0.749 0.777 0.802 
4.82 0.639 0.652 0.664 0.679 0.695 0.706 0.730 0.750 0.778 0.803 
4. 83 0. 641 0.653 0.665 0.679 0.695 0.707 0.731 0.750 0.778 0.803 
4.84 0.642 0.654 0.666 0.680 0.696 0.707 0.731 0.751 0.779 0.804 

4.85 0.643 0.655 0.667 0.681 0.697 0.708 0.732 0.751 0.779 0.804 
4.86 0.644 0.656 0.668 0.682 0.698 0.709 0.733 0.751 0.780 0.804 
4.87 0.646 0.657 0.669 0.683 0.699 0.710 0.734 0.752 0.780 0.805 
4. 88 0.647 0.659 0.670 0.684 0.699 0.710 0.734 0.752 0.781 0.805 
4.89 0.649 0.660 0.671 0.685 0.700 0.711 0.735 0.753 0.781 0.806 

4.90 0.650 0.661 0.672 0.686 0.701 0.712 0.736 0.753 0.782 0.806 
4. 91 0.651 0.662 0.673 0.687 0.702 0.713 0.737 0.754 0.782 0.806 
4.92 0.652 0.663 0.674 0. 688 0.703 0.714 0.737 0.754 0.783 0.807 
4.93 0.654 0.664 0.675 0.688 0.703 0.714 0. 738 0.755 0.783 0.807 
4. 94 0.655 0.663 0.676 0.689 0. 704 0.715 0. 738 0.755 0.784 0.808 

4. 95 0. 656 0. 666 0.677 0.690 0.705 0.716 0. 739 0.756 0. 784 0.808 
4. 96 0. 657 0.667 0.678 0.691 0.706 0.717 0.740 0.757 0.785 0.808 
4. 97 0.659 0. 668 0. 679 0. 692 0. 707 0.718 0.740 0.758 0.785 0.809 
4. 98 0.660 0. 670 0.681 0.692 0.707 0.718 0. 741 0.758 0. 786 0.809 
4. 99 0.662 0. 671 0.682 0.693 0. 708 0. 719 0. 741 0.759 0. 786 0.810 

5. 00 0. 663 0. 672 0.683 0.694 0. 709 0.720 0. 742 0.760 0. 787 0.810 
5. 01 0.664 0. 673 0.684 0. 695 0.710 0. 721 0.743 0.761 0.787 0.810 
5. 02 0. 665 0.674 0.685 0. 696 0.711 0. 721 0.743 0.761 0.788 0.811 
5. 03 0. 667 0. 675 0.686 0. 696 0. 711 0.722 0. 744 0. 762 0.788 0.811 
5. 04 0.668 0. 676 0.687 0. 697 0.712 0.722 0. 744 0.762 0. 789 0.812 

5. 05 0. 669 0. 677 0. 683 0. 69£ 0.713 0.723 0.745 0.763 0.789 0.812 
5. 06 0. 670 0. o78 0.689 0. 699 0.714 0. 724 0.746 0. 764 0. 790 0.812 
S. 07 0. 671 0. 679 0.690 0. 700 0. 715 0. 725 0. 747 0.764 0. 790 0.813 
5. 03 0. 673 0. 681 0.691 0. 701 0. 715 0. 725 0. 747 0. 765 0. 791 0.813 
5. 09 0. 674 0. o82 0. 692 0. 702 0. 716 0. 726 0. 748 0.765 0. 791 0.814 

5. 10 0. 675 0. 683 0. 693 0.703 0. 717 0. 727 0. 749 0. 766 0. 792 0.814 
5. IJ 0. 676 0. 634 0.694 0. 704 0. 718 0. 723 0. 750 0. 767 0. 793 0.815 
3. 12 0. 677 0. 685 0. 695 0. 705 0. 719 0. 729 0. 750 0. 767 0.793 0.815 
•3. 13 0. 679 0. 687 0.696 0.706 0. 719 0. 729 0. 751 0. 768 0.794 0.816 
5. 14 0. 080 0. 683 0. 697 0. 707 0. 720 0. 730 0. 751 0. 768 0.794 0.816 

VII - 38 



Pr 
4.70 - 5.14 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2. 80 3.00 Pr 

0.835 0.869 0.904 0.927 0.948 0.981 1.004 1.020 1.034 1.044 4.70 
0. 835 0. 869 0.904 0.927 0.948 0. 981 1.004 1.020 1.034 1.044 4.71 
0.335 0. 869 0. 904 0.927 0.948 0. 981 1.004 1.020 1.034 1.044 4. 72 
0. 836 0. 870 0.905 0.928 0.949 0. 982 1.005 1.021 1.035 1.045 4.73 
0. 836 0. 870 0.905 0.928 0.949 0. 982 1.005 1.021 1.035 1.045 4.74 

0. 836 0. 870 0.905 0.928 0. 949 0. 982 1.005 1.021 1.035 1. 045 4.75 
0. 836 0.870 0.905 0.928 0. 949 0. 982 1.006 1.021 1.035 1.045 4.76 
0.837 0. 871 0.906 0.928 0.950 0. 983 1.006 1.022 1.036 1.046 4.77 
0. 837 0. 871 0.906 0.929 0.950 0. 983 1.006 1.022 1.036 1.046 4.78 
0. 838 0.872 0.907 0.929 0.950 0. 983 1.007 1.022 1.036 1.046 4.79 

0. 838 0.872 0.907 0.929 0.950 0. 983 1.007 1.022 1.036 1.046 4.80 
0.838 0.872 0.907 0. 929 0.950 0.983 1.007 1.022 1.036 1.046 4.81 
0. 839 0. 872 0.907 0.929 0.950 0. 983 1.007 1.022 1.036 1.046 4. 82 
0. 839 0. 873 0.908 0.930 0.951 0. 984 1.008 1.023 1.037 1.047 4.83 
0.840 0. 873 0.908 0.930 0.951 0. 984 1.008 1.023 1.037 1.047 4. 84 

0. 3*0 0.873 0.908 0.930 0. 951 0. 984 1.008 1.023 1.037 1. 047 4. 85 
0.840 0. 873 0.908 0.930 0.951 0. 984 1.008 1.023 1.037 1.047 4.86 
0. 841 0.874 0. 909 0. 931 0. 951 0. 984 1.008 1.023 1.037 1.047 4.87 
0. 841 0. 874 0.909 0.931 0.951 0. 984 1.009 1.024 1.038 1.048 4.88 
0. 842 0. 875 0.910 0.932 0.952 0. 985 1.009 1.024 1.038 1.048 4. 89 

0. 842 0. 875 0.910 0. 932 0. 952 0. 985 1.009 1.024 1.038 1.048 4.90 
0. 842 0. 875 0.910 0. 932 0. 952 0. 985 1.009 1.024 1.038 1.048 4.91 
0. 843 0. 876 0.910 0. 932 0. 952 0. 985 1.009 1.024 1.038 1.048 4. 92 
0. 343 0. 876 0.911 0.933 0.953 0. 986 1.010 1.025 1.038 1.048 4.93 
0. 844 0. 877 0.911 0. 933 0.953 0. 986 1.010 1.025 1.038 1.048 4.94 

0. 344 0. 877 0. 911 0.933 0. 953 0. 986 1.010 1.025 1.038 1.048 4. 95 
0. 344 0. 877 0.911 0. 933 0. 953 0. 986 1.010 1.025 1. 038 1.048 4.96 
0. 845 0. 378 0.911 0. 933 0. 953 0. 987 1.010 1.026 1.038 1. 048 4. 97 
0. S45 0. 878 0.912 0. 934 0. 954 0. 987 1.011 1.026 1.039 1.049 4. 98 
0. 846 0.879 .0. 912 0.934 0.954 0. 988 1.011 1.027 1.039 1.049 4.99 

0. 846 0. 879 0.912 0. 934 0. 954 0. 983 i . O i l 1.027 1.039 1.049 5. 00 
0.346 0. 879 0.912 0. 934 0. 954 0. 983 l . O l i 1. 027 1.039 1.049 5.01 
0. 347 0. 879 0. 913 0. 934 0. 954 0. 933 I . O i l 1.027 1.039 1.049 5.02 
0. 347 0. 380 0.913 0. 935 0. 955 G. 939 1.012 1.028 1.040 1.050 5.03 
0. 3io 0. 380 0. 914 0. 935 0. 955 0. 989 1.012 1. 028 1.040 1.050 5.04 

J. 0. 330 .). 914 0. 935 0. 955 G. 9<39 1. 312 1.028 1.040 1.050 5.05 
3. 343 G. 330 G. 914 C. 9.v3 0. 935 G, 939 1 012 1. 023 1. 040 1.050 5. C6 
0. 3-*9 'J. . I ' l l 0. 915 0. -36 0. 953 3, -3 9 • :. G12 1. 023 1.040 1.050 3. 07 
i i . 3-9 •G. 3b 1 0. -15 936 G. 9. : A) 1. 029 i.041 1.050 5. C3 

.-*2 0.9,5 0. 937 G. 957 >J. . :'••} i . ;J1J 1. C29 1. 341 1. 051 5. C9 

J, .• ' .J. •' \ •! .). 5 0. 937 0.' " 7 "> •:••->r: 1. G29 1.041 1. 031 5.10 

:.'• 
.' c Z . .- 6 0. 937 G. >57 .. ': , 1. i,29 1.041 1. 051 5.11 

'. -3 3 0. •'.< A 0. 93-7 i"v • ; T J . ',// U. •-•'•0 
-* • •' 

.. •.J J. 0 1. 019 I . 041 1.051 5. 12 
3. .,-1 J. . <. -* 0. 17 -1. 0 33 0. 958 »/. 9.' i 1. 014 1. 030 1.0-iS 1.051 5.13 

';. i">•'* G. 917 0. 933 0. 953 0. 991 1. 01; 1. 030 1.042 1.031 5.14 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1. 50 

5. 15 0.681 0.689 0.698 0.708 0.721 0.731 0. 752 0.769 0.795 0.817 
5. 16 0.682 0.690 0.699 0.709 0.722 0.732 0.753 0.770 0.796 0.818 
5. 17 0.684 0.691 0.700 0.710 0.723 0.733 0.753 0.770 0.796 0.818 
5. 18 0.685 0. 693 0.701 0.711 0.723 0.733 0.754 0.771 0.797 0.819 
5. 19 0. 687 0.694 0.702 0.712 0.724 0.734 0.754 0.771 0.797 0.819 

5. 20 0.688 0.695 0.703 0.713 0.725 0.735 0.755 0.772 0.798 0.820 
5. 21 0.689 0.696 0.704 0.714 0.726 0.736 0.756 0.773 0.798 a 820 
5. 22 0.690 0.697 0.705 0.715 0.727 0.737 0.756 0.773 0.799 0.821 
5. 23 0.692 0.698 0. 706 0. 715 0.727 0.737 0.757 0.774 0.799 0.821 
5. 24 0.693 0.699 0.707 0.716 0.728 0.738 0.757 0.774 0.800 0.822 

5. 25 0.694 0.700 0.708 0.717 0.729 0.739 0.758 0.775 0.800 0.822 
5. 26 0.695 0.701 0.709 0.718 0.730 0.740 0.759 0.776 0.801 0.823 
5. 27 0.697 0.702 0.710 0.719 0.731 0.741 0.760 0.776 0.801 0.823 
5. 28 0. 698 0.704 0.711 0.720 0.732 0.741 0.760 0.777 0.802 0.824 
5. 29 0. 700 0.705 0.712 0.721 0.733 0.742 0.761 0.777 0.802 0.824 

5. 30 0.701 0.706 0.713 0.722 0.734 0.743 0.762 0.778 0.803 0.825 
5. 31 0. 702 0.707 0.714 0.723 0.735 0.744 0.763 0.779 0.804 0.825 
5. 32 0. 703 0.708 0.715 0.724 0.736 0.745 0.763 0.779 0.804 0.826 
5. 33 0.705 0.710 0.716 0.724 0. 736 0.745 0,764 0.780 0.805 0.826 
5. 34 0. 706 0.711 0.717 0.725 0.737 0.746 0.764 0.780 0.805 0.827 

5. 35 0.707 0.712 0.718 0.726 0.738 0.747 0.765 0.781 0.806 0.827 
5. 36 0.708 0.713 0.719 0. 727 0.739 0.748 0.766 0.782 0.807 0.828 
5. 37 0. 709 0.714 0.720 0. 728 0.740 0.749 0.767 0.783 0.807 0.828 
5. 38 0. 711 0. 716 0.721 0.729 0.740 0.749 0.767 0.783 0.808 0.829 
s. 39 0.712 0.717 0.722 0.730 0.741 0.750 0. 768 0.784 0.808 0.829 

5. 40 0.713 0.718 0.723 0. 731 0.742 0.751 0.769 0.785 0.809 0. 830 
s. 41 0.714 0.719 0.724 0. 732 0. 743 0.752 0.770 0.786 0.810 0.830 
5. 42 0.716 0. 720 0.725 0.733 0.744 0.753 0.770 0.786 0.810 0.831 
5. 43 0. 717 0. 721 0.726 0. 733 0. 744 0.753 0. 771 0.787 0.811 0. 831 
5. 44 0.719 0.722 0. 727 0. 734 0.745 0.754 0. 771 0.787 0.811 0.832 

5. 45 0. 720 0.723 0.728 0.735 0.746 0. 755 0. 772 0.788 0. 812 0.832 
5. 46 0. 721 0. 724 0. 729 0. 736 0. 747 0.756 0. 773 0.789 0.813 0.333 
5. 47 0. 723 0.725 0.730 0. 737 0. 748 9. 757 0. 774 C.790 0.813 0.833 
5. 48 0. 724 0. 727 0. 731 0.738 0.749 0. 7.57 0. 774 0.790 0.814 0.834 
5. 49 0. 726 0. 728 0.732 0. 739 0. 750 0. 758 0. 775 0. 791 0. 814 0. 834 

5. 50 0. 727 0.729 0. 733 0.74C 0. 751 0.759 0.776 0.792 0.815 0. 835 
5. 51 0. 728 0. 730 0. 734 0. 741 0. 752 0. 760 0.777 0. 793 0.816 0.836 
5. 52 0. 729 0.731 0. 735 0. 742 0. 753 0. 761 0. 777 0. 793 0. 816 0.837 
5. 53 0. 731 0.732 0.736 0. 743 0. 753 0.761 0.778 0. 794 0.817 0.337 
5. 54 0. 732 0. 733 0.737 0.744 0. 754 0. 762 0. 778 0.794 0. 817 0.838 

5. 55 0. 733 0.734 0.738 0.745 0. 755 0. 763 0. 779 0. 795 0.818 0.837 
5. So 0.-734 0. 735 0. 739 0. 746 0. 756 0. 764 0. 780 0. 796 0. 819 0.838 
5. 57 0. 735 0. 736 0. 740 0.747 0. 757 0. 765 0. 781 0.797 0.819 0.838 
5. 58 0. 737 0.738 0. 742 0. 748 0.758 0. 766 0. 781 0. 797 0.820 0.839 
5. 59 0. 738 0. 739 0. 743 0.749 0.759 0. 767 0.782 0.798 0.820 0.839 
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T 
r 

5.15 - 5. 59 

1.60 1.70 1.80 1.90 2.00 2. 20 2. 40 2.60 2. 80 3.00 ?r 

0. 851 0. 884 0.917 0. 938 0.958 0.991 1.014 1.030 1.042 1.051 5.15 
0. 851 0. 884 0.917 0. 938 0.958 0. 991 1.014 1.030 1.042 1.051 5.16 
0. 852 0. 885 0. 918 0. 939 0.959 0. 991 1.015 1.030 1.042 1.051 5.17 
0. 852 0.885 0.918 0. 939 0.959 0.992 1.015 1.031 1.043 1.052 5.18 
0. 853 0.886 0.919 0. 940 0.960 0. 992 1.016 1.031 1.043 1.052 5.19 

0. 853 0. 886 0. 919 0.940 0.960 0. 992 1.016 1.031 1.043 1.052 5.20 
0. 853 0.886 0.919 0.940 0.960 0. 992 1.016 1.031 1.043 1.052 5.21 
0. 854 0.886 0.919 0.940 0.960 0. 992 1.016 1.031 1.043 1.052 5.22 
0. 854 0.887 0.920 0.941 0.961 0. 993 1.017 1.032 1.044 1.052 5.23 
0. 855 0.887 0.920 0.941 0.961 0. 993 1.017 1.032 1.044 1.052 5.24 

0. 855 0.887 0.92C 0.941 0. 961 0.993 1.017 1.032 1.044 1.052 5.25 
0. 856 0. 887 0.920 0. 941 0.961 0. 993 1.017 1.032 1.044 1.052 5.26 
0. 856 0. 888 0.920 0. 942 0.962 0. 994 1.017 1. 032 1.044 1.052 5.27 
0.857 0. 888 0.921 0.942 0.962 0. 994 1.018 1.033 1.045 1.053 5.28 
0. 357 0. 889 0.921 0. 943 0.963 0. 995 1.018 1.033 1.045 1.053 5.29 

0. 858 0. 889 0.921 0. 943 0.963 0. 995 1.018 1. 033 1.045 1.053 5.30 
0. 858 0. 889 0.921 0. 943 0.963 0. 995 1.018 1. 033 1.045 1.053 5.31 
0.859 0. 890 0.922 0. 943 0. 963 0. 995 1.018 1. 033 1.045 1.053 5.32 
0. 859 0. 890 0. 922 0. 944 0. 964 0. 996 1.019 1. 034 1.046 1.053 5.33 
0. 860 0. 891 0.923 0. 944 0.964 0. 996 1.019 1. 034 1.046 1.053 5.34 

0. 860 0. 891 0. 923 0.944 0.964 0. 996 1.019 1. 034 1.046 1.053 5. 35 
0. 860 0. 891 0. 923 0. 944 0.964 0. 996 1.019 1.034 1.046 1. 053 5. 36 
0. 861 0.892 0.924 0. 945 0. 965 0. 997 1.020 1.034 1.046 1.054 5. 37 
0. 861 0.892 0.924 0.945 0. 965 0. 997 1.020 1.035 1.047 1.054 5. 38 
0. 862 0. 893 0.925 0.946 0. 966 C. 998 1.021 1.035 1.047 1.055 5. 39 

0. 862 0. 893 0. 925 0. 946 0.966 0. 998 1.021 1.035 1.047 1.055 5. 40 
0. 863 0. 893 0. 925 0. 946 0.966 0. 998 1.021 1. 035 1.047 1.055 5. 41 
0. 863 0. 894 0.925 0. 946 0.966 0. 998 1.021 1.035 1.047 1.055 5. 42 
0. 864 0. 894 0. 926 0. 947 0. 967 0. 999 1.022 1.036 1.048 1.056 5. 43 
0. 864 0. 895 0. 926 0. 947 0. 967 0. 999 1. 022 1.036 1.048 1.056 5. 44 

0. 865 0. 895 0. 926 0. 947 0. 967 0. 999 1.022 1.036 1.048 1.056 5. 45 
0. 866 0. 895 0.926 0. 947 0.967 0. 999 1.022 1.036 1.048 1.056 5. 46 
0. 866 0. 896 0. 927 0. 948 0. 968 0. 999 1. 022 1.037 1.048 1.056 5. 47 
0.867 0. 396 0.927 0. 948 0. 968 1. 000 1.023 1. 037 1.049 1.057 5. 48 
0. 367 0. 397 0. 928 0. 949 0. 969 1. 000 1. 023 1.038 1.049 1.057 5. 49 

0. 368 0. 897 0. 928 0. 949 0. 969 1. 000 1.023 1. 038 1.049 1.057 5. 50 
0. 3o6 0. 397 0. 928 0. 949 0. 969 1. 000 1.023 1. 038 1.049 1.057 5.51 
0. 869 0. 898 U. 928 0. 949 0. 969 1. 000 1. 023 1. 038 1.049 1.057 5. 52 
0. 869 0. 898 0. 929 0. 950 0. 970 1. 001 1. 024 1.039 1.050 1.058 5. 53 
0. 370 0. S99 0. 929 0. 950 0. 970 1. 001 1. 024 1.039 1.050 1. 058 5.54 

0. »70 0. 899 0. 929 0. 950 0. 970 1. 001 1. 024 1. 039 1.050 1.058 5. 55 
0. .,70 0. 399 0. 929 0. 950 0. 970 i. 001 i. 024 1. 039 1.050 1.058 5. 56 
0. 371 0. 399 0. 930 0. 951 0.971 1.002 1. 025 1.039 1.050 1.058 5. 57 
0. 871 0. 900 0. 930 0. 951 0. 971 1. 002 1. 025 1. 040 1.051 1.058 5. 58 
0. 372 0. 900 0.931 0. 952 0. 972 1.003 1. 026 1. 040 1.051 1.058 5. 59 
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1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

5. 60 0. 739 0. 740 0.744 0.750 0.760 0.768 0.783 0.799 0.821 0.840 
5. 61 0. 740 0. 741 0.745 0. 751 0.761 0.769 0.784 0.800 0.822 0.841 
5. 62 0. 741 0.742 0.746 0.752 0.762 0.770 0.785 0.800 0.822 0.841 
5. 63 0. 743 0. 743 0.747 0.753 0.762 0.770 0.785 0.801 0.823 0.842 
5. 64 0. 744 0.744 0.748 0.754 0.763 0.771 ' 0.786 0.801 0.823 0.842 

5. 65 0. 745 0.745 0.749 0.755 0.764 0.772 0.787 0.802 0.824 0.843 
5. 66 0. 746 0.746 0.750 0.756 0.765 0.773 0.788 0.803 0.825 0.844 
5. 67 0. 747 0. 747 0. 751 0.757 0.766 0.774 0.789 0.804 0.825 0.844 
5. 68 0. 749 0.749 0.752 0.758 0.767 0.775 0.789 0.804 0.826 0.845 
5. 69 0.750 0. 750 0.753 0.759 0.768 0.776 0.790 0.805 0.826 0.845 

5. 70 0. 751 0.751 0.754 0.760 0.769 0.777 0.791 0.806 0.827 0.846 
5. 71 0. 752 0.752 0.755 0.761 0.770 0.778 0.792 0.807 0.828 0.846 
5. 72 0. 753 0.753 0.756 0.762 0.771 0.779 0.793 0.807 0.828 0.847 
5. 73 0. 755 0.754 0.757 0.762 0.771 0.779 0.793 0.808 0.829 0.847 
5. 74 0.756 0.755 0.758 0.763 0.772 0.780 0.794 0.808 0.829 0.848 

5. 75 0. 757 0.756 0.759 0.764 0.773 0.781 0.795 0.809 0.830 0.848 
5. 76 0. 758 0. 757 0.760 0.765 0.774 0.782 0.796 0.810 0.831 0.849 
5. 77 0. 759 0.758 0.761 0.766 0.775 0.783 0.797 0.811 0.831 0.849 
5. 78 0. 761 0. 760 0. 762 0.767 0.776 0.783 0. 797 0.811 0.832 0.850 
5. 79 0. 762 0. 761 0.763 0.768 0. 777 0.784 0. 798 0.812 0.832 0.850 

5. 80 0. 763 0. 762 0.764 0.769 0.778 0.785 0. 799 0.813 0. 833 0.851 
5. 81 0.764 0.763 0.765 0. 770 0.779 0. 786 0.800 0.814 0. 834 0.852 
5. 82 0. 765 0. 764 0. 766 0. 771 0.780 0. 787 0.801 0.815 0.834 0.852 
5. 83 0.767 0. 766 0.768 0. 772 0.780 0.787 0.801 0.815 0. 835 0.853 
5. 84 0.768 0. 767 0.769 0. 773 0.781 0. 788 0.802 0. 816 0. 835 0.853 

5. 85 0. 769 0. 768 0.770 0. 774 0. 782 0. 789 0.803 0.817 0.836 0.854 

5. 86 0. 770 0. ̂ 69 0.771 0. 775 0.783 0.790 0.804 0.818 0.837 0.855 
5. 87 0. 771 0.770 0.773 0.776 0.784 0.791 0.805 0.819 0.837 0.855 
5. 88 0.773 0. 772 0. 774 0. 777 0.785 0.792 0.805 0.819 0.838 0. 856 

5. 89 0. 774 0. 773 0. 776 0. 778 0.786 0.793 0.806 0.820 0.838 0.856 

5. 90 0. 775 0.774 0.777 0. 779 0. 787 0.794 0.807 0.821 0.839 0.857 
5. 91 0. 776 0. 775 0. 778 0. 780 0. 788 0.795 0.808 0.822 0. 840 0.858 
5. 92 0. 777 0. 776 0. 779 0.781 0. 789 0.796 0.808 0.822 0.840 0.858 
5. 93 0.779 0. 777 0.780 0. 782 0.790 0. 796 0.809 0. 823 0. 841 0. 859 
5. 94 0. 780 0. 778 0. 781 0.783 0.791 0.797 0. 809 0. 823 0. 841 0.859 

5. 95 0. 781 0. 779 0. 782 0. 784 0. 792 0. 798 0.810 0. 824 0. 842 0.860 

5. 96 0. 782 0. 780 0. 783 0. 785 0.793 0. 700 0.811 0.825 0. 843 0.861 
5. 97 0. 784 0. 781 0. 784 0. 786 0. 794 0. 8C0 0.812 0.826 0. 843 0.861 
5. 98 0. 785 0. 783 0. 785 0. 788 0. 795 0. 801 0.812 0.826 0. 844 0.862 
5. 99 0. 787 0. 784 0. 786 0. 789 0. 796 0. 802 0.813 0.827 0. 844 0.862 

6. 00 0. 788 0. 785 0.787 0.790 0.797 0. 8C 3 0.814 0. 828 0. 845 0.863 
0. 01 0.789 0. 786 0. 788 0. 791 0.798 0. 8C4 0. 815 0. 829 0.846 0.864 
6. 02 0. 790 0.787 0. 789 0. 792 0. 799 0. 805 0.816 0.829 0.846 0.864 
6. 03 0. 792 0.788 0. 790 0. 793 0. 799 0. 805 0. 816 0.830 0.847 0.865 
0. 04 0. 793 0. 789 0. 791 0. 794 0. 800 0. 806 0. 817 0. 830 0.847 0.865 
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5.60 - 6.04 

1.60 1.70 1. 80 1.90 2.00 2. 20 2. 40 2. 60 2. 80 3.00 

0. 872 0.900 0.931 0.952 0.972 
0. 872 0.900 0.931 0.952 0.972 
0. 873 0.901 0.932 0.952 0.973 
0. 873 0.901 0.932 0.953 0.973 
0. 874 0.902 0.933 0.953 0.974 

0. 874 0.902 0.933 0.953 0.974 
0.875 0.903 0.933 0.953 0.974 
0.875 0.903 0.934 0.954 0.975 
0. 876 0. 904 0.934 0.954 0.975 
0. 876 0.904 0.935 0.955 0.976 

0. 877 0.905 0.935 0.955 0.976 
0. 877 0.905 0.935 0.955 0.976 
0. 878 0.906 0.936 0.956 0.976 
0. 878 0.906 0.936 0.956 0.977 
0. 879 0. 907 0.937 0.957 0.977 

0. 879 0.907 0. 937 0.957 0.977 
0. 880 0.907 0.937 0.957 a 977 
0.880 0. 908 0.938 0.958 0.978 
0. 881 0.908 0.938 0.958 0.978 
0.881 0. 909 0.939 0.959 0.979 

0. 882 0. 909 0.939 0.959 0. 979 
0.882 0.909 0.939 0.959 0.979 
0. 883 0. 910 0.939 0.960 0.979 
0. 883 0.910 0.940 0. 960 0.980 
0. 884 0. 911 0.940 0. 961 0.980 

0. 884 0.911 0.940 0.961 0.980 
0. 885 0.911 0. 940 0.961 0.980 
0. 885 0. 912 0.941 0.962 0. 981 
0. 886 0. 912 0. 941 0. 962 0.981 
0. 886 0. 913 0.942 0.963 0.982 

0. S87 0. 913 0.942 0. 963 0. 982 
0. 887 0.913 0. 942 0. 963 0. 982 
0. 888 0.914 0. 943 0. 964 0. 983 
0. 888 0.914 0.943 0.964 0.983 
0. 889 0.915 0.944 0.965 0. 984 

0. 889 0. 915 0. 944 0. 965 0. 984 
0. 890 0.916 0.944 0. 965 0. 984 
0. 890 0. 916 0.945 0. 966 0. 985 
0. 891 0.917 0. 945 0. 966 0. 985 
0. 891 0. 917 0. 946 0. 967 0. 986 

U. 892 0. 918 0.946 0. 967 0. 986 
;;. >s92 0. 913 0.946 0.967 0. 9S6 
0. H<i'A 0. 919 0. 947 0. 967 0. "86 
0. 89.3 0. 919 0. 947 0. 968 0. 987 
D. 894 0. 920 0. 948 0. 968 0. 987 

1.003 1.026 1.040 1.051 1.058 5.60 
1.003 1.026 1.040 1.051 1.058 5.61 
1.003 1.026 1.040 1.051 1.058 5.62 
1.004 1.027 1.041 1.052 1.059 5.63 
1.004 1.027 1.041 1.052 1. 059 5.64 

1. 004 1.027 1.041 1.052 1.059 5.65 
1.004 1.027 1.041 1.052 1.059 5.66 
1.005 1.027 1.041 1.052 1.059 5.67 
1.005 1.028 1.042 1.053 1.060 5.68 
1.006 1.028 1.042 1.053 1.060 5.69 

1.006 1.028 1.042 1.053 1.060 5.70 
1.006 1.028 1.042 1.053 1.060 5. 71 
1.006 1.028 1.042 1.053 1.060 5. 72 
1.007 1.029 1.043 1.054 1.061 5. 73 
1.007 1.029 1.043 1.054 1. 061 5.74 

1.007 1.029 1.043 1.054 1.061 5. 75 
1.007 1.029 1.043 1.054 1.061 5.76 
1.007 1.030 1.044 1.054 1.061 5.77 
1.008 1.030 1.044 1.055 1.062 5. 78 
1.008 1.031 1.045 1.055 1.062 5. 79 

1.008 1.031 1.045 1.055 1.062 5. 80 
1.008 1.031 1.045 1.055 1. 062 5.81 
1.008 1.031 1.045 1.055 1.062 5.82 
1.009 1.032 1.046 1.056 1.063 5.83 
1. 009 1.032 1.046 1.056 1.063 5.84 

1.009 1.032 1.046 1.056 1.063 5.85 
1.009 1.032 1. 046 1.056 1.063 5.86 
1.010 1.032 1.047 1.056 1.063 5.87 
1.010 1.033 1.047 1.057 1. 064 5. 88 
1. Oil 1. 033 1.048 1.057 1.064 5.89 

1.011 1. 033 1.048 1.057 1.064 5.90 
1.011 1.033 1.048 1.057 1.064 5.91 
1.011 1.033 1.048 1.057 1. 064 5. 92 
1. 012 1.034 1. 049 1.058 1.065 5. 93 
1.012 1.034 1. 049 1.058 1.065 5.94 

1. 012 1.034 1.049 1.058 1. 065 5. 95 
1. 012 1.034 1.049 1.058 1.065 5.96 
1. 012 1. 035 1.049 1.058 1.065 5.97 
1. 013 1. 035 1.050 1.059 1. 066 5. 98 
1.013 1.036 1.050 1.059 1.066 5.99 

1. 013 1. 036 1.050 1.059 1. 066 6.00 
1. 013 L.036 1. 050 1.059 1.066 6.01 
1. 014 1.036 1. 050 1.059 1.066 6.02 
1. 014 1. 037 1.051 1.060 1.067 6.03 
1. 015 1.037 1.051 1.060 1.067 6.04 
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Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

6.05 
6.06 
6.07 
6.08 
6.09 

0.794 
0.795 
0.796 
0.798 
0.799 

0.790 
0.791 
0.792 
0.794 
0.795 

0.792 
a 793 
0.794 
a 795 
0.796 

0.795 
a 796 
0.797 
0.798 
0.799 

0. 801 
0.802 
0.803 
0.803 
0.804 

0.807 
0.808 
0.809 
0.810 
0.811 

0.818 
0.819 
0.820 
0.820 
0.821 

0.831 
& 832 
a 833 
a 833 
0.834 

0.848 
0.849 
0.850 
a 850 
0.851 

0.865 
0.866 
0.866 
0.867 
0.867 

6.10 
6.11 
6.12 
6.13 
6.14 

0.800 
0.801 
0.802 
0.803 
0.804 

0.796 
0.797 
0.798 
0.799 
0.800 

0.797 
0.798 
0.799 
0.800 
0.801 

0.800 
0.801 
0.802 
a 803 
0.804 

a 805 
a 806 
a 807 
0.807 
0.808 

0.812 
0.813 
0.814 
0.814 
0.815 

0.822 
0.823 
a 824 
0.824 
0.825 

0.835 
a 836 
0.836 
0.837 
0.837 

0.852 
0.853 
a 853 
0.854 
0.854 

0.866 
0.868 
a 869 
a 869 
0.870 

6.15 
6.16 
6.17 
6.18 
6.19 

0.805 
0.806 
0.807 
0.809 
0.810 

0.801 
0.802 
0.803 
0.805 
0.806 

0.802 
0.803 
0.804 
0.806 
0.807 

0.805 
0.806 
0.807 
0.808 
0.809 

0.809 
0.810 
0.811 
a 812 
0.813 

0.816 
0.817 
0.818 
0.818 
0.819 

0.826 
0.827 
0.828 
0.828 
0.829 

0.838 
0.839 
0.840 
0.840 
0.841 

0.855 
0.856 
0.856 
0.857 
0.857 

0.870 
0.871 
0.871 
0.872 
0.872 

6.20 
6.21 
6.22 
6.23 
6.24 

0.811 
0.812 
0.813 
0.814 
0.815 

0.807 
0.808 
0.809 
0.810 
0.811 

0.808 
0.809 
0.810 
0.811 
0.812 

0.810 
a 811 
0.812 
0.813 
0.814 

0.814 
a 815 
a 816 
0.816 
0.817 

0.820 
0.821 
0.822 
0.822 
0.823 

0.830 
0.831 
0.832 
0.832 
0.833 

0.842 
0.843 
0.844 
0.844 
0.845 

0.858 
0.859 
0.859 
0.860 
0.860 

0.873 
0.874 
0.874 
0.875 
0.875 

6.25 
6.26 
6.27 
6.28 
6.29 

0.816 
0.817 
0.818 
0.820 
0.821 

0.812 
0.813 
0.814 
0.816 
0.817 

0.813 
0.814 
0.815 
0.816 
0.817 

0.815 
0.816 
0.817 
0.818 
0.819 

0.818 
0.819 
0.820 
0.821 
0.822 

0.824 
0.825 
0.826 
0.827 
0.828 

a 834 
0.835 
0.836 
0.837 
0.838 

0.846 
0.847 
0.848 
0.848 
0.849 

0.861 
0.862 
0.862 
0.863 
0.863 

0.876 
0.877 
0.878 
0.878 
0.879 

6.30 
6.31 
6. 32 
6.33 
6. 34 

0.822 
0.823 
0.825 
0.826 
0.828 

0.818 
0.819 
0.820 
0.822 
0.823 

0.818 
0.819 
0.820 
0.821 
0.822 

0.820 
0.821 
0.822 
0.823 
0.824 

0.823 
a 824 
0.825 
0.826 
0.827 

0.829 
0.830 
0.831 
0.831 
0.832 

0.839 
0.840 
0.841 
a 841 
0.842 

0.850 
a 851 
0.851 
0.852 
0.852 

a 864 
0.865 
0.865 
0.866 
0.866 

0.880 
0.881 
0.881 
0.882 
0.882 

6.35 
6.36 
6.37 
6.38 
6.39 

0.829 
0.830 
0.831 
0.833 
0.834 

0.824 
0.825 
0.826 
0.828 
0. 829 

0.823 
0.824 
0.825 
0.827 
0.828 

0.825 
0.826 
0.827 
0.828 
0.829 

0.828 
0.829 
0.830 
0.831 
0.832 

0.833 
0.834 
0.835 
0.836 
0.337 

0.843 
0.844 
0.845 
0.846 
0.847 

0.853 
0.854 
0.855 
0.855 
0.856 

0.867 
0.868 
0.869 
0.869 
0.870 

0.883 
0.884 
0.884 
0.885 
0.885 

6.40 
6. 41 
6.42 
6.43 
6.44 

0. 835 
0. 836 
0.837 
0. 839 
0.840 

0. 830 
0. 831 
0.832 
0.833 
0. 834 

0.829 
0. 830 
0.831 
0.832 
0.833 

0.830 
0.831 
0.832 
0.833 
0.834 

0.833 
0.834 
0.835 
0.835 
0.836 

0.338 
0.839 
0.840 
0.840 
0.841 

0.848 
0.849 
0.850 
0.850 
0.851 

0.857 
0.858 
0.859 
0.859 
0.860 

0.871 
0.872 
0.872 
0.873 
0.873 

0.886 
0.887 
0.887 
0.888 
0.888 

6. 45 
6.46 
6.47 
6.48 
6.49 

0.841 
0.842 
0.844 
0.845 
0.847 

0. 835 
0.836 
0.837 
0.839 
0.840 

0.834 
0.835 
0.836 
0.837 
0.838 

0.835 
0.836 
0.837 
0.838 
0.839 

0.837 
0.838 
0.839 
0.840 
0.841 

0.842 
0.843 
0.844 
0.845 
0.846 

0.852 
0. 853 
0.854 
0. 854 
0. 855 

0.861 
0.862 
0.863 
0.863 
0.864 

0.874 
0.875 
0.876 
0.876 
0.877 

0.889 
0.890 
0.890 
0.891 
0.891 
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T 
r 

P r 
6.05 - 6. 49 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2. 80 3.00 ?r 

0. 894 0. 920 0.948 0.968 0.987 1.015 1.037 1.051 1.060 1.067 6.05 
0.895 0. 920 0.948 0. 968 0.987 1.015 1.037 1. 051 1.060 1.067 6.06 
0. 895 0. 921 0.949 0.969 0.988 1. 016 1.037 1.051 1.060 1.067 6.07 
0. 896 0.921 0.949 0.969 0.988 1.016 1.038 1.052 1.061 1.068 6.08 
0. 896 0.922 0.950 0.970 0.989 1.017 1.038 1.052 1.061 1.068 6.09 

0. 897 0.922 0. 950 0.970 0. 989 1.017 1.038 1.052 1.061 1. 068 6.10 
0.897 0.922 0.950 0.970 0.989 1.017 1.038 1.052 1.061 1.068 6.11 
0.898 0. 923 0.951 0.970 0.990 1.017 1.038 1.052 1.061 1.068 6.12 
0. 898 0.923 0.951 0.971 0.990 1.018 1.039 1.052 1.062 1.069 6.13 
0. 899 0.924 0.952 0.971 0. 991 1.018 1.039 1.053 1.062 1.069 6.14 

0. 899 0. 924 0.952 0.971 0.991 1.018 1.039 1.053 1.062 1.069 6.15 
0.900 0.925 0.952 0.971 0. 991 1.018 1.039 1.053 1.062 1.069 6.16 
0. 900 0. 925 0.953 0.972 0.992 1.018 1.040 1.054 1.062 1.069 6.17 
0. 901 0. 926 0.953 0.972 0.992 1. 019 1.040 1. 054 1.063 1.070 6.18 
0.901 0.926 0.954 0.973 0.993 1.019 1.041 1.055 1.063 1.070 6.19 

0. 902 0.927 0.954 0.973 0.993 1.019 1.041 1.055 1.063 1.070 6.20 
0. 902 0. 928 0. 954 0.973 0.993 1.019 1.041 1.055 1.063 1.070 6.21 
0. 903 0. 928 0.955 0.974 0. 994 1.019 1.041 1.055 1.063 1.070 6.22 
0.903 0. 929 0.955 0.974 0.994 1.020 1.042 1.056 1.064 1.071 6.23 
0.904 0. 929 0.956 0.975 0. 995 1.020 1.042 1.056 1.064 1.071 6.24 

0. 904 0. 930 0. 956 0.975 0. 995 1. 020 1.042 1.056 1.064 1.071 6.25 
0. 905 0. 930 0.956 0.975 0. 995 1.020 1.042 1.056 1.064 1. 071 6.26 
0. 905 0. 930 0. 957 0.976 0.996 1.021 1.042 1.056 1.064 1.071 6.27 
0. 906 0. 931 0.957 0. 976 0.996 1.022 1.043 1.057 1.065 1.072 6. 28 
0.906 0. 931 0.958 0.977 0. 997 . 1. 022 1.043 1.057 1.065 1.072 6.29 

0.907 0. 931 0.958 0. 977 0. 997 1. 022 1.043 1.057 1.065 1.072 6.30 
0. 907 0. 931 0.958 0. 977 0.997 1. 022 1.043 1.057 1.065 1.072 6.31 
0. 908 0. 931 0. 959 0. 978 0. 997 1. 022 1.044 1.057 1.065 1.072 6.32 
0. 908 0. 932 0. 959 0. 978 0.998 1. 023 1.044 1.058 1.066 1.072 6. 33 
0. 909 0. 932 0. 960 0. 979 0. 998 1. 023 1.045 1.058 1.066 1.072 6. 34 

0. 909 0. 932 0.960 0. 979 0.998 1. 023 1.045 1.058 1.066 1.077 6. 35 
0. 910 0. 933 0. 960 0. 979 0. 998 1. 023 1. 045 1.058 1.066 1.072 6. 36 
0. 910 0. 934 0. 961 0. 930 0. 999 1. 024 1.046 1.058 1.066 1.072 6.37 
0. 911 0. 934 0. 961 0. 980 0, 999 1. 024 1. 046 1.059 1.067 1.073 6.38 
0. 911 0. 935 3. 962 0. 981 1.000 1. 025 1.047 1.059 1.067 1.073 6. 39 

0. 912 0. 936 0. 962 0. 981 1. COO 1. 025 I . 047 1.059 1.067 1.073 6. 40 
0. 9! 3 0. 936 0. 962 0. 9S1 1. 000 I. 025 I . 047 1. 059 1.067 1.073 6. 41 

0. 913 0. 937 0. 963 0. 982 1.000 1. 025 1.047 1.059 1.067 1.073 6.42 
0. vi 4 • 937 0. 963 0. ̂ '82 1. 001 I . 026 1. 046 1.060 1.068 1.074 6. 43 

ii. 3. ''38 0. 9-/4 0. 933 1. 00 i 1. 026 '. 04b 1. 060 1.068 1.074 6. 44 

i'r> 0. 9 c 4 0. .' -3 1. 001 1. i)2(i I . 048 1. G60 1.068 1.074 6. 45 
:>. 9U, ... \). '-04 0. 983 1. vOi I . 026 1. G-.3 1. 0»0 1.068 1.074 6. 46 
0. V)f) l ; . v3" 0. 965 0. ̂ 4 l . .;02 1. 027 i. u4G 1. 061 1. 068 1.074 6.47 
i). ; i i . - i i (>. "65 0. J34 1.G02 I . 027 1. 04° i . 061 1.069 1. 075 6. 48 
,;. 'J| 7 -40 0. "66 0. "85 l. m:> 1. 028 1. 049 1. 062 1.069 1.075 6. 49 

VU - -5 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

6.50 
6.51 
6.52 
6.53 
6.54 

0.848 
0.849 
a 850 
a 851 
0.852 

0.841 
0.842 
0.843 
0.844 
0.845 

0.839 
0.840 
0.841 
0.842 
a 843 

0.840 
0.841 
0.842 
0.843 
0.844 

0.842 
0.843 
0.844 
0.844 
0.845 

0.847 
0.848 
0.849 
0.849 
0.850 

a 856 
0.857 
0.858 
0.858 
0.859 

0.865 
0.866 
0.866 
0.867 
0.867 

0.878 
0.879 
0.879 
0.880 
0.880 

0.892 
0.893 
0.893 
0.894 
0.894 

6.55 
6.56 
6.57 
6.58 
6.59 

0.853 
0.854 
0.855 
0.856 
0.857 

0.846 
0.847 
0.848 
0.850 
0.851 

0.844 
0.845 
0.846 
0.848 
0.849 

0.845 
0.846 
0.847 
0.849 
0.850 

0.846 
0.847 
0.848 
0.849 
0.850 

a 851 
0.852 
a 853 
0.853 
0.854 

0.860 
0.861 
a 862 
a 862 
0.863 

0.868 
0.869 
a 869 
0.870 
0.870 

0.881 
0.882 
0.882 
0.883 
0.883 

0.895 
0.896 
0.896 
0.897 
0.897 

6.60 
6.61 
6.62 
6.63 
6.64 

0.858 
0.859 
0.860 
0.862 
0. 863 

0.852 
0.853 
0.854 
0.855 
0.856 

0.850 
0.851 
0.852 
0.853 
0.854 

0.851 
0.852 
0.853 
0.854 
0.855 

0.851 
0.852 
0.853 
0.854 
0.855 

0.855 
0.856 
0.857 
0.857 
0.858 

0.864 
0.865 
0.866 
0.866 
0.867 

0.871 
0.872 
0.873 
0.873 
0.874 

a 884 
0.885 
0.886 
0.886 
0.887 

0.898 
0.898 
0.899 
0.899 
0.890 

6.65 
6.66 
6.67 
6.68 
6.69 

0.864 
0.865 
0.866 
0.868 
0.869 

0.857 
0.858 
0.859 
0.861 
0.862 

0.855 
0.856 
0.857 
0.858 
0.859 

0.856 
0.857 
0.858 
0.859 
0.860 

0.856 
0.857 
0.858 
0.859 
0.860 

0.859 
0.860 
0.861 
0.861 
0.862 

0.868 
0.869 
0.870 
0.870 
0.871 

0.875 
0.876 
0.877 
0.878 
0.879 

0.888 
0.889 
0.890 
0.890 
0.891 

0.900 
0.901 
0.901 
0.902 
0.902 

6.70 
6.71 
6.72 
6.73 
6.74 

0.870 
0.871 
0. 872 
0.873 
0.874 

0.863 
0.864 
0.865 
0.866 
0.867 

0.860 
0.861 
0.862 
0.863 
0.864 

0.861 
0.862 
0.863 
0.864 
0.865 

0.861 
0.862 
0.863 
0.863 
0.864 

0.863 
0.864 
0.865 
0.865 
0.866 

0.872 
0.873 
0.874 
0.874 
0.875 

0.880 
0.881 
0.882 
0.882 
0.883 

0.892 
0.893 
0.893 
0.894 
0.894 

0.903 
0.904 
0.904 
0.905 
0.905 

6.75 
6.76 
6. 77 
6.78 
6. 79 

0.875 
0.876 
0.877 
0.879 
0. 880 

0.868 
0.869 
0.870 
0.872 
0.873 

0.865 
0.866 
0.867 
0.869 
0.870 

0.866 
0.867 
0.868 
0.870 
0.871 

0.865 
0.866 
0.867 
0.868 
0.869 

0.867 
0.868 
0.869 
0.870 
0.871 

0.876 
0.877 
0.878 
0.878 
0.879 

0.884 
0.885 
0.886 
0.886 
0.887 

0.895 
0.896 
0.897 
0.897 
0.898 

0.906 
0.907 
0.908 
0.908 
0.909 

6.80 
6.81 
6.82 
6.83 
6.84 

0. 881 
0.882 
0.883 
0.884 
0.885 

0.874 
0.875 
0.876 
0.877 
0.878 

0.871 
0.872 
0.873 
0.874 
0.875 

0.872 
0.873 
0. 874 
0.875 
0.876 

0. 870 
0.871 
0.872 
0.873 
0.874 

0.872 
0. 873 
0.874 
0.875 
0.876 

0.880 
0.881 
0.882 
0.882 
0.883 

0.888 
0.889 
0.889 
0.890 
0.890 

0.899 
0.900 
0.900 
0.901 
0.901 

0.910 
0.911 
0.911 
0.912 
0.912 

6.85 
6. 86 
6.87 
6.88 
6.89 

0.886 
0.887 
0. 888 
0.890 
0.891 

0.879 
0. 880 
0.881 
0. 883 
0.884 

0.876 
0.877 
0.878 
0.879 
0.880 

0. 877 
0.878 
0.879 
0.879 
0.880 

0.875 
0.876 
0.877 
0.879 
0.880 

0.877 
0.378 
0.379 
0.879 
0.880 

0.884 
0.885 
0.886 
0.886 
0.887 

0.891 
0.892 
0.893 
0.893 
0.894 

0.902 
0.903 
0.904 
0.904 
0.905 

0. 913 
0.914 
0.915 
0.915 
0.916 

6.90 
6.91 
6.92 
6. 93 
6.94 

0.892 
0. 893 
0.894 
0.895 
0.896 

0.885 
0.886 
0.887 
0.888 
0.889 

0.881 
0.882 
0.883 
0.884 
0.885 

0.881 
0.882 
0.883 
0.883 
0. 884 

0.881 
0.882 
0.883 
0.883 
0.884 

0.S81 
0.882 
0.883 
0.883 
0.884 

0.888 
0.889 
0.890 
0.890 
0.891 

0.895 
0.896 
0.896 
0.897 
0.897 

0.906 
0.907 
0.907 
0.908 
0.909 

0.917 
0.917 
0.918 
0.918 
0.919 

VH - 46 



6. 50 - 6.94 

1. 60 1.70 1.80 1.90 2.00 2. 20 2. 40 2.60 2. 80 3.00 

0.918 0. 941 0.966 0. 985 1.003 1.028 1.049 1. 062 1.069 1.075 6. 50 
0.918 0. 941 0.966 0.985 1.003 1.028 1.049 1.062 1.069 1.075 6. 51 
0.919 0. 942 0.967 0. 986 1.004 1. 028 1.049 1.062 1.069 1.075 6. 52 
0.919 0. 942 0.967 0. 986 1.004 1.029 1.050 1.063 1.070 1.076 6. 53 
0. 920 0. 943 0.968 0.987 1.005 1.029 1.050 1.063 1.070 1.076 6. 54 

0. 920 0. 943 0.968 0.987 1,005 1.029 1.050 1. 063 1.070 1.076 6. 55 
0. 921 0. 943 0.968 0.987 1.005 1.029 1.050 1.063 1.070 1.076 6. 56 
0. 921 0. 944 0.969 0. 988 1.006 1.030 1.051 1.063 1.071 1.076 6.57 
0.922 0. 944 0.969 0.988 1.006 1.030 1.051 1.064 1.071 1.077 6.58 
0. 922 0. 945 0.970 0.989 1. 007 1.031 1.052 1.064 1.072 1. 077 6. 59 

0. 923 0. 945 0. 970 0.989 1.007 1. 031 1.052 1.064 1.072 1.077 6.60 
0. 923 0. 945 0,970 0. 989 1.O07 1. 031 1.052 1. 064 1.072 1.077 6.61 
0. 924 0. 946 0.971 0.990 1,007 1. 031 1. 052 1.064 1.072 1.077 6. 62 
0. 924 0. 946 0.971 0. 990 1.008 1. 032 1.053 1. 065 1.073 1.078 6.63 
0. 925 0. 947 0.972 0. 991 1.008 1. 032 1. 053 1.065 1.073 1.078 6.64 

0. 925 0.947 0. 972 0.991 1.008 1. 032 1.053 1.065 1.073 1.078 6.65 
0. 926 0. 948 0.972 0. 991 1.008 1.032 1.053 1.065 1.073 1.078 6.66 
0. 926 0. 948 0.973 0.992 1.009 1.033 1.053 1.066 1.073 1.079 6.67 
0. 927 0. 949 0. 973 0. 992 1.009 1.033 1.054 1.066 1.074 1.079 6. 68 
0. 927 0. 949 0. 974 0. 993 1.010 1.034 1.054 1.067 1.074 1.080 6.69 

0. 928 0. 950 0. 974 0. 993 1.010 1. 034 1.054 1.067 1.074 1.080 6. 70 
0. 928 0. 950 0.974 0. 993 1.010 1. 034 1.054 1.067 1.074 1.080 6. 71 
0. 929 0. 951 0. 975 0. 994 1.010 1.035 1.054 1.067 1.074 1.080 6. 72 
0. 929 0. 951 0. 975 0. 994 1.011 1.035 1.055 1.068 1.075 1.081 6. 73 
0. 930 0. 952 0. 976 0. 995 1.011 1. 036 1. 055 1. 068 1.075 1.081 6. 74 

0. 930 0. 952 0. 976 0. 995 1.011 1. 0.36 1:055 1.068 1.075 1.081 6. 75 
0. 931 0. 953 0. 977 0. 995 1.011 1. 036 1.055 1.068 1.075 1.081 6. 76 
0.931 0. 953 0. 977 0. 996 1.012 1.037 1.056 1.068 1.076 1.081 6. 77 
0. 932 0. 954 0. 978 0. 996 1.012 1. 037 1. 056 1.069 1.076 1.082 6. 78 
0. 932 0. 954 0.978 0. 997 1.013 1. 038 1. 057 1.069 1.077 1.082 6. 79 

0. 933 0. 955 0. 979 0.997 1.013 1.038 1.057 1.069 1.077 1.082 6. 80 
0. 934 0. 955 0. 979 0.997 1.013 1. 038 1. 057 1.069 1.077 1.082 6. 81 
0. 934 0. 956 0. 980 0. 997 1.014 1. 039 1. 057 1.069 1.077 1.082 6. 82 
0. 935 0.956 0. 980 0. 998 1.014 1.039 1.058 1.070 1.078 1.083 6. 83 
0. 935 0. 957 0. 981 0. 998 1.015 1.040 1.058 1.070 1.078 1.083 6. 84 

0. 936 0. 957 0. 981 0.998 1.015 1. 040 1. 058 1. 070 1.078 1.083 6. 85 
0. 937 0. 958 0. 981 0. 998 I . 015 1. 040 1. 058 1.070 1.078 1.083 6. 86 
0. 937 0. 958 " 0. 982 0. 999 1.01b 1. 040 1. 058 1. 070 1.078 1. 083 6. 87 
0. 938 0. 959 0. 982 0. 999 1.016 1. 041 1. 059 1.071 1.079 1.084 6. 38 
0. 933 0. 959 0. 983 1. 000 1. 017 1. 041 1. 059 1. 071 1.079 1. 084 6. 39 

C. 939 G. 9v,0 0. 933 1. 000 1. G17 I . U41 1.C54 1. 071 1.079 1.084 6. 90 
i i . t . "oO 0. v3'i 1.000 1. 01.7 i . (J4i i . . . ) " J 1. 07 1 1. 079 1. 084 6. 91 
ii. 9-+0 G. •>{-> i 0. 98 4 1. 001 1. 017 1. 041 1. 05 J i . u71 1. 079 1.084 6. 92 

o. ̂  to G. "6 1 v). ;IH4 1.001 1. 013 1. 042 i. G.r. ) 1.072 1.080 1.085 6. 93 
0. W41 0. 9<>2 i>. "85 1. 002 1.0)8 1. 042 1. UoO 1. 072 1.080 1.085 6. 94 



/ -N 

Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

6.95 0.897 0.890 0.886 0.885 0.885 0.885 0.892 0.898 0.909 0.919 
6.96 0.898 0.891 0.887 0.886 0.886 0.886 0.893 0.899 0.910 0.920 
6.97 0.899 0.892 0.888 0.887 0.887 0.887 0.894 0.900 0.911 0.920 
6.98 0.901 0.894 0.890 0.888 0.888 0.888 a 894 0.900 0.911 0.921 
6.99 0.902 0.895 0.891 0.889 0.889 0.889 0.895 0.901 0.911 0.921 

7.00 0.903 0.896 a 892 0.890 0.890 0.890 0.896 0.902 0.913 0.922 
7.01 0.904 0.897 0.893 0.891 0.891 6.891 a 897 0.903 0.914 0.923 
7.02 0.905 0.898 0.894 0.892 0.892 0.892 0.897 0.904 0.914 0.923 
7.03 0.907 0.899 0.895 0.893 0.892 0.892 0.898 0.904 0.915 0.924 
7.04 0.908 0.900 a 896 0.894 0.893 0.893 0.898 0.905 0.915 0.924 

7.05 0.909 0.901 a 897 0.895 0.894 0.894 0.899 0.906 0.916 0.925 
7.06 0.910 0.902 0.898 0.896 0.895 0.895 0.900 0.907 0.917 0.926 
7.07 0. 911 0.903 0.899 0.897 0.896 0.896 0.901 0.908 0.918 0.927 
7.08 0.913 0.905 0.901 0.898 0.897 0.897 0.901 0.908 0.918 0.927 
7.09 0.914 0.906 0.902 0.899 0.898 0.898 0.902 0.909 0.919 0.928 

7.10 0.915 0.907 0.903 0.900 0.899 0.899 0.903 0.910 0.920 0.929 
7.11 0.916 0.908 0.904 0.901 0.900 0.900 0.904 0.911 0.921 0.930 
7.12 0.917 0.909 0.905 0.902 0.901 0.901 0.905 0.912 0.921 0.930 
7.13 0.919 0.910 0.906 0.903 0.901 0.901 0.905 0.i912 0.922 0.931 
7.14 0.920 0.911 0.907 0.904 0.902 0.902 0.906 0.913 0.922 0.931 

7.15 0.921 0.912 0.908 0.905 0.903 0.903 0.907 0.914 0.923 0.932 
7.16 0.922 0.913 0.909 0.906 0.904 0.904 0.908 0.915 0.924 0.933 
7.17 0.924 0.914 0.910 0. 907 0.905 0.905 0.909 0.916 0.925 0.933 
7.18 0.925 0.916 0.911 0.908 0.906 0.905 0.909 0.916 0.925 0.934 
7.19 0.927 0.917 0.912 0.909 0.907 0.906 0.910 0.917 0.926 0.934 

7. 20 0.928 0.918 0.913 0. 910 0.908 0.907 0.911 0.918 0.927 0.935 
7.21 0.929 0.919 0.914 0.911 0.909 0.908 0.912 0.919 0.928 0.936 
7. 22 0.930 0.920 0.915 0.912 0.910 0.908 0.913 0.919 0.928 0.936 
7. 23 0.931 0. 921 0.916 0.913 0.910 0.909 0.913 0.920 0.929 0.937 
7. 24 0.932 0. 922 0.917 0.914 0.911 0.909 0.914 0.920 0.929 0.937 

7. 25 0.933 0. 923 0.918 0.915 0.912 0.910 0.915 0.921 0.930 0.938 
7. 26 0.934 0.924 0. 919 0.916 0.913 0.911 0.916 0.922 0.931 0.939 
7. 27 0. 935 0. 925 0.920 0.917 0.914 0.912 0.917 0.923 0.932 0.939 
7.28 0.936 0.927 0.921 0.918 0.915 0.912 0.917 0.923 0.932 0.940 
7. 29 0.937 0.928 0.922 0.919 0.916 0.913 0.918 0.924 0.933 0.940 

7.30 0.938 0.929 0. 923 0.920 0. 917 0.914 0.919 0.925 0.934 0.942 
7.31 0.939 0.930 0.924 0.921 0.918 0.915 0. 920 0.926 0.935 0.943 
7. 32 0.940 0. 931 0.925 0. 922 0. 919 0.916 0.921 0.926 0. 935 0. 944 
7. 33 0. 941 0.932 0.926 0.922 0. 919 0.916 0.921 0.927 0.936 0.944 
7. 34 0. 942 0.933 0. 927 0.923 0. 920 0.917 0. 922 0.927 0.936 0.945 

7. 35 0. 943 0.934 0.928 0. 924 0. 921 0.918 0.923 0.928 0.937 0. 946 
7. 36 0. 944 0. 935 0.929 0.925 0. 922 0.919 0. 924 0.929 0.938 0. 947 
7.37 0.945 0. 936 0. 930 0.926 0.923 0.920 0.925 0.930 0.939 0.948 
7.38 0. 947 0. 938 0.931 0.927 0.924 0.921 0. 925 0.930 0.939 0.948 
7. 39 0.948 0. 939 0.932 0. 928 0. 925 0.922 0.926 0.931 0.940 0. 949 

VH - 48 



6.95 - 7. 39 

1.60 1.70 1.80 1.90 2.00 2. 20 2.40 2.60 2.80 3.00 

0. 941 0. 962 0.985 1.002 1.018 1. 042 1.060 1.072 1.080 1.085 6. 95 
0.942 0.963 0.986 1.002 1.018 1.042 1.060 1.072 1.080 1.085 6.96 
0.942 0.963 0.986 1.003 1*019 1.043 1.061 1.072 1.080 1.085 6.97 
0. 943 0.964 0. 987 1.003 1.019 1.043 1.061 1.073 1.081 1. 086 6.98 
0. 943 0.964 0.987 1.004 1.020 1.044 1. 062 1.073 1.081 1.086 6. 99 

0. 944 0.965 0. 988 1.004 1.020 1.044 1.062 1.073 1.081 1.086 7.00 
0. 945 0.965 0.988 1.004 1.020 1.044 1.062 1.073 1.081 1.086 7.01 
0. 945 0.966 0.989 1.005 1.021 1.044 1.062 1.074 1.081 1.086 7.02 
0.946 0.966 0.989 1.005 1.021 1. 045 1.063 1.074 1.082 1.087 7.03 
0. 946 0.967 0.990 1.006 1.022 1. 045 1.063 1.075 1.082 1.087 7.04 

0.947 0. 967 0.990 1.006 1.022 1. 045 1.063 1. 075 1.082 1.087 7.05 
0. 948 0.968 0.990 1.006 1.022 1.045 1.063 1.075 1.082 1.087 7.06 
0. 948 0.968 0.991 1.007 1.023 1.046 1.064 1.076 1.082 1.087 7.07 
0. 949 0.969 0.991 1.007 1.023 1.046 1.064 1.076 1.083 1.088 7.08 
0. 949 0. 969 0.992 1.008 1.024 1.047 1.065 1.077 1.083 1.088 7.09 

0.950 0. 970 0.992 1.008 1.024 1.047 1.065 1.077 1.083 1.088 7.10 
0. 951 0. 970 0.992 1.008 1.024 1. 047 1.065 1.077 1.083 1.088 7.11 
0. 951 0.971 0.993 1.009 1.025 1.047 1.065 1.077 1.083 1. 088 7.12 
0. 952 0. 971 0.993 1.009 1.025 1.048 1.066 1.078 1.084 1.089 7.13 
0. 952 0. 972 0. 994 1.010 1. 026 1.048 1.066 1.078 1.084 1.089 7.14 

0. 953 0.972 0.994 1.010 1.026 1.048 1. 066 1.078 1.084 1.089 7.15 
0. 954 0. 973 0.995 1.010 1.026 1.048 1.066 1.078 1.084 1.089 7.16 
0. 954 0.973 0.995 1. on 1.027 1. 049 1.066 1.078 1.085 1.090 7.17 
0. 955 0.974 0. 996 1.011 1.027 1.049 1.067 1.079 1.085 1.090 7.18 
0. 955 0. 974 0. 996 1. 012 1.028 1.050 1.067 1.079 1.086 1.091 7.19 

0. 956 0. 975 0. 997 1. 012 1.028 1. 050 1.067 1.079 1.086 1.091 7.20 
0. 957 0. 975 0.997 1.012 1.028 1. 050 1.067 1.079 1.086 1.091 7.21 
0. 957 0. 976 0. 993 1.013 1.028 1.050 1.067 1.079 1.086 1.091 7.22 
0. 958 0. 976 0. 998 1.013 1. 029 1. 051 1.068 1.080 1.087 1.092 7.23 
u. ')58 0. 977 0. 999 1.014 1.029 1. 051 1.063 1.080 1.087 1.092 7. 24 

0. 959 0. 977 0. 999 1. 014 1.029 1. 051 1. 063 1.080 1.087 1.092 7. 25 
0. 960 0. 978 0. 999 1.015 1. 029 1. 051 1. 068 1.080 1.087 1.092 7. 26 
0. 960 0. 97 S 1. 000 1. 015 1. 030 1. 052 1. 069 1.080 1.087 1.092 7. 27 
0. 96 i C. 979 3. 000 1.016 1.030 1. 052 1. 069 1. 081 1.088 1.093 7.28 
0. 961 0. 979 1. 001 1.016 1.031 1. 033 1.070 1.081 1.088 1.093 7.29 

0. '>62 0. -.0 x . 001 1.017 1.031 1. 053 1. 070 1.081 1.088 1.093 7. 30 
0. «63 0. v30 i , 001 1.017 1. 031 1. 053 1. 070 I . 031 i.0S3 1.093 7.31 
0. 963 • ;. ••3.1 i 

i • 002 1. 018 i . 032 1. 054 1. 070 1. 031 1. 088 1. 093 7. 32 
0. 964 1. 002 1.013 1. 032 I . 054 I . 071 1. G82 1.089 1. 094 7.33 

o. •<!•>-; 0. 2 1-003 1. 019 1.033 1. 055 1. 371 1. 032 1.089 1. 094 7. 34 

ii. )63 0. "-2 1. 003 1.019 L. 033 1. 055 i . 071 1.032 1.089 1. 094 7.35 
0. Vnc i , cm 1. 019 1. 033 1. 055 1.1,71 1. 082 1.0S9 1.094 7. 36 
0. ̂ I O :). /o3 1. 004 1. 020 L.034 1. 036 !. 072 1. 083 1.090 1.094 7. 37 
0. 967 0. 9«4 1. 004 1.020 1. 034 1. 056 • 1. 072 1. 083 1.090 1.095 7.38 
0. 967 0. >H4 1. 005 1. 021 1.035 1. 057 1. 073 1.084 1.091 1.095 7. 39 

VII - 4 ) 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

7.40 
7.41 
7.42 
7. 43 
7.44 

0.949 
0.950 
0.951 
0.953 
0.954 

0.940 
0.941 
0.942 
0.943 
0.944 

0.933 
0.934 
0.935 
0.936 
0.937 

0.929 
0.930 
0.931 
0.932 
0.933 

0.926 
0.927 
0.928 
0.928 
0.929 

0.923 
0.924 
0.925 
0.925 
0.926 

0.927 
0.928 
0.929 
0.929 
0.930 

0.932 
0.933 
0.934 
0.934 
0.935 

0.941 
0.942 
0.942 
0.943 
0.943 

0.950 
0.951 
0.951 
0.952 
0.952 

7.45 
7.46 
7.47 
7.48 
7.49 

0.955 
0.956 
0.957 
0.959 
0.960 

0.945 
0.946 
0.947 
0.949 
0.950 

0.938 
0.939 
0.940 
0.941 
0.942 

0.934 
0.935 
0.936 
0.937 
0.938 

0.930 
0.931 
0.932 
0.933 
0.934 

0.927 
0.928 
0.929 
0.930 
0.931 

0.931 
0.932 
0.933 
0.933 
0.934 

0.936 
0.937 
0.938 
0.938 
0.939 

0.944 
0.945 
0.946 
0.946 
0.947 

0.953 
0.954 
0.954 
0.955 
0.955 

7.50 
7.51 
7.52 
7.53 
7.54 

0.961 
0. 962 
0.963 
0.964 
0.965 

0.951 
0.952 
0.953 
0.954 
0. 955 

0.943 
0.944 
0.945 
0.946 
0.947 

0.939 
0.940 
0.941 
0.942 
0.943 

0.935 
0.936 
0.937 
0.937 
0.938 

0.932 
0.933 
0.934 
0.934 
0.935 

0.935 
0.936 
0.937 
0.937 
0.938 

0.940 
0.941 
0.942 
0.942 
0.943 

0.948 
0.949 
0.949 
0.950 
0.950 

0.956 
a 957 
0.957 
0.958 
0.958 

7.55 
7.56 
7.57 
7.58 
7.59 

0.966 
0.967 
0.968 
0.970 
0.971 

0.956 
0. 957 
0.958 
0.959 
0.960 

0.948 
0.949 
0.950 
0.951 
0.952 

0.944 
0.945 
0.946 
0.947 
0.948 

0.939 
a 940 
0.941 
0.942 
0.943 

0.936 
0.937 
0.938 
0.939 
0.940 

a 939 
0.940 
0.941 
0.941 
0.942 

0.944 
0.945 
0.946 
0.947 
0.948 

0.951 
0.952 
0.953 
0.953 
0.954 

0.959 
0.960 
0.960 
0.961 
0.961 

7.60 
7. 61 
7.62 
7.63 
7.64 

0.972 
0.973 
0.974 
0.975 
0.976 

0.961 
0.962 
0. 963 
0.964 
0.965 

0.953 
0.954 
0.955 
0.956 
0.957 

0.949 
0.950 
0. 951 
0.952 
0.953 

0.944 
0.945 
0.946 
0.947 
0.948 

0.941 
0.942 
0.943 
0.943 
0.944 

0.943 
0.944 
0.945 
0.945 
0.946 

0.949 
0.950 
0.950 
0.951 
0.951 

0.955 
0.956 
0.956 
0.957 
0.957 

0.962 
0.963 
0.963 
0.964 
0.964 

7.65 
7.66 
7.67 
7.68 
7.69 

0.977 
0.978 
0.979 
0.981 
0.982 

0.966 
0.967 
0.968 
0.970 
0. 971 

0.958 
0.959 
0.960 
0.961 
0.962 

0.954 
0.955 
0.956 
0.957 
0. 958 

0.949 
0.950 
0.951 
0.952 
0.953 

0.945 
0.946 
0.947 
0.948 
0.949 

0.947 
0.948 
0.949 
0.950 
0.951 

0.952 
0.953 
0.954 
0.954 
0.955 

0.958 
0.959 
0.960 
0.960 
0.961 

0.965 
0.966 
0.967 
0.967 
0.968 

7. 70 
7.71 
7. 72 
7. 73 
7. 74 

0. 983 
0.984 
0.985 
0. 987 
0. 988 

0. 972 
0. 973 
0. 974 
0. 975 
0. 976 

0.963 
0.964 
0.965 
0.966 
0.967 

0. 959 
0.960 
0.961 
0.961 
0. 962 

0.954 
0.955 
0.956 
0.956 
0.957 

0.950 
0.951 
0.952 
0.952 
0.953 

0. 952 
0.953 
0. 954 
0. 954 
0.955 

0.956 
0.957 
0.957 
0.958 
0.958 

0.962 
0.963 
0.963 
0.964 
0.964 

0.969 
0.970 
0. 970 
0.971 
0.971 

7.75 
7.76 
7. 77 
7. 78 
7. 79 

0. 989 
0. 990 
0. 991 
0.993 
0. 994 

0.977 
0.978 
0.979 
0. 981 
0. 982 

0.968 
0.969 
0.970 
0.971 
0. 972 

0.963 
0.964 
0. 965 
0.966 
0.967 

0.958 
0.959 
0.960 
0.960 
0.961 

0.954 
0.955 
0.956 
0.957 
0.958 

0.956 
0.957 
0.958 
0.958 
0. 959 

0.959 
0.960 
0.961 
0.961 
0.962 

0.965 
0.966 
0.967 
0.967 
0.968 

0.972 
0. 973 
0.974 
0. 974 
0. 975 

7. 80 
7.81 
7.82 
7.83 
7. 84 

0.995 
0.996 
0.997 
0.998 
0. 999 

0. 983 
0. 984 
0. 985 
0.986 
0. 987 

0.973 
0. 974 
0.975 
0.976 
0.977 

0.968 
0. 969 
0.970 
0.971 
0.972 

0.962 
0.962 
0.963 
0.963 
0.964 

0.959 
0. 960 
0.961 
0.961 
0,962 

0.960 
0.961 
0. 962 
0.962 
0.963 

0. 963 
0.964 
0.965 
0.965 
0.966 

0.969 
0.970 
0.971 
0.971 
0.972 

0. 976 
0.977 
0. 977 
0.978 
0.978 
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7. 40 - 7. 84 

i . 60 1.70 1.80 1.90 2.00 2. 20 2. 40 2. 60 2. 80 3. 00 

0. 968 0. 985 1.005 1.021 1.035 1.057 1.073 1.084 1.091 1.095 7. 40 
0.968 0.986 1.005 1.021 1.035 1.057 1.073 1.084 1.091 1.095 7. 41 
0. 969 0. 986 1.006 1.022 1.036 1.057 1.073 1.084 1.091 1.095 7. 42 
0. 969 0.987 1.006 1.022 1.036 1.058 1.074 1. 085 1.092 1.096 7. 43 
0.970 0.987 1.007 1.023 1.037 1.058 1.074 1.085 1.092 1.096 7. 44 

0. 970 0. 988 1.007 1.023 1.037 1.058 1.074 1. 085 1.092 1.096 7. 45 
0.971 0. 989 1.008 1.023 1.037 1.058 1.074 1.085 1.092 1.096 7. 46 
0. 971 0. 989 1.008 1.024 1.038 . 1.059 1.075 1.086 1.092 1.097 7. 47 
0. 972 0.990 1.009 1.024 1.038 1.059 1.075 1.086 1.093 1. 097 7. 48 
0.972 0. 990 1.009 1.025 1.039 1.060 1.076 1.087 1.093 1.098 7. 49 

0. 973 0. 991 1.010 1.025 1.039 1.060 1.076 1.087 1.093 1.098 7. 50 
0.974 0.991 1.010 1.025 1.039 1.060 1.076 1.087 1.093 1.098 7. 51 
0. 974 1. 992 1.011 1.026 1.040 1.060 1.076 1.087 1.093 1.098 7. 52 
0. 975 0. 992 1.011 1.026 1.040 1.061 1.077 1.088 1.094 1.099 7. 53 
0. 975 0. 993 1.012 1.027 1.041 1.061 1.077 1. 088 1.094 1.099 7. 54 

0. 976 0. 993 1.012 1.027 1.041 1. 061 1.077 1.088 1.094 1. 099 7.55 
0. 977 0. 994 1.013 1.027 1.041 1. 061 1.077 1.088 1.094 1. 099 7.56 
0. 977 0.994 1.013 1.028 1.042 1. 062 1.078 1.088 1.095 1. 099 7.57 
0.978 0. 995 1.014 1.028 1.042 1. 062 1.078 1.089 1.095 1. 100 7. 58 
0. 978 0. 995 1.014 1.029 1..043 1.063 1.079 1.089 1.096 1. 100 7. 59 

0. 979 0. 996 1.015 1.029 1.043 1. 063 1.079 1.089 1.096 1.100 7.60 
0. 979 0. 996 1.015 1.029 1.043 1. 063 1. 079 1.089 1.096 1. 100 7.61 
0. 980 0. 997 1.016 1.030 1.044 1. 064 1. 079 1.089 1.096 1. 100 7.62 
0. 98C 0.997 1.016 1.030 1.044 1. 064 1.080 1.090 1.097 1. 101 7.63 
0. 981 0. 998 1.-017 1. 031 1.045 1. 065 1.080 1. 090 1.097 1. 101 7.64 

0. 981 G. 998 1.017 1.031 1.045 1. C65 1. CSO 1.090 1.097 1.101 7.65 
0. 932 •0. 999 1. 017 1. 031 1. 045 i . G65 1. 080 1. 090 1. 097 1. 101 7. 66 
G. 982 0. 999 1. 018 1.032 1. 046 1. Ooo 1. 081 1. 091 1.097 1. 101 7. 67 
(j. 983 1. UOO 1. 018 1.032 . 1. 046 1. G6o 1. 081 1. 091 1.098 1. 102 7. 68 
0. "83 I . GOO 1.019 1. 033 1. 047 L . Go" 1. 0S2 1.092 1.098 1. 102 7. 69 

C. 984 I . . . ' . ; l 1.019 1. 033 1.047 1. 067 1.CS2 1. 092 1.098 1. 102 7. 70 
0. 985 • i . 001 1.019 1. 033 1.047 1. 067 1. 082 1. 092 1.098 1. 102 7. 71 
0. 983 i. v •<•'.; 2 1. 020 1. 034 1.043 1. 067 l . 082 1. G92 1.098 1. 102 7. 72 
0. 98n 1. GG'2 1.020 1. 034 1.043 1. 068 1. 083 1. 093 1. 099 1. 103 7. 73 
•1. 986 1. -:G3 ':. 021 1. 035 1. 049 Go8 1. 083 1. 093 1. 099 1. 103 7. 74 

0. 987 i. M:I 1. 021 1. 035 1. 049 1. 063 1. 033 1. 093 1.099 1. 103 7. 75 
0. 988 1. 022 L. 036 1. 049 1. 068 1. 083 1. 093 1. 099 1 

±, 103 7. 76 
0. 9«3 ;. i/)4 1. 022 I . 036 1. 050 1. Go 9 1. 033 1. 094 1.099 1. 103 7. 77 
0. 1. 323 1. 037 1. 050 Go11 1. 03- i. 094 1. 100 1. 104 7. --3 
I). 9.-, i. 903 1.023 1. 037 i . 051 i . 070 1. G.vr- 1. 095 1. 100 1. 104 7. 79 

;>. ''9D :. Giio i . 024 1. 038 1. 051 1 . O~:J 1. 034 1. 095 1. ICO 1. 104 7. 30 
•Gi. ,J9 \ i . -. -v.' .• 1.024 1. 038 1.1;5! i . 07 0 1 ' * ' 

1 . \s J t 1. 095 1.100 1. 104 7. 31 
G. 96 1 :. 007 I . 025 1. U39 1.052 1 . 070 i. ..84 1. 095 1.100 1. 104 7. S2 
0. -92 {. u08 1.025 1. 03" 1. 052 1. 071 I . 035 1. 096 1.101 1. 105 7. S3 
0. 9t<2 .«3 1. 026 1.040 1.053 1. 071 1. 0S5 1.096 1.101 1. 105 7.34 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

7.85 1.000 0.988 0.978 0.973 0.966 0.963 0.964 0.967 0.973 0.979 
7.86 1.001 0.989 0.979 0.974 0.967 0.964 0.965 0.968 0.974 0.980 
7.87 1.002 0.990 0.980 0.975 0.968 0.965 0.966 0.969 0.975 0.980 
7. 88 1.003 0.991 0.982 0.976 0.968 0.966 0.966 0.970 0.975 0.981 
7.89 1.004 0.992 0.983 0.977 0.969 0.967 0.967 0.971 0.976 0.981 

7.90 1.005 0.993 0.984 0.978 0.970 0.968 a 968 0.972 0.977 0.982 
7.91 1.006 0.994 0.985 0.979 0.971 0.969 0.969 0.973 0.978 0.983 
7.92 1.007 0.994 . 0.986 0.980 a 972 0.970 0.970 0.974 0.978 0.984 
7. 93 1.009 0. 997 0.987 0.981 0.972 0.970 a 970 0.974 0.979 0.984 
7. 94 1. 010 0.998 0.988 0.982 0.973 a 971 0.971 0.975 0.979 0.985 

7.95 1. Oi l 0. 999 a 989 0.983 0.974 0.972 0.972 0.976 0.980 0.986 
7.96 1.012 1.000 0.990 0.984 0.975 0.973 a 973 0.977 0.981 0.987 
7.97 1.013 1. 001 0.991 0.985 0.976 0.974 0.974 0.978 0.982 0.988 
7.98 1.015 1.003 0.993 0.986 0.977 a 975 0.974 0.978 0.982 0.988 
7. 99 1.016 1.004 0.994 0.987 0.978 0.976 0.975 0.979 0.983 0.989 

8.00 1.017 1.005 0.995 0.988 0.979 0.977 0.976 0.980 0.984 0.990 
8.01 1.018 1.006 0.996 0.989 0.980 0.978 0.977 0.981 a 985 0.991 
8.02 1.019 1.007 0.997 0.990 0.981 0.979 0.978 0.982 0.986 0.992 
8.03 1.020 1.008 0.998 0.991 0.981 0.980 0.978 0.982 0.986 0.992 
8.04 1.021 1.009 0.999 0.992 0.982 0.981 0.979 0.983 0.987 0.993 

8.05 1.022 1.010 1.000 0.993 0.983 0.982 0.980 0.984 0.988 0.994 
8.06 1.023 1. Oi l 1.001 0.994 0.984 0.983 0.981 0.985 0.989 0.995 
8.07 1. 024 1.012 1.002 0.995 0.985 0.984 0.982 0.986 0.990 0.996 
8.08 1. 025 1.014 1.004 0.996 a 985 0.985 0.982 0.987 0.990 0.996 
8.09 1.026 1.015 1.005 0.997 0.986 0.986 0.983 0.988 0.991 0.997 

8.10 1.027 1.016 1.006 0. 998 0.987 0.987 0.984 0.989 0.992 0.998 
8.11 1.028 1.017 1.007 0.999 0.988 0.988 0.985 0.990 0.993 0.998 
8.12 1.029 1. 018 1.008 1.000 0.989 0.989 0.986 0.990 0.994 0.999 
8. 13 1.030 1.019 1.009 1.000 0.989 0.989 0.986 0.991 0.994 0.999 
8.14 1.031 1.020 1.010 1.001 0.990 0.990 0.987 0.991 0.995 1.000 

8.15 1.032 1.021 1. O i l 1.002 0.991 0.991 0.988 0.992 0.996 1.000 
8.16 1.033 1.022 1.012 1.003 0. 992 0.992 0.989 0.993 0.997 1.001 
8.17 1.034 1.023 1.013 1.004 0.993 0.993 0.990 0.994 0. 998 1.001 
8.18 1.036 1.024 1. 014 1.005 0. 994 0.994 0.990 0.994 0.998 1.002 
8.19 1.037 1.025 1.015 1.006 0.995 0.995 0.991 0.995 0.999 1.002 

8. 20 1.038 1.026 1.016 1.007 0.996 0.996 0. 992 0. 996 1.000 1.003 
8.21 1.039 1.027 1. 017 1.008 0.997 0.997 0.993 0.997 1.001 1.004 
8. 22 1. 040 1.028 1.018 1.009 0.998 0.998 0. 994 0.997 1.002 1.005 
8. 23 1.042 1.029 1.019 1.010 0.998 0.998 0.994 0.998 1.002 1.005 
8. 24 1.043 1.030 1.020 1.011 0.999 0.999 0. 995 0.998 1.003 1.006 

8. 25 1.044 1.031 1.021 1.012 1.000 1.000 0.996 0.999 1.004 1.007 
8. 26 1.045 1.032 1.022 1.013 1. 001 1.001 0. 997 1.000 1.005 1.008 
8. 27 1. 046 1.033 1.023 1.014 1.002 1.C02 0.998 1.001 1.006 1.009 
8. 28 1.048 1.035 1.024 1.015 1.003 1.002 0.999 1.001 1.006 1.009 
8. 29 1.049 1.036 1.025 1.016 1.004 1.003 1.000 1.002 1.007 1.010 
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7. 85 - 8. 29 

1. oO 1. 70 1.80 1.90 2.00 2. 20 2. 40 2.60 2. 80 3. 00 Pr 

0. 993 1. 009 1.026 1.040 1.053 1.071 1.085 1.096 1.101 1. 105 7.85 
0. 994 1.010 1.027 1.040 1.053 1.071 1.085 1.096 1.101 1.105 7.86 
0. 995 1.010 1.027 1.041 1.054 1.072 1.086 1.097 1.102 1.106 7.87 
0. v95 1.011 1.028 1.041 1.054 1.072 1.086 1.097 1.102 1. 106 7. 88 
0. 9y6 1.011 1.028 1. 042 1.055 1.073 1.087 1.098 1.103 1. 107 7. 89 

0. 997 1.012 1.029 1.042 1.055 1.073 1.087 1.098 1.103 1.107 7. 90 
0. 997 1. 013 1.029 1.042 1.055 1. 073 1.087 1.098 1.103 1.107 7. 91 
0. 998 1.013 1.030 1.043 1.056 1. 074 1. 087 1.098 1.103 1. 107 7. 92 
0. 998 1. 014 1.030 1.043 1.056 1. 074 1.088 1.099 1.104 1.108 7. 93 
0. 999 1. 014 1.031 1.044 1.057 1. 075 1.088 1.099 1.104 1.108 7. 94 

0. 999 1.015 1.031 1. 044 1.057 1.075 1.088 1.099 1.104 1.108 7. 95 
0. 999 1.016 1.031 1. 045 1.057 1.076 1. 088 1.099 1.104 1.108 7. 96 
1.000 1.016 1.032 1.045 1.058 1.076 1.089 1. 099 1.105 1.109 7. 97 
1.000 1.017 1.032 1.046 1.058 1.077 1.089 1. 100 1.105 1. 109 7. 98 
1. 001 1. 017 1.033 1.046 1.059 1. 077 1.090 1.100 1.106 1.110 7. 99 

1.001 1.018 1.033 1.047 1.059 1.078 1.090 1. 100 1.106 1. 110 8.00 
1.002 1.018 1.033 1.047 1.059 1.078 1. 090 1.100 1.106 1. 110 8. 01 
1. 002 1. 019 1.034 1.048 1.059 1.078 1.090 1. 100 1.106 1. 110 8.02 
1.003 1.019 1.034 1.048 1.060 1. 078 1.091 1. 101 1.107 1. 111 8.03 
1.003 1.020 1.035 1.049 1.060 1. 079 1.091 1. 101 1.107 1. 111 8.04 

1.004 1.020 1.035 1.049 1.060 1.079 1.091 1. 101 1.107 1. I l l 8.05 
1.005 1. 020 1.036 1.049 1.060 1. 079 1.091 1. 101 1.107 1. 111 8.06 
1. 006 1. 021 1.036 1.050 1.061 1. 080 1.092 1.101 1.108 1. 111 8.07 
1.006 1. 021 1.037 1.050 1.061 1. 080 1.092 1. 102 1.108 1. 112 8.08 
1. 007 1. 022 1.037 1.051 1.062 1. 081 1.093 1.102 1.109 1. 112 8.09 

1.008 1. 022 1.038 1.051 1.062 1. 081 1.093 1. 102 1.109 1. 112 8.10 
1. 009 1.023 1. 038 1.051 1.062 1. 081 1. 093 1. 102 1.109 1. 112 8. 11 
1. 009 1. 023 1.039 1.052 1.063 1. 081 1,094 1. 102 1.109 1. 112 8.12 
1.010 1.024 1.039 1. 052 1. 063 1. 082 i.094 1. 103 1.110 1.113 8.13 
1. OiO 1. 024 1.040 1. 053 1. 064 1. 082 1. 095 1. 103 1.110 1. 113 8.14 

i. on 1. 025 1.040 1. 053 1.064 1.082 1.095 1. 103 1.110 1. 113 8.15 
1. 012 1. 026 1. 041 1. 053 1.064 1. 082 1. 095 1. 103 1. 110 1. 113 8. 16 
1. 012 I. 026 1. 041 1. 054 1. 065 1. 083 1. 096 1. 104 1. 110 1. 114 3. 17 
1. 013 1. 027 1.042 1. 054 1. 065 1. 083 1.096 1. 104 1. I l l 1. 114 8. 18 
!. 013 1. \)27 i . 042 1. 055 1. 066 ' 1. 084 i . 097 1. 105 1. I l l 1. 115 3. 19 

!. u I 4 1. 028 1. 043 1. 055 . 1.066 1. 084 i . 097 1. 105 1. I l l i _ 115 8. 20 
1. OJO i . 028 i . yJ~r.j i. 0.55 1. 066 1. u84 1 . 09" 1. 105 1. I l l 1. 115 3. 21 
1. 015 1. 02" 1. 0-4 1. Ooo 1. 067 1. 1S85 1. 097 1. 105 1. I l l 1. 115 8. 22 
1. 0-; o i . 02" 0 ii i4 1. ir-0 1. 067 i . iN.' L . Oyr, 1. 106 1. 112 1. 116 8. 23. 
'. '0 ii u-;o '. 0i5 1. i.57 1. 068 I . 08n !. 098 1. 106 1. 112 1 

J.. 116 8. 24 

; i. '-:•') 1. 007 1. 068 I . two 

: _ ;'/)•< 
j . .Go 1. 112 i . 116 3. 25 

:. 046 I. 058 !. 1. O.-sn '. :'»8 i. . :o 1.112 1 
i • 116 8.26 

1. 0)9 1. 08 1 !. 0--6 1. 058 1.069 1. 087 '. 0--9 1. 107 1. 112 1. 117 3.27 
;. oi' 1 L. Ut7 1. 059 1. 069 !. ..;87 I . -./99 i . 107 1. 113 1. 117 8. 2S 
1. 02!) !. 982 1. 047 1. 059 1. 070 1. 088 ;. too i . 108 1. 113 1. 118 3. 29 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

8. 30 1.050 1.037 1.026 1.017 1.005 1.004 1.001 1.003 1.008 1.011 
8.31 1.051 1.038 1.027 1.018 1.006 1.005 1. 002 1.004 1.009 1.012 

8. 32 1.052 1.039 1.028 1.019 1.007 1.006 1.003 1.005 1.009 1.012 
8.33 1.053 1.040 1.029 1.019 1.008 1.006 1.003 1.005 1.010 1.013 
8.34 1.054 1. 041 1.030 1.020 1.009 1.007 1.004 1.006 1.010 1.013 

8. 35 1.055 1.042 1.031 1.021 1.010 1.008 1.005 1.007 1.011 1.014 

8.36 1.056 1.043 1.032 1.022 1. OU 1.009 1.006 1.008 1.012 1.015 
8. 37 1.057 1.044 1.033 1.023 1.012 1.010 1.007 1.009 1.013 1.016 
8. 38 1.058 1.046 1.034 1.024 1.013 1.010 1.008 1.010 1. 013 1.016 

8.39 1. 059 1.047 1.035 1.025 1.014 1.011 1.009 1. on 1.014 1.017 

8.40 1.060 1.048 1.036 1.026 1.015 1.012 1.010 1.012 1.015 1.018 
8. 41 1.061 1.049 1.037 1.027 1.016 1.013 1.011 1.013 1.016 1.019 

8. 42 1.062 1.050 1.038 1.028 1.017 1.014 1.012 1.014 1.017 1.019 
8. 43 1.063 1.051 1.039 1.028 1.017 1.014 1.012 1.014 1.017 1.020 

8. 44 1.064 1.052 1.040 1.029 1.018 1.015 1.013 1.015 1.018 1.020 

8. 45 1.065 1.053 1.041 1.030 1.019 1.016 1.014 1.016 1.019 1.021 

8.46 1.066 1.054 1.042 1.031 1.020 1.017 1.015 1.017 1.020 1.022 
8.47 1.067 1.055 1.043 1.032 1.021 1.018 1.016 1.018 1.021 1.023 

8. 48 1.068 1.056 1.044 1.033 1.022 1.019 1.017 1.018 1.021 1.023 

8. 49 1. 069 1.057 1.045 1.034 1.023 1.020 1.018 1.019 1.022 1.024 

8. 50 1.070 1.058 1.046 1.035 1.024 1.021 1.019 1.020 1.023 1.025 

8.51 1.071 1.059 1. 047 1.036 1.025 1.022 1.020 1.021 1.024 1.026 

8. 52 1.072 1.060 1. 048 1.037 1.026 1.023 1.021 1.022 1.024 1.026 

8. 53 1.073 1.061 1.049 1.038 1.027 1.023 1.021 1.022 1.025 1.027 

8. 54 1.074 1.062 1.050 1.039 1.028 1.024 1.022 1.023 1.025 1.027 

8.55 1. 075 1.063 1.051 1.040 1. 029 1.025 1.023 1.024 1.026 1.028 

8. 56 1.076 1.064 1. 052 1. 041 1. 030 1.026 1.024 1.025 1.027 1.029 

8.57 1.077 1.065 1.053 1.042 1.031 1.027 1.025 1.026 1.028 1.029 

8. 58 1.079 1.066 1.054 1.043 1.032 1.028 1.026 1.026 1.028 1.030 

8. 59 1.080 1.067 1. 055 1.044 1.033 1.029 1.027 1.027 1.029 1.030 

3.60 1.081 1. 068 1.056 1. 045 1.034 1.030 1.028 1.028 1.030 1.031 

3. 61 1.082 1.069 1.057 1. 046 1.035 1.031 1.029 1.029 1.031 1.032 

8. 62 1.083 1.070 1.058 1.C47 1. 036 1.032 1.030 1.030 1.032 1.033 

S. 03 1.084 1.071 1.059 1. 047 1. 037 1.032 1.030 1.030 1.032 1.033 

8. o4 1.085 1. 072 1.060 1. 048 1. 038 1. 033 1.031 1.031 1.033 1.034 

8. 65 1.086 1.073 1.061 1. 049 1.039 1. 034 1. 032 1.032 1.034 1.035 

S. 00 1. 087 1. 074 1.062 1.050 1. 040 1.035 1.033 1.033 1.035 1.036 

8. 67 1. 0S8 1.075 1.063 1. 051 1. 041 1. 036 1.034 1.034 1.036 1.037 

8. 68 1.090 1.075 1.064 1. 052 1. 042 1. 037 1. 035 1.034 1.036 1.037 

8. OS' 1. 091 1. 077 1.065 1.053 1. 043 1. X38 1.036 1. 035 1.037 1.038 

8.70 1.092 1. 073 1.066 1. 054 1.044 !. 039 1. 037 1.036 1.038 1. 039 

8. 71 1.093 i . 079 1. 067 1.055 1. 045 1. 0-.0 •1. 038 1.037 1. 039 1.040 

8. 72 1.094 1.080 1.068 1. 056 1.046 1. O-il 1. 039 1.038 1. 039 1. 041 

8. 73 1. 095 1. 081 1.068 • 1.056 1.047 1. 041 1. 039 1.038 1.040 1. 041 

3. 74 1. 096 1. 082 1.069 1. 057 1.048 1.042 1.040 1.039 1.040 1. 042 
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1. 30 - 8. 

1.60 1.70 1. 8 0' 1.90 2.00 2.20 2. 40 2.60 2. 80 3.00 Pr 

1.021 1.033 1.048 1.060 1.070 1.088 1. 100 1.108 1.113 1.118 8. 30 
1.022 1.034 1.048 1.060 1.070 1.088 1. 100 1.108 1.113 1.118 8.31 
i . 022 1.034 1.049 1. 061 1.071 1.088 1.100 1 108 1.114 1.118 8. 32 

. 023 1.035 1.049 1.061 1.071 1.089 1. 101 1.109 1.114 1. 119 8. 33 
1.023 1.035 • 1.050 1.062 1. 072 1. 089 1. 101 1.109 1.115 1.119 8.34 

1.024 1. 036 1.050 1.062 1.072 1. 089 1. 101 1.109 1.115 1.119 8. 35 
1.025 1.037 1.050 1.062 1.072 1. 089 1. 101 1.109 1.115 1.119 8.36 
1.025 1.037 1.051 1.063 1.073 1.090 1. 101 1.110 1.116 1.119 8.37 
1.026 1.038 1.051 1.063 1.073 1.090 1. 102 1.110 1.116 1.120 8.38 
1.026 1.038 1.052 1.064 1.074 1.091 1. 102 1.111 1.117 1.120 8. 39 

1.027 1.039 1.052 1. 064 1.074 1.091 1. 102 1. I l l 1.117 1.120 8.40 
1.027 1.039 1.053 1. 064 1.074 1.091 1. 102 1. I l l 1.117 1.120 8. 41 
1.028 1. 040 1.053 1.065 1.075 1.091 1.102 1. I l l 1.117 1.120 8.42 
1.028 1. 040 1.054 1.065 1.075 1.092 1. 103 1.112 1.118 1.121 8.43 
1.029 1.041 1.054 1.066 1.076 1. 092 1. 103 1.112 1.118 1.121 8.44 

1.029 1.041 1.055 1.066 1.076 1.092 1. 103 1. 112 1.118 1.121 8. 45 
1. 030 1.042 1.056 1.067 1.076 1.092 1. 103 1.112 1.118 1.121 8.46 
1.030 1.042 1.056 1. 067 1.077 1. 093 1. 104 1.112 1.118 1.122 8. 47 
1.031 1.043 1.057 1.068 1.077 1. 093 1. 104 1. 113 1.119 1.122 8.48 
1.031 1. 043 1.057 1.068 1.078 1. 094 1. 105 1. 113 1.119 1.123 8.49 

1.032 1.044 1.058 1. 069 1.078 1. 094 1. 105 1. 113 1.119 1.123 8.50 
1.033 1.045 1.058 1.069 1.078 1.094 1. 105 1.113 1.119 1.123 8. 51 
1. 033 1. 045 1.059 1.070 1.079 1. 095 1. 106 1. 114 1.119 1. 123 8.52 
1. 034 1.046 1.059 1.070 1.079 1.095 1. 106 1. 114 1.120 1.124 8.53 
1. 034 1. 046 1.060 1.071 1.080 1. 096 1. 107 1. 115 1.120 1.124 8. 54 

1.035 1.047 1.060 1.071 1.080 !. 096 1. 107 1.115 1.120 1. 124 8. 55 
1.036 1. 048 1.061 1.071 1.080 1. 096 1. 107 1. 115 1.120 1. 124 8.56 
1.037 1.048 I . 061 1.072 1.081 1.097 1. 108 1.116 1.121 1.125 8. 57 
1. 037 1. 049 1.062 1.072 1.081 1.097 1. 108 1.116 1.121 1.125 8.58 
I . 038 1.049 1.062 1.073 1.082 1. 098 I 109 1. 117 1.122 1.126 8. 59 

1. 089 1. 050 1.063 1.073 1.082 1. 098 1. 109 1. 117 1.122 1.126 8. 60 
1. 040 1. 050 t. 063 1. 073 1.082 1. 098 1. 109 1. 117 1.122 1. 126 8. 61 
1. 040 1. 051 i . 064 1. 074 1.083 1. 098 1. 109 1. 117 1. 122 1. 126 8.62 
i . 041 1. 0~ 1 1. 064 1. 074 1. 033 1. 099 1, 110 1. 118 1. 123 1. 127 8.63 
j . 041 1. 052 ".. 065 1. 075 1. 03 i 1. 099 1. U O 1. 118 1. 123 1. 127 8. 64 

1. 042 1. 052 . 065 1. 075 1. 084 I . 09" •Lw 110 1. 113 1. 123 1. 127 8.65 
'.. 048 i . • * ; i . 066 1.076 1. 035 1. 099 1. 110 1. 118 1. 123 1. 127 3.66 
1. 0-.4 i/33 ; . 066 1. 3 7c; 1. 055 i . IOO 1. 111 1. I i 9 1.124 1. 128 8. 67 
1. 044 ;. or-4 ... 067 1. 077 1. OGo I . i-i;. i 1 i 1 I . 119 1. 124 1. 128 8. 68 
;. 045 1. 054 ... 067 1. 077 1. 086 1, 101 1. 112 I . 120 1. 125 1.129 a.o9 

i . • :. or. 5 : . Oro 1. 078 i . 087 1. 10! 1. 112 1. 120 1. 125 1. 129 8.70 
'.. 14I-I 1. jr .; i . 063 !. 078 I . u87 i . 101 1. 112 1. 120 1. 125 1. 129 8. 71 

-xi t , i . 1. 079 1. 088 1. 102 1. 112 1. i 2 0 1. 125 I . 129 8.72 
i . 04/ ] . 057 1. 0o9 1. 079 i . 088 1. 102 1. 113 1. 121 1.126 1. 130 8. 73 
1. 048 !. U57 1. 070 1. 030 I . 089 1. 103 i 

i . U l 1. 121 1. 126 1. 130 8.74 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

8.75 1.097 1.083 1.070 1.058 
8.76 1.098 1.084 1.071 1.059 
8.77 1. 099 1.085 1.072 1.060 
8. 78 1.100 1.086 1.073 1.061 
8. 79 1.101 1.087 1.074 1.062 

8.80 1.102 1.088 1.075 1.063 
8.81 1.103 1.089 1.076 1.064 
8.82 1.104 1.090 1.077 1.065 
8.83 1.106 1.092 1.078 1.066 
8. 84 1.107 1.093 1.079 1.067 

8. 85 1.108 1.094 1.080 1.068 
8.86 1.109 1.095 1.081 1.069 
8. 87 1.110 1.096 1.082 1.070 
8. 88 1. I l l 1.097 1.083 1.071 
8. 89 1.112 1.098 1.084 1.072 

8.90 1. 113 1.099 1.085 1.073 
8.91 1.114 1.100 1.086 1.074 
8. 92 1. 115 1.101 1.087 1.075 
8. 93 1. 116 1.101 1.088 1.075 
8. 94 1. 117 1.102 1.089 1.076 

8. 95 1.118 1.103 1.090 1.077 
8.96 1.119 1.104 1.091 1.078 
8. 97 1. 120 1.105 1.092 1.079 
8.98 1. 122 1.106 1. 093 1.080 
8. 99 1. 123 1.107 1.094 1.081 

9.00 1. 124 1. 108 1.095 1.082 
9.01 1. 125 1. 109 1.096 1.083 
9. 02 1. 126 1. 110 1.097 1.C34 
9. 03 1. 127 1. I l l 1. 098 1.034 
9. 04 1. 128 1. 112 1.099 1.035 

9. 05 1. 129 1. 113 1. 100 1.086 
9.06 1. 130 1. 114 1. 101 1.C87 
9. 07 1.131 1. 115 1. 102 1.088 
9. 08 1. 133 1. 116 1. 103 1. 039 
9. 09 1. 134 1. 117 1. 104 1.090 

9. 10 1. 135 1. 118 1. 105 1. 091 
9. 11 1. 136 1. 119 1.106 1. 092 
9. 12 1. 137 1. 120 1. 107 l.C 3.3 
9. 13 i . 138 I. 121 1. 107 1.094 
9. 14 1. 139 1. 122 1. 108 1.095 

9. 15 1. 140 1. 123 1.109 1.096 
9. 16 1. 141 1. 124 1.110 1.097 
9. 17 1. 142 1. 125 1. I l l 1.0?8 
9. 18 1. 144 1. 126 1. 112 1. 099 
9. 19 1. 145 1. 127 1. 113 1. 100 

1.049 1.043 1.041 1.040 1.041 1.043 
1.050 1.044 1.042 1.041 1.042 1.044 
1. 051 1.045 1.043 1.042 1.043 1.045 
1.052 1.046 1.043 1.042 1.043 1.045 
1.053 1.047 1.044 1.043 1.044 1.046 

1.054 1.048 1.045 1.044 1.045 1.047 
1.055 1.049 1.046 1.045 1.046 1.047 
1.056 1.050 1.047 1.046 1.046 1.048 
1.056 1.050 1.047 1.046 1.047 1.048 
1.057 1.051 1.048 1.047 1.047 1.049 

1.058 1.052 1.049 1.048 1.048 1.049 
1.059 1.053 1.050 1.049 1.049 1.050 
1.060 1.054 1.051 1.050 1.050 1.050 
1.061 1.054 1.051 1.050 1.050 1.051 
1.062 1.055 1.052 1.051 1.051 1.051 

1.063 1.056 1.053 1.052 1.052 1.052 
1.064 1.057 1.054 1.053 1.053 1.053 
1.065 1.058 1.055 1.053 1.054 1.054 
1.065 1.058 1. 055 1.054 1.054 1.054 
1.066 1.059 1.056 1.055 1.055 1.055 

1.067 1.060 1.057 1.056 1. 056 1.056 
1.068 1.061 1. 058 1.057 1.057 1.057 
1.069 1.062 1.059 1.058 1. 058 1.058 
1. 070 1.062 1.059 1.058 1.058 1.058 
1.071 1.063 1.060 1.059 1.059 1.059 

1.072 1.064 1.061 1.060 1.060 1.060 
1.073 1.065 1.062 1.061 1. 061 1.061 
1.074 1.066 1.063 1.062 1.062 1.062 
1.074 1.066 1.063 1.062 1.062 1.062 
1.075 1.067 1.064 1.063 1.063 1.063 

1.076 1. 068 1.065 1.064 1.064 1.064 
1. 077 1. 069 1. 066 1.065 1.065 1.065 
1. 078 1. 070 1.067 1.066 1.066 1.066 
1.079 1.071 1.067 1.066 1.066 1.066 
1.080 1. 072 1.068 1.067 1.067 1.067 

1.081 1. 073 1.069 1.068 1.068 1.068 
1. 082 1.074 1. 070 1.069 1.069 1. 069 
1.083 1. 075 1. 071 1.069 1. 069 1.069 
1. 083 1. 375 1.071 1.070 1.070 1.070 
1.084 1.076 1.072 1.070 1.070 1.070 

1.085 1.077 1. 073 1.071 1.071 1.071 
1.086 1. 378 1. 074 1.072 1.072 1. 072 
1.087 1. 079 1. 075 1.073 1.072 1.072 

1.088 1. 080 1.076 1.073 1.073 1.073 
1.089 1.081 1.077 1.074 1.073 1.073 
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T 
r 8. 75 - 9.19 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 P r 

1.048 1.058 1.070 1.080 1.089 
1.049 1.059 1.071 1.080 1.089 
1.049 1.059 1.071 1.081 1.090 
1.050 1.060 1.072 1.081 1.090 
1.050 1.060 1.072 1.082 1.091 

1.051 1.061 1.073 1.082 1.091 
1.052 1.062 1.073 1.082 1.091 
1.053 1.062 1.074 1.083 1.092 
1.053 1. 063 1.074 1.083 1.092 
1.054 1.063 1.075 1.084 1.093 

1.055 1.064 1.075 1.084 1.093 
1.056 1. 065 1.076 1.085 1.093 
1.056 1.065 1.076 1.085 1.094 
1.057 1.066 1.077 1.086 1.094 
1.057 1. 066 1.077 1.086 1.095 

1.058 1.067 1.078 1. 087 1.095 
1.059 1.067 1.078 1.087 1.095 
1.059 1. 068 1.079 1.088 1.096 
1.060 1.068 1.079 1. 088 1.096 
1.060 1.069 1.080 1.089 1.097 

1.061 1.069 1.080 1.089 1.097 
1.062 1.070 1.081 1.090 1.098 
1.062 1.070 1.081 1.090 1. 098 
1.063 1.071 1.082 1. 091 1.099 
1.063 1.071 1.082 1. 091 1.099 

1.064 1.072 1.083 1.092 1.100 
1.065 1.073 1.083 1.092 1.100 
1.065 1.073 1.084 1.093 1.101 
1.066 1.074 1.084 1.093 1.101 
1.066 1.074 1.085 . 1.094 1.102 

1.067 1.075 . 1.085 1. 094 1.102 
1. 068 1.076 1.086 1.095 1.102 
1. 068 1.076 1.086 1.095 1.103 
1.069 1. 077 1.087 1.096 1.103 
1.069 1. 077 1. 087 1.096 1.104 

1.070 1.078 1.088 1.097 1.104 
1. 071 1.079 1.089 1.097 1.104 
1.072 1.079 1.089 1.098 1.105 
1.072 1.080 1.090 1.098 1.105 
1.073 1. 080 1.090 1.099 1.106 

1. 074 1.081 1.091 1.099 1. 106 
1. 075 1. 082 1.092 1.100 1. 106 
1. 076 1.082 1.092 1.100 1. 107 
1. 076 1.083 1.093 1.101 1. 107 
1. 077 1.083 1.093 1.101 1. 108 

1. 103 1.113 1.121 1.126 1. 130 8. 75 
1. 103 1.113 1.121 1.126 1.130 8. 76 
1. 104 1.114 1. 121 1.126 1.131 8.77 
1. 104 1. 114 1.122 1.127 1.131 8. 78 
1. 105 1. 115 1.122 1.127 1.132 8.79 

1. 105 1.115 1. 122 1.127 1.132 8.80 
1. 105 1.115 1.122 1.127 1.132 8.81 
1. 106 1. 115 1.123 1.128 1.132 8. 82 
1. 106 1.116 1. 123 1. 128 1.133 8.83 
1. 107 1.116 1.124 1.129 1.133 8.84 

1. 107 1.116 1.124 1.129 1.133 8. 85 
1. 107 1.116 1.124 1.129 1.133 8.86 
1. 108 1.117 1.125 1.130 1.134 8.87 
1. 108 1.117 1.125 1.130 1.134 8.88 
1. 109 1.118 1.126 1.131 1.135 8.89 

1. 109 1.118 1.126 1.131 1.135 8.90 
1. 109 1.118 1.126 1.131 1.135 8.91 
1. 110 1.119 1.126 1.131 1.135 8. 92 
1. 110 1.119 1. 127 1.132 1.136 8. 93 
1. 111 1.120 1.127 1.132 1.136 8.94 

1. 111 1.120 1.127 1.132 1.136 8. 95 
1. 111 1.120 1.127 1.132 1.136 8.96 
1. 112 1.121 1.128 1.133 1.137 8. 97 
1. 112 1.121 1.128 1.133 1.137 8.98 
1. 113 1.122 1.129 1.134 1.138 8. 99 

1. 113 1.122 1.129 1.134 1.138 9. 00 
1. 113 1.122 1.129 1.134 1.138 9. 01 
1. 114 1.123 1.129 1.134 1.138 9.02 
1. 114 1.123 1. 130 1.135 1.139 9. 03 
1. 115 1.124 1. 130 1.135 1.139 9. 04 

1. 115 1.124 1.130 1.135 1.139 9.05 
1. 115 1. 124 1. 130 1.135 1. 139 9.06 
1. 116 1. 125 1.131 1.136 1. 139 9. 07 
1. 116 1.125 1.131 1.136 1.140 9. 08 
1. 117 1. 126 1.132 1.137 1. 140 9. 09 

1. 117 1. 126 1. 132 1. 137 1. 140 9.10 
1. 117 1.126 1.132 1.137 1. 140 9.11 
1. 118 1.127 1. 132 1.137 1. 140 9. 12 
1. 118 1. 127 1. 133 1. 138 1. 141 9.13 
1. 119 1. 128 1.133 1. 138 1. 141 9. 14 

1. 119 1. 128 1. 133 1.138 1. 141 9.15 
1. 120 1. 128 1. 133 1.138 1. 141 9.16 
1. 120 1. 129 1. 134 1.139 1. 142 9.17 
1. 121 1.129 1. 134 1.139 1. 142 9.18 
1. 121 1.130 1. 135 1.140 1. 143 9.19 
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Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

9.20 1.146 1.128 1.114 1.101 1.090 1.082 1.078 1.075 1.074 1.074 
9.21 1.147 1.129 1.115 1.102 1.091 1.083 1.079 1.076 1.075 1.075 
9.22 1.148 1.130 1.116 1.103 1.092 1.084 1.080 1.077 1.076 1.075 
9.23 1.149 1.131 1.117 1.103 1.092 1.084 1.080 1.077 1.076 1.076 
9.24 1.150 1.132 1.118 1.104 1.093 1.085 1.081 1.078 1.077 1.076 

9.25 1.151 1.133 1.119 1.105 1.094 1.086 1.082 1.079 1.078 1.077 
9.26 1.152 1.134 1.120 1.106 1.095 1.087 1.083 1.080 1.079 1.078 
9.27 1.153 1.135 1.121 1.107 1.096 1.088 1.084 1.081 1.080 1.078 
9.28 1.155 1.136 1.122 1.108 1.097 1.089 1.084 1.081 1.080 1.079 
9.29 1.156 1.137 1.123 1.109 1.098 1.090 1.085 1.082 1.081 1.079 

9.30 1.157 1.138 1.124 1.110 1.099 1.091 1.086 1.083 1.082 1.081 
9.31 1.158 1.139 1.125 1.111 1.100 1.092 1.087 1.084 1.083 1.082 
9.32 1.159 1.140 1.126 1.112 1.101 1.093 1.088 1.085 1.084 1.082 
9.33 1.160 1.141 1.127 1.113 1.102 1.093 1.088 1.085 1.084 1.083 
9.34 1.161 1.142 1.128 1.114 1.103 1.094 1.089 1.086 1.085 1.083 

9. 35 1.162 1.143 1.129 1.115 1.104 1.095 1.090 1.087 1.086 1.084 
9.36 1.163 1.144 1.130 1.116 1.105 1.096 1.091 1.088 1.087 1.085 
9. 37 1.164 1.145 1.131 1.117 1.106 1.097 1.092 1.089 1.088 1.086 
9.38 1.165 1.146 1.132 , 1.118 1.107 1.098 1.093 1.090 1. 088 1.086 
9. 39 1.166 1.147 1.133 1.119 1.108 1.099 1.094 1.091 1.089 1.087 

9.40 1.167 1.148 1.134 1.120 1.109 1.100 1.095 1.092 1.090 1.088 
9. 41 1.168 1.149 1.135 1.121 1.110 1.101 1.096 1.093 1.091 1.089 
9.42 1.169 1.150 1.136 1.122 1.111 1.102 1.097 1.094 1.092 1.090 
9.43 1.170 1.151 1.137 1.122 1.111 1.102 1.097 1.094 1.092 1.090 
9.44 1.171 1.152 1.138 1.123 1.112 1.103 1.098 1.095 1.093 1.091 

9.45 1.172 1.153 1.139 1.124 1.113 1.104 1.099 1.096 1.094 1.092 
9.46 1.172 1.154 1.140 1.125 1.114 1.105 1.100 1.097 1.095 1.093 
9.47 1.173 1.155 1.141 1.126 1.115 1.106 1.101 1.098 1.096 1.094 
9. 48 1.175 1.157 1.142 1.127 1.116 1.107 1.101 1.098 1.096 1.094 
0.49 1.176 1.158 1.143 1.128 1.117 1.108 1.102 1.099 1.097 1.095 

9. 50 1.178 1.159 1.144 1.129 1.118 1.109 1.103 1.100 1.098 1.096 
9.51 1.179 1.160 1.145 1.130 1.119 1.110 1.104 1.101 1.099 1.097 
9. 52 1.180 1.161 1. 146 1.131 1.120 1. I l l 1.105 1.102 1.099 1.097 
9. 53 1.180 1.162 1.147 1.132 1.120 1.111 1.105 1.102 1.100 1.098 
9. 54 1. 181 1.163 1. 148 1.133 1.121 1.112 1.106 1.103 1.100 1.098 

9. 55 1.182 1.164 1.149 1.134 1.122 1.113 1.107 1.104 1.101 1.099 
9. 56 1.183 1.165 1.150 1.135 1.123 1.114 1.108 1.105 1.102 1.100 
9. 57 1.185 1.166 1.151 1.136 1.124 1.115 1.109 1.106 1.102 1.100 
9. 58 1.186 1.167 1.152 1.137 1.125 1.116 1.109 1.106 1.103 1.101 
9. 59 1.188 1.168 1.153 1.138 1.126 1.117 1.110 1.107 1.103 1.101 

9. 60 1.189 1.169 1.154 1.139 1.127 1.118 1. I l l 1.108 1.104 1.102 
9.61 1.190 1.170 1. 155 1.140 1.128 1.119 1.112 1.109 1.105 1.103 
9. 62 1.191 1.171 1.156 1.141 1.129 1.120 1.113 1.110 1.106 1.103 
9. 63 1.192 1.172 1.156 1.141 1.130 1.120 1.113 1.110 1.106 1.104 
9. 64 1.193 1. 173 1.157 1.142 1.131 1.121 1.114 1.111 1.107 1.104 

J 

0 

vn - 58 



T 
r 9. 20 - 9. 64 

1. Okf 1.70 1.80 1.90 2.00 2.20 2. 40 2.60 2. 80 3.00 Pr 

1. 078 1.084 1.094 1.102 1. 108 1. 122 1.130 1.135 1.140 1.143 9.20 
1.079 1.084 1.094 1.102 -1. 108 1. 122 1.130 1.135 1.140 1.143 9.21 
1.079 1.085 1.095 1.1Q3 1.109 1. 123 1.131 1.135 1.140 1.144 9.22 
1.080 1.C85 1.095 1.103 1.109 1.123 1.131 1.136 1.141 1.144 9.23 
1.080 1.086 1.096 1.104 1.110 1. 124 1.132 1.136 1.141 1.145 9.24 

1.081 1.086 1.096 1.104 1. 110 1. 124 1.132 1.136 1.141 1.145 9.25 
1.082 1.087 1.097 1.104 1. 110 1. 124 1.132 1.136 1.141 1.145 9.26 
1.082 1.087 1.097 1.105 1. 111 1. 125 1.133 1.137 1.142 1.146 9.27 
1.083 1.088 1.098 J. 105 1. 111 1. 125 1.133 1.137 1.142 1.146 9.28 
1.083 1.088 1.098 1.106 1. 112 1. 126 1.134 1.138 1.143 1.147 9. 29 

1.084 1.089 1.099 1.106 1.112 1. 126 1.134 1.138 1.143 1.147 9.30 
1.085 1.090 1.099 1.106 1.112 1. 126 1.134 1.138 1.143 1.147 9.31 
1.085 1.090 1.100 1.107 1. 113 1. 127 1.135 1.139 1.144 1.147 9. 32 
1.086 1.091 1.100 1.107 1.113 1. 127 1.135 1.139 1.144 1.148 9. 33 
1.086 1.091 1.101 1.108 1. 114 1. 128 1.136 1.140 1.145 1.148 9. 34 

1.087 1.092 1.101 1.108 1. 114 1. 128 1.136 1.140 1.145 1.148 9. 35 
1.088 1.093 1.102 1.109 1. 115 1.128 1.136 1.140 1.145 1.148 9.36 
1.088 1.093 1.102 1.109 1.115 1. 129 1.137 1. 141 1.146 1.148 9. 37 
1. 189 1. 094 1.103 1. 110 1. 116 1. 129 1. 137 1.141 1.146 1.149 9.38 
1.089 1.094 1.103 1. 110 1. 116 1. 130 1. 138 1. 142 1.147 1.149 9. 39 

1.090 1.095 1.104 1. I l l 1. 117 1. 130 i . 138 1. 142 1. 147 1.149 9.40 
1.091 1.096 1.104 1. Il l 1. 117 1. 130 1. 138 1. 142 1.147 1. 149 9. 41 
1.091 1.096 I. 105 1. 112 1.118 1. 131 1. 139 1.142 1. 147 1.149 9.42 
1. 092 1.097 1. 105 1. 112 1. 118 1. 131 1. 139 1. 143 1.148 1. 150 9. 43 
1. 092 1. 097 1. 106 1. 113 1.119 1. 132 1. 140 1. 143 1.148 1. 150 9. 44 

I . 093 1. 098 I. 106 1. 113 1. 119 1. I •> I . 140 1. 143 1. 148 1. 150 9. 45 
1. 094 1. 099 i . 107 1. 114 1. 120 i . . 1 • < I 

i . I T U 1. 143 1. 148 1. 150 9. 46 
1. 095 1. 100 .. iG7 1. 114 1. 120 1. i 33 1. 141 1. i44 1. 149 1.151 9. 47 
'.. •:)'•> 5 1. 130 1. 103 1. 115 1. 121 133 1. I l l 1. 144 1. 149 1. 151 9. 48 

: • • • J 
1. 101 1. 108 L 115 121 1. 13 T 1. 142 1. i45 1. 150 1. 152 9.49 

' 'M~ i . 0 32 ].. 109 1. i.16 i . 122 1 

I . 1 ,4 1. 1.2 1. I i5 1. 150 1. 152 9. 50 
i. i J 2 J. :09 1. 116 1. 122 1. 134 1. i-,2 1. 14c 1. 150 1. 152 9.51 

: . •>•'. 1. :o3 i. . ; 10 1. 117 1. 1 37 \. 135 1. i-r2 1. 146 1. 150 1. 152 9. 52 
1. i 0' J 1.1.10 1. 117 1. 123 i . 135 1. 1-T3 i . 146 1. 151 1. 153 9.53 
1. 10 4 1.111 1. 113 1. 130 1. 1T3 1. 147 1. 151 1. 153 9. 54 

1. .30 1. 1 J r i . i n I . 118 1. 124 t ; 3» 1. U3 1. 117 I . 151 1. 153 9. 55 
1. i 01 i.'o 1. 112 1. 1.9 1. 124 S.. 

• 7 . . - -4 3 1. 147 1. 151 1. 153 9.56 
1. 101 1. 105 112 • 1. 119 1. 1— TJ : 3 ' '. 134 1. 148 1. 152 1. 154 9.57 

1. i ;6 1. 113 1. 120 ! _ i - i . i 38 1. U-i 1. 143 1. 152 1. 154 9. 53 

; / • > 
1. 0)6 •.in 1. 120 1 12 6 1, iG8 !. 1 "J-5 1. 149 1. 153 1. 155 9. 59 

: r ;. U4 1. 121 1. ; 20 11 13-> i . 1-.-5 1. 149 1. 153 1. 155 9. 60 
. . : . ' I i . • 1.1:5 1. ;2f' 109 ; bo 1. i-r9 1. 153 1. 155 9. ol 
1 . t . " + 1. l...:;s 1. 115 1. 122 A * i27 1. U0 1. Oc 1-9 1. 153 1. 155 9. 62 
:. ii 1 : - l . oo 1. 115 1. L22 1. 127 I -0 1. 146 1. 154 1. 156 9. 63 
; j f .5 i . 109 1. l i i } 1. 123 1. 128 I, 141 1. 147 1. 150 1. 154 1. 156 9. 64 



1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

9.65 1.194 1.174 1.158 1.143 
9.66 1.195 1.175 1.159 1.144 
9.67 1.196 1.176 1.160 1.145 
9.68 1.198 1.177 1.161 1.146 
9.69 1.199 1.178 1.162 1.147 

9.70 1.200 1.179 1.163 1.148 
9.71 1.201 1.180 1.164 1.149 
9.72 1.202 1.181 1.165 1.150 
9.73 1.203 1.182 1.166 1.151 
9.74 1.204 1.183 1.167 1.152 

9.75 1.205 1.184 1.168 1.153 
9.76 1.206 1.185 1.169 1.154 
9.77 1.207 1.186 1.170 1.155 
9.78 1.208 1.187 1.171 1.156 
9.79 1.209 1.188 1.172 1.157 

9.80 1.210 1.189 1.173 1.158 
9.81 1.211 1.190 1.174 1.159 
9.82 1.212 1.191 1.175 1.160 
9.83 1. 213 1.192 1.176 1.160 
9.84 1.214 1.193 1.177 1.161 

9.85 1.215 1.194 1.178 1.162 
9.86 1.216 1.195 1.179 1.163 
9. 87 1.217 1.196 1.180 1.164 
9. 88 1.219 1.198 1.181 1.165 
9. 89 1.220 1.199 1.182 1.166 

9.90 1.221 1.200 1.183 1.167 
9.91 1.222 1.201 1.184 1.168 
9.92 1. 223 1.202 1.185 1.169 
9. 93 1.224 1.203 1.185 1.169 
9. 94 1.225 1.204 1.186 1.170 

9. 95 1. 226 1.205 1.187 1.171 
9.96 1. 227 1.206 1.188 1.172 
9. 97 1.228 1.207 1.189 1.173 
9.98 1.229 1.208 1.190 1.174 
9. 99 1.230 1. 209 1.191 1.175 

10.00 1.231 1.210 1.192 1.176 
10.01 1.232 1.211 1.193 1.177 
10.02 1. 233 1.212 1.194 1.178 
10.03 1.234 1.213 1.195 1.178 
10. 04 1.235 1.214 1.196 1.179 

10. 05 1.236 1.215 1.197 1.180 
10.06 1. 237 1.216 1.198 1.181 
10.07 1. 238 1.217 1.199 1.182 
10.08 1. 240 1.218 1.200 1.183 
10.09 1.241 1.219 1.201 1.184 

1.132 1.122 1.115 1.112 1.108 1.105 
1.133 1.123 1.116 1.113 1.109 1.106 
1.134 1.124 1.117 1.114 1.110 1.107 
1.135 1.125 1.118 1.114 1.110 1.107 
1.136 1.126 1.119 1.115 1.111 1.108 

1.137 1.127 1.120 1.116 1.112 1.109 
1.138 1.128 1.121 1.117 1.113 1.110 
1.139 1.129 1.122 1.118 1.113 1. I l l 
1.139 1.129 1.122 1.118 1.114 1.111 
1.140 1.130 1.123 1.119 1.114 1.112 

1.141 1.131 1.124 1.120 1.115 1.113 
1.142 1.132 1.125 1.121 1.116 1.114 
1.143 1.133 1.126 1.122 1.117 1.115 
1.144 1.133 1.126 1.122 1.117 1.115 
1.145 1.134 1.127 1.123 1.118 1.116 

1.146 1.135 1.128 1.124 1.119 1.117 
1.147 1.136 1.129 1.125 1.120 1.118 
1.148 1.137 1.130 1.126 1.121 1.118 
1.148 1.137 1.130 1.126 1.121 1.119 
1.149 1.138 1.131 1.127 1.122 1.119 

1.150 1.139 1.132 1.128 1.123 1.120 
1.151 1.140 1.133 1.129 1.124 1.121 
1.152 1.141 1.134 1.130 1.125 1.122 
1.153 1.141 1.135 1.130 1.125 1.123 
1.154 1.142 1.136 1.131 1.126 1.123 

1.155 1.143 1.137 1.132 1.127 1.123 
1.156 1.144 1.138 1.133 1.128 1.124 
1.157 1.145 1.139 1.134 1.128 1.124 
1.157 1.145 1.139 1.134 1.129 1.125 
1.158 1.146 1.140 1.135 1.129 1.125 

1.159 1.147 1.141 1.136 1.130 1.126 
1.160 1.148 1.142 1.137 1.131 1.127 
1.161 1.149 1.143 1.138 1.132 1.128 
1.162 1.150 1.143 1.138 1.132 1.128 
1.163 1.151 1.144 1.139 1.133 1.129 

1.164 1.152 1.145 1.140 1.134 1.130 
1.165 1.153 1.146 1.141 1.135 1.131 
1.166 1.154 1.147 1.142 1.136 1.132 
1.166 1.154 1.147 1.142 1.136 1.132 
1.167 1.155 1.148 1.143 1.137 1.133 

1.168 1.156 1.149 1.144 1.138 1.134 
1.169 1.157 1.150 1.145 1.139 1.135 
1.170 1.158 1.151 1.146 1.140 1.136 
1.171 1.158 1.151 1.146 1.140 1.136 
1.172 1.159 1.152 1.147 1.141 1.137 

VU - 60 



9. 65 - 10. 09 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 

1. 106 1.110 1.117 1.123 1.128 1. 141 1.147 1. 150 1.154 1.156 9. 65 
1. 107 1. I l l 1.118 1.124 1.129 1.141 1.147 1. 150 1.154 1.156 9.66 
1. 107 1. U l 1.118 1.124 1.129 1.142 1.148 1. 151 1.155 1.157 9.67 
1. 108 1.112 1.119 1.125 1.130 1. 142 1.148 1. 151 1.155 1.157 9.68 
1. 108 1.112 1.119 1.125 1.130 1.143 1.149 1. 152 1.156 1.158 9.69 

1. 109 1.113 1.120 1.126 1.131 1.143 1.149 1. 152 1.156 1.158 9.70 
1. 110 1.114 1.120 1.126 1.131 1.143 1.149 I. 152 1.156 1.158 9.71 
1. 111 1.114 1.121 1.127 1.132 1.144 1.149 1. 153 1.156 1.158 9.72 
1. U l 1.115 1.121 1. ,127 1.132 1.144 1.150 1. 153 1.157 1.159 9.73 
1. 112 1.115 1.122 1.128 1.133 1.145 1.150 1. 154 1.157 1.159 9.74 

1. 113 1.116 1.112 1.128 1.133 1. 145 1. 150 1.154 1.157 1. 159 9.75 
1. 114 1.117 1.123 1.129 1.134 1. 146 1. 150 1.154 1.157 1. 159 9.76 
1. 115 1.117 1.123 1.129 1.134 1. 146 1. 151 1.155 1.158 1. 160 9. 77 
1. 115 1.118 1.124 1.130 1.135 1. 147 1. 151 1.155 1.158 1. 160 9. 78 
1. 116 1.118 1.124 1.130 1.135 1. 147 1. 152 1.156 1.159 1. 161 9.79 

1. 117 1. 119 1.125 1.131 1.136 1.148 1.152 1. 156 1.159 1.161 9.80 
1. 118 1. 120 1.125 1.131 1.136 1.148 1.152 1. 156 1.159 1.161 9.81 
1. 118 1. 120 1.126 1.132 1.137 1.149 1.153 1. 156 1.159 1.161 9.82 
1. 119 1. 121 1.126 1.132 , 1.137 1.149 1. 153 1. 157 1.160 1.162 9.83 
1. 119 1. 121 1.127 1.133 1.138 1.150 1.154 1. 157 1.160 1.162 9.84 

1. 120 1. 122 1.127 1.133 1.138 1. 150 1. 154 1.157 1. 160 1.162 9.85 
1. 121 1. 123 1.128 1.133 1.138 1.150 1. 154 1.157 1. 160 1.162 9.86 
1. 121 1. 124 1.128 1.134 1.139 1.151 1. 155 1.158 1. 161 1.163 9.87 
1. 122 1.124 1.129 1.134 1.139 1. 151 1. 155 1.158 1. 161 1.163 9.88 
1. 122 1.125 1.129 1.135 1.140 1.152 1. 156 1.159 1. 162 1.164 9.89 

1. 123 1.126 1.130 1.135 1.140 1.152 1. 156 1.159 1. 162 1.164 9.90 
1. 124 1.127 1.131 1.136 1.140 1.152 1. 156 1.159 1. 162 1.164 9.91 
1. 124 1.127 1.131 1.136 1.141 1.153 1. 157 1.160 1. 162 1.164 9.92 
1. 125 1.128 1.132 1.137 1.141 1.153 1. 157 1.160 1. 163 1.165 9. 93 
1. 1 !5 1.128 1.132 1.137 1.142 1. 154 1. 158 1.161 1. 163 1.165 9.94 

1. 126 1. 129 1.133 1.138 1.142 1. 154 1. 158 1.161 1. 163 1.165 9. 95 
1. 127 1. 130 1.134 1.139 1.142 1. 154 1. 158 1.161 1. 163 1.165 9.96 
1. 128 1. 130 1.134 1.139 1.143 1.155 1. 159 1.162 1. 164 1.166 9.97 
1. 128 1. 131 1.135 1.140 1.143 1. 155 1. 159 1.162 1. 164 1.166 9. 98 
1. 129 1. 131 1.135 1.140 1.144 1. 156 1. 160 1.163 1. 165 1.167 9. 99 

1. 130 1. 132 1.136 1.141 1.144 1.156 1.160 1. 163 1.165 1.167 10.00 
1. 131 1. 133 1.137 1.141 1.144 1.156 1.160 1. 163 1.165 1.167 10. 01 
1. 131 1.133 1.137 1.142 1.145 1.157 1.161 1. 163 1.165 1.167 10.02 
1. 132 1.134 1.138 1.142 1.145 1.157 1.161 1. 164 1.166 1.168 10.03 
1. 132 1. 134 1.138 1.143 1.146 1.158 1.162 1. 164 1.166 1.168 10.04 

1. 133 1. 135 1.139 1.143 1.146 1. 158 1. 162 1. 164 1. 166 1. 168 10.05 
i 

1 . 134 1. 136 1.139 1. 143 1.147 1. 158 1. 162 1. 164 1. 166 1. 168 10.06 
1. 135 1. 136 1.140 1.144 1.147 1. 159 1. 163 1. 165 1. 167 1. 169 10.07 
1. 135 1. 137 1.140 1.144 1.148 1. 159 1. 163 1. 165 1. 167 1. 169 10.08 
1. 136 1. 137 1.141 1.145 1.148 1. 160 1. 164 1. 166 1. 168 1. 170 10.09 

VII - 61 



1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 

10.10 1.242 1.220 1.202 1.185 1.173 1.160 1.153 1.148 1.142 
10.11 1.243 1.221 1.203 1.186 1.174 1.161 1.154 1.149 1.143 
10.12 1. 244 1.222 1.204 1.187 1.175 1.162 1.155 1.150 1.143 
10.13 1. 245 1.223 1.204 1.188 1.175 1.162 1.155 1.150 1.144 
10.14 1.246 1.224 1.205 1.189 1.176 1.163 1.156 1.151 1.144 

10.15 1.247 1.225 1.206 1.190 1.177 1.164 1.157 1.152 1.145 
10.16 1.248 1.226 1.207 1.191 1.178 1.165 1.158 1.153 1.146 
10.17 1.249 1.227 1.208 1.192 1.179 1.166 1.159 1.153 1.147 
10.18 1.250 1.228 1.209 1.193 1.179 1.167 1.160 1.154 1.148 
10.19 1.251 1.229 1.210 1.194 1.180 1.168 1.161 1.154 1.149 

10.20 1.252 1.230 1.211 1.195 1.181 1.169 1.162 1.155 1.149 
10.21 1.253 1.231 1.212 1.196 1.182 1.170 1.163 1.156 1.150 
10.22 1.254 1.232 1.213 1.197 1.183 1.171 1.164 1.157 1.151 
10.23 1.255 1.233 1.214 1.197 1.183 1.172 1.164 1.157 1.151 
10. 24 1.256 1.234 1.215 1.198 1.184 1.173 1.165 1.158 1.152 

10.25 1.257 1.235 1.216 1.199 1.185 1.174 1.166 1.159 1.153 
10.26 1.258 1.236 1.217 1.200 1.186 1.175 1.167 1.160 1.154 
10.27 1.259 1.237 1.218 1.201 1.187 1.176 1.168 1.161 1.155 
10. 28 1.261 1.238 1.219 1.202 1.188 1.177 1.168 1.161 1.155 
10.29 1.262 1.239 1.220 1.203 1.189 1.178 1.169 1.162 1.156 

10.30 
10.31 
10.32 
10.33 
10.34 

1.263 
1.264 
1.265 
1.266 
1. 267 

1.240 
1.241 
1.242 
1.243 
1.244 

1.221 
1.222 
1.223 
1.224 
1.225 

1.204 
1.205 
1.206 
1.206 
1.207 

1.190 
1.191 
1.192 
1.192 
1.193 

1.179 
1.180 
1.181 
1.181 
1.182 

10. 35 1.268 1.245 1.226 1.208 1.194 1.183 1.174 1.167 1.160 
10.36 1.269 1.246 1.227 1.209 1.195 1.184 1.175 1.168 1.161 
10.37 1. 270 1.247 1.228 1.210 1.196 1.185 1.176 1.169 1.162 
10.38 1.272 1.248 1.229 1.211 1.197 1.186 1.176 1.169 1.162 
10.39 1. 273 1.249 1.230 1.212 1.198 1.187 1.177 1.170 1.163 

10. 40 1.274 1.250 1.231 1.213 1.199 1.188 1.178 1.171 1.164 
10.41 1.275 1.251 1.232 1. 214 1.200 1.189 1.179 1.172 1.165 
10. 42 1. 276 1.252 1.233 1.215 1.201 1.190 1.180 1.173 1.166 
10. 43 1. 277 1.253 1.234 1.216 1.201 1.190 1.180 1.173 1.166 
10. 44 1. 278 1.254 1.235 1.217 1.202 1.191 1.181 1.174 1.167 

10. 45 1. 279 1.255 1.236 1.218 1.203 1.192 1.182 1.175 1.168 
10.46 1.280 1.256 1.237 1.219 1.204 1.193 1.183 1.176 1.169 
10.47 1. 281 1.257 1.238 1.220 1.205 1. :.94 1.184 1.177 1.170 
10.48 1.283 1.258 1.239 1.221 1.206 1.194 1.184 1.177 1.170 
10. 49 1.284 1.259 1. 240 1.222 1. 207 1.195 1.185 1.178 1.171 

10.50 1.285 1. 260 1. 241 1.223 1. 208 1.196 1.186 1.179 1.172 
10.51 1.286 1.261 1.242 1.224 1.209 1.197 1.187 1.180 1.173 
10. 52 1. 287 1.262 1.243 1.225 1.210 1.198 1.188 1.181 1.174 
10. 53 1.288 1.263 1.244 1.225 1.210 1.198 1.188 1.181 1.174 
10. 54 1.289 1.264 1. 245 1.226 1.211 1.199 1.189 1.182 1.175 

.170 

.171 

.172 

.172 

. 173 

.163 

. 164 

.165 

.165 

.166 

1.157 
1.158 
1.158 
1.159 
1.159 

1.50 

1.138 
1.139 
1.139 
1.140 
1.140 

1.141 
1.142 
1.143 
1.143 
1.144 

1.145 
1.146 
1.146 
1.147 
1.147 

1.148 
1.149 
1.150 
1.150 
1.151 

1.152 
1.153 
1.154 
1.154 
1.155 

1.156 
1.157 
1.158 
1.158 
1.159 

1.160 
1.161 
1.162 
1.162 
1.163 

1.164 
1.165 
1.166 
1.166 
1.167 

1.168 
1.169 
1.169 
1.170 
1.170 

VII - 62 



T 
r 10.10 - 10. 54 

1. 60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2. 80 3.00 Pr 

1. 137 
1.138 
1.138 
1.139 
1.139 

1.138 
1.139 
1.139 
1.140 
1.140 

1.141 
1.142 
1.142 
1.143 
1.143 

1.145 
1.145 
1.146 
1.146 
1.147 

1.149 
1.149 
1.150 
1.150 
1.151 

1.160 
1.160 
1.161 
1. 161 
1.162 

1.164 
1.164 
1.164 
1.165 
1.165 

1.166 
1.166 
1.166 
1.167 
1.167 

1.168 
1.168 
1.168 
1.169 
1.169 

1.170 
1.170 
1.170 
1.171 
1.171 

10.10 
10.11 
10.12 
10.13 
10.14 

1.140 
1.141 
1.141 
1.142 
1.142 

1.141 
1.142 
1.142 
1.143 
1.143 

1.144 
1.145 
1.145 
1.146 
1.146 

1.147 
1.148 
1.148 
1.149 
1.149 

1.151 
1.152 
1.152 
1.153 
1.153 

1.162 
1.162 
1.163 
1.163 
1.164 

1.165 
1.165 
1.166 
1.166 
1.167 

1.167 
1.167 
1.168 
1.168 
1.169 

1.169 
1.169 
1.170 
1.170 
1.171 

1.171 
1.171 
1.172 
1.172 
1.173 

10.15 
10.16 
10.17 
10.18 
10.19 

1.143 
1.144 
1.144 
1.145 
1.145 

1.144 
1.145 
1.145 
1.146 
1.146 

1.147 
1.147 
1.148 
1.148 
1.149 

1.150 
1.150 
1.151 
1.151 
1.152 

1.154 
1.154 
1.155 
1.155 
1.156 

1.164 
1.164 
1.165 
1.165 
1.166 

1.167 
1.167 
1.168 
1.168 
1.169 

1.169 
1.169 
1.170 
1.170 
1.171 

1.171 
1.171 
1.172 
1.172 
1.173 

1.173 
1.173 
1.174 
1.174 
1.175 

10.20 
10.21 
10.22 
10.23 
10.24 

1.146 
1.147 
1.147 
1.148 
1.148 

1.147 
1.148 
1.148 
1.149 
1.149 

1.149 
1.150 
1.150 
1.151 
1.151 

1.152 
1.153 
1.153 
1.154 
1.154 

1.156 
1.157 
1.157 
1.158 
1.158 

1.166 
1.166 
1.167 
1.167 
1.168 

1.169 
1.169 
1.170 
1.170 
1.171 

1.171 
1.171 
1.172 
1.172 
1.173 

1.173 
1.173 
1.174 
1.174 
1.175 

1.175 
1.175 
1.176 
1.176 
1.177 

10. 25 
10.26 
10.27 
10.28 
10. 29 

1.149 
1.150 
1.150 
1.151 
1.151 

1.150 
1.151 
1.151 
1.152 
1.152 

1.152 
1.153 
1.153 
1.154 
1.154 

1.155 
1.155 
1.156 
1.156 
1.157 

1.159 
1.159 
1.160 
1.160 
1.161 

1.168 
1.168 
1.169 
1.169 
1.170 

1.171 
1.171 
1.172 
1.172 
1.173 

1.173 
1.173 
1.173 
1.174 
1.174 

1.175 
1.175 
1.175 
1.176 
1.176 

1.177 
1.177 
1.177 
1.178 
1.178 

10. 30 
10.31 
10. 32 
10. 33 
10. 34 

1.152 
1.153 
1.154 
1.154 
1 '55 

1.153 
1.154 
1.154 
1.155 
1.155 

1.155 
1.156 
1.156 
1.157 
1.157 

1.157 
1.158 
1.158 
1.159 
1.159 

1.161 
1.162 
1.162 
1.163 
1.163 

1.170 
1.170 
1.171 
1.171 
1.172 

1.173 
1.173 
1.174 
1.174 
1.175 

1.174 
1.174 
1. 175 
1. 175 
1. 176 

1.176 
1.176 
1.177 
1.177 
1.178 

1.178 
1.178 
1.179 
1.179 
1.180 

10. 35 
10. 36 
10. 37 
10. 38 
10. 39 

1. 156 
1. 157 
1. 157 
1. 158 
1. 158 

1.156 
1.157 
1.157 
1.158 
1.158 

1.158 
1.158 
1.159 
1.159 
1.160 

1.160 
1.160 
1.161 
1.161 
1.162 

1.164 
1.164 
1.165 
1.165 
1.166 

1.172 
1.172 
1. 173 
1.173 
1.174 

1.175 
1. 175 
1.176 
1.176 
1.177 

1.176 
1. 176 
1. 176 
1. 177 
1. 177 

1.178 
1.178 
1.178 
1.179 
1. 179 

1.180 
1. 180 
1. 180 
1.181 
1.181 

10.40 
10. 41 
10.42 
10. 43 
10. 44 

1.159 1. 159 1.160 1. 162 1.166 1.174 1. 177 1. 177 1. 179 1. 181 10. 45 
1. 160 1. 160 1.160 1. 163 1.167 1.174 1. 177 1. 177 1. 179 1. 181 10.46 
1. 160 1.160 1.161 1. 163 1.167 1.175 1. 178 1. 178 1. 180 1. 182 10. 47 
1. 161 1. 161 1.161 1. 164 1.168 1.175 1.178 1. 178 1. 180 1. 182 10. 48 
1. 161 1. 161 1.162 1. 164 1.168 1. 176 1.179 1. 179 1. 181 1. 183 10. 49 

1. 162 1.162 1.162 1. 165 1.169 1. 176 1. 179 1. 179 1. 181 1.183 10. 50 
1. 163 1.163 1.163 1. 166 1.169 1. 176 1.179 1. 179 1. 181 1. 183 10.51 
1. 163 1.163 1.163 1. 166 1.170 1.177 1. 180 1. 180 1. 181 1.183 10. 52 
1. 164 1.164 1.164 1. 167 1.170 1.177 1. 180 1. 180 1. 182 1.184 10. 53 
1. 164 1.164 1.164 1. 167 1.171 1.178 1. 181 1. 181 1. 182 1.184 10.54 

VII - 63 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

10.55 
10.56 
10.57 
10.58 
10.59 

1.290 
1.291 
1. 292 
1.294 
1.295 

1.265 
1.266 
1.267 
1.268 
1.269 

1.246 
1.247 
1.248 
1.249 
1.250 

1.227 
1.228 
1.229 
1.230 
1.231 

1.212 
1.213 
1.214 
1.215 
1.216 

1.200 
1.201 
1.202 
1.202 
1.203 

1.190 
1.191 
1.192 
1.193 
1.194 

1.183 
1.184 
1.185 
1.185 
1.186 

1.176 
1.177 
1.178 
1.178 
1.179 

1.171 
1.172 
1.172 
1.173 
1.173 

10.60 
10.61 
10.62 
10.63 
10.64 

1.296 
1.297 
1.298 
1.299 
1.300 

1.270 
1.271 
1.272 
1.273 
1.274 

1.251 
1.252 
1.253 
1.254 
1.255 

1.232 
1.233 
1.234 
1.234 
1.235 

1.217 
1.218 
1.219 
1.219 
1.220 

1.204 
1.205 
1.206 
1.206 
1.207 

1.195 
1.196 
1.197 
1.197 
1.198 

1.187 
1.188 
1.189 
1.189 
1.190 

1.180 
1.181 
1.181 
1.182 
1.182 

1.174 
1.175 
1.175 
1.176 
1.176 

10.65 
10.66 
10.67 
10.68 
10.69 

1.301 
1. 302 
1.303 
1.305 
1.306 

1.275 
1.276 
1.277 
1.278 
1.279 

1.256 
1.257 
1.258 
1.259 
1.260 

1.236 
1.237 
1.238 
1.239 
1.240 

1.221 
1.222 
1.223 
1.224 
1.225 

1.208 
1.209 
1.210 
1.211 
1.212 

1.199 
1.200 
1.201 
1.201 
1.202 

1.191 
1.192 
1.193 
1.193 
1.194 

1.183 
1.184 
1.185 
1.185 
1.186 

1.177 
1.178 
1.179 
1.179 
1.180 

10.70 
10.71 
10.72 
10.73 
10.74 

1.307 
1.308 
1.309 
1.310 
1.311 

1.280 
1.281 
1.282 
1.283 
1.284 

1.261 
1.262 
1.263 
1.263 
1.264 

1.241 
1.242 
1.243 
1.244 
1.245 

1.226 
1.227 
1.228 
1.229 
1.230 

1.213 
1.214 
1.215 
1.215. 
1.216 

1.203 
1.204 
1.205 
1.205 
1.206 

1.195 
1.196 
1.196 
1.197 
1.197 

1.187 
1.188 
1.189 
1.189 
1.190 

1.181 
1.182 
1.183 
1.183 
1.184 

10.75 
10.76 
10.77 
10.78 
10. 79 

1. 312 
1.313 
1.314 
1. 316 
1.317 

1.285 
1.286 
1.287 
1.289 
1.290 

1.265 
1.266 
1.267 
1.268 
1.269 

1.246 
1.247 
1.248 
1.249 
1.250 

1.231 
1.232 
1. 233 
1.234 
1.235 

1.217 
1.218 
1.219 
1.220 
1.221 

1.207 
1.208 
1.209 
1.209 
1.210 

1.198 
1.199 
1.200 
1.200 
1.201 

1.191 
1.192 
1.193 
1.193 
1.194 

1.185 
1.186 
1.187 
1.187 
1.188 

10. 80 
10.81 
10.82 
10. 83 
LO. 84 

1.318 
1.319 
1.320 
1.321 
1.322 

1.291 
1.292 
1.293 
1.294 
1. 295 

1.270 
1.271 
1. 27 2 
1.273 
1.274 

1.251 
1.252 
1.253 
1.253 
1.254 

1.236 
1. 237 
1.238 
1.238 
1. 239 

1.222 
1.223 
1.224 
1.224 
1.225 

1.211 
1.212 
1.213 
1.213 
1.214 

1.202 
1.203 
1.204 
1.204 
1.205 

1.195 
1.196 
1.196 
1.197 
1.197 

1.189 
1.190 
1.191 
1.191 
1.192 

10.85 
10.86 
10.87 
10.88 
10. 89 

1.323 
1.324 
1.325 
1. 327 
1.328 

1.296 
1.297 
1.298 
1.299 
1.300 

1.275 
1.276 
1.277 
1.278 
1.279 

1.255 
1.256 
1.257 
1.258 
1.259 

1.240 
1.241 
1.242 
1. 243 
1. 244 

1.226 
1.227 
1.228 
1.228 
1.229 

1.215 
1.216 
1.217 
1.217 
1.218 

1.206 
1.207 
1.208 
1.208 
1.209 

1.198 
1.199 
1.200 
1.200 
1.201 

1.193 
1.194 
1.195 
1.195 
1.196 

10. 90 
10.91 
10. 92 
10. 93 
10. 94 

1. 329 
1. 330 
1.331 
1. 332 
1.333 

1.301 
1.302 
1.303 
1.304 
1.305 

1.280 
1.281 
1.282 
1.282 
1. 283 

1.260 
1.261 
1.262 
1.263 
1.264 

1.245 
1.246 
1.247 
1.247 
1. 248 

1.230 
1. 231 
1. 232 
1.233 
1.234 

1. 219 
1.220 
1.221 
1.221 
1.222 

1.210 
1.211 
1.212 
1.212 
1.213 

1.202 
1.203 
1.204 
1.204 
1.205 

1.197 
1.198 
1.198 
1.199 
1.199 

10. 95 
10. 96 
10. 97 
10.98 
10.99 

1. 334 
1. 335 
1. 336 
1. 337 
1.338 

1.306 
1. 307 
1. 308 
1.309 
1.310 

1. 284 
1.285 
1.286 
1. 287 
1.288 

1.265 
1.266 
1.267 
1.268 
1.269 

1. 249 
1. 250 
1.251 
1.252 
1. 253 

1.235 
1. 236 
1.237 
1. 238 
1.239 

1.223 
1.224 
1.225 
1.226 
1. 227 

1.214 
1.215 
1.216 
1.216 
1.217 

1.206 
1.207 
1.208 
1.208 
1.209 

1.200 
1.201 
1.202 
1.202 
1.203 

VH - 64 



10. 55 - 10. 99 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

1.165 1.165 1.165 1.168 1.171 1.178 1.181 1.181 1.182 1.184 10.55 
1.166 1.166 1.166 1.169 1.172 1.179 1.181 1.181 1.182 1.184 10.56 
1.167 1.166 1.166 1.169 1.172 1.179 1.182 1.182 1.183 1.185 10.57 
1.167 1.167 1.167 1.170 1.173 1.180 1.182 1.182 1.183 1.185 10.58 
1.168 1. 167 1.167 1.170 1.173 1.180 1.183 1.183 1.184 1.186 10.59 

1.169 1.168 1.168 1.171 1.174 1.181 1.183 1.183 1.184 1.186 10.60 
1.170 1.168 1.169 1.172 1.174 1.181 1.183 1.183 1.184 1.186 10.61 
1.170 1.169 1.169 1.172 1.175 1.182 1.183 1.183 1.184 1.186 10.62 
1.171 1.169 1.170 1.173 1.175 1.182 1.184 1.184 1.185 1.187 10.63 
1.171 1.170 1.170 1.173 1.176 1.183 1.184 1.184 1.185 1.187 10.64 

1.172 1.170 1.171 1.174 1.176 1.183 1.184 1.184 1.185 1.187 10.65 
1.173 1.171 1.172 1.175 1.177 1.183 1.184 1.184 1.185 1.187 10.66 
1.174 1.171 1.172 1.175 1.177 1.184 1.185 1.185 1.186 1.188 10.67 
1.174 1.172 1.173 1.176 1.178 1.184 1.185 1.185 1.186 1.188 10.68 
1.175 1.172 L173 1.176 1.178 1.185 1.186 1.186 1.187 1.189 10.69 

1.176 1.173 1.174 1.177 1.179 1.185 1.186 1.186 1.187 1.189 10.70 
1.177 1.174 1.174 1.177 1.180 1.185 1.186 1.186 1.187 1.189 10.71 
1.177 1.174 1.175 1.178 1.180 1.186 1.186 1.187 1.188 1.189 10. 72 
1.178 1.175 1.175 1.178 1.181 1.186 1.187 1.187 1.188 1.190 10.73 
1.178 1.175 1.176 1.179 1.181 1.187 1.187 1.188 1.189 1.190 10. 74 

1.179 1.176 1.176 1. 179 1.182 1.187 1.187 1.188 1.189 1.190 10. 75 
1. 180 1.177 1.177 1. 180 1.183 1.187 1.187 1.188 1.189 1.190 10. 76 
1.180 1.177 1.177 1. 180 1.183 1.188 1.188 1.189 1.190 1.191 10. 77 
1.181 1.178 1.178 1. 181 1.184 1.188 1.188 1.189 1.190 1.191 10. 78 
1.181 1.178 1.178 1. 181 1.184 1.189 1.189 1.190 1.191 1.192 10. 79 

1.182 1.179 1.179 1.182 1. 185 1.189 1.189 1.190 1.191 1.192 10. 80 
1. 183 1. 180 1.180 1.183 1. 185 1.189 1.189 1.190 1.191 1.192 10.81 
1. 184 1. 180 1.180 1.183 1. 186 1.190 1.190 1.191 1.191 1.192 10.82 
1. 184 1. 181 1.181 1.184 1. 186 1.190 1.190 1.191 1.192 1.193 10.83 
1. 185 1. 181 1.181 1.184 1. 187 1.191 1.191 1.192 1.192 1.193 10. 84 

1. 186 1. 182 1.182 1.185 1. 187 1.191 1.191 1.192 1.192 1. 193 10. 85 
1. 187 1.183 1.183 1.186 1. 188 1.191 1.191 1.192 1.192 1.193 10.86 
1. 188 1. 184 1.184 1.186 1. 188 1.192 1.192 1,193 1.193 1.194 10.87 
1. 188 1. 184 1.184 1.187 1. 189 1.192 1.192 1.193 1.193 1.194 10. 88 
1. 189 1. 185 1.185 1.187 1. 189 1.193 1.193 1.194 1.194 1.195 10. 89 

1. 190 1. 186 1.186 1.188 1.190 1.193 1.193 1. 194 1.194 1.195 10. 90 
1.191 1. 187 1.187 1.189 1.190 1. 193 1.193 1.194 1. 194 1.195 10. 91 
1.191 1. 187 1.187 1.189 1.191 1.194 1.194 1. 195 1.195 1. 196 10. 92 
1. 192 1. 188 1.188 1.190 1.191 1. 194 1.194 1. 195 1.195 1. 196 10. 93 
1. 192 1. 188 1.188 1.190 1.192 1. 195 1.195 1.196 1.196 1. 197 10. 94 

1. 193 1. 189 1.189 1.191 1.192 1. 195 1. 195 1. 196 1.196 1. 197 10. 95 
!. 194 1. 190 1.190 1.192 1.193 1. 195 1. 195 1.196 1.196 1.197 10. 96 
1.194 1. 191 1.191 1.192 1.193 1.196 1.196 1.197 1.197 1.198 10. 97 
1.195 1. 191 1.191 1.193 1.194 1.196 1.196 1.197 1.197 1.198 10.98 
1. 195 1. 192 1.191 1.193 1.194 1.197 1.197 1.198 1.198 1.199 10. 99 

VII - 65 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

11.00 
11.01 
11.02 
11.03 
11.04 

1.339 
1.340 
1.341 
1.342 
1.343 

1.311 
1.312 
1.313 
1.314 
1.315 

1.289 
1.290 
1.291 
1.292 
1.293 

1.270 
1.271 
1.272 
1.273 
1.274 

1.254 
1.255 
1.256 
1.256 
1.257 

1.240 
1.241 
1.242 
1.242 
1.243 

1.228 
1.229 
1.230 
1.230 
1.231 

1.218 
1.219 
1.219 
1.220 
1.220 

1.210 
1.211 
1.211 
1.212 
1.212 

1.204 
1.205 
1.206 
1.206 
1.207 

11.05 
11.06 
11.07 
11.08 
11.09 

1.344 
1.345 
1.346 
1.348 
1.349 

1.316 
1.317 
1.318 
1.319 
1.320 

1.294 
1.295 
1.296 
1.297 
1.298 

1.275 
1.276 
1.277 
1.278 
1.279 

1.258 
1.259 
1.260 
1.261 
1.262 

1.244 
1.245 
1.246 
1.247 
1.248 

1.232 
1.233 
1.234 
1.234 
1.235 

1.221 
1.222 
1.223 
1.223 
1.224 

1.213 
1.214 
1.215 
1.215 
1.216 

1.208 
1.209 
1.209 
1.210 
1.210 

11.10 
11.11 
11.12 
11.13 
11.14 

1.350 
1.351 
1.352 
1.353 
1.354 

1.321 
1.322 
1.323 
1.324 
1.325 

1.299 
1.300 
1.301 
1. 301 
1.302 

1.280 
1.281 
1.282 
1.282 
1.283 

1.263 
1.264 
1.265 
1.266 
1.267 

1.249 
1.250 
1.251 
1.251 
1.252 

1.236 
1.237 
1.238 
1.238 
1.239 

1.225 
1.226 
1.227 
1.227 
1.228 

1.217 
1.218 
1.219 
1.219 
1.220 

1.211 
1.212 
1.212 
1.213 
1.213 

11. IS 
11.16 
11.17 
11.18 
11.19 

1.355 
1.356 
1.357 
1.358 
1.359 

1.326 
1.327 
1.328 
1.329 
1.330 

1.303 
1.304 
1.305 
1.306 
1.307 

1.284 
1.285 
1.286 
1.287 
1.288 

1.268 
1.269 
1.270 
1.271 
1.272 

1.253 
1.254 
1.255 
1.255 
1.256 

1.240 
1.241 
1.242 
1.243 
1.244 

1.229 
1.230 
1.231 
1.231 
1.232 

1.221 
1.222 
1.223 
1.223 
1.224 

1.214 
1.215 
1.216 
1.216 
1.217 

11.20 
11.21 
11.22 
11.23 
11.24 

1.360 
1.361 
1.362 
1.363 
1.364 

1.331 
1.332 
1.333 
1.334 
1.335 

1.308 
1.309 
1.310 
1.311 
1.312 

1.289 
1.290 
1.291 
1.292 
1.293 

1.273 
1.274 
1.275 
1.275 
1.276 

1.257 
1.258 
1.259 
1.259 
1.260 

1.245 
1.246 
1.247 
1.247 
1.248 

1.233 
1.234 
1.235 
1.235 
1.236 

1.225 
1.226 
1.226 
1.227 
1.227 

1.218 
1.219 
1.219 
1.220 
1.220 

11.25 
11.26 
11.27 
11.28 
11.29 

1. 365 
1.366 
1.367 
1.368 
1.369 

1.336 
1.337 
1. 338 
1.339 
1.340 

1.313 
1.314 
1.315 
1.316 
1. 317 

1.294 
1.295 
1.296 
1.297 
1.298 

1.277 
1.278 
1.279 
1.280 
1.281 

1.261 
1.262 
1.263 
1.263 
1.264 

1.249 
1.250 
1.251 
1.251 
1.252 

1.237 
1.238 
1.239 
1.239 
1.240 

1.228 
1.229 
1.230 
1.230 
1.231 

1.221 
1.222 
1.223 
1.223 
1.224 

11.30 
11.31 
11.32 
11. 33 
11.34 

1.370 
1.371 
1. 37? 
1.373 
1.374 

1.341 
1.342 
1.343 
1.344 
1.345 

1.318 
1.319 
1.320 
1.321 
1.322 

1.299 
1.300 
1.301 
1.301 
1.302 

1.282 
1.283 
1.284 
1.284 
1.285 

1.265 
1.266 
1.267 
1.267 
1.268 

1.253 
1.254 
1.255 
1.255 
1.256 

1.241 
1.242 
1.243 
1.243 
1.244 

1.232 
1.233 
1.234 
1.234 
1.235 

1.225 
1.226 
1.226 
1.227 
1.227 

11.35 
11.36 
11.37 
11.38 
11.39 

1.375 
1.376 
1.377 
1.379 
1. 380 

1.346 
1. 347 
1.348 
1.249 
1.350 

1.323 
1.324 
1.325 
1.326 
1.327 

1.303 
1.304 
1.305 
1.306 
1.307 

1.286 
1.287 . 
1.288 
1.289 
1.290 

1.269 
1.270 
1.271 
1.271 
1.272 

1.257 
. 1.258 
1.259 
1.259 
1.260 

1.245 
1.246 
1.247 
1.247 
1.248 

1.236 
1.237 
1.238 
1.238 
1. 239 

1.228 
1.229 
1.230 
1.230. 
1.231 

11.40 
11. 41 
11.42 
11. 43 
11.44 

1.381 
1.382 
1.383 
1.384 
1.385 

1.351 
1.352 
1.353 
1.354 
1.355 

1.328 
1.329 
1.330 
1.331 
1.332 

1.308 
1.309 
1.310 
1.311 
1.312 

1.291 
1.292 
1.293 
1.293 
1.294 

1.273 
1.274 
1.275 
1.275 
1.276 

1.261 
1.262 
1.263 
1.263 
1.264 

1.249 
1.250 
1.251 
1.251 
1.252 

1.240 
1.241 
1.241 
1.242 
1.242 

1.232 
1.233 
1.234 
1.234 
1.235 
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11.00 - 11.44 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

1.196 
1.197 
1. 197 
1. 198 
1.198 

1. 193 
1.194 
1.194 
1.195 
1.195 

1.192 
1.192 
1.193 
1.193 
1.194 

1.194 
1.194 
1.195 
1.195 
1.196 

1.195 
1.195 
1.196 
1.196 
1.197 

1.197 
1.197 
1.198 
1.198 
1.199 

1.197 
1.197 
1.198 
1.198 
1.199 

1.198 
1.198 
1.198 
1.199 
1.199 

1.198 
1.198 
1.198 
1.199 
1.199 

1.199 
1.199 
1.199 
1.200 
1.200 

11.00 
11.01 
11.02 
11.03 
11.04 

1.199 
1.200 
1.200 
1.201 
1.201 

1.196 
1.197 
1.197 
1.198 
1.198 

1.194 
1.194 
1.195 
1.194 
1.196 

1.196 
1.197 
1.197 
1.198 
1.198 

1.197 
1.198 
1.198 
1.199 
1.199 

1.199 
1.199 
1.200 
1.200 
1.201 

1.199 
1.199 
1.200 
1.200 
1.201 

1.199 
1.199 
1.200 
1.200 
1.201 

1.199 
1.199 
1.200 
1.200 
1.201 

1. 200 
1.200 
1.201 
1.201 
1.202 

11.05 
11.06 
11.07 
11. 08 
11.09 

1.202 
1.203 
1.204 
1.204 
1.205 

1.199 
1. 200 
1.200 
1.201 
1.201 

1.196 
1.197 
1.197 
1.198 
1.198 

1.199 
1.199 
1.200 
1.200 
1.201 

1.200 
1.200 
1.201 
1.201 
1.202 

1.201 
1.201 
1.202 
1.202 
1.203 

1.201 
1.201 
1.202 
1.202 
1.203 

1.201 
1.201 
1.202 
1.202 
1.203 

1.201 
1.201 
1.202 
1.202 
1.203 

1.202 
1.202 
1.202 
1.202 
1.203 

11.10 
11.11 
11.12 
11.13 
11.14 

1.206 
1.207 
1.208 
1.208 
1.209 

1.202 
1. 203 
1.203 
1. 204 
1. 204 

1.199 
1.200 
1.200 
1.201 
1.201 

1.201 
1.202 
1.202 
1.203 
1.203 

1.202 
1.202 
1.203 
1.203 
1.204 

1.203 
1.204 
1.204 
1.205 
1.205 

1.203 
1.203 
1.204 
1.204 
1.205 

1.203 
1. 203 
1.204 
1. 204 
1. 205 

1.203 
1.203 
1.204 
1.204 
1.205 

1.203 
1.203 
1.204 
1.204 
1. 205 

11.15 
11.16 
11.17 
11.18 
11.19 

1.210 
1.211 
1.211 
1.212 
1.212 

1.205 
1. 206 
1.206 
1.207 
1.207 

1.202 
1.203 
1.203 
1.204 
1.204 

1.204 
1. 204 
1.205 
1.025 
1.206 

1.204 
1.204 
1.205 
1.205 
1.206 

1.205 
1.205 
1. 206 
1.206 
1. 207 

1. 205 
1.205 
1.206 
1.206 
1.207 

1. 205 
1.205 
1.206 
1. 206 
1.207 

1.205 
1.205 
1.206 
1.206 
1.207 

1.205 
1. 205 
1.206 
1.206 
1.207 

11.20 
11.21 
11.22 
11.23 
11.24 

1.213 
1.214 
1.215 
1.215 
1.216 

1.208 
1.209 
1.209 
1.210 
1.210 

1.205 
1.206 
1.206 
21.07 
12.07 

1.206 
1.207 
1.207 
1.208 
1.208 

1.206 
1.207 
1.207 
1.208 
1.208 

1.207 
1.207 
1.208 
1. 208 
1. 209 

1.207 
1.207 
1.208 
1.208 
1.209 

1.207 
1.207 
1.208 
1.208 
1.209 

1.207 
1.207 
1.208 
1.208 
1.209 

1.207 
1.207 
1.208 
1.208 
1.209 

11.25 
11.26 
11.27 
11.28 
11. 29 

1.217 
1.218 
1.218 
1. 219 
1.219 

1.211 
1.212 
1. 212 
1.213 
1.213 

1.208 
1.209 
1.209 
1.210 
1.210 

1.209 
1.209 
1.210 
1.210 
1.211 

1.209 
1.209 
1.210 
1.210 
1.211 

1.209 
1.209 
1.210 
1.210 
1.211 

1.209 
1.209 
1.210 
1.210 
1.211 

1.209 
1. 209 
1.210 
1.210 
1.211 

1.209 
1.209 
1.209 
1.210 
1.210 

1.209 
1.209 
1. 209 
1.210 
1.210 

11.30 
11.31 
11. 32 
11. 33 
11. 34 

1.220 
1.221 
1.222 
1.222 
1. 223 

1. 214 
1.215 
1.215 
1.216 
1.216 

1.211 
1.212 
1.212 
1.213 
1.213 

1. 211 
1.212 
1.212 
1.213 
1.213 

1.211 
1.212 
1.212 
1.213 
1.213 

1.211 
1.212 
1. 212 
1.213 
1.213 

1.211 
1.212 
1.212 
1. 213 
1.213 

1. 211 
1. 211 
1.212 
1.212 
1.213 

1.210 
1.210 
1.211 
1.211 
1.212 

1.210 
1.210 
1.211 
1.211 
1.212 

11. 35 
11.36 
11.37 
11. 38 
11.39 

1. 224 
1.225 
1. 225 
1. 226 
1.226 

1. 217 
1.218 
1. 218 
1.219 
1.219 

1.214 
1.214 
1.215 
1.216 
1.216 

1. 214 
1.214 
1.215 
1.215 
1.216 

1.214 
1.214 
1.215 
1.215 
1.216 

1. 214 
1.214 
1.215 
1.215 
1.216 

1.214 
1.214 
1.215 
1.215 
1.216 

1.213 
1.213 
1.214 
1.214 
1.215 

1.212 
1.212 
1.213 
1.213 
1.214 

1.212 
1.212 
1.212 
1.213 
1.213 

11.40 
11. 41 
11.42 
11.43 
11. 44 
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1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

11.45 
11.46 
11.47 
11.48 
11.49 

1.386 
1.387 
1.388 
1.389 
1.390 

1.356 
1.357 
1.358 
1.360 
1.361 

1.333 
1.334 
1.335 
1.336 
1.337 

1.313 
1.314 
1.315 
1.316 
1.317 

1.295 
1.296 
1.297 
1.298 
1.299 

1.277 
1.278 
1.279 
1.280 
1.281 

1.265 
1.266 
1.267 
1.267 
1.268 

1.253 
1.253 
1.254 
1.254 
1.255 

1.243 
1.244 
1.245 
1.245 
1.246 

1.236 
1.237 
1.238 
1.238 
1.239 

11.50 
11.51 
11.52 
11.53 
11.54 

1.391 
1.392 
1.393 
1.394 
1.395 

1.362 
1.363 
1.364 
1.365 
1.366 

1.338 
1.339 
1.340 
1.341 
1.342 

1.318 
1.319 
1.320 
1.320 
1.321 

1.300 
1.301 
1.302 
1.302 
1.303 

1.282 
1.283 
1.284 
1.284 
1.285 

1.269 
1.270 
1.271 
1.271 
1.272 

1.257 
1.258 
1.258 
1.259 
1.259 

1.247 
1.248 
1.249 
1.249 
1.250 

1.240 
1.241 
1.242 
1.242 
1.243 

11.55 
11.56 
11.57 
11.58 
11.59 

1.396 
1.397 
1.398 
1.400 
1.401 

1.367 
1.368 
1.369 
1.370 
1.371 

1.343 
1.344 
1.345 
1.346 
1.347 

1.322 
1.323 
1.324 
1.325 
1.326 

1.304 
1.305 
1.306 
1.307 
1.308 

1.286 
1.287 
1.288 
1.289 
1.290 

1.273 
1.274 
1.275 
1.275 
1.276 

1.260 
1.261 
1.262 
1.262 
1.263 

1.251 
1.252 
1.253 
1.253 
1.254 

1.244 
1.245 
1.246 
1.246 
1.247 

11.60 
11. 61 
11.62 
11.63 
11.64 

1.402 
1.403 
1.404 
1.405 
1.406 

1.372 
1.373 
1.374 
1.375 
1. 376 

1.348 
1.349 
1.350 
1.351 
1.352 

1.327 
1.328 
1.329 
1.329 
1.330 

1.309 
1.310 
1.311 
1.311 
1.312 

1.291 
1.292 
1.293 
1.293 
1.294 

1.277 
1.278 
1.279 
1.279 
1.280 

1.264 
1.265 
1.266 
1.267 
1.267 

1.255 
1.256 ' 
1.256 
1.257 
1.257 

1.248 
1.249 
1.249 
1.250 
1.250 

11.65 
11.66 
11.67 
11.68 
11.69 

1.407 
1.408 
1.409 
1. 410 
1. 411 

1.377 
1.378 
1.379 
1.380 
1.381 

1.353 
1.354 
1.355 
1.356 
1.357 

1.331 
1.332 
1.333 
1.334 
1.335 

1.313 
1.314 
1.315 
1.315 
1.316 

1.295 
1.296 
1.297 
1.298 
1.299 

1.281 
1.282 
1.283 
1.284 
1.285 

1.268 
1.269 
1.270 
1.270 
1.271 

1.258 
1.259 
1.260 
1.260 
1.261 

1.251 
1.252 
1.253 
1.253 
1.254 

11.70 
11.71 
11.72 
11. 73 
11.74 

1.412 
1. 413 
1. 414 
1. 415 
1. 416 

1.382 
1.383 
1.384 
1. 385 
1. 386 

1.358 
1.359 
1.360 
1.361 
1.362 

1.336 
1.337 
1.338 
1.338 
1.339 

1.317 
1.318 
1.319 
1.319 
1.320 

1.300 
1.301 
1.302 
1.303 
1.304 

1.286 
1.287 
1.288 
1.288 
1.289 

1.272 
1.273 
1.274 
1.274 
1.275 

1.262 
1.263 
1.263 
1.264 
1.264 

1.255 
1.256 
1.257 
1.257 
1.258 

11.75 
11. 76 
11.77 
11. 78 
11.79 

1. 417 
1. 418 
1.419 
1.421 
1.422 

1.387 
1. 388 
1.389 
1.390 
1.391 

1.363 
1.364 
1.365 
1.366 
1.367 

1.340 
1. 341 
1.342 
1.343 
1. 344 

1.321 
1.322 
1.323 
1.324 
1.325 

1.305 
1.306 
1.307 
1.307 
1.308 

1.290 
1.291 
1.292 
1.292 
1.293 

1.276 
1.277 
1.278 
1.278 
1.279 

1.265 
1.266 
1.267 
1.267 
1.268 

1.259 
1.260 
1.260 
1.261 
1. 261 

11.80 
11. 81 
11. 82 
11. 83 
11. 84 

1. 423 
1. 424 
1.425 
1.426 
1.427 

1.392 
1. 393 
1.394 
1.395 
1.3% 

1. 268 
1. 369 
1. 370 
1.371 
1.372 

1.345 
1.346 
1.347 
1.348 
1. 349 

1.326 
1.327 
1.328 
1.328 
1.329 

1.309 
1.310 
1.311 
1.311 
1.312 

1. 294 
1.295 
1.296 
1.296 
1.297 

1.280 
1.281 
1.282 
1.282 
1.283 

1. 269 
1.270 
1.271 
1.271 
1.272 

1.262 
1.263 
1.264 
1.264 
1.265 

11. 85 
11.86 
11.87 
11. 88 
11.89 

1.428 
1.429 
1.430 
1.431 
1.432 

1.397 
1. 398 
1.399 
1.400 
1.401 

1.373 
1. 374 
1.375 
1.376 
1.377 

1. 350 
1.351 
1.352 
1.353 
1.354 

1.330 
1.331 
1.332 
1.333 
1.334 

1.313 
1.314 
1.315 
1.316 
1.317 

1.298 
1.299 
1.300 
1.300 
1.301 

1.284 
1.285 
1.286 
1.286 
1.287 

1. 273 
1. 274 
1.274 
1. 275 
1.276 

1.266 
1.267 
1.268 
1.268 
1.269 
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11.45 - 11.89 

1.60 1. 70 1.80 1.90 2.00 2. 20 2.40 2.60 2.80 3.00 

1.227 1.220 1.217 1.216 1.216 1.216 1.216 1.215 1.214 1.213 11.45 
1.228 1. 221 1.218 1.217 1.217 1.217 1.216 1.215 1.214 1.213 11.46 
1.229 1.222 1.218 1.217 1.217 1.217 1.217 1.216 1.215 1.214 11.47 
1.229 1.222 1,219 1.218 1.218 1.218 1.217 1.216 1.215 1.214 11.48 
1.230 1.223 1.219 1.218 1.218 1.218 1.218 1.217 1.216 1.215 11. 49 

1.231 1.224 1.220 1.219 1.219 1.219 1.218 1.217 1.216 1.215 11.50 
1.232 1.225 1.221 1.220 1.219 1.219 1.218 1.217 1.216 1.215 11. 51 
1.232 1.225 1.221 1.220 1.220 1.220 1.219 1.218 1.217 1.216 11. 52 
1.233 1.226 1.222 1.221 1.220 1. 220 1.219 1.218 1.217 1.216 11. 53 
1.233 1.226 1.222 1.221 1.221 1.221 1.220 1.219 1.218 1.217 11. 54 

1.234 1. 227 1.223 1.222 1.221 1. 221 1.220 1.219 1.218 1.217 11.55 
1.235 1.228 1.224 1.223 1.222 1.221 1.220 1.219 1.218 1.217 11.56 
1.236 1.228 1.224 1.223 1.222 1. 222 1.221 1.220 1.219 1.218 Jl. 57 
1.236 1.229 1.225 1.224 1.223 1.222 1.221 1. 220 1.219 1.218 11.58 
1.237 1.229 1.225 1.224 1.223 1.223 1.222 1.221 1.220 1.219 11.59 

1.238 1.230 1.226 1.225 1.224 1.223 1.222 1.221 1.220 1.219 11.60 
1.239 1. 231 1.227 1.225 1.224 1.223 1.222 1.221 1.220 1.219 11.61 
1.239 1.231 1.227 1.226 1.225 1.224 1.222 1.221 1.220 1.219 11.62 
1.240 1. 232 1.228 1.226 1.225 1.224 1. 223 1. 222 1.221 1.220 11.63 
1.240 1.232 1.228 1.227 1.226 1. 225 1.223 1.222 1.221 1.220 11.64 

1.241 1. 233 1.229 1.227 1.226 1. 225 1.223 1. 222 1.221 1.220 11. 65 
1.242 1.234 1.230 1.228 1.227 1. 225 1.223 1. 222 1. 221 1.220 11.66 
1.243 1. 234 1.230 1. 228 1.227 1. 226 1.224 1. 223 1.222 1.221 11. 67 
1.243 1. 235 1.231 1.229 1.228 1. 226 1. 224 1.223 1.222 1.221 11.68 
1.244 1.235 1.231 1.229 1.228 1. 227 1.225 1.224 1.223 1.222 11.69 

1.245 1. 236 1.232 1.230 1.229 1.227 1.225 1.224 1.223 1.222 11. 70 
1.246 1.237 1.233 1.231 1.230 1.227 1.225 1.224 1.223 1.222 11.71 
1.246 1.237 1.233 1.231 1.230 1.228 1.226 1.225 1.223 1.223 11. 72 
1.247 1.238 1.234 1. 232 1.231 1. 228 1. 226 1.224 1.224 1. 223 11.73 
1.247 1.238 1. 234 1.232 1.231 1.229 1.227 1. 226 1.225 1.224 11. 74 

1. -48 1. 239 1.235 1. 233 1.232 1. 229 1.227 1.226 1.225 1.224 11.75 
1.249 1.240 1.236 1.234 1.232 1. 229 1.227 1. 226 1.225 1.224 11. 76 
1. 250 1. 241 1.236 1.234 1.233 1. 230 1. 228 1. 227 1.226 1.225 11. 77 
1. 250 1.241 1.237 1.235 1.233 1. 230 1.228 1.227 1.226 1.225 11.78 
1. 251 1. 242 1.237 1.235 1. 234 1.231 1.229 1.228 1. 227 1. 226 11.79 

1. 252 1. 243 1.238 1.236 1.234 1.231 1. 229 1.228 1.227 1. 226 11. 80 
1.253 1. 244 1.238 1.236 1. 234 1. 231 1.229 1.228 1.227 1.226 11.81 
1.253 1.244 1.239 1.237 1.235 1.232 1.230 1.228 1.227 1.226 11.82 
1.254 1. 245 1.239 1. 237 1.235 1.232 1.230 1.229 1. 227 1.226 11.83 
1. 254 1.245 1.240 1. 238 1.236 1.233 1.231 1. 229 1. 228 1.227 11. 84 

1.255 1. 246 1.240 1. 238 1.236 1.233 1.231 1.229 1. 228 1.227 11.85 
1. 256 1.247 1. 241 1. 239 1.237 1.234 1. 231 1.229 1.228 1.227 11. 86 
1.257 1.248 1.241 1.239 1.237 1. 234 1.232 1.230 1.229 1.228 11.87 

1.257 1.248 1. 242 1.240 1.238 1.235 1. 232 1.230 1.229 1.228 11.88 
1. 258 1.249 1.242 1. 240 1.238 1.235 1.233 1.231 1.230 1.229 11. 89 

VII - 69 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

11.90 
11.91 
11.92 
11.93 
11. 94 

1.433 
1.434 
1. 435 
1.436 
1.437 

1.402 
1.403 
1.404 
1. 405 
1.406 

1.378 
1.379 
1.380 
1.381 
1.382 

1.355 
1.356 
1. 357 
1. 357 
1.358 

1.335 
1.336 
1.337 
1.337 
1. 338 

1.318 
1.319 
1.320 
1.320 
1.321 

1.302 
1.303 
1.304 
1.304 
1.305 

1.288 
1.289 
1.290 
1.290 
1.291 

1.277 
1.278 
1.278 
1.279 
1.279 

1.270 
1.271 
1.272 
1.272 
1.273 

11.95 
11.96 
11.97 
11.98 
11. 99 

1.438 
1.439 
1.440 
1. 442 
1.443 

1.407 
1.408 
1. 409 
1.411 
1. 412 

1.383 
1.384 
1.385 
1.386 
1.387 

1.359 
1.360 
1.361 
1.362 
1.363 

1.339 
1.340 
1.341 
1.342 
1.343 

1.322 
1.323 
1.324 
1.325 
1.326 

1.306 
1.307 
1.308 
1.308 
1.309 

1.292 
1.293 
1.294 
1.294 
1.295 

1.280 
1.281 
1.282 
1.282 
1.283 

1.274 
1.275 
1.276 
1.276 
1.277 

12.00 
12.01 
12.02 
12.03 
12.04 

1. 444 
1. 445 
1.446 
1.447 
1.448 

1.413 
1. 414 
1.415 
1.416 
1.417 

1.388 
1. 389 
1.390 
1.391 
1.392 

1.364 
1.365 
1.366 
1.366 
1.367 

1.344 
1.345 
1.346 
1.346 
1.347 

1.327 
1.328 
1.329 
1.329 
1.330 

1.310 
1.311 
1.312 
1.312 
1. 313 

1.296 
1.297 
1.297 
1.298 
1.298 

1.284 
1.285 
1.286 
1.286 
1.287 

1.278 
1.279 
1.279 
1.280 
1.280 

12.05 
12.06 
12.07 
12.08 
12.09 

1. 449 
1. 450 
1.451 
1.452 
1.453 

1.418 
1.419 
1.420 
1.421 
1.422 

1.393 
1. 394 
1.395 
1.396 
1.397 

1.368 
1.369 
1.370 
1.371 
1.372 

1.348 
1.349 
1.350 
1. 351 
1.352 

1.331 
1.332 
1.333 
1.333 
1, 334 

1.314 
1.315 
1.316 
1. 316 
1.317 

1.299 
1. 300 
1.301 
1.301 
1.302 

1.288 
1.289 
1.290 
1.290 
1.291 

1.281 
1.282 
1.283 
1.283 
1.284 

12. 10 
12.11 
12.12 
12.13 
12. 14 

1. 454 
1.455 
1.456 
1.457 
1.458 

1.423 
1.424 
1. 425 
1.426 
1. 427 

1.398 
1.399 
1.400 
1.401 
1.402 

1. 373 
1.374 
1.375 
1.376 
1.377 

1. 353 
1.354 
1. 355 
1. 355 
1.356 

1.335 
1.336 
1.337 
1.337 
1. 338 

1. 318 
1. 319 
1.320 
1.320 
1. 321 

1.303 
1.304 
1.305 
1.305 
1.306 

1.292 
1.293 
1.294 
1.294 
1.295 

1.285 
1.286 
1.286 
1.287 
1.287 

12. 15 
12. 16 
12. 17 
12. 18 
12. 19 

1.459 
1.460 
1.461 
1. 463 
1. 464 

1. 428 
1.429 
1. 430 
1.431 
1. 432 

1. 403 
1.404 
1.405 
1.406 
1.407 

1.378 
1.379 
1. 380 
1.331 
1. 332 

1. 357 
1. 358 
1.359 
1.360 
1.361 

1. .339 
1. 340 
1. 341 
1. 342 
1. 343 

1.322 
1.323 
1.324 
1. 324 
1.325 

1.307 
1.308 
1.309 
1.309 
1.310 

1.296 
1.297 
1.298 
1. 298 
1.299 

1.288 
1.289 
1.290 
1.290 
1.291 

12. 20 
12.21 
12. 22 
12. 23 
12.24 

1. 465 
1. 466 
1. 467 
1. 468 
1. 469 

1. 433 
1. 434 
1.435 
1. 435 
1. 437 

1.408 
1.409 
1.410 
1. 411 
1. 412 

1. 383 
1.384 
1. 385 
1.3S6 
1. 3*7 

1. 362 
1.363 
1. 364 
1. 364 
1. 365 

1.344 
1. 345 
1.346 
1. 346 
1. 347 

1.326 
1.327 
1.328 
1. 328 
1. 329 

1.311 
1.312 
1.313 
1.313 
1.314 

1. 300 
1.301 
1. 302 
1.302 
1.303 

1.292 
1.293 
1.293 
1.294 
1.294 

12.25 
12. 26 
12. 27 
12. 28 
12. 29 

1. 470 
1. 471 
1. 472 
1. 473 
1. 474 

1.438 
1. 439 
1. 440 
1. 441 
1. 442 

1. 413 
1. 414 
1. 415 
1. 416 
1. 417 

1.3o8 
1.3S9 
1. 390 
1. 390 
1.391 

1.366 
1.567 
I . 368 
1. 369 
1. 370 

1. 348 
1. 349 
1. 350 
1.351 
1. 352 

1. 330 
1.331 
1.332 
1.332 
1. 333 

1.315 
1.316 
1.317 
1.317 
1.318 

1.304 
1.305 
1.305 
1. 306 
1. 306 

1.295 
1.296 
1.297 
1.297 
1. 298 

12. 30 1. 475 1. 143 1. 313 1. 352 I . 371 1.353 1.334 1. 319 1.307 1.299 
i 2. 3 1 1. 176 1. J44 1. 419 1.393 I . 372 1. 354 1. 335 1.320 1.308 1. 300 
12. 32 1. 477 1. 445 1.420 1. 394 L. 373 I . 355 1. 336 1.321 1.309 1.301 
12. 33 1. 478 1. 446 1. 421 1. 395 1. 373 1. 355 1. 336 1.321 1. 309 1.301 
12.34 1. 479 1. 447 I . 422 1. 396 1. 374 1.356 1. 337 1.322 1.310 1.302 



11. 90 - 12.34 

1.60 1.70 1.80 1.90 2.00 2.20 2. 40 2.60 2.80 3.00 Pr 

1. 259 1.250 1.243 1.241 1. 239 1. 236 1.233 1.231 1.230 1.229 11. 90 
1.260 1.251 1.244 1.242 1.239 1. 236 1.233 1.231 1.230 1.229 11.91 
1.260 1.251 1.244 1.242 1.240 1.237 1.234 1.232 1.230 1.229 11.92 
1. 261 1.252 1.245 1.243 1.240 1.237 1.234 1.232 1.231 1.230 11. 93 
1.261 1.252 1.245 1.243 1.241 1.238 1.235 1.233 1.231 1.230 11.94 

1.262 1.253 1.246 1.244 1.241 1.238 1. 235 1. 233 1.231 1.230 11.95 
1.263 1.254 1.247 1.245 1.242 1. 238 1. 235 1.233 1.231 1. 230 11.96 
1. 264 1.254 1.247 1.245 1.242 1.239 1. 236 1.234 1.232 1. 231 11.97 
1.264 1.255 1'. 248 1.246 1.243 1.239 1.236 1. 234 1.232 1.231 11.98 
1.265 1. 255 1.248 1.246 1.243 1. 240 1. 237 1.235 1.233 1.232 11.99 

1.266 1.256 1.249 1.247 1.244 1.240 1. 237 1. 235 1.233 1.232 12.00 
1.267 1.257 1.250 1.247 1.244 1.240 1.237 1.235 1.233 1.232 12.01 
1.267 1.257 1.250 1.248 1.245 1. 241 1.237 1.235 1.234 1.233 12.02 
1.268 1. 258 1.251 1.248 1.245 1. 241 1.238 1. 236 1.234 1.233 12. 03 
1.268 1.258 1.251 1.249 1.246 1. 242 1.238 1. 236 1.235 1.234 12.04 

1.269 1.259 1. 252 1.249 1.246 1.242 1. 238 1.236 1. 235 1. 234 12.05 
1.270 1.260 1.253 1.249 1.247 1.242 1. 238 1.236 1.235 1.234 12.06 
1.270 1.260 1.253 1.250 1.247 1. 243 1. 239 1. 237 1.236 1.235 12.07 
1.271 1.261 1.254 1.250 1.248 1.243 1.239 1. 237 1.236 1.235 12.08 
1.271 1.262 1.254 1.251 1.248 1. 244 1.240 1. 238 1.237 1. 236 12.09 

1.272 1.262 1.255 1.251 1.249 1.244 1. 240 1. 238 1. 237 . 1. 236 12.10 
1.273 1.263 1.256 1.252 1.249 1.244 1. 240 1.238 1.237 1. 236 12.11 
1.273 1.263 1.256 1.252 1.250 1.245 1. 241 1. 239 1.237 1. 236 12.12 
1.274 1.264 1.257 1.253 1.250 1.245 1. 241 1.239 1.238 1. 237 12.13 
1.274 1.264 1.257 1.253 1.251 1.246 1. 242 1.240 1.238 1. 237 12.14 

1.275 1. 265 1.258 1.254 1.251 1.246 1. 242 1. 240 1.238 1.237 12.15 
1.276 1.266 1.259 1.255 1.252 1.246 1.242 1. 240 1. 238 1. 237 12.16 
1.277 1. 266 1.259 1.255 1.252 1. 247 1.243 1. 241 1. 239 1.238 12.17 
1.277 1.267 1.260 1. 256 1.253 1.247 1.243 1. 241 1.239 1.238 12.18 
1.278 1.267 1.260 1.256 1.253 1.248 1. 244 1.242 1.240 1.239 12.19 

1.279 1. 268 1.261 1.257 1.254 1.248 1.244 1. 242 1.240 1. 239 12.20 
1. 280 1.269 1.262 1. 257 1. 254 1. 248 1.244 1.242 1.240 1.239 12.21 
1. 281 1. 269 1.262 1.258 1.255 1. 249 1.245 1. 243 1.241 1.240 12.22 
1.281 1. 270 1.263 1.258 1.255 1.259 1.245 1. 243 1. 241 1. 240 12.23 
1.282 1. 270 1.263 1.259 1. 256 1. 250 1.246 1.244 1.242 1.241 12. 24 

1.283 1. 271 1.264 1.259 1.256 1.250 1.246 1.244 1.242 1.241 12. 25 
1.284 1. 272 1.265 1.260 1.257 1.250 1.246 1.244 1.242 1.241 12. 26 
1.285 1.272 1.265 1.260 1. 257 1.251 1.247 1.245 1.243 1. 242 12. 27 
1.285 1. 273 1.266 1. 261 1.258 1.251 1.247 1.245 1. 243 1.242 12. 28 
1. 286 1. 273 1.266 1. 261 1. 258 1.252 1.248 1.246 1.244 1.243 12.29 

1.287 1. 274 1.267 1.262 1.259 1. 252 1.248 1. 246 1.244 1. 243 12. 30 
1.288 1.275 1.268 1.263 1.259 1. 252 1.248 1. 246 1.244 1.243 12. 31 
1.288 1.275 1.268 1,263 1.260 1. 253 1.249 1. 246 1.245 1.244 12. 32 
1.289 1. 276 1.269 1.264 1.260 1. 253 1.249 1. 247 1.245 1.244 12. 33 
1.289 1. 276 1.269 1.264 1.261 1. 254 1.250 1. 247 1.246 1.245 12. 34 

VII - 71 



Pr 1.05 1.10 1.15 1.20 1. 25 1.30 1.35 1.40 1.45 1.50 

12.35 1. 480 1.448 1. 423 1.397 1.375 1.357 1.338 1.323 1. 311 1.303 
12.36 1. 481 1.449 1. 424 1.398 1.376 1.358 1. 339 1.324 1.312 1.304 
12.37 1.482 1.450 1. 425 1.399 1.377 1.359 1.340 1.325 1.313 1.305 
12.38 1.484 1.451 1.426 1.400 1.378 1.360 1.340 1.325 1.313 1.305 
12.39 1.485 1.452 1. 427 1.401 1.379 1.361 1.341 1.326 1.314 1.306 

12.40 1.486 1.453 1. 428 1.402 1. 380 1.362 1.342 1.327 1.315 1.307 
12.41 1. 487 1.454 1.429 1.403 1.381 1.363 1.343 1.328 1.316 1.308 
12. 42 1.488 1.455 1.430 1.404 1.382 1.364 1.344 1.328 1.317 1.308 
12.43 1.489 1.456 1.431 1.405 1. 382 1.364 1.344 1.329 1.317 1.309 
12. 44 1.490 1.457 1. 432 1.406 1.383 1.365 1.345 1.329 1.318 1.309 

12.45 1. 491 1. 458 1. 433 1.407 1.384 1.366 1. 346 1.330 1.319 1.310 
12.46 1.492 1.459 1.434 1.408 1.385 1.367 1.347 1.331 1.320 1.311 
12.47 1.493 1.460 1.435 1.409 1.386 1.368 1. 348 1.332 1.321 1.311 
12. 48 1.494 1.462 1.436 1.409 1.387 1.368 1.348 1.332 1.321 1.312 
12.49 1.495 1. 463 1.437 1. 410 1.388 1.369 1. 349 1.333 1.322 1.312 

12.50 1. 496 1. 464 1.438 1.411 1.389 1.370 1.350 1.334 1.323 1.313 
12.51 1.497 1.465 1.439 1.412 1.390 1.371 1. 351 1.335 1.324 1.314 
12.52 1.498 1. 466 1.440 1.413 1.391 1.372 1.352 1.336 1.324 1.315 
12. 53 1.499 1.467 1. 441 1.414 1.392 1.372 1.352 1.336 1.325 1.315 
12. 54 1.500 1. 468 1.442 1. 415 1.393 1. 373 1.353 1.337 1.325 1.316 

12.55 1.501 1.469 1.443 1.416 1.394 1.374 1.354 1.338 1.326 1.317 
12.56 1. 502 1.470 1.444 1.417 1.395 1.375 1.355 1.339 1.327 1. 318 
12. 57 1.503 1.471 1.445 1.418 1.396 1.376 1.356 1.340 1.328 1.319 
12. 58 1.505 1.472 1.446 1.418 1.397 1.377 1.356 1.340 1.328 1.319 
12. 59 1. 506 1.473 1.447 1.419 1.398 1.378 1. 357 1.341 1.329 1. 320 

12.60 1.507 1.474 1.448 1. 420 1.399 1. 379 1.358 1.342 1.330 1. 321 
12.61 1.508 1. 475 1.449 1. 421 1.400 1. 380 1.359 1.343 1.331 1. 322 
12. 62 1. 509 1. 476 1.450 1.422 1. 401 1.381 1.360 1. 344 1. 332 1. 323 
12. 63 1.510 1.477 1.451 1. 423 1.402 1. 381 1.360 1. 344 1.332 1.323 
12. 64 1.511 1. 473 1.452 1.424 1. 403 1. 382 1.361 1.345 1. 333 1.324 

12. 65 1.512 1.479 1.453 1. 425 1. 404 1. 383 1.362 1.346 1. 334 1.325 
12. 66 1. 513 1. 480 1.454 1. 426 1. 405 1. 384 1.363 1. 347 1. 335 1.326 
12. 67 1.514 1. 481 1. 455 1. 427 1. 406 1. 385 1.364 1. 348 1. 335 1.327 

12. 68 1. 515 1. 482 1. 456 1.418 1. 407 i . 386 1. 365 1.348 1.336 1. 327 
12. 69 1. 516 1. 483 1.457 1. 429 1. 408 1. 387 1.366 1. 349 1.336 1. 328 

12. 70 1.517 1. 484 1.458 1. 430 1. 409 I . 388 1. 367 1.350 1.337 1.329 

12.71 1. 513 1. 485 1. 459 1. 431 1. 410 I . 389 1. 368 1.351 1. 338 1.330 

12. 72 1.519 1. 486 1.460 I . 432 1. 411 1. 390 1. 369 1. 352 1.339 1. 330 

12. 73 1.520 1. 487 1. 461 1. 433 1. 41 i 1.390 1.369 1. 352 1. 339 1.331 

12. 74 1. 521 1. 488 1.462 1. 434 1. 412 1. 391 1.370 1. 353 1.340 1.331 

12. 75 1. 522 1. 489 1. 463 1. 435 1. 413 I . 392 1. 371 1. 354 1. 341 1.332 

12. 7o 1. 523 1. 490 1.464 1. 43b 1. 414 1.393 1.372 1. 355 1. 342 1.333 

1. 524 1. 491 1. 465 1. 437 1. 415 1. 394 1. 373 1. 356 1. 343 1.334 

12. 78 1. 525 1. 493 1. 46o 1. 43 7 1. 416 1.395 i . 373 1.356 1. 343 1.334 

12. 79 1. 526 1. 49-,- I . 467 1. 4.38 I . 417 I . 3 -J6 1. 374 1. 357 1.344 1.335 



T 
r 

12. 35 - 12. 79 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2. 80 3.00 Pr 

1.290 1. 277 1.270 1.265 1.261 1.254 1.250 1. 247 1.246 1.245 12, 35 
1.291 1.278 1.271 1. 266 1.262 1.254 1.250 1.247 1.246 1.245 12.36 
i.291 1.279 1.271 1.266 1.262 1.255 1.251 1.248 1.247 1.246 12. 37 
1.292 1.279 1.272 1.267 1.263 1.255 1.251 1. 248 1.247 1.246 12. 38 
1.292 1. 280 1.272 1.267 1.263 1.256 1.252 1.249 1.248 1.247 12. 39 

1.293 1. 281 1.273 1.268 1.264 1. 256 1.252 1.249 1.248 1.247 12.40 
1.294 1.282 1.274 1.268 1.264 1.256 1.252 1.249 1.248 1.247 12.41 
1.294 1.282 1.274 1.269 1.265 1.257 1.253 1.249 1.248 1.247 12.42 
1.295 1.283 1.275 1.269 1.265 1.257 1.253 1.250 1.249 1.248 12.43 
1.295 1.283 1.275 1.270 1.266 1.258 1. 254 1. 250 1.249 1.248 12. 44 

1.296 1.284 1.276 1.270 1.266 1.258 1.254 1.250 1.249 1.248 12.45 
1.297 1.285 1.277 1.271 1.267 1. 259 1.254 1.250 1.249 1.248 12.46 
1.298 1.286 1.277 1.271 1.267 1.259 1.255 1.251 1.250 1.249 12.47 
1.298 1.286 1.278 1.272 1.268 1.260 1.255 1.251 1.250 1.249 12. 48 
1. 299 1.287 1.278 1.272 1.268 1.260 1.256 1.252 1.251 1.250 12.49 

1.300 1.288 1.279 1.273 1.269 1.261 1.256 1.252 1.251 1.250 12. 50 
1.301 1.288 1.280 1.273 1.269 1.261 1.256 1.252 1.251 1.250 12.51 
1.301 1.289 1.280 1.274 1.270 1.262 1.257 1.253 1.251 1.250 12. 52 
1.302 1.289 1.281 1.274 1.270 1.262 1.257 1. 253 1. 252 1.251 12. 53 
1.302 1.290 1.281 1.275 1.271 1.263 1.258 1.254 1. 252 1.251 12.54 

1.303 1.290 1.282 1.275 1.271 1.263 1.258 1. 254 1.252 1.251 12. 55 
1.304 1.291 1.283 1.276 1.271 1.263 1. 258 1. 254 1.252 1.251 12.56 
1.305 1. 291 1.283 1.276 1.272 1.264 1.259 1.255 1.253 1.252 12.57 
1.305 1.292 1.284 1.277 1.272 1. 264 1.259 1.255 1.253 1.252 12. 58 
1.306 1.292 1.284 1. 277 1.273 1. 265 1.260 1. 256 1.254 1.253 12.59 

1.307 1.293 1.285 1.278 1.273 1.265 1.260 1.256 1.254 1.253 12. 60 
1.308 1. 294 1.286 1. 278 1.274 1. 265 1.260 1.256 1.254 1.253 12.61 
1.308 1.295 1.286 1.279 1.274 1.266 1.260 1.256 1.255 1.254 12.62 
1.309 1.295 1.287 1.279 1.275 1.266 1.261 1.257 1.255 1. 254 12.63 
I . 309 1.296 1.287 1.280 1.275 1. 267 1.261 1.257 1.256 1.255 12.64 

1. 310 1.297 1.288 1. 280 1.276 1.267 1.261 1.257 1.256 1. 255 12. 65 
1. 311 1.298 1.289 1. 281 1.277 1. 267 1.261 1.257 1.256 1. 255 12. 66 
1.312 1.298 1.289 1. 281 1.277 1. 268 1.262 1.258 1.257 1. 256 12. 67 
1. 312 1.299 1.290 1. 282 1.278 1.268 1.262 1.258 1.257 1. 256 12. 68 
1.313 1. 299 1.290 1. 282 1. 278 1.269 1.263 1.259 1.258 1. 257 12. 69 

1. 314 1. 300 1.291 1.283 1.279 1.269 1. 263 1.259 1.258 1. 257 12.70 
1. 315 1. 301 1.292 1.284 1. 279 1.269 1.263 1.259 1.258 1. 257 12.71 
1.315 1.301 1.292 1.284 1.280 1.270 1.264 1.260 1.258 1. 257 12. 72 
1.316 1. 302 1.293 1.285 1.280 1. 270 1.264 1.260 1.259 1.258 12. 73 
1. 316 1. 302 1.293 1. 285 1.281 1. 271 .1. 265 1.261 1.259 1. 258 12. 74 

1. 317 1. 303 1.294 1.286 1.281 1.271 1. 265 1.261 1.259 1. 258 12. 75 
1. 318 1. 304 1.295 1.287 1.281 1.271 1.265 1.261 1.259 1.258 12. 76 
1. 319 1.304 1.295 1.287 1. 282 1.272 1.266 1. 262 1.260 1.259 12.77 
1. 319 1. 305 1.296 1.288 1.282 1.272 1.266 1.262 1.260 1.259 12. 78 
1. 320 1. 305 1.296 1. 288 1.283 1. 273 1.267 1.263 1.261 1.260 12. 79 

VII - 73 



l.OS 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

12.80 1. 527 1.495 1.468 1.439 
12.81 1.528 1.496 1.469 1.440 
12.82 1.529 1.497 1.470 1.441 
12.83 1.530 1.498 1.471 1.442 
12.84 1.531 1.499 1.472 1.443 

12.85 1. 532 1.500 1.473 1.444 
12.86 1.533 1.501 1.474 1.445 
12.87 1. 534 1.502 1.475 1.446 
12.88 1.535 1.503 1.475 1.447 
12. 89 1.536 1.504 1.476 1.448 

12.90 1.537 1.505 1.477 1.449 
12.91 1.538 1.506 1.478 1.450 
12.92 1. 539 1.507 1.479 1.451 
12.93 1.540 1.508 1.480 1.452 
12.94 1. 541 1.509 1.481 1.453 

12.95 1.542 1.510 1.482 1.454 
12.96 1. 543 1.511 1. 483 1.455 
12.97 1. 544 1.512 1. 484 1. 456 
12.98 1. 546 1.513 1.485 1.456 
12. 99 1. 547 1.514 1. 486 1.457 

13.00 1. 548 1.515 1. 487 1.458 
13. 01 1. 549 1.516 1.488 1.459 
13. 02 1.550 1.517 1. 489 1.460 
13. 03 1.551 1.518 1.490 1. 461 
13. 04 1.552 1.519 1.491 1.462 

13. 05 1.553 1.520 1.492 1. 463 
13.06 1.554 1.521 1.493 1.464 
13. 07 1.555 1. 522 1.494 1. 465 
13. 08 1.556 1.523 1.495 1. 466 
13. 09 1.557 1.524 1.496 1. 467 

13. 10 1.558 1. 525 1. 497 1. 468 
13. 11 1.559 1.526 1.498 1. 469 
13. 12 1.560 1. 527 - 1. 499 1.470 
13. 13 1. 561 1.523 1. 500 1.471 
13. 14 1. 562 1.529 1.501 1. 472 

13. 15 1. 563 1. 530 1.502 1. 473 
13. 16 1.564 1.531 1.503 1. 474 
13. 17 1. 565 1.532 1.504 1.475 
13. IS 1. 566 1. 533 1.505 1. 475 
13. 19 1. 567 1.534 1. 506 1. 476 

13.20 1. 568 1. 535 1. 507 1. 477 

13.21 1. 569 1.536 1.508 1.478 
13. 22 1.570 1. 537 1.509 1. 479 
13. 23 1. 571 1. 533 1.510 1. 4c.0 
13. 24 1. 572 1. 539 1. 511 1. 4i.l 

1.418 1.397 1.375 1.358 1.345 1.336 
1.419 1.398 1.376 1.359 1.346 1.337 
1.420 1.399 1.377 1.360 1.346 1.337 
1. 420 1.399 1.377 1.360 1.347 1.338 
1.421 1.400 1.378 1.361 1.347 1.338 

1.422 1.401 1.379 1.362 1.348 1.339 
1.423 1.402 1.380 1.363 1.349 1.340 
1. 424 1.4Q3 1.381 1.363 1.350 1.340 
1. 425 1.403 1. 381 1.364 1.350 1.341 
1.426 1.404 1.382 1.364 1.351 1.341 

1.427 1.405 1.383 1.365 1.352 1.342 
1.428 1.406 1. 384 1.366 1.353 1.343 
1.429 1.407 1. 385 1.367 1.354 1.344 
1. 429 1.407 1. 385 1.367 1.354 1.344 
1.430 1.308 1.386 1.368 1.355 1.345 

1.431 1.409 1.387 1.369 1.356 1.346 
1.432 1.410 1.388 1.370 1.357 1.347 
1.433 1.411 1.389 1.371 1.358 1.348 
1.434 1.412 1.389 1.372 1. 358 1.348 
1.435 1. 413 1.390 1.373 1.359 1.349 

1.436 1. 414 1.391 1.374 1. 360 1.350 
1.437 1. 415 1.392 1.375 1.361 1.351 
1.438 1. 416 1.393 1.376 1.362 1.352 
1.438 1. 416 1.393 1.376 1.362 1.352 
1. 439 1. 417 1. 394 1.377 1.363 1.353 

1.440 1. 418 1.395 1.378 1.364 1.354 
1. 441 1. 419 1. 396 1.379 1.365 1.355 
1.442 1.420 1.397 1.379 1.365 1.356 
1.443 1. 420 1. 397 1.380 1.366 1.356 
1. 444 1.421 1.398 1.380 1. 366 1.357 

1. 445 1.422 1. 399 1.381 1. 367 1.358 
1.446 1. 423 1.400 1.382 1.368 1.359 
1. 447 1. 424 1. 401 1.383 1. 369 1.359 
1. 447 1. >24 1. 401 1.383 1.369 1. 360 
1.448 1. 425 1.402 1.384 1. 370 1.360 

1. 449 1. 42b 1. 403 1. 385 1.371 1.361 
1. 450 1. 427 1.404 1. 386 1. 372 1.362 
1. 451 I . 428 1. 405 1.387 1. 372 1.362 

1. 451 1. .129 1. 406 1.387 1. 373 1.363 
1. 452 1.430 1. 407 1. 388 1. 373 1.363 

1. 453 1. 431 1.408 1.389 1. 374 1.364 
1. 454 1. 432 1. 409 1.390 1.375 1.365 
1. 455 1. ',33 1. 410 1. 391 1. 376 1.366 
1. 456 1. 433 1. 410 1.391 1.376 1.366 
1. 457 1. 434 1. 411 1. 392 1. 377 1.367 



12. 80 - 13.24 

J. 60 1.70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

1. 321 1.306 1.297 1.289 1.283 1.273 1.267 1. 263 1.261 1.260 12.80 
1.322 1.307 1.297 1.289 1.284 1.273 1.267 1.263 1.261 1.260 12.81 
\.322 1.307 1.298 1.290 1.284 1.274 1.268 1.264 1.262 1.260 12. 82 
1. 323 1.308 1.298 1.290 1.285 1.274 1.268 1.264 1.262 1.261 12.83 
1.323 1.308 1.299 1.291 1.285 1.275 1.269 1.265 1.263 1.261 12.84 

1.324 1.309 1.299 1.291 1.286 1.275 1.269 1.265 1.263 1.261 12.85 
1.325 1.310 1.300 1.292 1.287 1.275 1.269 1. 265 1.263 1.262 12.86 
1.326 1.310 1.300 1.292 1.287 1. 276 1.270 1. 266 1.264 1.262 12.87 
1.326 1.311 1.301 1,293 1.288 1.276 1.270 1.266 1.264 1.262 12. 88 
1.327 1.311 1.301 1.293 1.288 1.277 1.271 1.267 1.265 1.263 12.89 

1.328 1.312 1.302 1.294 1.289 1.277 1.271 1.267 1.265 1.263 12.90 
1.329 1.313 1.303 1.295 1.289 1.277 1.271 1.267 1.265 1.263 12.91 
1. 329 1. 313 1.303 1.295 1.290 1.278 1.271 1.267 1.265 1.264 12.92 
1.330 1.314 1.304 1.296 1.290 1. 278 1.272 1.268 1.266 1.264 12.93 
1.330 1.314 1.304 1.296 1.291 1.279 1.272 1.268 1.266 1.265 12. 94 

1. 331 1.315 1.305 1. 297 1.291 1. 279 1.272 1.268 1.266 1.265 12.95 
1.332 1.316 1.306 1.298 1.291 1. 279 1.272 1. 268 1.266 1.265 12.96 
1.333 1.317 1.306 1.298 1.292 1.280 1.273 1. 269 1.267 1.266 12. 97 
1.333 1.317 1.307 1.299 1.292 1.280 1.273 1.269 1.267 1.266 12.98 
1.334 1. 318 1.307 1.299 1.293 1.281 1.274 1.270 1.268 1.267 12. 99 

1.335 1.319 1. 308 1.300 1.293 1.281 1.274 1.270 1. 268 1.267 13. 00 
1.336 1.319 1. 308 1.300 1.293 1.281 1.274 1.270 1.268 1.267 13. 01 
1.336 1.320 1. 309 1.301 1.294 1.282 1.275 1.270 1.268 1.267 13.02 
1.337 1.320 1. 309 1.301 1.294 1.282 1.275 1. 271 1.269 1.268 13. 03 
1.337 1.321 1. 310 1. 302 1.295 1.283 1.276 1.271 1.269 1.268 13. 04 

1.338 1. 321 1. 310 1. 302 1. 295 1. 283 1. 276 1.271 1.269 1.268 13. 05 
1. 339 1.322 1.311 1. 302 1.296 1. 284 1. 276 1.271 1.269 1.268 13.06 
1.339 1.322 1.311 1. 303 1.296 1. 284 1. 277 1. 272 1.270 1.269 13.07 
1.340 1. 323 1.312 1. 303 1.297 1. 285 1. 277 1.272 1.270 1.269 13. 08 
1. 340 1.323 1.312 1. 304 1. 297 1. 285 1. 278 1.273 1.271 1.270 13. 09 

1. 341 1. 324 1.313 1. 304 1.298 1. 286 1.278 1.273 1.271 1. 270 13. 10 
1. 342 1.325 1.314 1.305 1.298 1. 286 1.278 . 1. 273 1.271 1.270 13. 11 
1. 343 1. 325 1.314 1.305 1. 299 1.287 1.279 1. 274 1.272 1.270 13.12 
1. 343 1. 326 1.315 1.306 1.299 1.287 1.279 1. 274 1.272 1.271 13.13 
1. 344 1. 326 1.315 1.306 1.300 1. 288 1.280 1.275 1.273 1.271 13. 14 

1. 345 1. 327 1.316 1.307 1.300 1.288 1.280 1. 275 1.273 1.271 13. 15 
1. 346 1. 328 1.317 1.308 1.301 1.288 1.280 1.275 1.273 1.271 13. 16 
1.347 1. 329 1.318 1.308 1.301 1.289 1.281 1.276 1.274 1. 272 13. 17 
1. 347 1. 329 1.318 1.309 1.302 1.289 1.281 1.276 1.274 1.272 13. 18 
I . 348 1.330 1.319 1.309 1.302 1.290 1.282 1.277 1.275 1.273 13.19 

1. 349 1. 331 1.320 1. 310 1.303 1. 290 1.282 1.277 1.275 1. 273 13. 20 
1. 350 1. 332 1.320 1.311 1.303 1.290 1. 282 1. 277 1. 275 1.273 13.21 
1.350 1.332 1.321 1.311 1.304 1.291 1.283 1. 277 1.275 1. 274 13. 22 
I. 351 1. 333 1.321 1. 312 1.304 1.291 1. 283 1.278 1.276 1. 274 13. 23 
1. 351 1. 333 1.322 1.312 1.305 1.292 1.284 1.278 1.276 1.275 13.24 

VII - 75 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

13.25 1.573 1.540 1.512 1.482 
13.26 1.574 1.541 1.513 1.483 
13.27 1.575 1. 542 1.514 1.484 
13.28 1.576 1.544 1. 515 1.484 
13.29 1.577 1.545 1.516 1.485 

13.30 1. 578 1.546 1.517 1.486 
13.31 1.579 1.547 1.518 1.487 
13.32 1.580 1.548 1.519 1.488 
13.33 1.581 1.549 1.519 1.489 
13.34 1.582 1.550 1.520 1.490 

13.35 1.583 1.551 1.521 1.491 
13. 36 1.584 1.552 1.522 1.492 
13.37 1.585 1.553 1.523 1.493 
13.38 1.587 1.554 1.524 1.493 
13.39 1.588 1.556 1.525 1.494 

13.40 1.589 1.556 1. 526 1.495 
13.41 1.590 1.557 1.527 1.496 
13.42 1.591 1.558 1.528 1.497 
13. 43 1.592 1.559 1.529 1.498 
13. 44 1.593 1.560 1. 530 1.499 

13. 45 1.594 1.561 1.531 1.500 
13.46 1.595 1.562 1. 532 1.501 
13. 47 1.596 1.563 1.533 1.502 
13. 48 1.597 1.564 1.534 1.502 
13. 49 1.598 1.565 1.535 1.503 

13. 50 1.599 1.566 1.536 1. 504 
13. 51 1.600 1.567 1.537 1.505 
13.52 1.601 1. 563 1.538 1. 506 
13. 53 1.602 1.569 1. 539 1.507 
13. 54 1.603 1.570 1.540 1.508 

13. 55 1.604 1.571 1. 541 1. 509 
13. 56 1.605 1.572 1. 542 1. 510 
13. 57 1.606 1.573 1. 543 1.511 
13. 58 1.607 1.575 1. 544 1.512 
13. 59 1.608 1.576 1. 545 1.513 

13. oO 1.609 1.577 1.546 1.514 
13.61 1.610 1. 578 1. 547 1.515 
13. 62 1.611 1. 579 1. 548 1. 516 
13. 63 1.612 1. 580 1.549 1.516 
13.64 1.613 1.581 1.550 1.517 

13. 65 1.614 1. 582 1. 551 1. 518 
13. no 1. ol5 1. 583 1.552 1.519 
13. o7 1.616 1. 584 1. 553 1. 520 
13. 68 1.617 1. 585 1.554 1. 521 
13. 69 1. 618 1. 586 I . 555 1. 522 

1.458 1.435 1.412 1.393 1.378 1.368 
1.459 1.436 1.413 1. 394 1.379 1.369 
1.460 1.437 1. 414 1.395 1.380 1.370 
1.461 1.438 1. 414 1.396 1.380 1.370 
1.462 1.439 1. 415 1.397 1.381 1.371 

1.463 1.440 1.416 1.398 1.382 1.372 
1.464 1.441 1. 417 1.399 1.383 1.373 
1.465 1.442 1.418 1.399 1.383 1.373 
1.465 1.442 1. 418 1.400 1.384 1.374 
1.466 1.443 1.419 1.400 1.384 1.374 

1.467 1.444 1.420 1.401 1.385 1.375 
1.468 1.445 1.421 1.402 1.386 1.376 
1.469 1.446 1.422 1.402 1.387 1.377 
1.470 1.447 1.422 1.403 1.387 1.377 
1.471 1.448 1. 423 1.403 1.388 1.378 

1.472 1.449 1.424 1.404 1.389 1.379 
1.473 1.450 1. 425 1.405 1.390 1.380 
1.474 1.451 1.426 1.406 1.391 1.380 
1.474 1.451 1.426 1.406 , 1.391 1.381 
1.475 1. 452 1.427 1.407 i 1.392 1.381 

1.476 1.453 1.428 1.408 1.393 1.382 
1.477 1. 454 1.429 1.409 1.394 1.383 
1.478 1.455 1.430 1.410 1.395 1.384 
1.478 1. 455 1.430 1.410 1.395 1.384 
1.480 1.456 1. 431 1.411 1.396 1.385 

1.481 1.457 1.432 1.412 1.397 1.386 
1.482 1.458 1.433 1.413 1.398 1.387 
1. 483 1.459 1.434 1. 414 1. 398 1.387 
1. 483 1.459 1.434 1. 414 1. 399 1.388 
1. 484 1. 460 1.435 1.415 1.399 1.388 

1. 485 1.461 1.436 1. 416 1.400 1.389 
1. 486 1.462 1.437 1.417 1.401 1.390 
I. 487 1. 463 1.438 1. 418 1.402 1.391 
1. 488 1. .64 1. 438 1. 418 1. 402 1.391 
1. 489 1.465 1.439 1. 419 1. 403 1.392 

1. 490 1. - 66 1. 440 1.420 1. 404 1.393 
1.491 1.467 1. 441 1.421 1.405 1.394 
I . 492 1. -' 68 1. 442 1.422 1.406 1.394 
1. 492 1. 468 1. 442 1.422 1.406 1.395 
1. 493 I . 469 1. 443 1.423 1.407 1.395 

1.494 t.-'70 1. 444 1.424 1.408 1.396 
1.495 1. 471 1. 445 1.425 1. 409 1.397 
1.496 1.472 1. 446 1.426 1.410 1.398 
1. 497 1. 473 1. 446 1.426 1. 410 1.398 
1. 498 1. 474 1. 447 1.427 1. 411 1.399 

VII - 76 



13. 25 - 13.69 

1. 60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 Pr 

1.352 1.334 1.322 1.313 1.305 1.292 1.284 1.278 1.276 1.275 13. 25 
'.353 1.335 1.323 1.314 1.306 1.292 1.284 1.278 1.276 1.275 13.26 
..353 1. 335 1.323 1.314 1.306 1. 293 1.285 1.279 1.277 1.276 13.27 
1.354 1.336 1.324 1.315 1.307 1.293 1.285 1.279 1.277 1.276 13.28 
1.354 1.336 1.324 1.315 1.307 1.294 1.286 1.280 1.278 1.277 13.29 

1.355 1.337 1.325 1.316 1.308 1.294 1.286 1.280 1.278 1.277 13.30 
1.356 1. 338 1.326 1. 316 1.308 1.294 1.286 1.280 1.278 1.277 13.31 
1.356 1.338 1.326 1.317 1.309 1.295 1.286 1.280 1.278 1.277 13. 32 
1. 357 1. 339 1.327 1. 317 1.309 1.295 1. 287 1.281 1.279 1.278 13.33 
1.357 1. 339 1.327 1. 318 1.310 1.296 1.287 1.281 1.279 1.278 13.34 

1. 358 1. 340 1.328 1. 318 1.310 1.296 1.287 1.281 1.279 1.278 13.35 
1. 359 1.341 1.329 1. 319 1.311 1.296 1.287 1.281 1.279 1.278 13.36 
1.360 1.341 1.329 1.319 1.311 1. 297 1. 388 1.282 1.280 1.279 13. 37 
1.360 1.342 1.330 1.320 1.312 1. 297 1.288 1.282 1.280 1.279 13. 38 
1. 361 1.342 1.330 1.320 1.312 1. 298 1.289 1.283 1.281 1.280 13.39 

1.362 1. 343 1.331 1.321 1.313 1. 298 1.289 1.283 1.281 1.280 13.40 
1.363 1.344 1.332 1.321 1.313 1. 298 1.289 1.283 1.281 1.280 13. 41 
1.363 1. 344 1.332 1.322 1.314 1.299 1.290 1.284 1.282 1.280 13.42 
1.364 1.345 1.333 1. 322 1.314 1.299 1.290 1.284 1.282 1.281 13.43 
1.364 1.345 1.333 1.323 1.315 1.300 1.291 1. 285 1.283 1.281 13. 44 

1.365 1.346 1.334 1. 323 1.315 1.300 1.291 1.285 1.283 1.281 13.45 
1.366 1.347 1.335 1.324 1.315 1.300 1.291 1.285 1.283 1.281 13.46 
1.367 1.347 1.335 1.324 1.316 1.301 1.292 1.286 1.284 1.282 13.47 
1.367 1.348 1.336 1.325 1.316 1.301 1.292 1.286 1.284 1.282 13. 48 
1.368 1.348 1.336 1.325 1.317 1.302 1.293 1.287 1.285 1.283 13.49 

1.369 1. 337 1.337 1.326 1.317 1. 302 1.293 1.287 1.285 1. 283 13. 50 
1.370 1. 338 1.338 1.326 1. 317 1.302 1.293 1. 287 1.285 1.283 13.51 
1.370 1. 350 1.338 1.327 1.318 1.303 1.294 1.288 1.286 1. 284 13. 52 
1.371 1. 351 1.339 1.327 1.318 1.303 1.294 1.288 1.286 1. 284 13. 53 
1.371 1. 351 1.339 1.328 1. 319 1.304 1. 295 1. 289 1.287 1.284 13. 54 

1.372 1. 352 1.340 1.328 1.319 1.304 1.295 1.289 1.287 1.285 13.55 
1.373 1. 353 1.341 1.329 1.320 1.304 1.295 1.289 1. 287 1. 285 13.56 
1.374 1.353 1.341 1.329 1.320 1.305 1.296 1.290 1. 288 1. 286 13. 57 
1.374 1. 354* 1.342 1.330 1.321 1.305 1.296 1.290 1.288 1. 286 13. 58 
1.375 1. 354 1.342 1. 330 1.321 1.306 1.297 1.291 1.289 1.287 13. 59 

1.376 1. 355 1. 343 1.331 1.322 1.306 1.297 1.291 1.289 1.287 13.60 
1.377 1.356 1.344 1. 332 1. 322 1. 306 1.297 1.291 1.289 1. 287 13.61 
1.377 1.356 1. 344 1. 332 1.323 1.307 1.297 1.291 1.289 1.288 13. 62 
1.378 1.357 1.345 1.333 1.323 1.307 1.298 1.292 1.290 1.288 13.63 
1.378 1.357 1.345 1.333 1.324 1. 308 1.298 1.292 1.290 1. 288 13. 64 

1. 379 1. 358 1.346 1.334 1. 324 1.308 1.298 1. 292 1.290 1.288 13. 65 
1.380 1. 359 1. 347 1.335 1.325 1.308 1.298 1. 292 1.290 1.288 13. 66 
1.380 1. 359 1.347 1. 335 1.325 1. 309 1.299 1.293 1.291 1.289 13.67 
1. 381 1. 360 1. 348 1.336 1.326 1. 309 1.299 1.293 1.291 1. 289 13.68 
1.381 1. 360 1.348 1.336 1.326 1.310 1.300 1.294 1.292 1. 290 13. 69 

VII - 77 



Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

13. 70 
13.71 
13. 72 
13. 73 
13. 74 

1.619 
1.620 
1.621 
1.622 
1.623 

1.587 
1.588 
1.589 
1.590 
1.591 

1.556 
1.557 
1.558 
1. 559 
1.560 

1.523 
1.524 
1.525 
1.525 
1.526 

1.499 
1.500 
1.501 
1.501 
1.502 

1.475 
1.476 
1.477 
1.477 
1.478 

1.448 
1.449 
1. 450 
1.450 
1. 451 

1.428 
1.429 
1.430 
1.430 
1.431 

1.412 
1.413 
1. 414 
1.414 
1.415 

1.400 
1.401 
1.402 
1.402 
1.403 

13. 75 
13.76 
13.77 
13.78 
13.79 

1.624 
1.625 
1.626 
1.628 
1.629 

1.592 
1.593 
1.594 
1.595 
1.596 

1.561 
1.562 
1.563 
1.564 
1.565 

1.527 
1.528 
1.529 
1.530 
1.531 

1.503 
1.504 
1.505 
1.506 
1.507 

1.479 
1.480 
1. 481 
1.481 
1.482 

1.452 
1.453 
1.454 
1.454 
1.455 

1.532 
1.433 
1.434 
1.434 
1.435 

1.416 
1.417 
1.417 
1.418 
1.418 

1.404 
1.405 
1.406 
1.406 
1.407 

13.80 
13.81 
13. 82 
13.83 
13.84 

1.630 
1.631 
1.632 
1.633 
1. 634 

1.597 
1.598 
1.599 
1.600 
1.601 

1.566 
1.567 
1.568 
1.569 
1.570 

1.532 
1.533 
1.534 
1.535 
1.536 

1.508 
1.509 
1.510 
1.511 
1.512 

1.483 
1.484 
1.485 
1.485 
1.486 

1.456 
1.457 
1.458 
1.458 
1.459 

1.436 
1.437 
1.437 
1.438 
1.438 

1.419 
1. 420 
1. 421 
1.421 
1.422 

1.408 
1.409 
1.409 
1.410 
1.410 

13.85 
13.86 
13.87 
13.88 
13. 89 

1.635 
1.636 
1. 637 
1.638 
1.639 

1.602 
1.603 
1.604 
1.606 
1.607 

1.571 
1.572 
1.573 
1.573 
1.574 

1.537 
1.538 
1.539 
1.540 
1.541 

1.513 
1.514 
1.515 
1.515 
1.516 

1.487 
1.488 
1.489 
1.490 
1.491 

1.460 
1. 461 
1.462 
1.463 
1. 464 

1.439 
1.440 
1.441 
1.441 
1.442 

1.423 
1.424 
1. 424 
1.425 
1.425 

1. 411 
1.412 
1.413 
1.413 
1.413 

13.90 
13.91 
13.92 
13. 93 
13. 94 

1.640 
1.641 
1.642 
1.643 
1.644 

1.608 
1.609 
1.610 
1.611 
1.612 

1.574 
1.576 
1.577 
1.578 

1. 542 
1.543 
1.544 
1.544 
1.545 

1.517 
1.518 
1.519 
1.520 
1.521 

1.492 
1.493 
1.494 
1.494 
1. 495 

1.465 
1.466 
1.467 
1.467 
1.468 

1.443 
1.444 
1.445 
1.445 
1.446 

1.426 
1. 427 
1.428 
1.428 
1.429 

1. 414 
1.415 
1.416 
1.416 
1.417 

13. 95 
13.96 
13. 97 
13. 98 
13. 99 

1.645 
1.646 
1.647 
1.648 
1.649 

1.613 
1.614 
1.615 
1.616 
1.617 

1.580 
1.581 
1. 582 
1.583 
1.584 

1.546 
1. 547 
1. 548 
1. 548 
1.5*9 

1.522 
1. 523 
1.524 
1.524 
1.525 

1.496 
1.497 
1. 498 
1. 498 
1.499 

1.469 
1.470 
1.471 
1. 471 
1.472 

1.447 
1.448 
1.449 
1.449 
1.450 

1. 430 
1.431 
1.432 
1.432 
1.433 

1. 417 
1.418 
1.419 
1.419 
1.420 

14.00 
14.01 
14.02 
14. 03 
14.04 

1.650 
1.651 
1.652 
1. 653 
1.654 

1.618 
1.619 
1.620 
1. 621 
1.622 

1. 585 
1. 586 
1.587 
1.588 
1.589 

1.550 
1.551 
1.552 
1. 553 
1. 554 

1.526 
1. 527 
1. 528 
1.529 
1.530 

1.500 
1. 501 
1.502 
1. 532 
1.503 

1.473 
1. 474 
1.475 
1. 476 
1.477 

1.451 
1.452 
1. 453 
1.453 
1. 454 

1.434 
1.435 
1.435 
1. 436 
1.436 

1.421 
1.422 
1.423 
1.423 
1.424 

14. 05 
14.06 
14.07 
14. 08 
14. 09 

1. 655 
1.656 
1.657 
1.659 
1. 660 

1.623 
1.624 
1.625 
1.626 
1. o27 

1.590 
1. 591 
1.592 
1.593 
1.594 

1. 555 
1. 553 
1. 557 
1. 553 
1. 55') 

1.531 
1.532 
1.533 
1.533 
1. 534 

1. 504 
1.505 
1. 506 
1.507 
1.508 

1.478 
1.479 
1.480 
1. 480 
1. 481 

1.455 
1.456 
1.457 
1.457 
1.458 

1.437 
1. 438 
1.439 
1.439 
1.440 

1.425 
1.426 
1.427 
1.427 
1.428 

14. 10 1. 661 1. 623 1. 595 1. 5o0 1. 535 1. 509 1. 482 1. 459 1. 441 1.429 
14. 11 1. 662 1.629 1.596 1.561 1. 536 1.510 1. 483 1.460 1. 442 1.430 
14. 12 1. 663 1.630 1.597 1. 562 1.537 1.511 1. 484 1.461 1. 443 1.430 
14. 13 1. 664 1.631 1.598 1. 563 1. 537 1.511 1. 484 1.461 1. 443 1.431 
1 4. 14 1. 665 1. 632 1. 599 1. 564: 1. 538 1. 512 1. 485 1.462 1. 444 1. 431 
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13. 70 - 14. 14 

1.60 1.70 1.80 1.90 2.00 2.20 2.40 2.60 2.80 3.00 P r 

1.382 
• 383 
i. 383 
1.384 
1.384 

1.385 
1.386 
1.387 
1.387 
1.388 

1.389 
1.390 
1.391 
1.391 
1.392 

1.393 
1.394 
1.395 
1.395 
1.396 

- J 1.397 
1.397 
1.398 
1.398 
1.399 

1.399 
1. 400 
1. 400 
1. 401 
1. 401 

1. 402 
1. 403 
1. 403 
1. 404 
1. 404 

1.405 
1. 40(3 
I . 407 
1. 407 
1. 408 

I. 409 
! 410 

1 , T i l 

1. 411 

1. 361 1.349 
1. 362 1.349 
1. 362 1.350 
1. 363 1. 350 
1. 363 1.351 

1. 364 1. 351 
1.365 1.352 
1. 366 1.352 
1.366 1.353 
1.367 1.353 

1. 368 1.354 
1.369 1.355 
1. 369 1.355 
1. 370 1.356 
1. 370 1. 356 

1. 371 1.357 
1.372 1. 358 
1. 372 1. 3S8 
1. 373 1.359 
1. 373 1.359 

1. 374 1. 360 
1.375 1.361 
1. 375 1.361 
1. 376 1.362 
1. 376 1.362 

1.377 1.363 
1.378 1.364 
1.378 1.364 
1. 379 1. 365 
1. 379 1. 365 

1. 380 1. 366 
1.381 1.367 
1. 381 1. 367 
1.382 1.368 
1.382 1.368 

1.383 1.369 
1.384 1.370 
1.384 1.370 
1.385 1.371 
1.385 1.371 

1.33b 1.372 
1. 387 ' 1. 373 
1.387 1.373 
1. 388 1. 374 
1. 388 1. 374 

1.337 1.327 
1.337 1.327 
1.338 1.328 
1 338 1.328 
1.339 1.329 

1.339 1.329 
1.340 1.330 
1.340 1.330 
1.341 1.331 
1.341 1. 331 

1. 342 1. 332 
1. 343 1.332 
1.343 1.333 
1.344 1.333 
1. 344 1.334 

1.345 1.334 
1. 346 1.335 
1.346 1.335 
1. 347 1.336 
1.347 1. 336 

1.348 1.337 
1. 348 1.337 
1.349 1.338 
1. 349 1. 338 
1. 350 1.339 

1.350 1.339 
1.351 1.339 
1. 351 1.340 
1.352 1.340 
1.352 1.341 

1.353 1. 341 
1.354 1.341 
1.354 1.342 
1.355 1.342 
1.355 1. 343 

1.356 1.343 
1.356 1.344 
1.357 1.344 
1.357 1. 345 
1.358 1. 345 

1.358 1.346 
1.358 1.346 
1.359 1.347 
1.359 1.347 
1.360 1.348 

1.310 1.300 
1.310 1.300 
1.311 1.300 
1. 311 1. 301 
1.312 1.301 

1. 312 1. 301 
1. 312 1.301 
1. 313 1. 302 
1. 313 1.302 
1. 314 1. 303 

1. 314 1. 303 
1. 314 1. 303 
1. 315 1.304 
1. 315 1. 304 
1. 316 1. 305 

1. 316 1. 305 
1.316 1.305 
1.317 1.306 
1. 317 1. 306 
1. 318 1.307 

1. 318 1. 307 
1. 318 1. 307 
1. 319 1. 308 
1. 319 1. 308 
1. 320 1. 309 

1. 320 1. 309 
1. 320 1. 309 
1.321 1.310 
1.321 1.310 
1.321 1.311 

1.322 1.311 
1.322 1.311 
1.323 1.312 
1.323 1.312. 
1.324 1.313 

1.324 1.313 
1.324 1.313 
1. 325 1.314 
•1. 325 1. 314 
1.326 1.315 

1.326 1.315 
1.326 1.315 
1.327 1.316 
1.327 1.316 
1.328 1.317 

1. 294 1. 292 
1.294 1.292 
1.295 1.292 
1. 295 1.293 
1. 29f 1.293 

1.296 1.293 
1. 296 1.293 
1.297 1. 294 
1. 297 1. 294 
1.298 1.295 

1.298 1.295 
1.298 1.295 
1. 299 1.296 
1.299 1.296 
1. 300 1.297 

1. 300 1.297 
1.300 1.297 
1. 300 1.298 
1. 301 1.298 
1. 301 1. 299 

1. 301 1. 299 
1.301 1.299 
1. 301 1. 299 
1. 302 1. 300 
1. 302 1. 300 

1. 302 1. 300 
1. 302 1. 300 
1. 303 1. 301 
1. 303 1. 301 
1. 304 1. 302 

1. 304 1. 302 
1.304 1.302 
1.305 1.302 
1. 305 1. 303 
1.306 1.303 

1. 306 1. 303 
1. 306 1. 303 
1. 307 1. 304 
1. 307 1. 304 
1.308 1.305 

1. 308 1. 305 
1. 308 1. 305 
1. 308 1. 306 
1. 309 1. 306 
1.309 1.307 

1. 290 13. 70 
1. 390 13. 71 
1.290 13. 72 
1.291 13. 73 
1.291 13. 74 

1. 291 13.75 
1. 291 13. 76 
1. 292 13.77 
1. 292 13. 78 
1. 293 13. 79 

1.293 13. 80 
1.293 13. 81 
1. 294 13.82 
1. 294 13. 83 
1.295 13. 84 

1. 295 13. 85 
1. 295 13. 86 
1. 296 13. 87 
1.296 13. 88 
1. 297 13.89 

1. 297 13. 90 
1.297 13. 91 
1. 297 13. 92 
1.298 13. 93 
1. 298 13. 94 

1. 298 13. 95 
1. 298 13. 96 
1. 299 13. 97 
1. 299 13. 98 
1. 300 13. 99 

1. 300 14. 00 
1. 300 14. 01 
1.300 14.02 
1. 301 14. 03 
1. 301 14. 04 

1.301 14.05 
1.301 . 14.06 
1. 302 14. 07 
1. 302 14. 08 
1. 303 14. 09 

1. 303 14. 10 
1. 303 14. 11 
1. 304 14. 12 
1. 304 14. 13 
1.305 14.14 
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1.05 1.10 1.15 1.20 1. 25 1.30 1.35 1.40 1.45 1.50 

14. IS 
14.16 
14.17 
14. 18 
14.19 

1. 666 
1.667 
1.668 
1.669 
1.670 

1.633 
1.634 
1.635 
1.637 
1.638 

1.600 
1.601 
1.602 
1.603 
1.604 

1.565 
1.566 
1.567 
1.568 
1.569 

1.539 
1.540 
1.541 
1.542 
1.543 

1.513 
1.514 
1.515 
1.516 
1.517 

1.486 
1. 487 
1. 488 
1. 488 
1.489 

1.463 
1.464 
1.465 
1.465 
1.466 

1.445 
1.446 
1.447 
1.447 
1.448 

1.432 
1.433 
1.434 
1.434 
1.435 

14.20 
14.21 
14.22 
14.23 
14.24 

1.671 
1.672 
1.673 
1.674 
1.675 

1.639 
1.640 
1.641 
1.642 
1.643 

1.605 
1.606 
1.607 
1.607 
1.608 

1.570 
1.571 
1.572 
1.573 
1.574 

1.544 
1.545 
1.546 
1.546 
1.547 

1.518 
.1.519 
1.520 
1.520 
1.521 

1.490 
1.491 
1.492 
1.492 
1.493 

1.467 
1.468 
1.469 
1.469 
1.470 

1.449 
1.450 
1.450 
1.451 
1.452 

1.436 
1.437 
1.437 
1.438 
1.438 

14.25 
14.26 
14.27 
14.28 
14. 29 

1.676 
1.677 
1.678 
1.679 
1.680 

1.644 
1.645 
1.646 
1.647 
1.648 

1.609 
1.610 
1.611 
1.612 
1.613 

1.575 
1.576 
1.577 
1.578 
1. 579 

1.548 
1.549 
1.550 
1.551 
1.552 

1.522 
1.523 
1.524 
1.525 
1.526 

1.494 
1.495 
1.496 
1.496 
1.497 

1.471 
1.472 
1.473 
1.473 
1.474 

1.452 
1.453 
1.454 
1.454 
1.455 

1.439 
1.440 
1.441 
1.441 
1.442 

14.30 
14.31 
14.32 
14. 33 
14.34 

1.681 
1.682 
1.683 
1.684 
1.685 

1.649 
1.650 
1.651 
1.652 
1.653 

1.614 
1.615 
1.616 
1.617 
1.618 

1.580 
1.581 
1.582 
1.582 
1.583 

1.553 
1.554 
1.555 
1.555 
1.556 

1.527 
1.528 
1.529 
1.529 
1.530 

1. 498 
1.499 
1.500 
1.500 
1.501 

1.475 
1.476 
1.476 
1.477 
1.477 

1.456 
1.457 
1.458 
1.458 
1.459 

1.443 
1.444 
1.444 
1.445 
1.445 

14.35 
14.36 
14.37 
14.38 
14. 39 

1.686 
1.687 
1.688 
1.690 
1.691 

1. 654 
1.655 
1.656 
1.657 
1.658 

1.619 
1.620 
1.621 
1.622 
1.623 

1.584 
1.585 
1.586 
1.587 
1.588 

1.557 
1.558 
1.559 
1.559 
1. 560 

1.531 
1. 532 
1.533 
1.534 
1.535 

1.502 
1.503 
1.504 
1.504 
1.505 

1.478 
1.479 
1.480 
1.480 
1.481 

1.460 
1.461 
1.462 
1.462 
1.463 

1.446 
1.447 
1.448 
1.448 
1.449 

14. 40 
14. 41 
14. 42 
14. 43 
14. 44 

1.692 
1.693 
1.694 
1.695 
1.696 

1.659 
1.660 
1.661 
1.662 
1.663 

1.624 
1.625 
1.626 
1.627 
1.628 

1.589 
1.590 
1. 591 
1.592 
1.593 

1.561 
1. 562 
1.563 
1.563 
1. 564 

1.536 
1.537 
1.538 
1.538 
1.539 

1.506 
1.507 
1. 508 
1.508 
1.509 

1.482 
1.483 
1.484 
1.484 
1.485 

1.464 
1. 465 
1.466 
1.466 
1.467 

1.450 
1.451 
1.452 
1.452 
1.453 

14. 45 
14.46 
14. 47 
14. 48 
14. 49 

1.697 
1.698 
1.699 
1. 700 
1.701 

1.664 
1.665 
1.666 
1.667 
1.668 

1. 629 
1.630 
1.631 
1.632 
1.633 

1. 594 
1. 595 
1.596 
1.596 
1.597 

1. 565 
1.566 
1. 567 
1.568 
1. 569 

1. 540 
1.541 
1.542 
1. 542 
1. 543 

1.510 
1.511 
1.512 
1.513 
1.514 

1.486 
1.487 
1.488 
1. 488 
1.489 

1.468 
1. 469 
1.470 
1.470 
1.471 

1.454 
1.455 
1.456 
1.456 
1.457 

14.50 1.702 1.669 1.634 1. 598 1.570 1. 544 1.515 1.490 1.472 1.458 

14.51 1.703 1.670 1.635 1. 599 1.571 1. 545 1.516 1.491 1.473 1. 459 

14. 52 1.704 1.671 1.636 1.6C0 1.572 1.546 1.517 1. 492 1.474 1.459 -, 

14. 53 1.705 1.672 1.637 1. 601 1.573 1. 546 1. 518 1. 492 1. 474 1.460 

14. 54 1.706 1. 673 1.638 1. 602 1. 574 1. 547 1. 519 1.493 1.475 1.460 

14. 55 1.707 1.674 1.639 1. 603 1. 575 1. 543 1.520 1.494 1. 476 1.461 

14.50 1.708 1. 675 1.640 1. 604 1. 576 1. 549 1. 521 1.495 1.477 1.462 

14. 57 L.709 1. 676 1.641 1. 605 1.577 1. 550 1. 522 1. 496 1.478 1.463 

14. 58 1.710 1. 677 1.641 1. 606 1.578 1.550 1.522 1.496 1.478 1.463 

14.59 1. 711 1. 67f. 1.642 1.607 1. 579 1.551 1. 523 1.497 1.479 1. 464 
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Pr 
14.15 - 14. 59 

1. 60 1.70 1.80 1.90 2.00 2. 20 2.40 2. 60 2. 80 3.00 Pr 

1. 412 1. 389 1.375 1.360 1.348 1.328 1.317 1.309 1.307 1.305 14.15 
1 413 1. 390 1.376 1.361 1.349 1.328 1.317 1.309 1.307 1.305 14. 16 
x. 414 1.390 1.376 1.361 1.349 1.329 1.318 1.310 1.308 1.306 14.17 
1. 414 1. 391 1.377 1.362 1.350 1. 329 1.318 1.310 1.308 1.306 14.18 
1.415 1. 391 1.377 1.362 1.350 1.330 1.319 1.311 1.309 1.307 14.19 

1.416 1.392 1.378 1. 363 1.351 1. 330 1.319 1.311 1.309 1.307 14.20 
1.417 1.393 1.379 1. 364 1.351 1.330 1.319 1. 311 1.309 1.307 14.21 
1.417 1.393 1.379 1.364 1.352 1.331 1.319 1.312 1.309 1.307 14. 22 
1.418 1.394 1.380 1. 365 1.352 1.331 1.320 1.312 1.310 1.308 14.23 
1.418 1.394 1.380 1.365 1.353 1.332 1.320 1.313 1.310 1.308 14.24 

1.419 1.395 1.381 1.366 1.353 1. 332 1.320 1.313 1.310 1.308 14.25 
1.420 1. 396 1.382 1.367 1.354 1.332 1.320 1.313 1.310 1. 308 14.26 
1. 421 1. 396 1.382 1.367 1.354 1.333 1.321 1.314 1.311 1. 309 14.27 
1. 421 I. 397 1.363 1.368 1. 355 1. 333 1.321 1.314 1.311 1.309 14.28 
1.422 1.397 1.383 1.368 1. 355 1. 334 1.322 1.315 1.312 1.310 14.29 

1. 423 1.398 1.384 1.369 1.356 1.334 1.322 1.315 1.312 1. 310 14. 30 
1. 424 1.399 1.385 1.369 1.356 1.334 1.322 1. 315 1.312 1.310 14.31 
1.424 1.399 1.385 1. 370 1.357 1.335 1.322 .1. 315 1.312 1.310 14. 32 
1.425 1. 400 1.386 1.370 1.357 1.335 1.323 1.316 1.313 1. 311 14.33 
1.425 1.400 1.386 1.371 1.358 1.336 1. 323 1. 316 1.313 1.311 14. 34 

1.426 1. 401 1.387 1.371 1. 358 1.336 1. 323 1. 316 1.313 1.311 14. 35 
1.427 1. 402 1.388 1.372 1.358 1.336 1.323 1.316 1.313 1.311 14. 36 
1.428 1.402 1.388 1.372 1.359 1.337 1.324 1.317 1.314 1.312 14. 37 
1. 428 1.403 1.389 1.373 1.359 1.337 1.324 1. 317 1.314 1.312 14.38 
1.429 1.403 1.389 1.373 1.360 1.338 1.325 1.318 1.315 1.313 14, 39 

1.430 1. 404 1.390 1.374 1.360 1.338 1.325 1.318 1.315 1.313 14.40 
1.431 1. 405 1. 391 1.374 1.360 1.338 1.325 1.318 1.315 1.313 14.41 
1.431 1. 405 1.391 1.375 1.361 1. 339 1.326 1.319 1.316 1.314 14. 42 
1.432 1. 406 1.392 1. 375 1.361 1.339 1.326 1.319 1.316 1.314 14.43 
1. 432 1. 406 1.392 1. 376 1.362 1.340 1.327 1. 320 1.317 1.315 14. 44 

1.433 1. 407 1.393 1.376 1.362 1. 340 1. 327 1.320 1.317 1.315 14. 45 
1. 434 1. 408 1.394 1.376 1.363 1. 340 1.327 1.320 1.317 1.315 14.46 
1. 435 1. 409 1. 394 1.377 1.363 1. 341 1.328 1. 321 1.318 1.316 14. 47 
1. 435 1. 409 1.395 1.377 1. 364 1. 341 1. 328 1.321 1.318 1. 316 14. 48 
1. 436 1. 410 1.395 1. 378 1.364 1. 342 1.329 1. 322 1.319 1. 317 14. 49 

1. 437 1. 411 1.396 1. 379 1.365 1. 342 1.329 1. 322 1.319 1.317 14. 50 
1. 438 1. 412 1.396 1.380 1.365 1. 342 1.329 1. 322 1.319 1. 317 14.51 
1. 438 1. 412 1.397 1.380 1.366 1. 343 1. 330 1. 323 1.320 1. 317 14. 52 
1.439 1. 413 1.397 1.381 1. 366 1. 343 1.330 1. 323 1.320 1.318 14. 53 
1. 439 1. 413 1.398 1.381 1.367 1. 344 1.331 1. 324 1.321 1. 318 14. 54 

1. 440 1. 414 1.398 1.382 1.367 I . 344 1.331 1. 324 1.321 1. 318 14. 55 
1. 441 1. 4!5 1.398 1.383 1.368 1. 344 1. 331 1. 324 1.321 1. 218 14. 56 
1. 441 1. 415 1.399 1.383 1.368 1. 345 1. 332 1. 325 1.322 1. 319 14.57 
1. 442 1. 416 1. 399 1.384 1.369 1. 345 1.332 1.325 1.322 1. 319 14. 58 
1. 442 1. 416 1. 400 1.384 1. 369 1. 346 1. 333 1. 326 1. 323 1. 320 14. 59 
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Pr 1.05 1.10 1.15 1.20 1.25 1.30 1.35 1.40 1.45 1.50 

14.60 1.712 1.679 1.643 1.608 
14.61 1.713 1.680 1.644 1.609 
14.62 1.714 1.681 1.645 1.610 
14.63 1. 715 1.682 1.646 1.611 
14.64 1.716 1.683 1.647 1.612 

14.65 1.717 1.684 1.648 1.613 
14.66 1.718 1.685 1.649 1.614 
14.67 1.719 1.686 1.650 1.615 
14.68 1. 720 1.688 1.651 1.615 
14.69 1.721 1.689 1.652 1.616 

14.70 1.722 1.690 1.653 1.617 
14.71 1.723 1.691 1.654 1.618 
14.72 1.724 1.692 1.655 1.619 
14.73 1.725 1.693 1.656 1.620 
14.74 1.726 1.694 1.657 1.621 

14. 75 1.727 1.695 1.658 1.622 
14. 76 1.728 1.696 1.659 1.623 
14.77 1.729 1.697 1.660 1.624 
14.78 1. 731 1.698 1.661 1.625 
14.79 1.732 1.699 1.662 1.626 

14. 80 1.733 1.700 1.663 1.627 
14.81 1.734 1.701 1.664 1.628 
14.82 1.735 1.702 1.665 1.629 
14.83 1.736 1.703 1.666 1.630 
14. 84 1.737 1.704 1.667 1.631 

14. 85 1. 738 1.705 1.668 1.632 
14. 86 1. 739 1.706 1.669 1.633 
14. 87 1.740 1.707 i.670 1.634 
14. 88 1. 741 1.708 1.671 1.634 
14. 89 1. 742 1.709 1.672 1.635 

14. 90 1.743 1.710 1.673 1.636 
14. 91 1. 744 1.711 1.674 1.637 
14. 92 1. 745 1.712 1.675 1.638 
14. 93 1.746 1.713 1.676 1.639 
14. 94 1. 747 1.714 1.677 1.640 

14.95 1.748 1.715 1.678 1.641 
14.96 1.749 1.716 1.679 1.642 
14.97 1.750 1.717 1.680 1. 643 
14. 98 1.751 1.718 1.680 1. 643 
14. 99 1.752 1.719 1.681 • 1. 644 

15.00 1.753 1.720 1.682 1.645 

1.580 1.552 1.524 1.498 1.480 1.465 
1.581 1.553 1.525 1.499 1.481 1.466 
1.582 1.554 1.526 1.500 1.482 1.466 
1.582 1.554 1.526 1.500 1. 482 1.467 
1.583 1.555 1.527 1.501 1. 483 1.467 

1.584 1.556 1. 528 1.502 1.484 1.468 
1. 585 1.557 1.529 1.503 1.485 1.469 
1.586 1.558 1.530 1.503 1.486 1.470 
1.587 1.559 1.530 1.504 1.486 1.470 
1. 588 1.560 1.531 1.504 1.487 1.471 

1.589 1.561 1.532 1.505 1.488 1.472 
1.590 1.562 1.533 1.506 1.489 1.473 
1.591 1.563 1.534 1.507 1.489 1.473 
1.592 1.563 1.534 1.507 1.490 1.474 
1.593 1.564 1.535 1.508 1.490 1.474 

1.594 1.565 1.536 1.509 1.491 1.475 
1.595 1.566 1.537 1.510 1. 492 1.476 
1.596 1.567 1.538 1.511 1.493 1.477 
1.596 1.568 1.538 1.511 1.493 1.477 
1.597 1.569 1.539 1.512 1.494 1.478 

1.598 1.570 1.540 1.513 1.495 1.479 
1.599 1.571 1.541 1.514 1. 496 1.480 
1.600 1.572 1.542 1.515 1.496 1.481 
1.601 1.572 1.542 1.515 1. 497 1.481 
1.602 1.573 1.543 1.516 1.497 1.482 

1.603 1.574 1.544 1.517 1.498 1.483 
1.604 1.575 1.545 1.518 1.499 1.484 
1.605 1. 576 1.546 1.519 1.500 1.485 
1.605 1. 577 1.547 1.519 1.500 1.485 
1.606 1. 578 1.548 1.520 1.501 1.486 

1. 607 1.579 1.549 1.521 1.502 1.487 
1.608 1.580 1.550 1.522 1.503 1. 488 
1.609 1. 581 1.551 1.523 1.503 1.488 
1.610 1.581 1.551 1.523 1.504 1.489 
1. 611 1.582 1. 552 1.524 1. 504 1.489 

1.612 1. 583 1.553 1.525 1.505 1.490 
1.613 1.584 1.554 1.526 1.506 1. 491 
1.614 1. 585 1.555 1.527 1.506 1.491 
1.614 1. 586 1.556 1.527 1.507 1.492 
1. 615 1. 587 1.557 1.528 1. 507 1.492 

1.616 1.588 1.558 1.529 1.508 1.493 
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14. 60 - 15.00 

1.60 1.70 1.80 1.90 2. 00 2. 20 2.40 2.60 2. 80 3.00 Pr 

1. 443 1. 417 1.400 1.385 1.370 1.346 1.333 1.326 1.323 1. 320 14.60 
1. 444 1. 418 1.401 1.385 1.370 1. 346 1.333 1.326 1.323 1.320 14.61 
. 444 1. 418 1.401 1.386 1.371 1.347 1.333 1.326 1.323 1. 320 14.62 

1. 445 1. 419 1.402 1.386 1.371 1.347 1.334 1.327 1.324 1. 321 14.63 
1. 445 1.419 1.402 1.387 1. 372 1.348 1. 334 1.327 1.324 1. 321 14.64 

1.446 1. 420 1.403 1.387 1.372 1.348 1.334 1.327 1.324 1. 321 14.65 
1. 447 1. 421 1.404 1. 388 1. 373 1.348 1.334 1.327 1.324 1.321 14.66 
1. 448 1. 421 1.405 1. 388 1.373 1.349 1.335 1.328 1.325 1.322 14.67 
1. 448 1.422 1.405 1. 389 1.374 1.349 1.335 1. 328 1.325 1. 322 14.68 
1.449 1.422 1.406 1. 389 1.374 1.350 1.336 1.329 1.326 1.323 14.69 

1.450 1.423 1.407 1.390 1. 375 1. 350 1.336 1. 329 1. 326 1.323 14.70 
1.451 1.424 1.408 1.390 1.375 1.350 1.336 1.329 1.326 1. 323 14.71 
1.451 1.424 1.408 1.391 1.376 1.351 1.337 1.329 1.326 1. 324 14. 72 
1.452 1.425 1.409 1.391 1. 376 1.351 1.337 1.330 1.327 1.324 14.73 
1.452 1.425 1.409 1.392 1.377 1. 352 1.338 1.330 1.327 1.325 14.74 

1.453 1.426 1.410 1. 392 1. 377 1.352 1.338 1. 330 1.327 1. 325 14. 75 
1.454 1.427 1. 411 1.393 1.378 1.352 1.338 1. 330 1.327 1. 325 14.76 
1.455 1.427 1. 411 1.393 1. 378 1.353 1. 339 1. 331 1.328 1.326 14.77 
1.455 1.428 1. 412 1.394 1.379 1. 353 1.339 1. 331 1.328 1. 326 14.78 
1.456 1.428 1.412 1.394 1. 379 1.354 1. 340 1.332 1.329 1.327 14. 79 

1.457 1. 429 1.413 1.395 1.380 1.354 1.340 1.332 1.329 1.327 14. 80 
1.458 1. 430 1. 414 1.396 1.380 1. 354 1. 340 1. 332 1.329 1.327 14. 81 
1. 458 1. 430 1. 414 1.396 1.381 1. 355 1.340 1.333 1. 330 1. 327 14. 82 
1. 459 1. 431 1. 415 1.397 1.381 1.355 1.341 1.333 1.330 1.328 14. 83 
1.459 1. 431 1.415 1.397 1.382 1. 356 1. 341 1.334 1.331 1. 328 14. 84 

1. 460 1. 432 1.416 1.398 1.382 1.356 1.341 1. 334 1.331 1.328 14.85 
1. 461 1. 433 1.417 1.399 1.383 1. 356 1.341 . 1.334 1.331 1.328 14. 86 
1. 461 1. 434 1. 417 1.399 1.383 1. 357 1.342 1.335 1.332 1.329 14. 87 
1. 462 1. 434 1.418 1.400 1. 384 1. 357 1.342 1.335 1.332 1.329 14.88 
1. 4<v2 1. 435 1.418 1. 400 1.384 1. 358 1.343 1.336 1.333 1.330 14. 89 

1. 463 1. 436 1.419 1. 401 1.385 1. 358 1.343 1.336 1.333 1. 330 14. 90 
1. 464 1. 437 1. 419 1.401 1. 385 1. 358 1. 343 1.336 1.333 1.330 14. 91 
1. 464 1. 437 1.420 1.402 1.386 1. 359 1.344 1.337 1.333 1.330 14. 92 
1. 465 1. 438 1.420 1.402 1.386 1. 359 1.344 1.337 1.334 1. 331 14. 93 
1. 465 1. 438 1.421 1.403 1.387 1. 360 1.345 1. 338 1.334 1. 331 14. 94 

1. 466 1. 439 1. 421 1. 403 1.387 1. 360 1. 345 1.338 1.334 1.331 14. 95 
1. 467 1. 440 1.422 1. 404 1.388 1. 360 1. 345 1.338 1. 334 1.331 14. 96 
1. 468 1. 440 1. 422 1.404 1.388 1. 361 1.346 1. 339 1.335 1.332 14. 97 
1. 468 1. 441 1.423 1. 405 1. 389 1. 361 1.346 1. 339 1. 335 1. 332 14. 98 
1. 469 1. 441 1. 423 1. 406 1.389 1. 362 1. 347 1. 340 1.336 1. 333 14. 99 

1. 470 1. 442 1. 424 1. 406 1.390 1. 362 • 1.347 1. 340 1.336 1.333 15.00 
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T A B L E X I I 

C O N V E R S I O N F A C T O R S F R O M 
C O M P R E S S I B I L I T Y <Z) TO S U P E R C O M P R E S S I B I L I T Y - F, 

0.250 
0.260 
0.270 
0.280 
0.290 

0.300 
0.310 
0.320 
0.330 
0.340 

0.350 
0.360 
0.370 
0.380 
0. 390 

0.400 
0.410 
0.420 
0. 430 
0.440 

0.450 
0. 460 
0. 470 
0.480 
0.490 

0. 500 
0.510 
0. 520 
0.530 
0. 540 

.000 

2.000 
1.961 
1.925 
1. 890 
1.857 

1.826 
1.796 
1.768 
1.741 
1.715 

1.690 
1.667 
1.664 
1.622 
1. 601 

1.581 
1.562 
1.543 
1. 525 
1.508 

1.491 
1.474 
1.459 
1. 443 
1.429 

1. 414 
1. 400 
1.387 
1.374 
1.361 

.001 

1.996 
1.957 
1.921 
1.886 
1.854 

1.823 
1.793 
1.765 
1.738 
1.712 

1.688 
1.664 
1.642 
1.620 
1.599 

1.579 
1.560 
1.541 
1.523 
1.506 

1.489 
1.473 
1.457 
1. 442 
1.427 

1.413 
1.399 
1.385 
1.372 
1.360 

.002 

1.992 
1.954 
1.917 
1.883 
1.851 

1.820 
1.790 
1.762 
1.736 
1.710 

1.685 
1.662 
1.640 
1.618 
1.597 

1.577 
1. 558 
1.539 
1.521 
1.504 

1. 487 
1.471 
1.456 
1.440 
1.426 

1. 411 
1.398 
1. 384 
1. 371 
1.358 

003 

1.988 
1.950 
1.914 
1.880 
1.847 

1.817 
1.787 
1.760 
1.733 
1.707 

1.683 
1.660 
1.637 
1.616 
1.595 

1.575 
1.556 
1.538 
1.520 
1.502 

1.486 
1. 470 
1. 454 
1.439 
1.424 

1. 411) 
1. 396 
1.383 
1.370 
1. 357 

.004 

1.984 
1.946 
1.910 
1.876 
1.844 

1.814 
1.785 
1.757 
1.730 
1.705 

1.681 
1. 657 
1. 635 
1.614 
1. 593 

1.573 
1.554 
1.536 
1.518 
1.501 

1. 484 
1.468 
1.452 
1.437 
1.423 

1.409 
1. 395 
1.381 
1.368 
1.356 

.005 

1.980 
1.943 
1.907 
1.873 
1.841 

1.811 
1.782 
1.754 
1.728 
1.703 

1.678 
1.655 
1.633 
1.612 
1.591 

1.571 
1.552 
1.334 
1.516 
1.499 

1.482 
1.466 
1.451 
1.436 
1. 421 

1.407 
1. 393 
1.380 
1. 367 
1.355 

.006 

1.976 
1.939 
1.903 
1.870 
1.838 

1.808 
1.779 
1.751 
1.725 
1.700 

1.676 
1.653 
1.631 
1.610 
1. 589 

1.569 
1.550 
1.532 
1.514 
1.497 

1.481 
1.465 
1.449 
1.434 
1. 420 

1.406 
1. 392 
1.379 
1.366 
1.353 

.007 

1.973 
1.935 
1.900 
1.867 
1.835 

1.805 
1.776 
1.749 
1.723 
1.698 

1.674 
1.651 
1.629 
1.607 
1.587 

1.567 
1.549 
1.530 
1.513 
1.496 

1.479 
1.463 
1.448 
1.433 
1.418 

1.404 
1.391 
1.378 
1.365 
1.352 

.008 

1.969 
1.932 
1.897 
1.863 
1.832 

1.802 
1.773 
1.746 
1.720 
1.695 

1.671 
1.648 
1.627 
1.603 
1.585 

1.566 
1.547 
1.529 
1. 511 
1.494 

1.478 
1. 462 
1.446 
1. 431 
1. 417 

1.403 
1. 389 
1.376 
1. 363 
1. 351 

.009 

1.965 
1.928 
1.893 
1.860 
1.829 

1.799 
1.771 
1.743 
1.718 
1.693 

1.669 
1.646 
1.624 
1.603 
1.583 

1.564 
1.545 
1.527 
1.509 
1.492 

1.476 
1. 460 
1.445 
1.430 
1.416 

1.402 
1.388 
1.375 
1.362 
1.350 

0.550 1. 348 1. 347 1.346 1. 345 1. 344 1. 3-2 1.341 1.340 1.339 1. 338 
0. 560 1. 336 1.335 1. 334 1. 333 1. 332 1. 330 1.329 1.328 1.327 1.326 
0. 570 1. 325 1.323 1.322 1.321 1. 320 I . 319 1. 318 1.316 1. 315 1.314 
0. 580 1. 313 1.312 1.311 1. 31C 1. 309 1. 307 1.306 1.305 1. 304 1. 303 
. 0. 590 1. 302 1. 301 1. 300 1.299 1. 297 1. 296 1. 295 1. 294 1.293 1.292 
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T A B L E X I I , Continued 

z .000 .001 .002 .003 .004 .005 .006 .007 .008 .009 

0.600 
0.610 
0. 620 
0.630 
0.640 

1.291 
1.280 
1.270 
1.260 
1.250 

1.290 
1.279 
1.269 
1.259 
1.249 

1.289 
1.278 
1.268 
1.258 
1.248 

1.288 
1.277 
1.267 
1.257 
1.247 

F 
pv 
1.287 
1.276 
1.266 
1.256 
1.246 

1.286 
1.275 
1.265 
1.255 
1.245 

1.285 
1.274 
1.264 
1.254 
1.244 

1.284 
1.273 
1.263 
1.253 
1.243 

1.282 
1. 272 
1. 262 
1.252 
1.242 

1.281 
1.271 
1.261 
1.251 
1.241 

0.650 
0.660 
0.670 
0.680 
0.690 

1.240 
1.231 
1.222 
1.213 
1.204 

1.239 
1.230 
1.221 
1.212 
1.203 

1.238 
1.229 
1. 220 
1.211 
1.202 

1.237 
1.223 
1.219 
1.210 
1.201 

1.237 
1. 227 
1.218 
1.209 
1.200 

1.236 
1.226 
1.217 
1.208 
1.200 

1. 235 
1.225 
1.216 
1.207 
1.199 

1.234 
1.224 
1.215 
1.206 
1.198 

1.233 
1.224 
1.214 
1.206 
1.197 

1.232 
1.223 
1.214 
1.205 
1.196 

0. 700 
0.710 
0.720 
0.730 
0. 740 

1.195 
1.187 
1.179 
1.170 
1.162 

1.194 
1.186 
1.178 
1.170 
1.162 

1.194 
1.185 
1.177 
1.169 
1.161 

1.193 
1.184 
1.176 
1.168 
1.160 

1.192 
1.183 
1.175 
1.167 
1.159 

1.191 
1.183 
1.174 
1.166 
1.159 

1.190 
1.182 
1.174 
1.166 
1.158 

1.189 
1.181 
1.173 
1.165 
1.157 

1.188 
1.180 
1.172 
1.164 
1.156 

1.188 
1.179 
1,171 
1.163 
1.155 

0.750 
0.760 
0. 770 
0. 780 
0. 790 

1.155 
1.147 
1. 140 
1.132 
1.125 

1.154 
1.146 
1.139 
1.132 
1.124 

1.153 
1.146 
1.138 
1.131 
1.124 

1.152 
1.145 
1.137 
1.130 
1.123 

1. 152 
1.144 
1. 137 
1. 129 
1.122 

1.151 
1.143 
1.136 
1.129 
1.122 

1.150 
1.143 
1.135 
1.128 
1. 121 

1.149 
1.142 
1.134 
1.127 
1.120 

1.149 
1.141 
1.134 
1.127 
1.119 

1.148 
1.140 
1.133 
1.126 
1.119 

0.800 
0.810 
0. 820 
0. 830 
0. 840 

1.118 
1. I l l 
1.104 
1. 098 
1.091 

1.117 
1.110 
1.104 
1.097 
1.090 

1.117 
1.110 
1.103 
1.096 
1.090 

1.116 
1.109 
1.102 
1.096 
1.089 

1. 115 
1.108 
1. 102 
1.095 
1.089 

1.115 
1.108 
1.101 
1.094 
1.088 

1.114 
1. 107 
1.100 
1.094 
1.087 

1.113 
1.106 
1.100 
1.093 
1.087 

1.112 
1.106 
1. 099 
1.092 
1.086 

1.112 
1.105 
1.098 
1.092 
1.085 

0. 850 
0. 860 
0.870 
0. 880 
0.890 

1. 085 
1.078 
1.072 
1.066 
1.060 

1.084 
1.078 
1.071 
1.065 
1.059 

1.083 
1.077 
1.071 
1.065 
1. 059 

1.083 
1.076 
1.070 
1.064 
1.058 

1.082 
1.076 
1.070 
1.064 
1.058 

1.081 
1.075 
1.069 
1.063 
1.057 

1.081 
1.075 
1.068 
1.062 
1.056 

1.080 
1.074 
1.068 
1.062 
1.056 

1.080 
1.073 
1.067 
1.061 
1.055 

1.079 
1.073 
1.067 
1.061 
1.055 

0. 900 
0.910 
0.920 
0. 930 
0. 940 

1.054 
1.048 
1.043 
1. 037 
1.031 

1.054 
1.048 
1. 042 
1.036 
1.031 

1.053 
1. 047 
1.041 
1.036 
1.030 

1.052 
1. 047 
1.041 
1.035 
1.030 

1. 052 
1.046 
1.040 
1. 035 
1. 029 

1.051 
1.045 
1.040 
1.034 
1.029 

1.051 
1. 045 
1.139 
1.034 
1.028 

1.050 
1. 044 
1.039 
1.033 
1.028 

1.049 
1.044 
1.038 
1.033 
1.027 

1.049 
1.043 
1.038 
1.032 
1.027 

0. 950 
0. 960 
0. 970 
0. 980 
0. 990 

1.026 
1.021 
1.015 
1.010 
1.005 

1.025 
1.020 
1.015 
1.010 
1.005 

1.025 
1.020 
1.014 
1.009 
1.004 

1.024 
1.019 
1.014 
1.009 
1.004 

1.024 
1.019 
1. 013 
1. 008 
1.003 

1. 023 
1.018 
1.013 
1.008 
1.003 

1.023 
1.017 
1. 012 
1.007 
1. 002 

1.022 
1.017 
1.012 
1.007 
1.002 

1.022 
1. 016 
1.011 
1.006 
1.001 

1.021 
1.016 
1.011 
1.006 
1.001 

VII - 85 



TABLE XIII 

CONVERSION OF API GRAVITY TO S P E C I F I C GRAVITY - G 

, 1*1.5 
1 " 131.5 + A P I 

API API An 
Gravity Specific Gravity Specific Gravity Specific 
at 60F Gravity at60F Gravity at60F Gravity 

10 1.000 35 0.8498 60 0.7389 
11 0.9930 36 0.8448 61 0.7351 
12 0.9861 37 0.8398 62 0.7313 
13 0.9792 38 0.8348 63 0.7275 
14 0.9725 39 0.8299 64 0.7238 

15 0.9659 40 0.8251 65 0.7201 
16 0.9593 41 0.8203 66 0.7165 
17 0.9529 42 0.8155 67 0.7128 
18 0.9465 43 0. 8109 68 0.7093 
19 0.9402 44 0.8063 69 0.7057 

20 0.9340 45 0.8017 70 0.7022 
21 0.9279 46 0. 7972 71 0.6988 
22 0.9218 47 0. 7927 72 0.6953 
23 0.9159 48 0. 7883 73 0.6919 
24 0.9100 49 0. 7339 74 0.6886 

25 0.9042 50 0.7796 75 0.6852 
26 0.8984 51 0. 7753 76 0.6819 
27 0.8927 52 0.7711 77 0.6787 
28 0.8871 53 0. 7669 78 0.6754 
29 0. 8816 54 0.7628 79 0.6722 

30 0. 8762 55 0. 7587 80 0.6690 
31 0.8708 56 0. 7547 81 0.6659 
32 0. 8654 57 0. 7507 82 0.6628 
33 0. 8602 58 0. 7467 83 0. 6597 
34 0. 8550 59 0. 7428 84 0.6566 

For conversion from other temperature to 60F see Table XVII, page VII - 97. 
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TABLE XIV 
-« s 

Values of l-e for Various Values of GL 

VALUES OF QL i V - s VALUES OF GL i V - s VALUES OF GL 1-e"-S 
FROM TO FROM TO FROM TO 

598 fell .343 1> 320 1,334 .092 2,083 2,098 .141 
612 625 .044 . 1,335 1,349 .093 2.099 2, 114 . 142 
626 640 .045 1.3*0 • 1.365 .094 2.115 2.130 .143 

641 654" .646 U66 1.380 .095 2.131 2.146 .144 
655 603' .04? i,3di 1.395 .096 2.147 2,162 .145 
670 661 .048 1.396 1,410 .097 2.163 2.178 .146 
684 698 .049 1.41T 1.426 .098 2,179 2.194 .147 
699 712 .050 1,427 1,441 .099 2,195 2,210 . 148 
713 ffl 1 .051 1.442 1,456 . 100 2,211 2,226 . 149 
728 ?41 ,052 1,457 1,471 .101 2,227 2,243 .150 
742 756 ,053 1,472 1,487 .102 2,244 2,259 .151 
757 m - . « 4 1i48ff 1,502 .103 2.260 2.275 .152 
771 785 .055 1,503 1,517 . 104 2.276 2.291 .153 
786 ft9 .05© t>S1» 1,533 .105 2.292 2,307 .154 
800 814 .057 1,534 1.548 .106 2.308 2,324 .155 
815 826 » uOd 1,563 .107 2.325 2,340 .156 
829 843 US64 1,579 .108 2.341 2,356 .157 
844 ~m .666 1,580 1. 594 .109 2.357 2,373 .158 
859 .061 1,545 1,610 .110 2.374 2,389 .159 
873 .(562 ' 1,611 1.625 .111 2.390 2. 405 . 160 
888 902 . 063 1,626 1,641 .112 2,406 2,422 . 161 
903 916 .064 1,642 1,656 .113 2,423 2,438 .162 
917 931 ;Q&5 1.657 1^672 .114 2,439 2,455 .163 
932 946 ;Q66 1,673 1,687 .115 2.456 2.471 .164 
947 961 .067 _. 1,688 1,703 . 116 2,472 2,488 . 165 
962 975 .068 1. 704 1,718 . 117 2,489 2, 504 .166 
976 990 .069 1,719 1, 734 . 118 2, 505 2. 521 .167 
991 i.dos .070 1. 735 1.750 . 119 2,522 2.537 .168 

1, 006 1,020 .071 1,751 1,765 .120 2,538 2,554 .169 
1,021 1.035 .072 1,766 1,781 . 121 2,555 2,570 .170 
1,036 1,049 .073 1. 782 1,797 . 122 2,571 2, 587 . 171 
1, 050 1,064 .074 1,798 1,812 . 123 2,588 2,603 .172 
1, 065 i. Q7S .015 Vdl3 1,828 . 124 2,604 2,620 .173 
1,080 1,094 .076 1,829 1,844 .125 2,621 2.637 .174 
1,095 1,109 .0 f7 1.845 1,859 .126 2.638 2,653 .175 
1,110 "1.124 .016 1.860 1.875 .127 2.654 2.670 .176 
1,125 1.139 .079 1,876 1.891 .128 2,671 2,687 .177 
1,140 1,154 .060 1,892 1,907 . 129 2,688 2.703 . 178 
1, 155 1.169 .081 1,908 1,923 . 130 2,704 2,720 .179 
1,170 1,184 .082 1, 924 1,938 . 131 2,721 2.737 .180 
1,185 1,199 .083 1/933 1,954 .132 2,738 2. 754 .181 
1,200 1,214 .084 1,955 1,970 . 133 2, 755 2.771 . 182 
1,215 1,229 .085 1,971 1,986 . 134 2, 772 2,787 . 183 
1,230 1,244 .086 1.987 2.002 . 135 2.788 2.804 .184 
1,245 1,259 .087 2.003 2. 018 .136 2.805 2.821 .185 
1,260 1,274 .088 2.019 2, 034 . 137 2,822 2,838 .186 
1,275 1,289 .089 2.035 2,050 . 138 2.839 2,855 .187 
1,290 1,304 .090 2,051 2,066 . 139 2,856 2,872 . 188 
1,305 1,31& .091 2.067 2,082 . 140 2,873 2. 889 . 189 
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TABLE XIV, Continued 
VALUES OF GL 1 V - S VALUES OF GL 1 -V-S VALUES OF GL 1-e"-S 
FROM TO FROM " to FROM TO 

2,890 2,906 .190 3,74? 3.76$ .2& 4.662 4.680 .266 
2.907 2,923 .191 3,766 1763 .246 4,681 4.700 .289 
2.924 2,940 .192 3.784 - 4801 .241 4,701 4.719 .290 
2.941 2.35? $.m 4810 .242 4.726 4.729 .291 
2.958 2,974 .194 3.820 .4657 .Z43 4.746 4.758 .292 
2,975 2,991 .195 3,838 3.855 .244 4,759 4,777 .293 
2.992 3,008 .196 3,856 1673 .245 4.77a 4,816 .294 
3,009 3,025 .197 3.874 £892 .246 4,798 4,816 .295 
3,026 3,042 .196 . 3.893 I M .247 4,81? 4,836 .296 
3.043 3,060 .199 3,911 3.92B .248 4,837 4855 .297 
3.061 3.077 .200 3,929 3,947 > .249 4,856 4,875 .298 
3.078 3.094 .201 3.948 ' I K S . ' :2so 4.876 4,895 .299 
3.095 3.111 .202 3,966 3,983 .251 4,896 4,914 .300 
3.112 3.128 .203 3.984 4,002 .252 4.91& 4,934 .301 
3.129 3.146 .204 4,003 4,020 .253 4,935 4,954 .302 
3.147 3,163 .205 4,021 4.038 ".254 4,955 4,973 .303 
1164 3.160 .206 4,039 4,05? - .255 4,0?4 4,993 .304 
3.181 3,198 .207 4,058 'io75 .256 4,994 5.013 .305 
3,199 3.215 .208 4,076 4,004 .257 5,014 5,033 .306 
3.216 3.232 .209 4,095 4.. 12 .256 5.03* 5.053 .30? 
3.233 3,250 .210 4,113 4,131 .259 1054 5.072 .308 
3,251 3,267 .211 4, 132 4,150 .260 5,073 5", 092 .309 

, 3,268 3,285 .212 4,151 4,168 .261 5,093 5.112 .310 
! 3,286 3,302 .213 4.169 4,187 .262 5.113 5,132 .311 

3.303 3.320 .214 4,188 4,2oS .263 5,133 5,152 .312 
3,321 3,337 .215 4,206 4,224 .264 5,153 5,172 .313 
3,338 3,355 .216 4.225 4.243 .265 5,173 5,192 .314 
3.356 3.372 .217 4.244 4.262 .266 5.193 5,212 .316 
3,373 3.390 .218 4,263 4,280 .267 5.213 5,233 .316 
3,391 3,408 .219 4,281 4,299 .268 5.234 5,253 .317 
3.409 3,425 .220 4,300 4,318 .269 5.254 5.273 .318 
3.426 3,443 .221 4,319 4.337 .270 5.274 5.293 .319 
3.444 3,460 .222 4,338 4,356 .271 5.294 5.313 .320 
3.461 3,478 .223 4,357 4,375 .272 5.314 5.333 .321 
3.479 3,496 .224 4,376 4.393 .273 5.334 5.354 .322 
3.497 3,514 .225 4,394 4.412 .274 5,355 5.374 .323 
3.515 3,531 .226 4.413 4,431 .275 5.375 5.394 .324 
3.532 3,549 .227 4.432 4.450 .276 5. 395 5,415 .325 
3.550 3,567 .228 4,451 4,469 .277 5,416 5.435 - .326 
3,568 3,585 .229 4,470 4,488 .278 5,436 5,456 .327 
3,586 3,603 .230 4,489 4,508 .279 5,457 5,476 .328 
3.604 3.621 . 231 4,509 4,527 .280 5,477 5,497 .329 
3.622 3.639 .232 4,528 4,546 .281 5,498 5,517 .330 
3.640 3,656 .233 4,547 4,565 .282 5.518 5,538 .331 
3.657 3.674 .234 4,566 4,584 .283 5.539 5.558 .332 
3,675 3.692 .235 4,585 4,603 .284 5.559 5. 579 .333 
3,693 3,710 .236 4,604 4,623 . 285 - 5,580 5,600 .334 
3,711 3,728 .237 4,624 4,642 .286 5,601 5.620 .335 
3.729 3,746 .238 4,643 4,661 .287 5,621 5.641 .336 
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TABLE XIV, Continued 

VALUES OF GL VALUES OF GL 1-e"-S VALUES OF GL iV-s 
FROM TO TO FROM TO 

• — r -

5,642 5,662 .437 l"* - 6,718 .386 7.840 7,863 .435 
5,663 5,682 .338 6,741 .387 7,864 7,887 .436 
5,683 5,763 : .339 '6,742 6.763 .388 7.888 7.912 .437 
5.704 5,724 ' .348 r€tjg»—i 6.786 .269 ?.9l3 7.936 .438 
5,725 5,745 .341 6,808 .390 7,937 7.961 .439 
5,746 5,766 ••-jr.- 6,831 .391 7,962 7,985 .440 
5.767 5,787 .343 6,832 - 6.854 .392 7,986 8,010 .441 
5.788 5,808 • ̂4̂"'-" 6.876 .393 8,011 8,035 .442 
5,809 5,829 .345 ; 6,899 .394 8,036 8,059 .443 
5,830 5,850 -.341 x*M 6,922 .395 8,060 8.084 .444 
5,851 5,871 .347- ----- 6,944 .396 8,085 8.109 .445 
5.872 5,832 .348 6.967 .397 8.110 8.134 .446 
5,893 5,913 .349 6,968 - 6,990 .398 8,135 8.159 .447 
5,914 5,934 .3l0 7,013 .399 8,160 8,183 .448 
5,935 5,955 7,036 .400 8,184 8,208 .449 
5,956 5,977 .352 7,03? 7,059 .401 8,209 8,233 .450 
5.978 5.9ft .m 7.060 7,082 .402 8.234 8.258 .451 
5,999 6,019 .35* ' - 7,413 7,105 .403 8,259 8,284 .452 
6,020 6,040 .355 7, IQg 7,128 .404 8,285 8,309 .453 
6.041 6.062 .3*6 — %m 7,151 .405 8.310 8.334 .454 
6,063 6,083 .357 7,152 7,174 .406 8,335 8,359 .455 
6,084 6,105 .358 7,175 7,197 .407 8,360 8,384 .456 
6,106 6,126 .359 7,198 7, 221 .408 8,385 8.410 .457 
6,127 6,148 .360 7,222 7, 244 .409 8,411 8,435 .458 
6,149 6,169 .361 7,245 7, 267 .410 8,436 8,461 .459 
6,170 6,191 .362 7,268 7, 290 .411 8,462 8,486 .460 
6,192 6.212 .363 7,291 7,314 .412 8,487 8,512 .461 
6,213 6.234 .364 7.315 7.337 .413 8.513 8.537 .462 
6,235 6.256 .365 7.338 7.361 .414 8, 538 8, 563 .463 
6,257 6. 277 .366 7,362 7,384 .415 8,564 8.588 .464 
6, 278 6,299 .367 7,385 7, 408 .416 8,589 8,614 .465 
6,300 6.321 .368 7.409 7, 431 .417 8,615 8,640 .466 
6, 322 6,342 .369 7:432 7, 455 .418 8, 641 8,666 .467 
6,343 6,364 .370 7.456 7, 479 .419 8,667 8.691 .468 
6.365 6,386 .371 7.480 7.502 .420 8.692 8,717 .469 
6.387 6.408 .372 7.503 7, 526 .421 8.718 8.743 .470 
6.409 6.430 .373 7.527 7, 550 .422 8,744 8,769 .471 
6,431 6.452 .374 7,551 7,574 .423 8,770 8,795 .472 
6,453 6,474 .375 7.575 7, 598 .424 8, 796 8,821 .473 
6,475 6,496 .376 7,599 7,622 .425 8.822 8,848 .474 
6,497 6,518 .377 7,623 7,646 .426 8,849 8,874 .475 
6,519 6,540 .378 7,647 7,670 .427 8,875 8,900 .476 
6,541 6,562 .379 7,671 7,694 .428 8,901 8,926 .477 
6,563 6,585 .380 7,695 7,718 .429 8. 927 8,953 .478 
6,586 6, 607 .381 7,719 7, 742 .430 8, 954 8. 979 .479 
6,608 6, 629 .382 7,743 7, 766 .431 8, 980 9,005 .480 
6. 630 6,651 .383 7, 767 7, 790 .432 9, 006 9. 032 .481 
6,652 6,674 .384 7,791 7,814 .433 9. 033 9, 059 .482 
6,675 6,696 .385 7,815 7, 839 .434 9, 060 9,085 .483 
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TABLE XIV, Continued 

VALUE OF GL 1 V - S VALUE OF GL l V - 8 VALUE OF GL 1-e~-S 
FROM TO FROM TO FROM TO 

9,08a 9.112 .484 9,657 9,664 .565 16.253 16,261 .526 
9,113 9,138 .465 9,685 1712 .566 10.282 10.310 .52? 
9,139 9,165 .486 9,713 9,759 .m 10,311 10.339 ,528 
9,166 9.162 .48? 9.746 3.767 16.346 16.366 .523 
9,193 9.219 .488 9.781 .509 10.369 10.39? .530 
9,220 9,246 .489 0,796 .510 10,398 10.427 .531 
9,247 9,273 .490 9,621 9.812 .511 10,428 10.456 .532 
9,274 9,300 .491 9,853 9.880 .512 10.457 10.485 .533 
6,301 9,327 .492 9,S§1 9,366 .115 " 16,466 10.515 .534 
9,328 9,354 .493 9,909 9,93* .814 " 10,516 10,544 .535 
9,355 9,381 .494 9,937 9-, 965 .515 ' 10,545 10,574 .536 
9,382 9.408 .495 9,966 9.5r93 .516 16.575 10.604 .53? 
9,409 9,436 .496 9,994 10.022 .517 10.605 10,634 .538 
9,437 9,463 .497 10,023 10.050 .518 10,*35 10,663 .539 
9,464 9,490 .498 10,051 10,079 .519 ' 10.664 10,693 .540 
9,491 9,518 .499 10,080 10, TOT .526 16.694 10,723 .541 
9,519 9,545 .560 10,166 10,136 .521 ' 16.724 10,753 .542 
9,546 9.573 .501 10. i3? 10,165 .522 10,754 10,783 .543 
9,574 9,601 .502 10.166 10,194 .523 10,784 10,814 • 
9.602 9.628 .503 10.195 10.223 .524 16,615 10.644 .545 
9,629 9,656 .504 10,224 10.252 .525 10,845 .546 
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.__ TABLE XV 

Fr i c t i o n Factors for Various Flow Strings (F ) , Tubing 

FRICTION Mm (H) FOR SMALL DIAMETER FLOW STRINGS 
• 'r.. . 

NOMINAL: FRICTION 
WEIGHT INSIDE FACTOR 

b'iArifefER POUNDS DIAMETER 
INCHES SNCH&S PER FT INCHES Fc 

TUBING 

3/4 1.050 1.20 .824 94.68 

1 1.315 1.80 1.049 50.40 

1 1/4 1.660 2.40 1.380 24.62 
1 1/4 1.600 2.10 1.410 23.28 

1 1/2 1.900 2.90 1.610 16.46 
1 1/2 1.980 2.40 1.650 15.44 

2 1/16 2.062" 3.25 1.867 11.18 

2 3/8 2.375 5.95 1.867 11.18 
2 3/8 2.375 4.70 1.995 9.402 

2 7/8 2.875 8.70 2.259 6.796 
2 7/8 2.875 . 6.50 2.441 5.551 

3 1/2 3.500 12.95 2.750 4. 066 
3 1/2 3.500 10.20 2.922 3.470 
3 1/2 3.500 9.30 2.992 3.262 
3 1/2 3.500 7.70 3.068 3. 055 

4 4.000 • 11.00 3.476 2.205 
4 . 4.000 9.50 3.548 2. 090 

4 1/2 4.500 .12.75 3.958 1.571 

CASING 

4 1/2 4.500 15. 10 3.826 1.716 
4 1/2 4.500 13.50 3.920 1.611 
4 1/2 4.500 12.75 3.958 1.571 
4 1/2 4.500 11.60 4. 000 1.528 
4 1/2 4.500 10.50 4.052 1.477 
4 1/2 4.560 9.50 4. 090 1.442 

5 5. 000 24. 10 4. 000 1.528 
5 5.000 21.40 4.126 1.409 
5 5.000 21.00 4. 154 1.384 
5 5.000 18.00 4.276 1.284 
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~T5BLE XV, ContinuecT'XCasing) 

FRICTION FACTORS (Fc) FOR LARGE DIAMETER FLOW STRINGS 

CASING CASING CASINQ FRICTION CASINO CASINO CASING FRICTION 
NOMINAL WEIGHT INSIDE FACTOR NOMINAL WEIGHT INSIDE FACTOR 
SIZE POUNDS DIAMETER SIZE DIAMETER 
INCHES PER FT. INCHES Fc INCHES PER FT. INCHES Fc 

5. 000 15.00 4.408 1.187 7.625 47.10 6.375 .4577 
5.000 13.00 4.494 1.129 - 7.625 45.00 6.445 .4450 
5.000 11.50 4.560 1.087 7.625 42.80 6.501 .4352 

7.625 39. QO 6.625 .4144 
7.625 33.70 6.765 .3927 

5.500 25. 00 4.580 1.075 7.625 29.70 6.875 .3766 
5.500 23. 00 4.670 " 1.022 7.625 26.40 6.969 .3637 
5.500 20. 00 4.778 .9637 7.625 24.00 7.025 .3562 
5.500 17.00 4.892 . 9Q68 
5.500 15.50 4.950 .8796 
5.500 15.00 4.976 .8678 8.625 49.00 7.511 .2997 
5.500 14. 00 5.012 .8518 8.625 44.00 7.651 .2858 
5.500 13.00 5.044 .8379 8.625 43.00 7.625 .2883 

8.625 40.00 7.725 .2787 
8.625 38.00 7.775 .2741 

6.000 26.00 5.140 .7981 8.625 36.00 7.825 .2696 
6. 000 23.00 5.240 . 7594 8.625 32.00 7.907 .2625 
6.000 20.00 5.352 .7190 8.625 32.00 7.921 .2613 
6.000 18.00 5.424 .6946 8.625 28.00 8.003 .2544 
6.000 17.00 5.450 .6861 8.625 28.00 8.017 .2533 
6.000 15.00 5.524 .6626 8.625 24.00 8.097 .2469 

8.625 20.00 8.191 .2396 
8.625 17.50 8.249 .2353 

6.625 34. 00 5.595 .6411 
6.625 32.00 5.675 .6181 
6.625 28.00 5.791 .5866 9.625 58.00 8.435 .2221 
6.625 26.00 5.855 .5702 9.625 53.50 8.535 .2155 
6.625 24.00 5.921 .5539 9.625 47.00 8.661 .2062 
6.625 ' 22. do 5.963 .5378 9.625 43.56 6.755 .2018 
6.625 20.00 6.049 .5242 9.625 40.00 8.835 . 1971 

9.625 36.00 8.921 .1922 
9:625 32.36 9.001 .1878 

7.000 40. 00 5.836 .5750 
7.000 38.00 5.920 .5542 
7.000 35.00 6.004 .5344 
7.000 32.00 6.094 .5142 
7.000 30.00 6.154 .5014 
7.000 29.00 6.184 .4951 
7.000 28. 00 6.214 .4890 
7.000 26.00 6.276 .4766 
7.000 24. 00 6.336 . .4650 
7.000 23.00 6.366 .4594 
7.000 22.00 6.398 .4535 
7.000 20.00 6.456 .4430 
7.000 17.00 • 6.538 .4288 1 
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TABLE XVI F r i c t i o n Factors for Various Annuli (F ) 

FRICTION FACTORS (Fc>( FOR - ANNUL AR FLO W IN GAS WELL FLOW STRINGS 
... f., 

CASINQ CASINO CASINQ TUBING SIZES 
OUTSIDE WEIGHT J OUTSIDE DIAMETE R INCHES 
DIAMETER POUNDS 
INCHES P S S ' W 1.050 1.315 1.660 1.900 2.0625 2.375 2.875 

2.375 5.95 1.867 27.12 46. 77 205. 1 
2.375 4.70 1.995 20.54 32. 13 91.08 651.7 
2.375 4.00 2.041 18.75 28.51 73. 10 340.8 

2.875 8.70 2.259 12.71 17.53 33.29 71.59 182.0 
2.875 6.50 2.441 9.609 12.56 20.74 35.41 60.71 948.2 

3.500 12.95 2.750 6.389 7.848 11.27 15.96 21.71 54. 16 
3.500 9.30 2.992 4.846 5.752 7.733 10.13 12.71 23.17 309.3 
3.500 7.70 3.068 4.472 5.271 6.957 8.949 11.03 18.95 136.3 

4. 000 11.60 3.428 3.156 3.605 4.479 5.411 6. 295 9.055 23.54 
4. 000 11.00 3.476 '3.024 3.442 4.250 5.102 5.902 8.358 20.43 
4. 000 10.40 3.5tfb 2.960 3.364 4.141 4.957 5.719 8.039 19. 11 
4.000 *9.50 3.548 2.839 3.216 3.936 4.685 5.378 7.455 16.83 

4.500 15.10 3.826 2.259 2.518 2.995 3.467 3.886 5.054 9.241 
4.500 13.50 3.920 2.100 2.331 2.749 3.159 3.518 4.499 7.828 
4.500 12.75 3.958 2.040 2.260 2.658 3. 045 3.383 4.300 7.349 

• 4.500 11.60 ~ 4.0Q0 1.977 2.186 2.563 2.927 3.243 4. 095 6.870 
4.500 10.50 4.052 1.903 2.099 2.451 2.789 3.081 3.861 6.339 
4.500 9.50 4.090 1.851 2.039 2.374 2.694 2.970 3. 702 5.990 

5.000 24.10 looo 1.977 2.186 2.563 2.927 3.243 4.095 6.870 
5. 000 21.40 4.126 1.803 1.984 2.304 2.609 2.870 3.561 5.685 
5.000 21.00 4.154 1.768 1.942 2.251 2.545 2.796 3.456 5.464 
5.000 18. 00 4.276 1.623 1.775 2.042 2.291 2.503 3. 048 4.637 
5. 000 15.00 4.408 1.485 1.616 1.845 2.056 2.233 2.682 3.938 
5.000 13,00 4.494 1.403 1.524 1.731 1.921 2.080 2.478 3.564 
5.000 11.50 4.560 1.345 1.457 1.650 1.826 1.972 2.336 3.312 

5.500 25.0d 4.580 1.328 1.438 1.627 1.799 1.941 2.295 3.241 
5.500 23.00 4.670 1.249 1.356 1.527 1.682 1.809 2.124 2.948 
5.500 20.00 4.778 1.170 1.258 1.418 1.556 1.668 1.943 2.645 
5.500 17. 00 4.892 1.094 1. 173 1.315 1.437 1.536 1.775 2.373 
5.500 15.50 4.950 1.058 1.133 1.257 1.381 1.474 1.697 2.250 
5.500 15.00 4.976 1.043 1. 115 1.237 1.357 1.447 1.564 2.198 
5.500 14.00 5.012 1.022 1. 092 1.209 1.325 1.412 1.619 2.129 
5.500 13.00 '5.fi44 1.003 1.072 1. 185 1.298 1.381 1.581 2.070 
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TABLE X V I , Continued 

FRICTION FACTORS (Fo) FOR ANNUL AP. FL0 W IN OAS WELL FLOW STRINGS 

CASING CASING CASINQ TUBING SIZES 
OUTSIDE WEIGHT INSIDE 0UTS1OE INCHES 
DIAMETER POUNDS DIAMETER 
INCHES PER FT. INCHES 1.050 1.315 1.660 1.900 2.0625 2.375 2.875 

6.000 26.00 5.140 .9513 1.014 1.118 1.209 1.295 1.475 1.907 
6. 000 23.00 5.240 .9011 .9588 1.054 1.136 1.202 1.374 1.757 
6.000 20.00 5.352 . 8492 .9017 .9875 1. 062 1.121 1.260 1.609 
6,000 18. 00 5.424 .8179 .8674 .9480 1.018 1.073 1.202 1.523 
6.000 17.00 5.450 .8071 .8555 .9343 1.002 1.056 1.182 1.493 
6.000 15.00 5.524 • .7772 .8229 .8968 .9605 1.011 1.127 1.414 

6.625 34. 00 5.595 .7500 .7931 .8628 .9226 .9697 1.079 1.344 
6.625 32.00 5.675 .7209 .7614 .8267 .8825 .9262 1.027 1.254 
6.625 28.00 5.791 .6814 .7185 .7780 .8285 . 8680 .9588 1.161 
6.625 26.00 5.855 .6609 .6953 .7528 .8008 .8381 .9238 1.113 
6.625 24. 00 5.921 .6407 .6744 .7280 .7735 .8088 .8896 1.067 
6.625 22.00 5.989 .6208 .6526 . 7037 . 7467 . 7801 .8563 1.023 
6.625 20. 00 6.049 .6039 .6345 .6832 .7242 .7560 .8283 .9855 

7.000 40. 00 5.836 .6669 .7028 .7601 .8089 .8469 .9340 1.127 
7.000 38.00 5.920 .6410 .6747 .7284 .7739 .8093 .8901 1.068 
7. 000 35.00 6.004 .6165 .6481 .6985 .7410 .7740 . 8492 1.013 
7.000 32.00 6.094 .5916 .6213 .6684 .7080 .7386 .8082 .9590 
7.000 30. 00 6.154 .5758 . 6043 .6493 .6871 .7163 .7825 .9252 
7.000 29. 00 6.184 .5681 .5960 .6400 .6769 .7055 .7700 .9089 
7. 000 28. 00 6.214 . 5605 .5879 .6310 .6670 .6949 .7579 .8931 
7.000 26. 00 6.276 .5455 .5716 .6128 .6472 .6737 .7336 .8616 
7.000 24. 00 6.336 .5313 .5564 .5959 .6288 .6541 .7112 .8326 
7.000 23.00 6.366 .5245 .5490 .5877 .6199 .6446 .7003 .8187 
7.000 22.00 6.398 .5173 . 5413 .5791 .6105 .6347 .6890 .8041 
7.000 20. 00 6.456 .5046 .5277 .5640 .5941 .6173 .6692 .7788 
7.000 17.00 6.538 .4874 .5093 .5436 .5720 .5938 .6425 .7448 

7.625 47.10 6.375 . 5224 .5469 .5852 .6172 .6418 .6971 .8145 
7.625 45.00 6.445 .5070 .5303 .5668 .5972 .6205 .6729 .7835 
7.625 42.80 6.501 .4951 .5175 . 5527 .5818 .6042 .6543 .7599 
7.625 39.00 6.625 .4700 .4907 .5230 .5498 .5702 .6158 .7111 
7.625 33.70 6.765 .4439 .4628 .4922 . 5165 .5349 .5760 .6613 
7.625 29.70 6.875 . 4247 .4424 .4698 .4923 .5094 .5473 .6256 
7.625 26.40 6.969 .4092 .4259 .4517 ..4728 .4889 .5244 .5973 
7.625 24. 00 7.025 .4004 . 4165 .4414 .4618 .4772 .5114 .5813 
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TABLE X V I , Continued 

FRICTION FACTORS FJOR ANNUL AR FLO W IN GAS WELL FLOW STRINGS 

CASING CASING (Mm TUBING SIZES 
OUTSIDE wEM Miofe OUTSIDE DIAMETE R INCHES 
DIAMETER POUNDS: DJAJlgfeR 
INCHES PER FT. INCHES 1.050 1.315 1.660 1.900 2.0625 2.375 2.875 

' 8.625 49. 00 7.511 .3337 .3458 .3644 .3794 .3908 .4155 .4650 
8.625 44.00 7.651 .3174 .3285 .3458 .3596 .3700 .3926 .4377 
8.625 43. 00 7.625 .3203 .3317 .3491 .3632 .3737 .3967 .4426 
8.625 '40. 00 1725 .3092 .3200 .3364 .3497 .3596 .3812 .4242 
8.625 38.00 7.775 .3038 .3144 .3303 .3432 .3528 .3738 .4155 
8.625 36.00 7.825 .2986 .3088 .3244 .3369 .3463 .3666 .4069 
8.625 32.00 7.907 .2903 .3001 .3149 .3269 .3358 .3552 .3935 
8.625 32. 00 7.921 .2889 .2986 .3134 ' .3252 .3341 .3533 .3912 
8.625 28. 00 8.003 .2810 .2903 .3044 .3157 .3241 .3424 .3785 
8.625 28.00 8.017 .2796 .2889 .3029 .3141 .3225 .3406 .3764 
8.625 24.00 8.097 .2722 .2811 .2945 .3053 .3133 .3306 .3646 
8.625 20. 00 8.191 .2639 .2723 .2851 .2953 .3029 .3193 .3515 
8.625 17.50 0.249 .2589 .2671 .2795 .2894 .2967 .3126 .3437 

9.625 58. 00 8.435 • .2438 .2513 .2625 .2715 .2781 .2925 .3203 
9.625 53.50 81535 .2362 .2433 .2540 .2625 .2688 .2824 .3087 
9.625 47.00 8.681 .2256 .2323 .2422 .2501 .2560 .2685 .2928 
9.625 43.50 8.755 .2205 .2269 .2365 .2441 .2498 .2618 .2851 
9.625 40.00 8.835 .2152 .2214 .2305 .2379 .2433 .2549 .2772 
9.625 36. 00 8.921 .2097 .2.156 .2245 .2315 .2367 .2477 .2690 
9.625 32.30 9.001 .2047 .2104 .2190 .2257 .2307 .2413 .2617 
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T A B L E XVII 

CORRECTIONS TO OBSERVED A . P . I . G R A V I T Y T A K E N AT VARIOUS 
T E M P E R A T U R E S , TO OBTAIN A . P . I . G R A V I T Y AT 60F 

Observed 
Temperature 

F 

20.0 30. C 40.0 50.0 60.0 70.0 80.0 90.0 Observed 
Temperature 

F Add to observed A. P. I. reading 
30 1.7 2.0 2.4 3.0 3.7 4.3 5.0 5.7 
32 1.6 1.9 2.3 2.8 3.4 4.0 4.7 5.3 
34 1.5 1.8 2.1 2.6 3.1 3.7 4.3 4.9 
36 1.4 1.6 2.0 2.4 2.9 3.4 4.0 4.6 
38 1.3 1.5 1.8 2.2 2.6 3.1 3.6 4.2 

40 1.2 1.4 1.6 2.0 2.4 2.8 3.2 3.8 
42 1.1 1.2 1.5 1.8 2.2 2.5 2.9 3.4 
44 0.9 1.1 1.3 1.6 2.0 2.2 2.6 3.0 
46 0.8 0.9 1.1 1.4 1.7 1.9 2.3 2.7 
48 0.7 0.8 0.9 1.2 1.4 1.6 2.0 2.3 

50 0.6 0.7 0.8 1.0 1.2 1.4 1.6 1.9 
52 0.5 0.6 0.7 0.8 1.0 1.1 1.3 1.5 
54 0.3 0.4 0.5 0.6 0.8 0.9 1.0 1.1 
56 0.2 0.3 0.3 0.4 0.5 0.6 0.6 0.7 
58 0.1 0.1 0.1 0.2 0.3 0.3 0.3 0.4 

Subtract from observed A. P. L reading 
60 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
62 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
64 0.2 0.3 0.3 0.4 0.4 0.6 0.6 0.7 
66 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
68 0.5 0.6 0.6 0.7 0. 9- 1.1 1.3 1.4 

70 0.6 0.7 0.8 0.9 1.1 1.4 1.6 1.7 
72 0.7 0.8 0.9 1.1 1.3 1.6 1.9 2.1 
74 0.8 0.9 1.1 1.3 1.6 1.8 2.2 2.5 
76 0.9 1.1 1.3 1.5 1.8 2.1 2.5 2.8 
78 1.0 1.2 1.4 1.7 2.0 2.4 2.8 3.1 

80 1. 1 1.3 1.5 1. 8 2.2 2.6 3.1 3.5 
82 1.2 1.4 1.7 2.0 2.5 2.9 3.4 3.9 
84 1.3 1.5 1.8 2.2 2.7 3.2 3.7 4.3 
86 1.4 1.7 2.0 2. 4 2.9 3.4 4.0 4.6 
88 1.6 1.8 2.1 2.6 3.1 3.7 4.2 4.9 

90 1.7 2.0 2.3 2.7 3.3 3.9 4.5 5.2 
92 1.8 2.1 2.4 2.9 3.5 4.2 4.8 5.6 
94 1.9 2.2 2.6 3.1 3.8 4. 4 5. 1 5.9 
96 2.0 2.3 2.7 3.3 4.0 4.6 5.4 6.3 
98 2.1 2.4 2.9 3.4 4.2 4.9 5.7 6.6 

100 2.2 2.6 3.0 3.6 4.4 5.1 6.0 6.9 
102 2.3 2.7 3.2 3.8 4.6 5.4 6.3 7.2 
104 2.4 2.9 3.3 4.0 4.8 5.7 6.6 7.5 
106 2.5 3.0 3.5 4.2 5.0 5.9 6.9 7.9 
108 2.7 3.1 3.6 4.3 5.2 6.2 7.2 8.2 

110 2. 8 3.2 3.7 4.4 5. 4 6. 4 7. 5 8.5 
1J2 2.9 3.3 3.9 4.6 5.6 6.7 7. 7 8.8 
114 3.0 3.4 4.0 4.7 5.8 6.9 7.9 9. 1 
116 3. 1 3.6 4. 1 4.9 6.0 7. 1 8.2 9.4 
118 3.2 3.7 4.3 5. 1 6.2 7. 3 8.5 9.8 

120 3.3 3.8 4. 4 5.3 6. 4 7.5 8.8 10.0 
Based on data from U. S. Bureau of Standards Technical Taper 77. 
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APPENDIX A 

L-lO (SQUARE ROOT) CHART CONVERSION FACTORS 

Square Static 
Root Differen Pres Temper

Chart tial, 1^ sure, P ature, F . 
Reading Rjj » 100 Rp - 100 Rt » 150 

0.0 0.0 0.0 0.0 
1.0 1.00 1.00 1.5 
1.5 2.2S 2.25 3.4 
2.0 4.00 4.00 6.0 
2.2 4.84 4.84 7.3 
2.4 5.76 5.76 8.6 
2.6 6.76 6.76 10.1 
2.8 7.84 7.84 11.8 
3.0 9.00 9. OQ . 13.5 
3.2 10.24 10.24 15.4 
3.4 11.56 11.56 17.3 
3.6 12.96 12.96 19.4 
3.8 14.44 14.44 21.7 
4.0 16.00 16.00 24.0 
4.1 16.81 16.81 25.2 
4.2 17.64 17.64 26.5 
4.3 18.49 18.49 27.7 
4.4 19.36 19.36 29:0 
4.5 20.25 20.25 30.4 
4.6 21.16 21.16 31.7 
4.7 22.09 22.09 33.1 
4.8 23.04 23.04 34.6 
4.9 24.01 24.01 36.0 
5.0 25.00 25.00 37.5 
5.1 26.01 26.01 39.0 
5.2 27.04 27.04 40.6 
5.3 28.09 28.09 42.1 
5.4 29.16 29.16 43.7 
5.5 30.25 30.25 45.4 
5.6 31.36 31.36 47.0 
5. 7 32.49 32.49 48.7 
5.8 33.64 33.64 50.5 
5.9 34.81 34.81 52.2 
6.0 36.00 36.00 54.0 
6.1 37.21 37.21 55.8 
6.2 38.44 38.44 57.7 

Square Static 
Root Differen Pres Temper

Chart tial, bw sure, P ature, F . 
Reading Rh = 100 R^ido1 Rt= 150 

6.3 39.69 39.69 59.5 
6.4 40.96 40.96 61.4 
6.5 42.25 42.25 63.5 
6.6 43.56 43.56 65.3 
6.7 44.89 44.89 67.3 
6.8 46.24 46.24 69.4 
6.9 47.61 47.61 71.4 
7.0 49.00 49.00 73.5 
7.1 50.41 50.41 75.6 
7.2 51.84 51.84 77.8 
7.3 53.29 53.29 79.9 
7.4 54.76 54.76 82.1 
7.5 56.25 56.25 84.4 
7.6 57.76 57.76 86.6 
7.7 59.29 59.29 88.9 
7.8 60.84 60.84 91.3 
7.9 62.41 62.41 93.6 
8.0 64.00 64.00 96.0 
8.1 65.61 65.61 98.4 
8.2 67.24 67.24 100.9 
8.3 68.89 68.89 103.3 
8.4 70.56 70.56 105.8 
8.5 72.25 72.25 108.4 
8.6 73.96 73.96 110.9 
8.7 75.69 75.69 113.5 
8.8 77.44 77.44 116.2 
8.9 79.21 79.21 118.8 
9.0 81.00 81.00 121.5 
9.1 82,82 82.82 124.2 
9.2 84.64 84.64 127.0 
9.3 86.49 86.49 129.7 
9.4 88.36 88.36 132.5 
9.5 90.25 90.25 135.4 
9.6 92.16 92.16 138.2 
9.7 94.09 94.09 141.1 
9.8 96.04 96.04 144.1 
9.9 98.01 98.01 147.0 

10.0 100.00 100.0 150.0 

Note: Subtract the actual atmospheric pressure from the static pressure to obtain gauge (dead weight) 
pressure. 
Shouid the meter ranges differ from the ranges reflected in the above table, values corresponding 
to the proper range shall be determined by use of the following formula: 

Value at Range of Meter - R a n g e °j ffi*fr x Value in Table 
Range of Table 



APPENDIX B 
Calculation of the Specific Gravity of the Well Fluid (G) 

,hen the specific gravity of the Well fluid is not known, but the specific gravity of the separator gas "G_, " the 
API gravity of the separator liquid, and the gas-liquid hydrocarbon ratio are known, the well fluid gravity can 
be calculated from the following equation: 

4595 G t 

G - ° g * B-l 
1 + GOR 

The approximate vapor volume equivalent, V\ (cu. ft. per bbl.), corresponding to the applicable API gravity is 
obtained through use of the following equation or table: 

V L -369 + 5 (API gravity) + 0.04 (API gravity)2 B-2 

Equation derived from Table 13.9, page 708, Volume IL U. S. Bureau of Mines Monograph 10. 

Vapor Volume Equivalent. V j p Corresponding to API Gravity 
API Gravity 0.0 0.1 6. * O.S "" 6.4 0.5 0.6 0.7 fl.* 

40.0 633 634 63i "633 636 637 638 639 646 646 
41.0 641 642 643 644 645 645 646 647 648 649 
42.0 650 650 651 652 653 654 655 655 656 657 
43.0 658 659 660 660 661 662 663 664 665 666 
44.0 666 667 668 669 670 671 672 672 673 674 

45.0 675 
46.0 684 
47.0 692 
48.0 701 
49.0 710 

50.0 719 
51.0 728 
52.0 737 
53.0 746 
54.0 756 

55.0 765 
56.0 774 
57.0 784 
58.0 794 
59.0 803 

676 677 678 
685 685 686 
693 694 695 
702 703 704 
711 712 713 

720 721 722 
729 730 731 
738 739 740 
747 748 749 
757 758 758 

766 767 768 
775 776 777 
785 786 787 
795 795 796 
804 80S 806 

678 679 680 
687 688 689 
696 697 698 
705 706 706 
714 715 715 

723 724 724 
732 733 734 
741 742 743 
750 751 752 
759 760 761 

769 770 771 
778 779 780 
788 789 790 
797 798 799 
807 808 809 

681 682 683 
690 691 691 
699 699 700 
707 708 709 
716 717 718 

725 726 727 
734 735 736 
744 745 745 
753 754 755 
762 763 764 

772 773 773 
781 782 783 
791 792 793 
800 801 802 
810 811 812 

60.0 813 814 815 816 817 818 819 820 821 822 
61.0 823" 824 825 826 827 828 829 830 831 832 
62.0 833 834 835 836 837 £38 839 840 841 842 
63.0 843 844 845 846 847 848 849 850 851 852 
64.0 853 854 855 856 837 858 859 860 861 862 

65.0 863 864 865 866 867 868 869 870 871 872 
66.0 873 874 875 876 877 878 879 880 881 883 
67.0 884 885 886 887 888 889 890 891 892 893 
68.0 894 895 896 897 898 899 900 901 902 903 
69.0 904 905 907 908 909 910 911 912 913 914 

70.0 915 916 917 918 919 920 921 922 924 925 
71.0 926 927 928 929 930 931 932 933 934 935 
72.0 936 937 939 940 941 942 943 944 945 946 
73.0 947 948 949 950 952 953 954 955 956 957 
74.0 958 959 960 961 962 964 965 966 967 968 

B-l 



APPENDIX C 

The Flow Equations and the Friction Factor (F r ) 

The general flow equation may be expressed as follows: (1) 

1000 GL P/TZ d(P) 
53.33 = J 2.6665fQm* + H/LfP/TZ)^ 

P2 d5 

In order to utilize equation C-l , the coefficient of friction "f" must be evaluated. It may 
be obtained from various correlations; however, for the purpose of this report the coefficient 
of friction "f" as determined from the "complete turbulence" portion of Moody's (2) curves 
has been adopted. Moody's curves were calculated by means of the Colebrook (3) equation 
and are equivalent to the Nikuradse (4) equation where the coefficient of friction is indepen
dent of the Reynolds Number and depends only on the relative roughness. These values for 
various sizes of pipe are shown below: 

d in . 
Relative 

Roughness* ' Moody f(**) f(**) 

0.6 0.001 0.0196 0.004900 
0.75 0.0008 0.0187 0.004675 
1.00 0.0006 0.0175 0.004375 
1.50 0.0004 0.0159 0.003975 
3.00 0.0002 0.0137 0.003425 
6.00 0.0001 0.0120 0.003000 

12.00 0.00005 0.0106 0.002650 
60.00 0.00001 0.0082 0.002050 

(*) Based on an absolute roughness of 0.0006 inches. (For roughness 
other than 0.0006 inches, see page C-5) 

(**) The numerical value of the coefficient of friction "f" as used in this 
report is equal to 1/4 of the numerical value of the term "f" as used 
by Moody. 

Cullender, M. H. and Smith, R. V.: "Practical Solution of Gas-Flow Equations for 
Wells and Pipelines with Large Temperature Gradients, "AIME Trans, v 207, p 281, 
1956. 

Moody, L. F. : "Friction Factors for Pipe Flow, " ASME Trans, v 66, p 671, 1944. 

Colebrook, C. F. : "Turbulent Flow in Pipes, with Particular Reference to the 
Transition Region between the Smooth and Rough Pipe Laws, " J. Inst. Civil Engr. 
(London) v 11, p 133, 1938 - 1939. 

Nikuradse, J.: "Stromungsgesetze in Rauhen Rohren, " V. D. I . Forschungsheft 361 
(Aug., 1933), Translation, Pet. Engr. (March, May, June, July, Aug., 1940), v 11. 



The log-log plot of the coefficient of friction "f" versus the corresponding internal diameter 
"d" for the values shown above indicates a straight line relationship for pipe diameters 
less than 4.277 inches and a different straight line relationship for pipe diameters greater 
than 4.277 inches. These straight lines may be expressed by the form f • adb, where "a" 
and "b" are constants. 

Application of the method of least square* to the above data results in tiie following ex
pressions for the coefficient of friction "f, " 

f » 4.372x IO' 3 C-2 
d0.224 

for internal diameters less than 4.277 inches, and 

f - 4.007 x 10"3

 c_3 
d0.164 

for internal diameters greater than 4.277 inches. 

For convenience, it is desirable to introduce two new terms F r and F e where: 

0 2.6665fQm

2 

<FrQm>2 » Fe - J T ^ , C-4 

Substitution of the right hand term of Eq. C-2 and Eq. C-3 for "f" in Eq. C-4 results 
ln 

p = 0.10797 c . 5 
r

 d2.6l2 

for internal diameters less than 4.277 inches, and 

F r * 0.10337 C-6 
d2.582 

A table of values of F r for various sizes of pipe is shown in Table XV. 

For non-circular cross-sections, it is necessary to determine an effective value of the 
internal diameter "d" for substitution in Eq. C-5 and Eq. C-6. 

The term d^ in the general flow equation is from the expression 
3 /4 area\ 

deJ = \ TT / C-7 
perimeter 

TT 

The terms d 0 , 2 2 4 in Eq. C-2 and d ° - 1 6 4 in Eq. C-3 are a result of an empirical relation
ship and are from the equivalent diameter formula: 



4 area C-8 
perimeter 

Thus the effective diameter "d" for honcircular cross-sections for use with equation C-5 
above is 

3 

de 2.612 
perimeter 

TT 
and for use with Eq. C-6 above is 

/ 4 area \ 
\ Tf / 

0.224 
4 area 

perimeter 

1/2 

C-9 

de 2.582 
( * a r e a \ 

1 JX, I 

7 1/2 
0.164 

4 area 
penmcrei 

tf 
perimeter 

C-10 

The term perimeter, as used in equations C-7 through C-10, refers to die total wetted 
perimeter in contact with the fluid, that is, for annular flow the wetted perimeter would 
be the sum of the internal perimeter of the larger flow string and external perimeter of 
the smaller. Thus, 

2.612 k l . 612 

and 
( d - d , / ' " 4 * (d + d0) 

d e2.582 , ( d - d o ) 1 - 5 8 2 (d + d 0) 

C - l l 

C-12 

for flow through an annular space. 

For inclined static column or flow calculations, Eq. C - l may be simplified as follows: 

l 8 . 7 S G H » r P s P/TZ d(P) C-13 
J ? t L /H F e + (P/TZ)2 

It should be noted that the term "L/H" in Eq. C-13 is positive when the flow is upward as 
in a producing gas well and is negative when the flow is downward as in a gas injection well. 

Equation C-13 does not lend itself to mathematical integration unless conditions are such 
that it can be assumed that the temperature "T" and compressibility factor "Z" are constant. 
In many cases this assumption does not introduce appreciable error and Eq. C-13 may be 
simplified with the result that 

P f

2 = e s P c

2 C-14 

for the static column, and 

P s

2 = e s P t

2 + L/H [ F r Q m T z ] 2 (e s - 1) C-15 
where 

s = 0.0375 GH/Tz. 



Often it is desired to convert the flowing pressure "P " to a corresponding static column 
pressure "Pw. " In this case Eq. C-15 becomes 

P 2 * rw P t

2 + L/H [F r Q m TZ ] 2 (1 - e"s) C-16 

It should be noted that the additional assumption has been made that the temperature "T" 
and the compressibility factor "Z" are not only constant but that they are the same in 
both flowing and static columns. 

In those cases (usually in deep high-pressure gas wells) when the assumption of constant 
temperature "T" and compressibility factor "Z" introduces appreciable error, Eq. C-13 
may be evaluated by means of a numerical stepwise prcicedure. The equation for step
wise calculation of subsurface pressures ln shut-In ga* wells ls: 

37 • 5 GH - [(Pj - Pc) (Ii + Ic> + <P2-pi> <I2 + I1>] C " 1 7 

Where the subscripts "c, " "1, " and "2" indicate conditions at the wellhead, at "H/2, " 
and at "H, " respectively. 

The final evaluation of the shut-in pressure "Pf" at a vertical depth of "H" in lhe well 
computed by: 

Pf s P c

 + A P C-18 

Where 

AP = 3(37.5 GH) c . 1 9 

Ic + «i + h 

The equation for stepwise calculation of subsurface pressures in flowing gas wells is: 

37.5 GH = <PA - Pt) (Ii + L) + (P2 - Pp (Lj + 1^ C-20 

Where the subscripts "t, " "1, " and "2" indicate conditions at the wellhead, at"H/2" 
and at "H, " respectively. 

The final evaluation of the flowing pressure "Pg" at a vertical depth of "H" in the well 
is computed by: 

P s = Pt + A P C-21 

and 

A P = 3(37.5 GH) c _ 2 2 

It + 4 I 1 + I2 

C-4 



If the Nikuradse (4) equation relating relative roughness with pipe diameter were used 
instead of Moody's relationship, F r for an absolute roughness of 0,0006 inches can be 
expressed as a function of pipe diameter as follows: 

F r - ; 1-63294 c _ 2 3 

(15.1603 + 4 1ogd) d 5 ' 2 

In using F r values based on an absolute roughness of 0.0006 inches, a few wells will be 
found where flowing bottom-hole pressures are calculated to be more than the shut-in 
pressure. This is probably caused by the extremely smooth condition of the tubing or 
a combination of physical conditions which caused the tubing to act as a completely smooth 
pipe with a resultant low pressure drop due to friction. In those rare instances where there 
is evidence that the tubing is smoother than normal, the use of F r values based on an ab
solute roughness of 0.0001 inches is suggested. F r values based on an absolute roughness 
of 0.0001 inches may be calculated as follows: 

F r - L63294 c _ 2 4 

(18.2728 + 41ogd)d 5 / z 

C-5 



APPENDIX D 

Corrections for Deviations from Ideal Gas Laws 

As a part of the problem of determining the characteristics and capacity of a gas well to 
produce, the volume afrgas flowing and fts flowing density must be computed 

The volume of gas flowing must be calculated to base conditions from flowing conditions 
at the point of metering, and the density of the gas in the flowing column must be calcu
lated from atmospheric conditions to those existing in the flowing string. This is done by 
the use of the Ideal Ga* Law: (1) 

PV » nRT D-l* 

At relatively low pressure or high temperature the deviation of natural gas from this rela
tion is small, but at high pressures or low temperatures this deviation may be considerable. 
With pure gaseous elements corrections can be made with relatively small error by use of 
an equation of state. However, with gaseous compounds and mixtures of these gaseous 
compounds, these equations of state for the mixture become extremely complicated and 
difficult to handle mathematically. By using the "Law of Corresponding States, " calcula
tions of volumes and densities can be made with relatively small error at any pressure 
and temperature. This is: "That the ratio of the value of any intensive properties to the 
value of that property at the critical state is related to the ratios of the prevailing absolute 
temperature and pressure to die critical temperature and pressure by the same function for 
all similar substances. " (2) 

The reduced volume V r = „Y 
V 
cr 

The reduced pressure Pr = P 
Per 

The reduced temperature T r = ^ 
^cr 

i aese relations, developed for pure elements and compounds, have been extended to apply 
to mixtures by a method devised by Kay (3). In this method, the molal average critical 
pressure and molal average critical temperature are used rather than the true critical 
pressure and true critical temperature. The molal average critical pressure and molal 
average critical temperature are railed pseudocritical pressure and pseudocritical tem
perature to distinguish them from the true critical pressure and true critical temperature. 
The pseudocritical pressure and pseudocritical temperature are used to compute the 
pseudo-reduced pressure and pseudo-reduced temperature for mixtures. 

By using the pseudo-reduced pressure and pseudo-reduced temperature, the desired com
pressibility factor can be obtained from Table XI or from a compressibility chart. 

The conventional compressibility chart is a plot of Z versus Pr at constant T r obtained 
from the equation: 

PV PrVr 
Z = nRT = nRTr

 D " 2 

*See the following page for Special Nomenclature. 

D - l 



Thus, Z is the factor necessary to correct for the deviation from the Ideal Gas Law of 
the gas under investigation. 

The chart shown (Figure 1) was prepared for hydrocarbons in natural gas. It is possible 
to utilize this chart satisfactorily by using values of tbe critical temperature and critical 
pressure adjusted for other material found in natural gases. 

Table A lists the critical properties, molecular weights, and gas gravities of gases com
mon to natural gases. The pseudocritical property of a mixture can be computed by multi
plying the value given in this table (use underlined property where more than one is given) 
by the volume fraction of that constituent in the mixture. The sum of these products is 
equal to the pseudocritical property of the mixture. This is the preferred method of deter
mining the pseudocritical property. 

When no analysis of the gas is available, the pseudocritical properties can be estimated 
from die gas gravity. In general, carbon dioxide, nitrogen, and hydrogen sulphide will 
materially affect the pseudocritical properties. 

These affects can be approximated by use of Table X. When the quantities of COo, or N2 
are beyond the range of Table X, or when appreciable quantities of H2S are present, the 
compressibility factors should be determined experimentally. 

Table IX is a tabulation of the values for hydrocarbon gases free from carbon dioxide, 
nitrogen, and hydrogen sulphide. 

Table X is a tabulation of corrections of these values for various amounts of carbon dioxide 
and nitrogen. 

Figure 2 shows pseudocritical properties versus gas gravity for miscellaneous natural 
gases and condensate well fluids. This chart should not be used when a gas analysis is 
available. 

The relationship of pseudocritical properties also can be computed from the following 
equations devised by A. E. Sweeney, Jr.: 

P c r * 693 - 35. OG + 432.9XC - 167.3^ + 654 X^g D-(3) 

T c r - 158+ 33. OG - 167.3X5, - 279.9^ + 127 X ^ D-(4) 

References 

(1) Brown, G. G., Katz, D. L . , Oberfell, G. C., and Alden, R. C., Natural Gasoline 
and The Volatile Hydrocarbons, Natural Gasoline Association of America, Tulsa; 1948. 

(2) Sage, B. H. and Lacey, W. N., Volumetric and Phase Behavior of Hydrocarbons, 
Stanford University Press, 1939. 

(3) Kay, W. B., Industrial and Engineering Chemistry, v 28, pp 1014, 1936. 

Special Nomenclature 

P = pressure, lbs./sq. in., absolute P = critical pressure 



volume, cu. ft. at standard conditions 
number of moles 
gas constant, 10. 73 per pound mole 
temperature, degrees Rankine 
gas gravity, ate« l.O0© r 

T c r = critical temperature 
V c r = critical volume 
X c = fractional volume of carbon dioxide 

= fractional volume of nitrogen 
Xjj 5 * fractional volume of hydrogen 

2 sulphide 
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TABLE A 

Molecular 
Component 

Air * 
N 2 • 

C0 2 * 
H2O * 
H2S * 

CH 4 

C 2 H 6 

C 3 H 8 

nC4H l 0 

n C 5 H l 2 

n C 0 H 1 4 

nC7H!6 

Weights 
M.W.* 

Gravity 
Gg@ 

Critical 
T * 

lcx 

Temperature 
T c r # 

Critical 
P * 
r c r 

28.95 1.000 238.74 546.69 
28.016 .968 227.22 204.0 492.32 
44.01 1.52 547.98 496J0 1,072.81 
18.016 .622 1,165.20 3,199.61 
34.082 1.177 672.72 1,306.47 

16.042 .554 343.3 336.0 673.1 
30.068 1.039 549.77 708.3 
44.094 1.523 665.95 617.4 
58.120 2.008 765.31 550.7 
72.146 2.493 845.60 489.5 
86.172 2.977 914.1 439.7 

100.198 3.461 972.31 396.9 

ISO-C4H10 58.120 2.008 734.65 529.1 

Iso-C 5 H l 2 72.146 2.493 829.8 483.0 
Neo-C5H l 2 72.146 2.493 780.77 464.0 

C 6 H 14 
2 - Methylpentane 86.172 2.977 896.5 440.1 
3 - Methylpentane 86.172 2.977 907.8 453.1 
2 -2 - Dlmethylbutane 86.172 2.977 880.9 450.5 
2 -3 -Dlmethylbutane 86.172 2.977 900.5 455.4 

C7H16 
2-Methylhexane 100.198 3.461 955.9 400.0 
3-Methylhexane 100.198 3.461 964.0 413.0 
3-Ethylpentane 100.198 3.461 973.4 420.0 
2 - 2 - Dimethy lpentane 100.198 3.461 937.6 417.0 
2 - 3 - Dimethy lpentane 100.198 3.461 968.0 429.0 
2 - 4 - Dimethylpentane 100.198 3. 461 936.5 403.0 
3 - 3 - Dimethylpentane 100.198 3.461 965.0 440.0 
2-2-3-Trimethylbutane 100.198 3.461 956.6 437.2 

* Values from SELECTED VALUES OF PHYSICAL THERMODYNAMIC PROPERTIES 
OF HYDROCARBONS AND RELATED COMPOUNDS; F. D. Rosini, K. S. Pitzer, 
R. L. Arnet, R. M. Braun and G. C. Pimentel; American Petroleum Institute, 
1953. 

** Values from INTERNATIONAL CRITICAL TABLES; McGraw-Hill Publishing Co. 
@ Calculated, Air = 1.000. 
# Values from California Natural Gasoline Association Bulletin No. TS 461. 
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PSEUDO-REDUCEO PRESSURE 
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