|

CASE 2243: Application of GULF

for an amendment of RULE 309 (a).







BEFORE THE OII. COMSERVATION COMMISSION
OF TGe Giaie ur MW MEXICU

IN TEX MATTER OF THR HRARING
CALIED 3Y THE OIL CONSEBRVATION
COMMISSTON OF MEW MEXICO FOR
TER PURPOSE OF COMSIDERING:

CASE No. 2243

APPLICATION OF GULF OIL CORPORATION
FOR AN AMBIDMENT OF ROIX 309 (a).

ORDER. OF THE COMMISSION
BY THE COMMISSION:

This cause came on for hearing at 9 o'clock a.m. on
April 13, 1961, at Hobbs, New Mexico, before the Oil Conserva-
tion Commission of New Mexico, hereinafter referxed to as the
*Commission.*”

NOW, om this_28th  aay of aApeil, 1961, the Cosmission, a
quorum being presant, having comsidered the testinony presentad
and the exhibits received at said hearing, and being fully
advised in the premises,

FINDS:

{1) That dus public notice having bheen given as
law, the Commissicm has jurisdiction of this causs and the ack
mattar thereof. '

(2) That Rule 309 (a) should be revised in oxder to facili-
tate the administration of requests for approval of automatic
custody transfer systems.

(3) That Poxm C-106, attached to this order as Exhibit A,
shvuld be adopted, and that Rule 1103 should be amended tc include
said form.

IT IS THEREFORE ORDERED:

(1) That Rule 3092 (a) ia hareby ravived to read in its
entirety as followss

RULE 309-~A. CERTRAL TANK BATTERIES

0il shall not be tramnsported f£rom a lease until it has been
received and measurad in a facility of an approved design located
on the lease., 5Such facilities shall permit the testing of each
well at reasonable intervals and may be comprised of manually
gauged closed stock tanks for which proper strapping tables have
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bean prepared, with & mawisun of SIZLSEn mdiation uniis pEcducing
into said tanks, or of automatic custody tramsfer (ACT) eguipment.
The use of such automatic custody transfer equipment shall be
permitted omly after compliance with the following:

1. The operator shall file with the Commission Form C-106, Notice
of Intemtiom to Utilize Automatic Custody Traansfar Equipmaat, aad
shall receive approval thereof prior to tramsfexxing oil throwh ‘
the ACT system. The carrier shall mot socept delivery of oil
through the ACT system until PForm C-106 bhas bean approved.

2. Porm C-106 shall be submitted in quadruplicate to tha appro-~
priate District Office of the Commisaion and shall be aceompanied
(in quadruplicate) by the following: ’

(a) Plat of the lease showing thereon all wells which will
be pxoduced into the ACT system,

(b) Schematic diagram of the ACT equipment, showing thereon
all major componants such as surge tanks and their eny-clty,-
extra storage tanks and their capacity, transfer puaps,
monitors, xeroute valves, treaters, samplers, strainesrs, air
and gas eliminators, back pressure valves, wetering device
(indicating type and capacity, i. e., vhethar automatic
measuring tank, positive voiume metexing chamber, weir-type .
measuring vessel, or positive displacement weter). Schematie

diagram shall also show msans employed to prove accuracy of
measuring device.

{c) lLetter from transporter agreeing to utilization of ACT
system as shown on schematic diagram.

3. Form C-106 will not bo approved by the Commission unlesas the
ACT system is to be installed and operated in compliance with the
following:

(a) Provision must be made for accurate determination and
recording of uncorrected volume and applicable temperature,
or of temperature corrected volume., The overall accuracy
of the system shall egual or surpass manual methods.

(b) Provision must be made for representative sampling of the
olil tramsferred for determination of API gravity and BS&W con~
tent.

(¢) Provision must he made if required by either the producer
or the transporter of the oil to give adequate asgsurance that
only merchantable oil is run by the ACT systenm.

(d) Provision must be made for set-stop counters to etop the
flow of oil through the ACT gystem at or prior to the time
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ths 3llcwalls Las bowi run. All countexs shall provide
non~-xaset totalizers which ahall be visible for inspection
at all times,

{e) All necessary controls and equipment must be enclosed
and sealed, orxr otherwise be 20 arranged as to provide assur-
ance against, or evidence of, aceidental or purposeful “
nismsasurement resulting from tanpering.

(£) All components of the ACT system shall be properly
sized to ensure operatiom within the range of their
established ratings. All components of the system which
require pericdic calibration and/oxr inspection for proof
of continued accuracy must be readily accessible. The
frequency and methods of such calibration and/or inspection
shall be as set forth in Rule 309-A, 4-c.

(g) The control and recording system must include adequate
fajil-safe features which will provide assurance aguianst
mismesaguremsnt in the event of power failure, or the failure .

of the ACT system's component parts.

{h) 1. The ACT system and allied facilities shall include
such fail-safe ecuipment as may be necessary, including
high level switches in the surge tank or ovexflow storage
tank which, in the event of powar failuxe or malfunctiom
of the ACT ox other egquipment, will shut down all artifi-
cially lifted wells coanscted to the ACT system and will
shut-in all flowing wells at the well-head cox at the
header manifold, in whkich latter cage all flowlines
shall be pressure tested to at least 1% times the
meximur well-bead shut-in pressure pxior to initial
use of the ACT system and each two years therveafier.

2. As an alternative to the requirements of paragraph
(h) 1 above, the producer shall wrovida and ehall at¢
all times maintain & miniwum of availadle storage
capacity above the normal high working level of the
surge tank to racailve and hold the amount of oil which
may be produced during maximum unattended time of leasse

nmrni- {1an

(a) In all ACT systems employing automatic measuring tanks,
welr-type measuring vessels, positive volume metaring chambers,
or any other volume measuring container, the container and
allied components shall be properly calibrated prior to
initial use and shall be operated, maintained, and inspected
as necessary to ensure against incrustation, changes in
clingage factors, valve leakage or other leakag2, and

improper action of floats, level detectors, etc.
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(k) In all ACT systems employing positive displacement meters,
the meter({s) and allied components shall be properly ouw
prior to initial uwse and shall be operated, maintained, and
inspected as necessary to ensure against mismcasurement of c&l.

(¢) The measuring and recorxrding devices of all ACT

Director of tha Commission.

*Moasuremant of Fetroleum Liquid Bydrocarbons by Ecsitive
Displacenent Mater, " shall be used whers applicable. Meters
may be proved against Master Meters, Portable Provexr Tanks,
or Prover Tanks permanently imstalled on the lease. If
permanently installed Prover Tarks are used, thLe distance
between the opeaing and closing levels and the provision fox
determining the opening and closing readings shall be suffi-
cient to detect variations of 3/100 of one psxcemt. Reports .
of determinations shall de filed on the Commission Form
entitled "Mater Test Report, " or on anothar acceptable form
and shall be sabmitted in duplicate to the appropriate
District Office of the Cammission.

(d) To obtain exception to the requirement of pnrw (e)
above that all measuring and recording devices be checked for.
accuracy oance each month, either the produger or tramsporter -
may file such a request with the Secretary-Director of the
Commission setting forth &ll facts pertinent to such excep-
tion. The application shall include a history of the average
factors previocusly obtained, both tabulated and plotted on a
graph of factors versus time, showing that the particular \
installation has experienced no erratic drift. The spplicant
shall also furnish evidemce that the other interested party
has agreed to such exceptiorn. The Secretary-Director may
then set the frequency for determination of the system's
accuracy at the interval which he deems prudent.

5. Failure to operate an automatic custody transfer system in
compliance with this rule shall subject the approval thereof to
revocation by the Commission,

(2) That Form C~106, attached to this order as Bxhibit A,
i3 hereby adopted, and that Rule 1103 is hereby amended to include
said form.

(3) That the effective date of this order shall be May 1,
1961.
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DOWR at Banta Fe, NHev Maxieco, on the day amd year herein-
above designated.

esy/

STATE OF NEW MEXICO
OIL CONBRRVATION CONMISSION

o fe

EDWIR L. MECHEM,

W

E. 5. WALKER, Member

G f Ui, Z

A. L. PORTER, Jr., Member & Secretary
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NOTICE OF IHURENTION

TO UTILICx AUTCHATIC CUSTODY THAKSFER EGUILE+h1

Operator Field

Address County

Lease(s) to be served ty this ACT Unit

Paol(s) to be served by this ACT Unit

Location of ACT System: Unit Sec Twp Rge

Order No. autkorizing commingling between leeses if more than one lease is to be served by

this systen _Date

Crder No. authorizing commingling between pools if more than one pool is to be served by

this system Date

Authorizcd transporter of oil from this system

Transporter's address

Maximum expected daily through-put for this system: Bvle/day

=

£ system fails to transfer oil due to malfunction or otherwise, waste by overflow will L:

averted by: (Check One)

A, [:] Automatic shut-down facilities B. [::] Alternative (3) h-2, providing adequate
as required by Section (3) h-1 available capacity to receive produc~
of Rule 3209-A, tion during maximum unattended time of

lease operation,
If A above is checked, will flowing wells be shut-in at the header manifold or at the

well-head? Maximum well-head shut-in pressure

If B 2bove is checked, how much storage capacity is available zbove the normal high working

level of the surge tank? Bbls,

What is ihe normal maximum unattended time of lease operation? Hours

hat device will be used for measuring oil in this ACT Unit? (Check One)

I""| Positive displacement meter [ ] Weir-type measuring vessel

[:J Positive volume nmetering chamber [:] Other; Describe

Remarks:

I hereby certify that the information given above is true and cemplete to the hest of my
knovledge and that the subject ACT system will be installed and operated in accordance with
Ru] e 309"A .

tpproved, Oil Conservation Commission By
Py _ Title
Titie Date Date

“vrooval of Form C-106 does not eliminate the necessity of an approved C-110 prior to
vening eny odl or gas from this system,
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APRIL 13, 1901

"IN THE MATTHER OF

Apolication of Gulf 0il Corporation for
an amendment of Rule 309 (a). Applicent,
in the above-styled csause, secks an
amendment of Rule 309 (a)} to nermit the
installation of lease automatic custody
transfer equipment without the necessity
of notice and hearing.

?CASE 22113
1
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A. L. Porter

TRANSCRIPT

OF PROCEEDINGS

— v - . - e o e m——— - —

MR. PORTER:

We will proceed at this time with Case 2211,

to e¢all for eappearances.

i

!

|

\ Before we get underway with the testimony I wculd 1like
; MR. BUELL: Guy Buell, Pan American Petroleum Corpo-

‘ration,
‘ MR. BUSENELL: H. T. Bushnell, Amersda.

MR. ANDERSCN: R. M. Anderson, Sinclair.

MR. ROBINSON: BEdJ Robinson, Texaco Incorovorated.

MR. Mec GANNON: R. L. McGannon, Standerd 01l Comnany of
:Texas.

MR, PORTER:  Mr, Keosbleory is bhe dlisirlici lawyer Tor

The heering will come to order, please.

o
v

Gulf 011 Comoany,

Roswell district, Mr, Ksstler, Lhe

@
s i
5
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recornizes you :ztuthis_ time.
Ak, KASTLEN: Mr. John . Hoover.
MR, PORTHER: Mr, Hoover, come forward and be sworn.
(Witness sworn)
DIRECT EXAMINATION
BY MR. KASTLER:
% Q Would you state vour name, where vouw reside, oy
‘'what comneny you are employed and your vesition.

1

A ~John Yeover, Roswell llew Mexico, Gulf Cornoration
Production Enmineer. '

Q@ As Gulf Production Ereineer, Mr. Hoover, have you
-previously appeared before the New Mexico 0il Commission and
i

itestifled particularly in regard to automatic custody transfer

systems?

A Yes, sir.

Q Are you fTamiliar with all of Gulf Oilts automatic
custody transfers in Naw Mexico at this time?

A Yes, sir.

AR OHASTLER: Ire the witness's gualificstions accevnbed

~

by the Commission?

MR, PORTET:  Yes,

53
:
.

Q I

v

e
H
Lle
4]

KASTLER: ‘Yould vou outline what “nlf 0

seeking in Shis apolicabion?

A we are asking tor a considersition ol the revision
af Statewide BRnle Wo, 209 to cotablish a procsdures Tor  adminis-
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DEARNLEY-MEIER REPORTING SERVICE, Inc.

PHOMNE CH 3-66)1
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iemerqencg high level switches which would shut in the event of

“rative soaroval of aubtomalic cvsbody LUrangfer svsiens,

G Whv are vou soelkines this?

A We fea2l thet In “he noest bhere Meve haen nuierous

CACT installations thaot hnve hesn sonmaued and Swabs3 24 cbnt j,ve

Ebeen similierr in deslen to our own case. We had 10 AC™ hearines

in 1960, end each of the hearin~s involved the same basicequipment‘
ffor the ACT. We have Sxhiblit 1 which is g reoresentative sample
}of the ACT equivment, and exhiblt thst we use in each one of these
Ihearings. The ACT starts at the outlet of the surge tank where it
‘is traenaferred to vipe lines on -thls exhibit. We had surze tanks

which were not merely vart of the %CT, but we started with that |

becauvss we had some controls. We had & hich level and 2 low level

'switch to start andstop the opump, snd in some cases we installed

full storage. I other instances we utilized emergency hizh level

switches but in the alternative we provided for overflow to addit-

lonsl storace tank.

The next term to be used in #xhibit 1, coing throush
bestc equivment which I mentionsd before and which was similar to
‘ours - - in each one we have a oump strainer, a proportioning type
sampler, & meter with a2 non-reset counter, szfety shutdown switch
and stop counter, lease shubt-in valve connector for pnrovineg the

meter. We further helieve thet the hearinss s2re time consumine E

and exvensive to the producer z2s well as to the Commission and we

|
feel that adminisbrabive anorovel cen Le ~iven for s2utomatic custody




transfer system Inatellabtions. "hare is o mnboer of Limins In

(e
\

that - = for examnle yvyou hrve sroccedinrs on Yhe lesgs, ond g

dastirable 1€ vou can i the “ipol hattary In falbialls and we

‘NMoave found fram axnanlance thafi 1L ean talte fuse foon fo ol paleg

"from the time of eodliestion until anvroval, another month for

mailinre will elspse, or more, to order the materiasl an! ~etiine :

PHONE CH 3-66%1

1t installed, sco therefore vou have two or two and one hs1f months :

i from the time thet you maks anvolication until the bastterv is in-

. Sta lled -
In our ovinion, the sdministrative snnroval f or ACT
could be siven in less t ime than 1t takes to make asnolication =2nd

gst it for hearing. : i

1
R REPORTING SERVICE, Inc.

Q Mr. Hoover, what varticular prooosal or provosals
. does Gulf hope to be adootsed for the accomovlishment ol this ovurposd?
el .
1 _ = A We have our orovosasl wnich is marked Rxhibit No. 2.
e Py ’
~ -
3 . — This would be a revision to the Statewide Rule No. 302 but adding
= 2
[
o a subperagraph C. I micght say we have some extra covies of the
- (R
EE TpPOposed rule voon the corner btable if anybodvy would like them,
g
- g Q De Fou wish to offer Zxhibit ¥o. 2 in this cese?
=z
-~ Z A Yes.
g
- £ Q Would you read it, please.
o
=) )
2 "RILE 309 - CENTRAL TANK BATTHRIE

1

{(c) The Secrebtary-Diractor of the Commission shall have

1
authority to prant exceptions to Rule 309 (=2), to permit
SR

the use of automstic custody transfer equivment without
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notics or heecins, nrovidaed soanlicstlion for admintis-
trative an»hrovel hag heen filed in due form and such
application conteinsg the following: f
(1) Leasec olat. :
(7} Schematic sketch of the pronosed sutomstic !

custody trensfer system indiecatine the functiom

of each of the various components,

(3) Application states that the prooosed installaJ
tion is Yasically similar in deslen and opera-
tlon to one previously zvproved by the Com-
misgsion, ziving case, order mumbar snd date of

epproval for the installation. If one not onre

¥

vicusly approved, comolete descrintion of the I

instellation should be included. |
(L) Apvlication evidences thet the pipe line pur- |

chaser has avproved the installstion. |

(5) Installation would incorvorate thec use of %

safety shut down devices to shut-in the lesse '

i '3

| in the event of full storsse; or in the al-

ternative, provide sufficient storace to hendlé

i

the productlon during the unattended hours,

|
{56) Automatic custody transfer equipment shall in-g

|
corporete a safety shut down deviece to oreventt

!
!
the delivery of unmebtered oil." {
|

it was our ithousnht thsi s gafe ~usrd againsiy 2 malfuncti?n

. g g -
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of the meter would nrevent the deliver; of oll 1”7 the meber 18 not

‘roplstarine.

{7) Tnstellation shall have a sel-ston counter to stov

the delivery of oll when 2ll leral allowable for

the month has been run,
The Secretary-Director may, uonon his own motion, after

recelpt of the avplication, set the matier for hesrin~ 1f, in his

ooinion, conditions should be encountered which will tend to involvb
wastes or impair correlative rizhts."
Q In your ovinion is this provosal adequate protectioﬁ

against waste and does it oprotect correlative rishts?

A Yes, in my opinlon 1t does.

Q Were Exhibits 1 and 2 prepared by you or at your
Edirection and under your supervision?
A Yes, sir.
MR. KASTLER: Mr. Porter, that concludes our direét

testimony. I would like to move at this time for scceotance for

Exhibits 1 and 2 into evidence.
MR, PCORTER: Without objection ®xhibits 1 snd 2 will be

;admitted in the record.

Does anyone have a question of Mr. Hoover?

CROSS EXAMINATION

‘BY MR. MORRIS:

<t
oy
[
%
@)
g}
c

Q Cen you be of any essistance Iin deflinine

"similar" as youn have used 1t In parazraph 37




A Yey,
1f we havae s nuAap oc
end somebody wnnhed b
‘put the aerator Lo it

‘st a different place,

PHONE CMH 3-6691

althoush maybe not in

similar.

Q Would

;in incorporatine all
‘arrangement of those
A Yeas,
~the next installation
it;he same order and th

i Q Would

i
R REPORTING SERVICE, Inc.

Al
4

ments and still find

A I bel

it would stili be bas

1t would not be,

DEARNILEY-MEIL

not orevicualy approv

ALBUQUERQUE, NEW MEXICO

‘1ast sentence wheres you refer to obtainine spoproval where 2 gsystem

pAGE 8

sir, In my oninton, 1T wouldl sary similar - -

a strainer In the evabtem - - in Shat order - =

o pubt the strainer 'n Tront of bthe mamn or
somewhere else, or {f the samoler i1s loecated
it is siill the same sauioment that 1s used,

the same order. I would say it 1s basically

you say the element then is similar in desiegn
the same basic elements, but permits a re-

elements?

sir. 1In considerin~ one installation acainst
we have utllized the seme eouloment without

at would be basicelly similer. i
it be possible to leave out one of the ele-
that it wes baslically similar?®

leve you could leave out a pressure gauce anéd '’

lcally similar. If you left out a pumo, no,

Q r. Hoover, still refering to waragranh 3, the

ed is beins oroposed, dc you feel that a rule

‘as you pronose hers is sufficliently certain inr eaquirine what must

if you have a system theb you are sskins anprovel for this rule

docsg noit sovecify into

;
|
be submitted when thils sovrovsl is beine ssked for? In other w:vds‘
i
i
1

wnnt deball description must be ofiven of th?_)
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“wvarious comnmon:mnta, Do vonu sope ampliftinetion ahonld He in-

sertad here?

P

A Well, vossibly go, wa fenl the whinla thine should
= he left onen end maybe the Commisclon, moaybe the nroducer and !
3 o
g }Commission - - think it !s like the one nrevionsly snpvroved 1% ! i
. ;
z
o 2 could be still set “or hesring. The noseslbility is left oonen in |
o
=
that perasrasoh 3, but each producer may heve 2 little different L
) | 1des. §
N .
[Nt , In our own case, all of our ACT installations are !
— L:: | : ;i
@2 similar snd if we deviate from it, why then we would exvect to Lo
- > -
Z explain it,
=~ ‘ . P
— < E Q Mr. Hoover, in the event the Commission should P
S ‘
=~  adopt the rule as you have vnrovosed it and %ulf was mekine sn ap- |
o =3 i b
~ 2
~—~ vlication for an automatic custody transfer system not sxactly ;
- RS
= similar to one already avoroved, would it be Gulf's interpretation|
~ ;
[ - ;
ES of this rule that the complete description of the instsllation
) E: would he submitted to t he Commiasion fil1linc ~mt eocoh dotetl avans
z tx i
oM :
. EE facet of the fnstallation or just what would be Gulf's intervreta-
) 2 8§
=~ § tion of what informatlon would be submitied, genernally sneaking?
=
~ z A It would be our ovinion that we would mazke maps of
5
o
g what we orepared to submit st a hearing,.
o
2
. L : Q You would submit full information?
A Yes, and we hnave taken the attltude that we 2re

tryine to cive the Commission by avplication the same information

thnat we have time efter time zivan them at 2 hearing,
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s} Aecordine Lo your rmila 1t'e somewhnt {ndefintte,
i . .
‘18 1L not, Just what consabitubes a corplete daserintion of the
‘Installation? In other words, “hat wovld be left to everyona's

vardstlck as to what thev considared a 2 omolcoig descivlion of tne

5
T ;
- b . '
: lnstallation? !
v i
M
§ | A We are speslking of the ACT existine in this case.
l YR. MORRIS: No further questions. 5
|
I

MKk. PORTER: Does anyone else heve a question of Mr,

‘Hoover? E

i

EXAMINATION

BY MR, PAYMNE:
3 a— Q Mr. Hoover, referine to vsracracsh 5§, I notice that
:& éyou would include the use of a safety shutdown device to shut the
; 31ease in the event of full store~e. Would this shut in the lease |

in 8 well head or hesder?

Y-MEIER REPORTING SERVICE, Inc.

t
- A It might do both. :
i
- . f Q Then, sir, do you propose to pressure test your

| i
EE "flow line in the event that vou're zolng to shut 1t in =t the head-}
) x §
v ! er‘? '

— A I our case wnere we have the lease shubt-in valve

1we heve 2150 instglled 2 shut-in valve 2zt the well., I think that

ALBUQUERQUE, NEW MEXICO

‘insofar as testins the full line it wouldn't be necessary to test

£

all flow lines. Some may have hicher pressures than others. 1%

has been our exverience in checkin- back over s parfod of ohont

1/2 venrs where Wwe nave vae accurabe records of flow line breaks
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we fomd that over thet 2 172 vany naviod w2 anlv los% 77 barrsls
‘of 011 in filve instances of flow 1ine brealts, And in rcne of them

n truek ren ovaer the line.

Ia) 11reny 1T A weviy mlaAir Ay zrmivas mme s .Y FON YE o pmypr m B N T O =
o L o SR 0T TV T, T, oTevaT, Wit Hs S

‘maximum well head shut-in pressure wonld he?

A It certainly would be done. I don't think that {

based on our passed expesrience that 1%t's absolutly necessary to go -

§1nto the flow line business end of 1t because ws have noworry ebout

éthe flow line and we hsve had no breaks up to this time on ACT
batteries. %

Q Refering to the alternative here that vou'd have
‘enough s torace to handle production durine the unattended hours,
i

‘'would rou show on your applicsticn what the maximum unattended

neriod would be?

=g

"
o

Yes, sir, ths! could be shown.

Q And all the msximum throuzh out on the systeﬁ?

A It could he shown on there. I don't think that it'L

I .
‘necessery. It secems like if the producer hass an approved operator

]

éthat should be left to his discretion,
Q It 1sn't golng to do the Commission much good to
‘¥now the unattended hours unless they know the cavacity of the

|
|
‘gsvstem, how much oil it!'s coines to be vroducine,

A Yes, s8ir. If the rule - - say you have that sti-

sulated in the rules, thet vou com»ly with that, it csrtasinly couldé

v

‘be done. T jugt thin% that it's not necesssrv. TI= obther words,
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on & convertional battery we could tell them to nut in 5, & or 7 taﬁ

tanks. We vput in the tanks necevurry Lo ooverabte 11 »nd there's }
, - |
no difficuvlty on on ACT battery. If we vut anvthine Iin - - 1€ we |

lose the dollar, we have losh bthe bivreat noart of that dollar. 1'4d:

5like to emvhsalze that voint; 1if there is anv loss, the vroducer

in certainly the ble~est loser.

Q Comparine this with a conventional bettsry, do you

loronose to limit this administrative avoroval to a situation where

ho more than 16 proration units are going to be oroducing through .
‘ :
!the system?

A No, sir, it's not our intention to limit the well,

Q Rule 3C9 ovreferably does 1limit it to 16 proration

i
1

ﬁnits in one bettery.
A Yes, sir. We would nobt make any chanege there.

Q ir. Hoover, as you well know, the Commission ordin-

arily recuires meter tests on an ACT. I sse nothine in your rule

PrOposing that be changed.
! A No, sir. It was our thousht under onresant orocedurs
;hen the apnroval is given by order thest meters wculd be tested

bnce g2 month and reportéd to the Commission. Under administrative
apnroval there would be no change in that. Testinewould still be
;et forth.

!

Q Under your orooosed rule, would aporoval be limited

to situations vhere only one lease was involved?

-
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B ¢ fdministuetive coneovel conle alse ho perted f
‘morws then one nonl were invoalvea?
A I was tallineg sboul cettine into commineline, whare
two pools ro throveh tha same 07 gvstbem,
; Q Yeas. :
A I belieyc commin~line is taken care of by another

Then yocu come in for administrativs anoroval of an ACT svstsm to

"the Commission would never know.

order, The commineline part shouldntt even enter into the ACT.
Q Do yon think there is a connection in this respect?
Let's assume comminglin~ has bezn apporoved administratively and it

requires seperste meesurement of the producticn from esch pool.

handle this commin~led ovroduction. Now, =nrec you coinc to show in

either sovlicetion whether your bed oil 1is rerouted back throush
the production meter? 4

A I don't helieve that that was intent of our ruls. i
We fesl thet when the 01l zets into our ACT unit it is 2 productioﬁ
matter and it's not in the ACT. i

Q  How could the Commission determine 1f the bad oil 1
was beinz rerun throuzh & production meter and treated? You |

wouldn't show in your comminzling 2pplication because 1t wouldn't ble
i {

pertinent., Now if you didn't show in the ACT 2vvlication, then i

A I believe the order savs on comminglins that s
schedule bas ~iven of the installation.

8} Do woun pronose to show it?
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" 1ine ¢o=as on voup *C7T annliontion?

used?

" the purchaser,

A Thet! s on the commin~g)ine,
Q Woeon vor use comntnline and pot vaine AT vy

dor't have this oroblem, so woulas vou show then where the hed oll

A It's nob necesgsary in my cpinion.
Q Now, I noticed that you don't have any monitor on

your diacrsmmatic sketch. Do you Tsel it should he shown when it's

A On an ACT installalion a monitor is reaguired by

Q All purchasers?
A I velleve it is. There may te some isolated cases;
however, I belleve in the majority of caeses 1t would be required,

so therefore when you et approvel the purchesser evidences thet

he aporoves the instsllaticn snd it would take care of the monitor

end sc forth.

Q If they don't reqi.ire s monitor at whet figure do

' you place your set stop counter? At what fisure do you plece your

. set stop counter to vrevent over runnins the allowable?

A That is set at the monthly 2llowasdble.

Q So that if s monitor was not reauired and you were

‘deliverine some bad o0il, you wculdn't sctuslly be runnine your

‘alloweble, would you?

A It would be corrected by the samnler, sccordins to

+the sampler, That's rirnt, You woulc be a bit less.




SERVICE, Inc.

v
b4

DEARNLEY-MEIER REPORTINC

PHONE CH 3-669)

ALBUQUERQUE, NEW MEXICO

PAGE 1%

!
. . i
Aie, PAYUwe o tthanlt you, '

g PORTSHD 0 My, bHoover, do o von Mmou whe!l e eurevent

preetices ars by the vporchasers of nipe lires consernin~ whether

?
|
they sef the actual nllowalle fimure In therc or whethur they allow!

v factor for BFAW?
|
THi, WITExS®: UHo, sir, T dor't mow,

MR, PCRTER: Does 2nycne else hsve any questions of the

|

iwitness?
EXAMINATICN o
By MR. MORRIS:

Q My, Hoover, these pararravhs 1 throueh 7 in vour

.Exhibit No. ? sre intended to be cenerzl reauvirements, are they ‘
| i

‘not?
A Yes, I would say meinly that would be right.
Q They were not intended to bs svecific and you would

not contemplate, would you, thet each comvany would alwaeys submit

the same informetion to the Commigsicn on a reanest for adminia-

‘tretlve approval?
A It would be very gimilar, I think.
Q Don't you fe=zl, Mr. Hoover, that in some casgses the

appllication would heve to be sent back for rore znd further state-

‘ments on some or another voerticulsr part of the #CT thabt maybe the
: E
Cormission would recuvire, whereas the oversitor in his own mind

%
!
. i
imicht hove felt thie Comnisasion would nobt reaguire certain information

n this researd?
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; A Doselil,
|
. MR, Mowrigits Thanl you, :
Ranranen SNMAVIRATTON
RY MR, KASTT,WR:
Q In psraeravh II you have salc that the sonlication

evidences that the nipe line nurchaser hes anproved the instellstiol

PHONE CH 3-6691

I quote, "plpe line" do you mean the nive line company that is

!connected with the well or parts for whose account it's beins pur-

échased, the oil is being purchesed?

A The vipe line company.
MR, K/STLi#R: Thank you.
MR, PORTER: At this time, we are goinc to recess the

1
I

‘heerine until 1:30. I will ask that you remcve all of your papers

and brief cases “rom the cafeterias becruse it is beine used for the

R REPORTING SERVICE, Inc.

lunch hour.

Al
4

g
Py
gg (Whereupon recess was taken st 11:25 a.,m,)
2

. Eﬂ (Hearinz reconveined at 1:3C p.m.)
h )

. 3 !
| '2 MR. PORTFR: The hearinz will come to order, nlesce.

: =5 N . -
~ : We have Mr, Hoover still on the witness stand.
=
- Does anyone have a guestion, now? The witness ma2y be

-excused, Cell Mr, Nutter to the stand.

ALBUQUERQUE, NEW MEXICO

MR, MCRRIS: Let the records show the witness was sworn
"in the previous case.

DIRTCT BFAMINATION

PIPEWS

RY MR. MOPRIS:
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by Gulf?

A, CENTRAL TARNX RATTERIES ard uscd the identicel sentence which

“ception that where it reads '"shnall not be trensvorted from the

- 1
1

the wibtness dlease stoete hie riome orngd ~osﬁtinq.

Dan Nubbar, Chief nrinesr o Lha Vew Mexleoo 011

"Congservatlion Commiscieon,

o Ile Ghewuwi o 1x yuur 0lrlelal cepeclty nave you meae !

a study of Ruls 3¢9 (e¢)?

A Yes, sir, T heve.
Q As a result of your study, do voun “sel thet s re-

vision of that rule is necessery a%t this time?

A Yes, sir, I believe thet it is. Mr. Hoover tes-
tified this mornine that his comnany z2lcone had had 1C cases in-
volvine automatic custody transfers which involved hearincs during;
the last year and multinly the number of cases of that one major
5y She nunmbesr ol compsnies #nd numoper or zpoplica-
tions that have been set for hearing and it does become gquite a
financial as well es time consuming burden to both the operators
and Commission.

Q Mr. Mutter, have you prepared a provosed revision

of Rule 309 which you could offer s an alternative to that offered

A Yes, sir.
Q Would you explain in debsil your oronosed rule?
A Yes, sir, 1 will. We started out with Rule 309 -

is used in the first varagraph of the existine »nle with the ox-
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leese untd? veceltved srnd mengurod In Larks o o T s Waun gihe

‘ebitnbad T MIn e frellity of an sonrovod deeion loenked on the
lease. Sueh Faedditica anslt Soremty boe Loatine of paneh woll at
Twana~Arehl A leatbameala avnAd A W ~.~...,7..f PR ~ . -

Niate mertood LT Ly reuvea closed:

t

stock tarks for which proper sira-nins tables have »eon prapsred,

i .
| |
i

ith 3 maximum of sixteen »nrorction unitts »roducine into gaid tanksl

X
(mde

|
i
}or of sutomatlc custody trensfer (ACT) equinment. The use of such
]
%automatic custody “ransfer equipment shall be vermitted oniy after
:compliance with the followine:

In the rule we set forth certain orocedures that the
operastor will follow in order tc obteln anvrovsl of ACT exuiobment

‘'without the necessity of g hesrine.

I

: o Mr, Mutter 2e T undar

e
RO STe

-~
[ e

» the basic requirement
. )

!
of Rule 309 (2) will remsin the =ame, that oil must be measured on |
i
the leese, but uncder the vresent rule it's reagnired to be measured |

in tanks wher=ss under the vropvosed rule it would either he messured'

1

in tenks or in an sutomatic custody trensfer system, is that cor- |

rect? i
1
: A Correct. i
| !
Q And the sixteen-unit limitstion that is now vplaced §
!
on 309 {a), how will that be chaneed under your vrovosed ruvle?
A Yot will notice in the construction of thig nare-
eraph you cen insert narenthesis around the words startine with
"manually cauced closod stock btenks™., e hoave Luwo syatems which san

be vsed to messure oll on this lease, manvually esucred closed stoek
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. A ] 1
Chbrnlie with o2 mextimum of elivboen bonlis or we bowve A0 and T owant to

L

‘tenlke that clear, Lhat bLhe sixleen proration units is not interded

to moply bto 0T,

Q Whv dld vou 2noly the sixbtesn wnits limitation when

i

tenkagze 18 used rather than when an ACT is to be used? !

PHONE CH 3-66%1

A Racguge of the ACT normally is hendline oil faster.

You car permit oll te be nroduced by & sinele facility then by a

lconventionel tank bsttery. There is # tendency when vou sre

‘usine a conventionsal tank battary on 2 very larce lease to havs

!

!quite s number of lerce tanks and there is considerable evavorative
loss. We fecl that there is also a fire hezard when large tank |

|
‘batteries are constructed which handle more thsn sixteen wells, |

R REPORTING SERVICE, Inc.

3 ‘but with the use of ACT system, 2 lot of this hezard is eliminated.
% Q Mr. Nutter, would you now go inte the various pro-
f = visions and requirements for fthe use of ACT equipment under your
: ~
b ’ roposed rule?
= prop
1}
: : A Yes, sir. TFirst of all, I would like to mention
Eg jthet we prevered copies of this change attached to which is a form
5 e |
2 ! 106 which we have drawn up for use today in this cese. 3By reading |
€3 :
[ Rule No. 302 (2) paracraoh 1;

"1. The operator shall file with the Commission Form C-106, Notice

ALBUQUERQUE, NEW MEXICO

'of Intention to Utilize Automatic Custody Transfer ®auioment, and
shall receive aporovei thercof prior to transferrins o0il through

the "CT system. The cerrier shesll not szccent deliverv of oil i

<

‘throveh the ACT system untll Form €~-10% has bteen avproved.
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2. Form =106 ¢hell v submitiod Iy oaquadranitenio to tha gonro-

!

‘wriste District Office of tho Commiscion sand shell he erenomoenied |

| !

{tn gquadranlicate) by the followins:? '

1

I wonla like Yo »noint out that with each one of these

forms, coples of this avplicetion don't have *o be accomvanied by

PHOMNE CH 3-6691

coples of attachment number 1 to esch spplication. The reason for

copies, T micht point out, is thst we would contemnlate that one

' approved copy would be required for the producer, one for the

: i

 transporter and one would remazin in the District 0ffice files and

i

i

i 1

| !
H

'

one would go to the Sants Fe office file.
Ané now resdinm subversaraoh {2) in prragranh 2, i
é"(a) Plat of the lease showinz thereon all wWells which wiil be

i produced into the ACT system.

R REPORTING SERVICE, Inc.

- (b) Schematic disaram of the ACT equipment, showine thereon all
i <) ma jor components such rs suree fenks and their capacity, extrs
: P .
g Eg storacge tanks and their capacity, transfer oumns, monitors, re-
. : ‘ N :
; i: route valves, treaters, ssmplers, strainers, 2ir and cg2s elimina-
3
3 - . .
2. y 8 S, M L1 Ge 1 =T i
% E: tors, back pressure valves, meterinz device (indicatinz tyve and
-+ i
- o :
' < "capacity, i.e., whether auntometic meesvrineg tank, positive volume
~ ‘meterins chamber, weir-type measurines vessel, or positive displace-

‘ment meter). Schematic diagram shall elso show means emovloyed to
% .

'prove sccurscy of messurins device.

i

ALBUQUERQUE, NEW MEXICO

i

{c) Lebtbter from trensnorter agreeins to vtilizatlon of ACT syvstem !

i
'

~as shown on schematic diasrem."

M™ose are the three stischrments that would come in with

-
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S, - ——— - e e o e S ey

Q Mr. Xutbar», this attechment “hat will come $In with
ithe espnlicatlions are desiened, 2 re they nof, to +wive the Commis=ioni
‘ ) i
. . . . !
'all the informstion thet they would ordinarily re-mire =t 2 hearine
i
as we hnve held in the pnast on ACT svstems?

A We feel that the attschments nlus the information

that is filed in form No. C=1CH would rive sufficient information.

! Q You have detailed the information under oaraéraoh
;3, have you not, =23 %o what provisions must be made snd that these
gprovisions must be shown on the form and these are expleined under
jparacraph 37

A Yes, sir. The provisions that you include in vars-

grevoh 3 (a) throuch (h) would be shown either in the schematic :

diagrem or in the form C-106 1itself.
G Would vou now ¢o through parascraph 3 covering the |

individual vrovisions thereunder and sxvlain where necessary?

A Yes, sir. Peracraph 3 starts:

"3, Form C-106 will not be asproved by the Commission unless the |
;ﬁCT system is to be Instslled and overeted In comnllance with the
%followinz:

(a) Provision must bs made Tor accurate determinstion and
recording of uncorrected volume and snplicable temnerature
corrscted volume. The overall accuracy of the srstem shell
eoval or surosss manuel methods."

I might volnt out that guite a mmber of Lrese apn ADT !

— e e - — e
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2

retendards.,  As 2 maller of Tach, we have saveral oblicefions by
fthe tmericen Petroleum Instituie which we srticinete we will offa
‘a3 exhibits in this case, the flrst bein- APT Bulletin 2509 (=)
%dpted Auncouat 1QHA. Ty thiae hodlakte $L - 2,7 o0 0 1L cledr Lhat
this is not a stendard but is to be considered as a procress re-
nort. ACT was new at this time but this was z proagress report on
what has been accomplished to date in workin~ out standards for

ACT svsters. We also had here a copy of = preliminary proof of

API Bulletin 2502 which will when accomoanied bv the API in all

! probability be recommended oractice rather than a oprogsress renort

New, Bulletin 2502 is expected to be relessed sometime this vear.

A lot of lancuage in 2502 is the same as in the o0ld 2509 {(a); how=-

i

"ever, there have been scme chanses. This is not to be construed

as a final copy of 2PI standerds that will come out.

requirements point out where they do or do not conform to the

specifications of the API? You don't intend that your provisions

. should necessarily be revised if the 4°I chenees its svecifications

y
1
i

‘We are proposing this as a rule chance in finel form, are we not?
A Yes, sir, If amythine, these varticular chances

: should ccme out of the A?I then i% would be certainly sooropriaste

;for the Cormission 5o consider amendine the rule toc onformwith

" those.

D

It wouldn't be amended avbtomstically torn onform?

A No, sir. Ir paragraph 3, subnaracraoh {a) it call

r

Q Mr. Nutter, would vou, in gzoine throuech these basic

-2
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for either the uncorraected velime ard the Cemmeralape or Lo Hama

nerature corrected veoluvme. Ixn Loe old Hhdde' "n et tBhe A st

cout In '356, they sald the svernre Lemnarnturae, ‘

v e Sy . Lt - R
Ny PSR E O  SES P [ B

"(b) Provision must be made for reoresentative samnline of the

o1l transferred for determination of APl rravity and RS&W content."

That 1s the exzct wordin~ of the old bulletin and s=lso

the exsct wordine of the new bulletin.

Subparagrapvh {(c¢) reads:

'"(¢) Provision must be made if required by either the producer or

fthe transporter of the oil to «ive a2degquate ascsurance that only

f - v 1
‘merchantebls oll is run by the ACT system,™

1
The 0ld bulletin ovrovided that a monitor wculd be in- i
stelled if required by mubtusl agreement. The new bvlletin reads

that the monitor will be installed if required by either varty in- %
stead of either the producer or transovorter of the oil.

Paragraovh (d) is worded differently from the API, How-

ever, essentially it's the ssme thine. It reads as follows: :

"(d) Provision must be mede for seb-ston counhers o s top the

i
I

flow of oil throus® the ACT system a%t or nrior to the time the =al-
!lowable has been run. *11 counters shall »rovide non-reset total-

[
izers which sh2ll be visible Tor insvection st »11 times."

Under parsgraph {e), it reads ras 0l ows:

Me) »11 necegsary controls ond equinment must e enclosed and

‘sealed, or otherwlse be an arraveed ag 40 nrovide assurance 2rainst




PAGE 2
‘or avidence of, ascclidentsl or puraosefn’ mlgmesavament resvltine
i
{Prom temoerine .
|
i a2 What do von understend the words "oll necesseary
| f
icontrols" to mean?
\ A Only the API cen answer that., I wonld say "all

PHONE CH 3-6¢71

necessary controls" meens all the imnortent controls. There are

some con:rols on ACT systems that are certainly necsssary, but I
don't think there's ary need for 211 thils safe eonardinec on thenm, f

i so this is the important control, subject to t-mperine. :

Readinz subparagrach (f):
:"(f) A1l comoonents of the ACT system shall be »roverly sized to |
éensure operation within the ranece of théir established retines.
iAll components of the system which require veriodic calibration
yand/or inspection for oroof of continueé accurecy must be readily
accessible. The frequency and methods of such calibration and/or
inspection shzll be as set forth in Rule 309-A, L-e"

We have inserted this part about the frequency snd methog

icalibration that would be set forth in Rule 309-4, ﬁ—c.

Under subvares~ravh (g) provides

DEARNLEY-MEIER REPORTING SERVICE, Inc.

ALBUQUERQUE, NEW MEXICO

"(2) The control snd recordins system must irclude adequate fail-

-safe features which will provide assurance against mismeasvurement

iin the event of power failure, or the “2ilure of . .- ACT system's

comnonent narts."

That's API. Subveracrash (h) - 1 is not APT.

(n) = 1. The "07 system and =11lied facilities srall in--
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clnde sush foall-soe eivment ns mey be necessary,
. |

i
ineIlndins Y1 Yoy et ewihohe fy iy gupeoe tank ;

s
|

or overflow shtorare btank which, in the event of

power fnilure or maslfunction of the ACT or other
enuioment, will shut down all artifically 1ifted
wells connected to the ACT system and will shut-
in 211 flowins wells abt the well-head or at the

header manifold, in which latter cose all flowlinel
shall be pressurs tested to st lerct 1 1/2 times

the maximum well-head shut-in pressure »rior to

[N

initiel usa of bthe 2CYT svstem and once ench yesr
thereafter.”

Q There, where von used the words "in which lastter

case", that is where the flowing wells sre zoing tn be ghut-in st

the hesder manifold?
A Thet 1s correct. | ;
Paragraph 2 of section (h) reads:
"2. As an alternative to the reasuirements of psregraph
(h) 1 above, the producsr shell nrovide snd shall at
all times mainbtain a minimum of availeble storage capacity
above the normsl hich workinz level of the surge tank to
recelve and hold the smount of oil which may be nroduced
during meximum unattended time of lesse oweration.”
Q “xvlain there, vlease, what yon mean bv the shove,

LI ~

i . a Ve B - s ) o <
[FRRAS ILLTIl W2 ITARLINY Level Ul Liig SUrIa vanstst,
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A Tha guro. benls Ta the Sepds Crnoen whiteh 14 setnally

0N

j
trensfersl “rom Yhe lesse bo the nineg lina, Tha »enson 14 4 colle

thet {s besconse 1t sureras un ond down bte “he nine line, comes on

e

@]
3

-

Eand roea off, Ordinarily there is n hish wonlbine lausl ond -+
%orkinq level on s surce Lank with the renece of drainsce from that
tank between those %wo levels., It comes on when the level resches
a2 hieh workine level snd rsoes off =2nd disconnects the “low of oil

from the oipe line when the oil resches the low level. Ordinsrily

there is a varlable capacity for storing the oil, if the vower

'should fail, for exémple. ¥ow, you can have a hich level float
%switch up in the upper part of that ftank which will shut-in the
élease in vareersph (h) - 1 sbove or in your maeximum unattended

|

itime of lease operations -~ - that's the time the oumper isn't out
there. Tn case of vower Tallure, 1f your canacity in the surce
tank »lus your flow cavrcity in The other tanks that esre connected
te the surege tank, if thet amount of caepecity is suf?icient to

store the oill while power is off or while the svstem is shut down

ifor mechanical feilure, Shen the shubtineg off of the well isn't

necessary becsuse you wouldn't have eny waste of oil. “here is no-

one ocut there, the well just overflows the tank. That's the reason

'for sections 1 snd 2 in subperagrach (h). This is not an API,

'This 1s, however, & orovislon that has been entered in every single
!

ACT system crder in one form or the other.

atil

g Q You refer to the ¥

-gafe feshbures in pnaragranh

{n), ond vou aLso refer to fril-so¥a features in naracravh (o)

8

d
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"mant of these vessels. It reads as follows:

PAGE P27
shove. Wonsld oven exalodrn bye e Taperae bhplagesn the Tallogafle ‘
I
1
:
Fentnres hobwoen “he Lwo perropnnhy? |
. \

A ITn paracpanh (o) 15 on'y rons Lo nravent oil from

coine
failure. In nereseravh (h} 1t orevents the waste of oll in ¢ase
there is a failure of some sort or other, They are Ltwo severnte

feil-sofe systems.

. The first part is devoted to the ACT system that employs meters.

Fad

Subparagravh (2) is for the vessel tyve system. It reads:

.L.

2

'nto “he pine line wibthout heins maelared In the evean?t of a

Q Would vou proceed, now, with varacraoh L, olesse,

A Yes, sir. Parasranh l} 1s divided into t wo sectionJ.

{(a) In all ACT systems employine sutomatic measurine tanks,
Wwelir-tvoe messurings vessels, positlive volume meterinc chaﬁbefs,
or any other volume measurine container, the container snd
allied components shall be nroverly calibrated nrior to initial

nge gnd cheall he opverstcd, masintslined, 2vd insvected as neces-

3ary to ensure =2cainst inerustation, c¢hanges in clingacge factors,

valve leskage or other leakage, and improper sction of flosts, |
1

level detectors, setc.

(b} 1In all ACT systems employing positive disnlacement metersi
the meter(s) and allied components shall be pronerly csllibrated
prior to initial uss 2nd shall be overated, maintnined, snd

*

insvecved a8s necessary bto ensure szoinst wm

- - 2
Ul Ulla.

Subvsracranh (c¢) goes into the detesils of the messure-
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"{e) Mg mergorine ond recordine cevices of 21 AT aveghbong shell

bae chaecked for accenracy £ lesagl ones ench morshy urlens exeantion

L to such determination hes been obtalnaed from “he Seerclarv-Directo

of the Commission. API Standard 1101, "Mcosurement of Petroleum

Liquid Hydrocarbons by Positive Disnlacement Meter," shall be used

where 2p0licable. Determinstions - =" now, what we mean by "deter-

minationa" is the determination thst the svstem is acecurate.

"Determinations may be made 2rainst Master Meters, Portable Prover

:Tpnks, or Prover Tanks permanently instelled ont he lez2se., If

permsnently installed Prover Tenks =re used, the distance between

i the openins and closing levels and the provision for determarine

the openine a»d closinc resdinzs shall be sufficient to dstect
varistions of .054%., Reports of determinations shallbe filed on
the Commission Form entitled "Meter Test Report,” or on another
abceptable form and shallb e submitted In duplicste to the appro-
pr=iate District Office of the Commission.”

APT Stendard 1101 is, or course, entitled "Measurement

| of Petroleum Liguid Hydrocerbons by Positive Disvlacement Meter".

This book has a section on installine meter orovers and their

calibrstion, meter orovine procedure, performance operation »nd

‘maintenance of meterinz svetems, verticuvlarity on meter vroving

oprocedvres, Now, I think most of the vive lines and most of the
5P1I standards and svecifications for

mempy Taa oy e — - e P )
CrUGuCers #ire ustuy ulle

orovine these metars. This rule would re-~uire the*t thev do 1t

‘wWhere gouonlicabe. Now, this is on nositive disvlacement mebters.

1

r

N}
i

i
1
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!
[However, these srovisions cre In mane s coea anliershle in chanmher
|
i
)
i

volnme ceacg alea, Tils aarth ebosts the permemently ‘naballed nr-

fover tank has in mind the sysiom where you use the suree tank oe in
‘other larve diemeter storamse Yteonks for provine s meter., You cen't
.geuqe the oll by = tape with enourh accurscy to determine if the
meter is functioning corrcctly in & larger tonk of that sort, so
actually what this provides for 1s measurine the ovenine and closin
flevel and resdinc and keesvinc within a tolerance of .05%, which

would probably call for psych clesses, I don't know how youtt get

'that accurscy if you didnt't have a vsych clags., Whet we mean by

i

;"another acceontgble form™ is thet meny of the ensineerinc comvanies
Eprovide a service in having a very excellent form which they zre in
the habit of usine., If they do have =#11 of the deteiis in the
information, we would certsiniy not be adverse In accentineg such
a revort =zs that.

Q Would you continue with paragraoh (d) and nuﬁber 5,
please.

A Subparagreoh (d) outlines the procedure in order
to obtein acceptance to thet vrovision of suboaraersovh (c¢) which
requires that the meters be checked once = month., However, the

APT in its section on provine frequency, rofers to nositive place-

ment mebers and says the c=2libratior should be determined by the

.degrese of accuracvy required 2nd 1%t recomnended that meters shall
}be calibrated st least ornce = month, Subnararrevh (d) resds ss

tfollows:

P
i
t
{
|
|
i
’
1

b

13

t
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ia peaquesht with “he Secrehery-Director of the Commission settine

‘then set the frequency for determination of the syste~'s acecuracy

'at the intervsl which he deems prudent."

. "5, Teilure to operate sn sutomatic custody transfer svstem in

junction with Rule 305-3,

"1) To obtaln excention te ths remirement of poarsepnnh {e) ahove
at o1l mesaurine and recordine devisces be chackad for sceursceyv

once ench month, efther the nroducer or trenenopher msv file such

forth all facts nertinent to such exceotion., ™he anplicnation shall
tnclude 2 history of the averagre “schors previouslvy obtained, both

i
{
i
i
tabulsted and plotted on a graph of factors versus time, showing i

thet the particular installatlon hes exverlenced no erratic drift. |

The a-olicant shall =21lso furnish evidence that the other interested

T

party has argresed to such exception, The Secretary-Director may

Now, in thers you will notice that either the nroducer
or the htransporter can ssk for the exceontion. If the producer asks

for the excentlon, then he has rot to furnish evidence to the trans

T

porter and show that the fransvorter is satisfied with it and vice
verss.

A1l that is left is number 5.

compliance with this rule shall subject the zvproval t hereof to
revocatlon by the Commission.

I think that's self explsnatory.

Q Before we ¢o into the nronossd “orm C-106, let me
1

ask you how you think this proncosed Rule 307-A will operate in con-
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|
|
|

;
i

|

}
|
i
i

|
i
l

3
i
i
1
E

| There is one orovision ir nara-rash (hH) thet is mont, however,

P4, NUw wo Lake away the 16 unit limitation from the ACT system

 and operetion,

| of fer trese APT bulletins as exhiblts?

i This wilY in no way a2ffect She oner-tion of Q-7

!
i
i
i
{
i
}

That's the nrovislor where 1t permits the Secretarvy-Diractor of

the Commiscsion to sauthorize the comineline of oil from two senrate

leases under certzin condiflons. Section 3 orohihits any of these

commineline batteries from hevine more than 15 units nredv=2: lnto

and 309-4&, then, that nortion of (b) is moot. If +on have s

standsrd btenk battery, ther (b) is 1ldenticelly the seme in effect

Q So, you are provosire no chanve in 309-3 2t the
present time?

A Yo, sir, on'y bto recoenize that the 15 unit portion
is not anpliceble to ACT commineline instasllations.

Q Mr. Nutter, let's mark for identific-tlon the rule

that you went through Commission's Exhibit No. 1.
(Thereuvon, Commission's Exhibit
No. 1 was marked for idsnti-

fication).

Q Do I understand, Mr. Nutter, that you will wish to
A Yes, sir. I wish to then¥% Al Caroventer of Humble.
MR, MORRIS: We will mesrk API Bnlletin 1101 as Com-

miscsionts #xhibit To. 3, API Bulletin 2509-4 as Commission's Exhibi%

{Therenurnon, Commissicn's Txhibits

AR

®
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Lo. 7, Mo, b oapd Yo, § were
merved for identifleation).

Q If you will refer to whnt we have marked ea Com-
t
| imigsion's Exhihit No., 2, that beine vour nroansed form C-106 as
refarad tn In wanm neanaead Bnla WNQ-A.  Would vou eco throuch that

F
form and exnlein where you feel necesssary asnv oarticulrr part of 1?2

+
i
i

PHONE CH )-649)

A Yes, sir. 105 is the number tha% we have had |
sittine there. They heaven't been =2ble to use it for 2 lone time, '

In the uvvoer richt hand corner 1t has the ACT vermit number and a

blank sperce. We bthoucht that it would probably in the interest ofi
:

smyother operstion if we'd number each of these vermits and then
set up a2 file for it end then the mebter tests as they come in wouldé
be filed in that permit number file. ‘‘hat's the resson for the Lo
permit number there,

Next we have the operator's nane and fleld in which the

instellation is lecceted, the eddress and the county. It has the

spaces for the names of the lease or leases to be servsd by this

*CT unit; the ne2me of the pool or pools to be served by the ACT

-

]unit and the locztion of the ACT vnit by the unit, s=ction, town-

jship end range., It also has svsce for the oper=ator to furnish the

DEARNLEY-MEIER REPORTING SERVICE, Inc.

! .
order number euthorizine commineline between the leases if more

ALBUQUERQUE, NEW MEXICO

i

l

}than ons lesse is to be served by this system, and the dste; it
Po- X . S .

12180 nes 2 spacs “or order nunber autnorizing commin~line between

§

ypools if more than ore pool 1s to be s erve

D

jo7
’

v this gystem; the
+
E
|

name of the sauthorized transnorter of oll from the system and his
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cype ol oae . thronelhiaant o Lhe svatom 1y haponala oo as b he
execnon O : SR ORI , G Bhe o svatom iy hopoenlag o on : o [$]

inserted on the “orn. MTher there is g Snrce Tovr v na omerator to
check one 0of two hoxes indicobtine the type of fall safe featuras
thet would bo utilized "if svstem falls Lo trensfer oll due to
malfunction or otherwise, waste by overflow will be avertsd by
either A or B,"

A reads "Automatic shut-down facilities as required by

be corrected to 3 (h)-1.

Just across from that is slternative B, I wish £lso to
correct that. It should be slternative (3) h-2 rather than (L) h=2
and it provides adecuate rpvailsble canacity Lo receive oroduction
durinz maximum unattended time of lease operstion.

"If A above is checked, will flowinz well be shut-in at
the hesder manifold or 2t the well-head?" You insert which ever
it is and then fi1l1 in the maximum well-head shut-in orescure.

Then 1t says if B above is checked, how much storace
capacity 1s aveilable above the normal hich workin® level of the
surge tenk 1In berrels. Now that includes the capacity open =nd

avallable in an extra overflow storage tank; that's sll that oro-

vides. Then in the next parsgraph it sa2ys "What is the normsl

»

meximum attended time" - - there's 2n error there; it should be un

attended time of lease oneration rather than attendaed time - -~ "in

n 1%y ~ar
rs » ;(‘u; NcKo

-
)

Ay)

e

wnaei device wiil be uged tor

A4}

X

C.

o

[

v
-

Section (lt) h-1 of Rule 309-A." I want to correct that. It should

adidrese te b nrovidad on the o, It hey a gnacoe Tor e maximam

1
1
i
i
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measurineg oll In Lhis SCT il ond tbE ocevs to chac’ one: elther
nogitive disnlecement meblor, walr-Lyoe resncurinm vagsel, nositive
volume met :rine chember, and Lhe soroe for some other Lype. And

than helow thet there i1s a space for remarks. And the certl-

ticstion reads; "I hereby certifv that the irnformation civen

gbove 1s true and complete to the hest of mr lnowlades snd thet
the subject ACT system will be installed snd opberated in accordance

with Rule 2W9-A. This is siened by the indlvidual, his title and !

date snd there is & space “or avproval by therepresentstive of the%
Commission, his title 2nd date of asproval, 3

And then finally "Avoroval of Form C-106 does not elim-
inate the necessity of gn approved C-11C prlor to runnine env oil
or gas from this system,"

Q I thoueht that only the overator nesd sion the-form
C-1Cb, that the signature or spproval of the pipe 1line is not re-
quired on the form.

A Thet'!'s correct. It is contemvulated that the vro-

ducer will In all cases make sponlication for the ACT system. ¥e
wil?l send in s plat of the lease end = letterfrom the transvorter
agreeing to it.

Q Mr, Nutter, this rule chenve with the sccompanying

form that yvou are vrovosineg spells out quite & bit more detail,

bt

doss Lt not, the requlrements that an 0% system will have to meet

befere 1t's elisible for e~dministrative zovrovel?

I my
' EN

-
[&]

£l 2 4. S 2 P P P PO T >
10 =¢ces inte some Cebtsll s Lo tun bhrgie re-




l

agulrements of the sysbhen, corrseh,

Q Do vou feal thet the ropiirements of the yle ond

ldetrlls of the form will be »n undue burder "imon anv operator thot
}
Cesires to obtain sn sndministrative soprovel for his systoem? |

A No, I think these are the minimem requirements that

PHONE CH 3-6691

should be rone into and eoproved vrior to the use of a svstem. I
think that everything in here is elther information that has bheen
sutmitted in the rule or form or basic reguirements of the rule;

it is the s ame information that hes been s requirement when an

overaztor has come in for & hearing on cne of these instellations

and T thirk that the information 1s the same information, the basic

raguirements sre the s sme regqulrements thet =2re contemvlsted hy
Mr, Hoover in the »roposed rule of Gulf 0il, However, Gulf hss not

gone into the detail that we have, Some of thess wculd be incoroore-

ted into the orders and certeinly a lot of thils informetion would i

have to be incorvoreted into this anvlication. We have attempted

to spell it out in the rule &nd ap»nlication so the system would

comply. !

Q Your orovosal is also different from that nronosed

DEARNLEY-MEIER REPORTING SERVICE, Inc.

ALBUQUERQUE, NEW MEXICO

| by Mr. Hoover in that he has prooczed 2 rule requirine sdminis-

trative svoroval wheress your provosal reslly doesn't regquire

administrative anproval other than sporoval of = form submitted by

the overator, is thsti correct?

A That'!'s correct, Now, w2 2150 cornbtemnlste on some

1

" of these svstems where bthe District Offics of the Zommis=ion is
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ol tor wilbh tho veckere und o Bhal ann he ingtba' led apd fe holne

fruballed by er onceronLopr oy anepsboprs vaelve the come Lo o nack-

ace or MOT unib, ThH e conbanntetd Srab the Niateled OF%1ce wonld

i

|
he ~hlg to n»oprove thls thires withont even colirnes ont to look at 1t4

i
In other ceges we hrve conbemolnted v ranachien hofors annroval,

-

bul essentially these are o'

PHONE CH 3-6691

bas'c reqiirements,
Q Mr. Nutter, do you have gny further comments that

you would like to offer on your rule chanee or vnronposzd form?

A No, sir., I didn't finish whet I wes sayine, As I

said, some of these are goinz to have - - we feel 1If 1tt's autho-

rizad In the District Office of ths Commission, the thine c=n be :

speeded up rather than beins handled through the Santa Te office

4 .
3 That's one of the points, that a field inspection, vlus the ap-

) provel in the dlstrict, wlll expedite handlinge,

, Q There i1s no reauvirement relstive to 2 waitine veriod

or a waiver from off set onerators?

}
DEARNLEY-MEIER REPORTING SERVICE, Inc.

A No, sir.
; . ‘ Q And that will speed up the ovrocess?
- A Yes, sir.
| Q Did you prepesre Zxhibits Nos. 1 2rnd 2 andé were

ALBUQUERQUE, NEW MEXICO

” l ixhibits Nos. 3, lj and S suoonlied to you by the £PI?
5
. 4 A I vrepared 1 2nd 2, and 3, L, snd 5 ceme to me

| !

' lerom API tharouvh varlous channels, E
| ?

, ! MR, MORRIS: AL this tnime, Mpr. Comnmissioner, 1 would
| ,
|

1ike te offer Commissionts “xniinits Nos, 1 throuzh 5 into evidence.

e r e i ey L s g e



PAGE 137

Mo Are Yhere pnv obiecilons to the odmission

They mayv bhe so admibtted.

|
[ theaoe xhibitiag” !
i

|
(Theretnor “xhibits Nos. 1 throueh
A

) 5 owere rdmitbed ionto ths rocordlld
3 o o i
3 CROST WXAMINETICN :
- [}
5
w BY MR. KASTLER: !
8
H
Q Di¢ vou indicakte thet ¢ hearine would be held for

the sporoval of e2ny provosed ACT transfer equioments?
A Yes, there would be if an operator did not meset the

basic resuirements of the rules,

MR, KASTLER: That's all.
MR, PORTENH: Does anyone else have & gusstion?
EXAMINATICON
BY MR. PAYNE:
Q Mr. Nutter, I noticed that your vrovosed rule has
no provisions for notice to or objection by roye'ty owners. Do
you feel there may be any good reason why royalty owners should

have this rieght?

. A No, not under normal operation.
Q In an ordinary case the installation of ACT would

I
DEARNLEY-MEIER REPORTING SERVICE, Inc.
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sctually cut down on leakage?

A Yes, one of the features of the ACT is thet royalty

N
‘ oWners sbernd Lo venellt by prudecit veoerzilion of the rCT unit.

N .
1

) T think that bthe ruvle regulires thab a ressurins

ard recording device be checked for accuracy at lesst once a monrth,.
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!
t e that to ba incorbporated each month nlso?
1

keep usine

!be tested

burden?

You may be

' follows:

[¢]
ja]
1~
o]
o
jo R
5]
[¢]

\ 4
A faa, olr,

o When this toegt tg taler ond von et vonr factors,

A Vo~ —~ 4
I Ty B Lie
G In other words, von don'ht just tazlre the test and

the old factors?

A Ro, sir.
Q Some ovnerators have been dolne thet in the vast.
A We have known of cases like that, yes.

Q Do you feel that the requirement thest flow lines

once each vezr in the event thev use h-1 is ar urdue

A No, sir, I don't think so.

Q Do you think flow lines deteriorste like casing?
A Probebly more so.

MR, PAYKE: Thenk you.
M7, PORTER:

Does snyone have a auestion of Mr, Nutter?

excused,

(Witness excused)
Does anyone desire to vresent testimony in this case?
MR. BURK:

Sinclair has one witness.

R. M. ANDERSOX

\f\ v

navinz been flrst duly sworn, testifled as

]
o
|
o
o
o
2
2]
-

DIRECT WARAINATICH

S v
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M. RURYG

Q Will vou gtple yvour name and omplovment,

I3} He M. Anderson, meineer, Jirelsir 011 and ins

Compeny in the Midland Division Office.

Q Bave you pvreviously offercd testimony before the

Commission in your capscity as an Englneer?

A I have.

i
Q Have you previously testified before the Commiscion!
|
) » {
recarding wiie ACT unibs installed in New Mexico on Sincleir lesses?!
. E
A I have, |
Q How many such units has Sinclz2ir installed in New |
‘ﬂaxico?
A A total of four uvnits in overatlen,
Q These units which Sinclair has, are they similar or

dissimiler to the unlts described by the Sulf witness and shown on
the disgrammatic exhibit introduced in thelr case?

A They are dlssimilar.

Q Is the unit or system wﬁich Sirclair hes Iinstazlled
-~ = 15 this a unlt that is more or less stzndard within the Sinelain

Compeny?

A Yes, 1t is. It is a shop-fabriecated unit that was

desizned by Sinclair personnel, built in Sinclsir shovs and is used

omvany-wide.

. It 1s uged = ofther vlaces than Naw Mexico? \

e @ SRS

A Yes, sir. j

T O e T T T T
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PR ) « s 1
0 Under the rnle nronoes-d by Gnl? for administrative

anprovel, could the Sinclale unit raecelve admirigtratlve sanprovel?
A No, sir,

0 I would like to ask vou Yo exnlain in whet sub-

stentiel way the Sincleir wnit would ¢iffer from the unlt described

by Gulf. E
[ The main thine that T would like to point out in !
this testimony is certzinly not the superlority of the Sinclair
units over any other unit that may be In operstion., The point I
would like to make is that there is more than one way to skin the

i
|
|

cat and we have come up with a way which we consider to be the best!
way in so far s cur operstions are concerned, We heve a svstem !
which essentially complies with all the metter that hes been pointed
out here with one exception, but I would like to comment briefly

ca some of the many ways that our systfem grossly varies from the
fulf system Just to show that sporoved svstems do vary. I em doine
this in 2n effort so “hat no stendard uvnig willybe sdooted as =

result of the hesrinc here. I would like 0o see the Commission

leave here with sufficient

!

lex

fte

bility o5 indicated by dMr, Nutrter's
vronosed rule to permit tho anprovel of both Sincleir type units
and Gulf type units andé other tyne units that may be oroposed to
the Commission., Presctically rll ssvects of the Zulf sketsh, which

they heve I bhelieve identified es Exhibit 2, vary ir some respvects

to Sinclair units. For instance, startine with the surece btank

=i

wiere 2 oil sterts inbe the TACT svstem, thev have both o hioch
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'switeh and we do notv incorporate that on the meter. We get 2round

3

and row loevel swiich bos f(m arl oetart thoe vumn.  Sineleir does
not. heve sither hirh or & low level gwiteb In 1tg anvre Larks o
control the vuap, Our mumo is sterted b o clock mechaniam nnd
the pumper sets the number of starts s der that best sults his
coeration in the lease uo Lo %6 starts & day., As for the s top
level switch, we hsve two., The vressure 1s controled by Murvhy
switches installed in the LACT units. TIt's not on this suree tenk
and one switch will ston the delivery from the s wree tank at 30
inches above the outlet and the other will stoo it at 2l inches
above the outlet, so the surge tank is not controlled by float
level switches. There is a hich level emermency switch shutbting
the lesse in csse of full storage. We do have an eﬁerqency shut-in
switeh et the top of the tank which does shut-in the facility if
the surge tank fills uo. The next item In which we have differed

is that we don't instell the air-eliminatine device. We have in

|
its plsce = feature where we have a 3-way vaelve and when our timer |
turns on the unit, the unit initielly circvlated for some 15 minutes

out of the sur~e tank to the LACT system and back in the surze

tonk and thet 15 minute cycle enables the meter, the temversture

bulb on our meter, tc come up to tempereture., It vurges the line
cf air and gas and it flushes out any sediment tha’t micht have
cccurred durine the shut down period and trensfer. Therefore, the
air eliminator is not 2 necessary devics on our unik, we feel. The

s g

next item is the meber itselfl and they s»necify & safety shut down

N
9
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that fecility by hevine two bacis dgesiens whish we use aliernetively.
Ir cese of low pnroduction where the laerce fa “ainec mostly nroduced

by low cenacity wells, where we have ams1! smounte of oroductior, |

|

we seb iust onhe tamrnerabnra comnonent mater nn aum TANT amit anA I

' l

we feel by having the pumper personnesl on the l2ase onroducine his

PHONE CH 3-649!

v ells we have not gone to sutomation ocut here on these installaetions.
We have personnel on the lease, they are inspeetine these meters i

several times a day, they actually record the meter readings every

-

mornirs end oshapsly tham saverel timae thronehant thae Aavw

- PR os g 4 3 o == S S A —— J e

awmA vva
Maala ww

|
|
fael in tha avent the meters were to fail to function proverly, %

TR TR PN SUJE S

the personrel would be awere of it in a matter of hours. In low
lDroductivitV wells, we feel that 1t would he a vary simnla makten
to estimate within 2 few barrels exectly the vroduction thet nassed
the meter and wazs not metered ond we hesve worked this featuvre out
with several plve lines and under those conditions, they have
connected and have been agreesble to them. It is what we consider
a reasoneble festure in the event ws are ridine 2 cohsiderable amou+t
of 0il. We place no meters in L{he LACT unit, One is checkine the

other and in the event one were to fail, we would have the other

DEARNLLY-MEIER REPORTING SERVICE, Inc.

ALBUQUERQUE, NEW MEXICO

meter as a check.
YNow, a more common failure of it heslides 2 brezkdown

that could cause the meter not to meagsuvre o0il would ke a shaft

shesrinz in the meter or some major thing which is very unusuval,

it does not heover frequently at a2all. A major meter fellure, we

tbelieve, is 2 foillure of the temnersture cealidbration srd if itts

:

t e e m e al it mamn e e (S
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ro loncer overatine, 16 throws £ sl ieht cmoont of oip

0oil ~olne throneh the mebor wiiinh vou »segumae ia hain-e

temverature,

and that falinrs i ono moler Installntion,

snecn Aas

nlf nron

a month,

oges, 1a rot deteectlsable unt

whlch has bger mentioned.

11 tha niavt

Bowevsr,

in

rnlihnatinan. anra

the csse of larrce

volumes of 01l where we have the two meters in the line, we have
one meter to check arainst the other 2t 5311 times and each-has -

ssparete temverature compensetine device and therefore we feel

— Lo ~

L IR SRR T PN L P I QU SN
that when tha matere ara nat °f’:'f'€.‘€inf"f o colikration 1s immsedlist

T
L
called for. The incorrect meter is determined and we have a acecu-
rate measurement of o0il f rom the other meter so thet's how we cet

around in nct instslline the safety shut down switeh, We don't

consider it necessary, considering the other weov we do it,

Q Have vou completed your znswer to that question?
A I believe I have with the one excention that this

sketch does show = master meter vrover connection system., We use
alternative methods like prover tanks.

Q The Sinclair unit is substantially different from
the Gulf, I assume., Probably other compsnies may have units ctill
different from Sinclair units?

A That's correct.

Q All of them have »ossibly received avnproval by the
Commisslion 2t hearinss in the past?

A Yes, sir,

Q Hr, Mutter hes nrovncesed = rule whiech would in-
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cornorabe o minime clapdord Tov conroynl of thege amthag By ad-

mintstiretive ection without o herpir., 2317 aslc von to stnte

whather vyoutre ir ssreement with the rules vronosed by him nand 1€

you are not in 2cocreaoment moln'. ~ut in which res»Hncs »nd wonurp
reasnmms as 56 whether any of these mininmum reqiilvenents mov hno

- -

dropned?

PHONE CH 3-£491

A I em in arreement with Mr, Nutterts rule comoletelﬁ

'
i
|

except for one or two items. On his pararrech 3, section (=), I
am not in acreement with that orovision insofar ss it applies to
what I heve Just beer telkineg about., I believe I have explz

thet »noint sufficiently. One other »nrovision that T am not in
agreement with is that oarseranh (d) of that seme paracraoh 3,
subvarasraovh (d) where he has reauired thet set-ston counters be
installed to stop the 7"low of oil througzh the system at the time
the allowsble hes been run. I believe that this is a steo towards
avtcmetion rather than transfer provision. I believe iIf you are
goineg to have an automatic fleet that you would certainly need
that eutomaetic feature in your LACT system. Foweover 1t i5 m—
ovinion that you do not need an 2utometic shut of® device on your

P
T

meter if wyou haven't put in en auvtomstic lesse hecause you will
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.
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have versonnel on the lease - - I know Sincleir does - -~ opersting

ALBUQUERQUE, NEW MEXIZ0

the lease, flowinz the wells, nrcducing the well, and st the same
time keevnins uwop with their production throu~h readine the meters

or caueine the ftenks; so we have been sucecessful in somathine

over 2C insbtallstions in the southu . Nouw, we have been successful

S U S USUURR I —— e - O |
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in shuthin- of & the Yoooopn b v o i ety et BElye arnomap

82

Limo ard not croadvein- o oo o on ‘ R S A S
a avohlem, TL ig wob o andne bropdehio

Looemmmuet )y alose the

lease in when you are nsine an ,'CT system. So 1 do not concur with

s
3

-~

" paracraoph (d).

9

I .

g Q what would be your recommendation, then, as to the
[

adoption of this orovision of Rule 309-27

A I would recommend that 1t just be deleted © rom this
provision.

Q You favor the romainder of tha srouosed revision?

A Yes,

0 Doovon hheva onubiins furtheor o aadagw

A Yo, =ir,

MR, P0R7z1: Does anyone have a question of ¥Mr. Anderson

CROSS WX AMILATION

BY MR. PAYNE:

Q Mr. Anderson, 1s it your understendine that most

pipe lines require the set stop counters to ston the flow of oil
throuch the system when the allowsble has been run?

A No, s8ir, it's not my belief. We are connected to
three different nive linés in the ¥Midlenc Division ond none of
them requires this a2llowsble feature to shut-in the LACT unic,.
None of them have if.

Q If this were 2 requirement, then none of vour units

woula nesve been eligible for zooroval by Sne Distriz: Suvnervison®
{ ! !

i

ey

Al




DEARNLEY-MEIER REPORTING SERVICE, Inc.

PHONE CH 3-6491

ALBUQUERQUE, NEW MEXICO

also because of parasraph («)?
A It's certainly
gard to parasraph {g), it says

whether doine it in the menner

has by the Commission when they
New Mexico -~ - I would say that

{d) that our instszllation would

because of p-racraoch (d). With re-

"adequate fail-safe features."

aoprove these for installation in
it's only with resard

f2il to qualifyv.

PAGE ;6
b By Lhe Comalsslon, ver, "ol da egprant,
0 one of yours would hove been 211:01hle?
A Thabtsg rieht.
0 That 1s solely because of napn:sprenh (d) or ie it

feature - - if it were to ba decided to be such and it undoubtedly

to maracraph

CROSS BXAMIFATION
RY MR, MORRIS:
Q Mr. Anderson, how much exvpense is involved nutting

one of these sutomatic cut off equlioment on as set forth in vpara-

greph (d) on your system?

A I don't know, but I weculd estimate somewhat in the
nelzhborhood of #100. I do not know the cost of that item,
Q If 1% were made a requirement by the Commission,

wcould you feel that it was prohibitive in cost?

A I believe that it would certainly be one point. We

have personnel on our leases, sumbers servine our leases who are

nald to do that and to »ut this added feature on there we feel

N

wouid be undesirebie rom ssverel standonoints. T wmi~hh srodobe
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. ) 1
subeonsciong laxtty, 7 wonld not recormend Shet o we ingha?l ik, i
|

Q Other Lhan where von heve oointed ous that wvou i

i
disnrree with this nronosal, ! fake §4 von spe annnortine the Com- |
_ |

migsiont's proposad rule, 1s Lthint correct?

A Yes, sir.

MR. MCRRIS: Thenk you.

(Questions by Mr., Porter): Mr. Anderson, exnlailu a
1ittle bit further the festurs that you have which prevents oil
from pessing throush the ploe line in the event the meter fslls.

A Itts been our exwerience whenever Wwe have a failurq

where oil hes gone throush the vipe line - - 2nd I understand that
this is a2 very rarc situation, its very iﬁfrequent baecause it i3 a
matter of negotiation based upon vasti history, past, recent historﬂ.
Now, iIn the event of a power failure where 211 of the oil is beine

discharged by & delinquent pump the valve returns to the closed

pogsition autcomatically so in case of oower failure there is no

trouble. The only way thet oil cszn be delivered that is not being
measured is in the meter itself, if 8 shaft were to shezr off the %
meter, wnich erc2in is a most uncommon cccurrance., You car't say ié
is impossible because sometimes it's known to havnen but that's thae
only way. In case of larce cepaclbty leases ws do have the two
meters checlting one amainst the other., In the crse of smell ca-
pacity lesasss, why, we have them all on 2h hours a dsy. Their
allowable is 21l thev can btake. e knour inst sboubt whai those
1

wolls are maukine and we foel we cen recelive fair Lraastment Fronm
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these ive Tines in thoes untl "kely ayqmb Bt UL haanensg T
LI I ) ’ " IS 3 . »

doesn't hamen ofter enoveh Lo Iusiify fngorparabine Bhn cutomabis
shut down switeh on the meter,
Q@ You wouldn't know desni’e the fnct that 1t's APT

recommended vractlce?

A They're written by srouns of onerators from many
companies with thet idea 2nd they revresent a necotiazted set of
standards that they o1l can subscribe to and they ~ive and take

21l of the wasy through the instrument. The inskrmment,

Tolo B

ia
; 1%

designed to be a2ll inclusive end handle every sort of situation,

e« s r—_ 12 b b Ao e - ¥ ve——

whereas the specific installation - - I think 1f the operator is
interested in sevine mimey and economizine and nroducine his oil in
the most economicel way, he will devote a 1little versonal ettention
to each installation>and he will find that some thines that would
be regquired in one fleld would nct be reauired in another; due to
the difference in crude, the dif ersnce in volume oroduction =and
deoth. API standards, in my ooinion, em 't hove to be the only
way you can do it. This is an excellent gulde to cover the seneral
case, but I believe that in bthils respect if the API is requirine
something like this, I do not ceorcur with them with rerard to this
one recommendation.

Q Now, discegarding the cost of these features to
vrovide assurance arainst mismeasvrement in the case of a vower
failure would you say it is more desirsable to heve that €ail ssafe

feature than Lo nob hevae 147

"
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A ’n “he cese of our LACT unit where we #re handline

Yo to hisve 1% in orv oninton, - =

Tapera volumes, 1t {s not dosirebh
un'less 1T sn overlookinge somebriine here - - In tha® wa hava tgg’ i
meLers in series one checkin’ apainst the other both of which sre
kept in verfect omeratlon, so therefore 1t is not desirable bHo
have some sdditional mechanical device hune on these meters that
may tend to fail itself. When those fall safe devices in the
meter stop registerine and so forth, thery do not vrotect agalnst a
failure in the temperature comvensatine device and that does fail
occesionally on these things and we feel our meter is superior in
that we have Ltwo meters, two comoensating devices, one to check
against the other. In that case I would say it would be bebtter not
to have the fail safe device to shut the lease in In casse 2 meter
f2ils beczuse the other mebter is used as a2 check.

Q Well now, you sgy that in the event of a powsr fail
ure it is automatically taken care of anyway, is that correct?

A Yes.

Q Failure on the pesrt of a2 meter in the case of a
severed shaft where you have two meters would orobsbly be an assurd
ance against mismeasurement of o0il?

4 Yes,

Q ¥hat is the breskinz point at which vou decida ton
nut two in series cor just one?

) 4

breskine at about 5 to 6§ hundred




PAGE 50

e fnd you have no sssursnce on o lense nroducine §
1or 6 hundred barrels per dov or less that von wonldn'h miamengurve
511 4tn the event of n foblure, ls that correct?
z A We have this nssurance; wWe don't anticivate any i
¥
; such fellure as closly as we watch 2nd calibrate and with the per-
]
g § sonnel on the lease. We don't snticipate that we will have very
[ Y
—~ many feilures, and further, we don't enticipate that we will have
e
Ty
&a a fesilure for very long; it would be a mst-er of hours.
N
[~ Q I realize your assurance that you wouldn't mis-
=]
@) meegure oil, that you don't anticipete it., What hanpens if you
& :
Z, did have a feilure?
e~
& A Itt's only a matter of hours until it's corrected.
-
[~ Q But the s2me o0il hes been passed throuch the system
=
3 &< that has not been metered.
) - RS s 1
= A Because it's a low-cavacity system.
—
. g; Q It conld be ur in the 5 or 6 hundred barrels?
; [ ]
A Eg MR. PORTER: Does anyone have any question of the witnesp?
A ¢ [
- g CROSS EXAMINATION ‘ 1
= 3 |
QN Z |BY MR. PAYNE:
w
2
£ Q Would you delete 2ll of paragranh (d) or just the
:
3 3 first sentence?
I3 I have no objection to the second sentence.
MR, PAYNE: Thank vou,
MR.PORTHER:  Are there any further ounestions? Thre E
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witness mer be axcused.,
(Withness ercoased)

A, PORTER: Doeas nnyone Wish o nresent any further
testimony In this cnse? Would snyone like to male » stetement?

M7, Rrartunres T heve a stetement 1 wonld like to make
for the record.

MR. PORTE&ER: You mav ofoceed.

Mk. KASTLER: Culf éid not and does not now advocate the
typical type of *CT unlit thst would be adovoted as the only androv-
able LACT unit without necessitating & hearine, We provided in
varagrapn 3 of our proposed rule chanse thnt anolicetion for ad-
ministrative avproval merely stete as a fact the vroposed installa-
tion 1s besically similar in desien and operation to one oreviously
spproved by the Commission.

We pronosed our amendment as a subjective aporoach to
the problem believineg it would vrovide the utmost simplicity and
flexibility. We deliberstely intended to execlude from this case
the revorting of facts which were in our opirnion concerned with
producing equioment rather then delivery equioment, We also assumed
gas a <iven fact thet the oill in the surze tank would have been
already purged of all unsoluble imourities for the reason that this
2t and operated in conjunction with the hester treaters.

Firally, I wisn tos tate that Gulf is orimarily seeking

relief from whalt we consider unnecessary hearinss and thab we

o
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sporeciaste the effort of ¥r, Yutter and the Commliasion shaff hoth
Inea'ltns this hearine and in thele corstractive nronosals;  and,
therefore, heve ne serious objceiion to the ndontion of the Co-
misslionts pronosed rule rnd form C-106 in lieu of that oroposed
by fulf.,

MR, PORTER: Does anyone heve anythinc else to say?

MR. BUWLL: I am Guy Buell for Pan American Petroleum
Corporation. Pan &m is in agreement with the objectives of both
the 5ulf oroposal ss well ss Mr, Nutter's nrovosal. We would not
objlect 1f either one were adooted. UWe do lesn to Mr, Nutter's
nroncosal becanse of the more detailed reguirements set out in the
Nutter »ronosal.

MR. BRATTON: Humble 01l is in support c¢f the aslteration
of Rule 309-A as proposed by Mr, Nubtter and the Commission staff.

Instzliations are proposed which quelify accordineg to the basie

requirements snd reduce additionel work loads which would be im-

posed upon the Commission. Revetitious hearines are not warranted.

We would sugrest and recommend, however, thet further consideration
be civen to the vrovision in section 3 (h) ~ 1 proposed by Mr.
Nutter relative to the annusl flow lines where adequate precautions
are exercised to maintain the flow lines in satisfsectory condition.

It is bellieved thet recurring tests are noht wsesrrentaeld nrd

are an
unnecegssary burden on the producer. In addition to the expense

Incurred, loss of production would likely enswe since a number of
2 2 4

overators orobably vse cold waler or such bests for meximum ssfety,
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TTh ds Miablet's theorn snd we honestly gioraad o omopa TTexthla vw-ﬂ—\

Tgxnco econcurs n the objiechtiong »ronosad by bebth 1€ and Nr,

. whet we feel to be an esdministrative burden in thet even thouegh

" thourh previously they had anpbroved yvour recommendntion and we

‘ before you met the letter.

!
{
]

{
H
'

' . IR ) [ - o .
vision be drafted, thet 15 b derfied and adopnled,

.~

T ROIINAOR Y T oam Fd Robinson of Taxeen Trsornorited.
]
Nutter, However, Texaco also stirives to eliminnte anv adminis-
trative burden rerardless of how small it is 1if we fee’ that ver-
haps it 1s unwarranted. The requirements to cet a2 letter from the

pipe line authorizinz arreement with the vroposed TACT unit 1is

they do give a letter concurring with your apnlication, before the

unit is complete vou still have to satisfy the »nine line with your

installation and they may reguire some mlinor change on it even

feel that this requirement, even thoush small, can often result in
a delasy.  It's kind of 1like writine tc an operstor requestine sa
welver. He wents to do the work first before he ~ets around to

giving vou this waiver and often times there is a 1C-dayv neriod

Th?s misht hapnen with the oipe line. Maybe the man

that handles it 13 on vacation and we micht hannen to be delaved

maybe 30 days end regardless of the installstion we are still held

responsible to the vive line company in that we have Loz et their

final okay on it ard we raequest thet thalt nart be elimineted.

MR, PORT:R: Would anyone else like 5o make 2 statement?

MR Me GAUNQL: 1 am R. L. Me Gernon, Standerd of Texss.,
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!
e pre in eperesrent with thae role ehievere bt heliecve consideraion
i

1 - a 23 - \ .

P ghonle bhe ~iven ag get Toprth by Lhe opera oy,

€3

! MR. OPORT A Noes {habh econolule bha atab 55

ROV o
s - ; v

LWEEDY [N
If there is nohthin« further, the Commisecion will take
thhe case under advisement.

We Wil have a short recess at this time,

{Whereuvon rescess was trken at 2:50 v,m,)
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" COUNTY OF BERNALILLO )

. STATE OF NEW MEXICO )
' ) ss

1, Thomas F. Horne, Couri neporter, in and for the County of

- Bernalillo, State of New Mexico, do hereby certify that the fore- i
! !
| going and attached Transcript of Proceedings before the New Mexico§
011 Conservation Commission was reported by me in machine short-

hand and reduced to typwritten transcript under my personal super-.

vision, and that the same is a true and correct record to the besﬂ

of my knowledge, skill and ability.

1

i . /” ' - - :
o fearia G elam A

Court Reporter

=

My Commission Expires:
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ROSWELL PRODUCTION DISTRICT ¢ o i
WAL Shettsnear ‘ e .. - PO Drawer 669
e Roswell, New Maxico
F. O Mortioch

February 6, 1961

e,

. C. an»an

Cil Conservation Commission Re: Application for Hearing to
State of New Mexico Revige Statewide Rule 309 to
Santa Fe, New Mexico Establish a Procedure for

Adminigstrative Approval for
Autamatic Custody Tranafer Systems

Gentlemen;

Gulf 0il Corporation respectfully requests that the Commission
set for hearing this application to consider the revision of Statewide Rule 309
to establisk a procedure for adminmistrative approval of sutomatic custody
transfer systems where equipment of a type previously approved by the Cammission
is proposed.

In support of this application, Gulf submits the following:

3 (1} sufficient evidence in Gulf's opinion is available to

) i prove that an ACT system is an accurate and efficient

. i method of accounting for production and delivering to
~ the pipe line.

(2) Present rules require a separate hearing for each

installation of ACT equipment even though the identical
R L ACT equipment has consistently been approved on other
e . : locations.

{3) Guif is of the opinion that all ACT systems approved by
the Commission have teen basically similar in design
utilizing safety equipment to shut in the lease in the
event of full storage or in the alternative provide for
sufficient storage for handling the production during
the unattended hours.

r;f' v

—~
g
g

Tiz tiie vvenl conditions should be encountered which might
tend to involve waste or to impair correlative rights,
the administrative approval could be withheld and the
applicant notified that a hearing will be required or the
Commission may upon its own motion institute proceedings
for a hearing.




011 Conservation Commission -2- February 6, 1961

It 1s requested that this matter be set for heering at an early

date.
- Respectfully submitted,
CITR OTT. OORDOARATT AN
By W‘V
District Manager
JHH:sz

ce: 0il Conservation Commiasion
Post Office Box ~0k5
Hobbs, New Mexico

DOy
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O1L CONSERVATION COMMISSION - 9 A .M., - HIGH SCHOOL CAFETERIA 1300 BASY

SCHARBAUER, HOBBS, NEW MEX1CO

ALLOWABLE:

(1) Consideration ol the oil allowable ro0r May, 19G1.

(2) Consideraiion of :he allowalile produciion o. g¢gas (or
May, 1961, from nine prorated pools in Lea Counly,
New Mexico, also consideraiion of the allowable
production oi gas from nine proralel pools in Sanu
Juan, Rio Arriba tnd Sanloval Counties, Ne.w Mexico,
ior May, 1901.

Application of Potash Company oi America for an extension
of the potash-oil area. Applicant, in the anove-styled
cause, seeks an extension of <he pocash-oil area as sci
forith in Order R-111-A, and awmendments thereco, o include
tire following-described acreage: Townsiip 20 South, Rangye
=9 East, NMPd, Eddy County, Nev alexico

Secivion 13: SW/a NW/4 and NW/o SW/.U

Section 14: SE/4 NE/4 anu NE/. SE/4

Application of the Oil Conservation Commission on 1its own
moition to consider certain changes in the definition section
of its Rules and certain changes in the definitions in Rule
107, and to cousider amending Rule 112 io provide, among
other things, for administrative approval for muliiple slim-
hole completions.

Application of Guli Oil Corporation for an amendmeiic of
Rule 309 (a). Applicant, in the above-siyleu cause, seeks
an amendment of Rule 309 {a) to permic the installacion of
lease automatic custody iransier equipmeni icaout ithe
necessity of noiice and hearing. o

Southeastern Ne. Mexico nomenclacure case culling -or -al
order creacing new pools ainw exiending exiscing pools ia
Chaves, [Lidy, Lea aud Rooseveic Counties, Ne.. Mexico, and
for an order udefining che vercical limics of a certain Pool:

{(a) Create a new oil pool, the vertical limits to be the
Abo formution. This pool is to be designaicd as the
Allrison-abo Pool and Jdescribe @ as:

TONNS:IIP 9 SOUTY

i) iy L

SECTION il: N~

RANGE Gy EASL, NAIPM




STATE OF NEW MEXICO

IN THE MATTER OF THE APPLICATION

OF GULF OIL CORPORATION FOR ADOP-

TION OF RULES FOR ADMINISTRATIVE

APPRCVAL OF AUTOMATIC CUSTODY

TRANSFER SYSTEMS. Case No. 2 2:_113

ENTRY OF APPEARANCE

Come now Kellahin & Fox, P. O. Box 1713, Santa Fe,
New Mexico, and enter their appearance in the above
captioned case in behalf of Amerada Petroleum Corporation
in association>with Mr. H. D. Bushnell, a member of the

Oklahoma Bar.
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CONTINENTAL OIL.COMPANY

3 / LEGAL DEPARTMENT DENVER 2, COLORADO
i ; A. T. SmimTn
| PR . e | GmxEmaL ArromwEr

U, I LAMPION Aporal 11, 1yol

F. E. RaDLOYF
W. M. GRIFFITH
G. H. MAYRRRRY

R. A. HOLLERN
ATTORNEYS

0il & Gas Conservation Commission &
State Land Bullding ,
Santa Fe, New Mexico o

s

Rei Case No. 2243

Dear Sir:

LR B WA o €0 4

Reference is made to the subject case and the
g - application of Gulf 0il Company to amend Rule 309 (a)
e ; o permit the installation of lease automatic custody
’ teansfer equipment without the necessity of notice and
hearing. Continental 0il Company would like to join
Gulf 0il Company in its application for amendment of
Rule 309 (a), and respectfully requests the commission
to approve this amendment.
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Very truly yours,
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et T William M. Griffith
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cc: John Tynan
Ralph Vertrees
M. A. Maclennan
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CASE 2243 RULE CHANGE PROPOSED BY OI1L CONSERVATION COMMISSION STAFF _f

RULE 209-A. CENTRAL TANK BATTERIES

0il shall not be transported from a lease until it has been received
and measured in(ihfacility of an approved design)located on the lease,.
Such facilities Shall permit the testing of each well at reasonable inter-
vals and may be comprised of(hanually gauged closed stock tanks for which
proper strapping tables have been prepared, with a maximum or sixteen -
proration units producing into said tanks, or of)automatic custody trans-
fer (ACT) equipment. The use of such automatic custody transfer equipment
shall be permitted only after compliance with the fcllowing:

1. The operator shall file with the Commission Form C-106, Notice of
Intention to Utilize Automatic Custody Transfer Equipment, and shall
receive approval thereof prior to transferring oil through the ACT
system. The carrier shall not accept delivery of oil through the ACT
system until Form C-106 has been approved.

2. Form C-106 shall be submitted in quadruplicate to the appropriate
District Office of the Commission and shall be accompanied (in gquadru-
plicate) by the following:

(a) Plat of the lease showing thereon all wells which will be
produced into the ACT system.

(p) Schematic diagram of the ACT equipment, showing thereon all
major ccmponents such as surge tanks and their capacity, extra
‘storage tanks and their capacity, transfer pumps, monitors, re-
route valves, treaters, samplers, strainers, air and gas eliminators,
back pressure valves, metering device (indicating type and capacity,
i.e., whether automatic measuring tank, positive volume metering
chamber, weir-type measuring vessel, or positive displacement meter).
Schematic diagram shall also show means employed to prove accuracy
of measuring device.

(¢) Letter from transporter agreeing to utilization of ACT system
as shown on schematic diagram. '

3. Form C-106 will not be approved by the Commission unless the ACT

system is to be installed and operated in compliance with the following:
(a) Provision must be made for accurate determination and record- #i L
ing of uncorrected volume and applicable temperature, or of temper-
ature corrected volume. The cverall accuracy of the system shall
equal or surpass manual methods,

{(h} Provision mus+ ha made for ro

e S8 LR D

0il transferred for determination

3 o~ h ] -
ntative samplin

rrese g cf ths .
of API gravity and BS&W content.
{c) Provision must be made if required by either the producer or
the transporter of the oil to give adequate assurance that only
merchantable o0il is run by the ACT system,



(d) Provision must be made for set-stop counters to stop the flow
of oil through the ACT system at or prior to the time the allowable
has been run. All counters shall provide non-reset totalizers
which shali be visible for inspection at all times.

(e} ALI ncecssary controls and egulipment must be enclosed and
sealed, or otherwise be so arranged as to provide assurance
against, or evidence of, accidental or purposeful mismeasurement
resulting from tampering.

(f) All components of the ACT system shall be properly sized to
ensure operation within the range of their established ratings.
All components of the system which require pericdic calibration
and/or inspection for proof of continued accuracy must be readily
accessible, The frequency and methods of such calibration and/or
inspection shall be as set forth in Rule 309-A, 4-c.

:(g) The control and recording system must include adequate fail-

safe features which will provide assurance against mismeasurement
in the event of power failure, or the failure of the ACT system's
compcenent parts.

/'(h) 1. The ACT system and allied facilities shall include such

4.

fail-safe equipment as may be necessary, including high level

switches in the surge tank or overflow storage tank which, in

the event of power faliure or malfunction of the ACT or other
equipment, will shut dowa all artifically lifted wells con-

G nected fo the ACT sysiem and will shutzin all flowing wells -

1 3%t the well-head or at the header manifold, in which_latter

ﬁH‘ case ali flowlines shall be pressure tested to at least 1%

tines the maximum weli-bhead shut-in pressure prior to initial
use of the ACT system 2nd once each year thereafter.

2., As an alternative to *he requirements of paragragh (h} 1
above, the producer shall provide and shall at all times main-
tain 5 minimum of available storage capacity above the normal
high working level of the surge tank to receive and hold the
amoun*: of oil which may ke produced during maximum unattended
time of lease operation. NN

{a) 1In all ACT systems employirg automatic measuring tanks, weir-
type measuring vessels, positive volume metering chambers, or any
other voiume measuring coatainer, the container and allied compo-
nents shall be properly ~alibrated prior to initial use and shall
e operated, maintained., and inspected as necessary to ensure
against increstation. charnges in ¢lingage factors, valve leakage
or other lexkiage, and improps: action of floats, level detectors,
etc.,

(b)Y Tn all ACT systems employing positive displacement meters,
the meter{s) and sllied compnients shall be properly calibrated
prior tc¢ initial use and sh3lil be operated, maintained, and

inspected as necessary to ensure against mismeasurement of oil.
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5.

{¢) The measuring and recording devices of all ACT systems shall

be checked for accuracy at least once each month unless exception

to such determination has been obtained from the Secretary-Director
of the Commission. API Standard 1101, "Measurement of Petroleum
Liquid Hydrocarbons by Positlive Displacement Meter, " shall be used
where applicable, Determinations may be made against Master Meters,
Portable Prover Tanks, or Prover Tanks permanently installed on the
lease. If permanently installed Prover Tanks are used, the distance
between the onaning and ~lacdss o2 - ond LIS piuviadiva LUL UeTer~
mining the opening and closing readings shall be sufficient to Qetect
variations of .05%. Reports of determinations shall be filed on the
Commission Form entitled "Meter Test Report, " or on another accept-
able form and shall be submitted in duplicate to the appropriate
District Office of the Commission.

(d} To obtain exception to the requirement of paragraph {(c) above
that all measuring and recording devices be checked for accuracy
once each month, either the producer or transporter may file such

a request with the Secretary-Director of the Commission setting
forth all facts pertinent to such exception. The application shall
include a history of the average factors previously obtained, both
tabulated and plotted on a graph of factors versus time, showing
that the particular installation has experienced no erratic drift.
The applicant shall also furnish evidence that the other interested
party has agreed to such exception. The Secretary-Director may then
set the frequency for determination of the system's accuracy at the
interval which he deems prudent.

Failure to operate an automatic custody transfer system in compliance

with this rule shall subject the approval thereof to revocation by the
Commission.
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ICTICE oF INTRTION S~ v L

10 UTTLIZS AUTCHATIO CUSTUIY iRALSSER U1 ENT

Cporator Field o —

JdviGos County

Lease(s) to be served by this ACT Unit

Pool(s) to be served by this ACT Unit

Location of ACT System: Unit Sec Twp Rge

Order No. authorizing commingling between leases if more than one lease is to be served by

this system Date

Order No. authorizing comringling between pools if more than one pool is to be served by

this system Date

Authorized transporter of oil from this =yuion

Transporter's address

Maximum expected daily through-put for this system: bbls/day

If system fails to transfer o0il due to malfunction or otherwise, waste by overflow will be

averted by: (Check One)

A, Automatic shut-down facilities as B, ::] Alternative (8) h-2, providing adequate
required by Section (B b-1 of available capacity to receive produc-
Rule 309-4. tion during maximum unattended time of

lease operation,
If A above is checked, will flowing wells Lo =-ut-in at the header manifold or at the

well-head? Maximum well-head shut-in pressure

If B above is checked, now much storage capacity is available above the normal high working

lavel of the surge tank? Bbls.

What 1s the normal maximum attended time of leace operation? Hours

What device will be used for measuring oil in this ACT Unit?- (Check Cne)

lPositive displacement meter Weir-tyre measuring vessel

Positive volume metering chamber : Other; Doocvive

Remarks:

I hereby éertify that the information given above is true and complete to the best of my
knowledge and that the subject ACT system will be instdlled 2ni opzrated in accordence with
Fule 309-A.

Looroved, 011 Conservation Commission B;
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Title Date Date e R
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METER CALIBRATION WORKSHEET

LEASE State Hngh ZONE Tutbs

Meter Serial No. M 24,-207

Meter Reading "END of Test

v, eaeca flw-il..a N GGl UL 1880 474

D) 01l Produced N

E) Mster Temperature 78

F) Volume Correction Factor
G) 0il Produced @ &0CF

1) Tank or Master Meter No,

2) Tank Gauge "END" of Test U

3) Tank Gauge "BEGINNING" 13

4) 0il Produced
5) AFI Gravity & Temp. of 0il

6) API Gravity @ 60°F

7} Volume Correction Factor

8) 0il Produced @ 60°F

Ratio ﬁrror (c/8)

Lease Meter Factor (1;}5)

% Error (£5-5)

Remarks:

Tank strapped June 18, 1937

543
26 bbls
Op
26 bbls
3678
ft. 5-1/8 in.__ 488,52 bbls
t, 11 in, 460,92 bbls
27.60 bbls
37 CAPT 78 Op
35,7 °
29911
2705‘& bbls
Oy Oli1
1.0592
5¢59 ) 3
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Lease Meter Serisl No,

Test Repert No.

NEW MEXICO
OIL CONSERVATION COMMISSION

METER PROVING REFORT
Company Pool(s)

This meter is used to measure fluids

During custody transfer

u&.x v \.v—i.'ugwsg puouuvu..vu $o05 UGS o =mre oReslc
Tiier Lv vuamingling productlon Irom two or more leases

Lease(s) and Well(s)

Lecation (Sec, Twp, Rge)

Type of Master
Device: Mater

Make

Date of Last
Culibratien

Type of  P.D,
Meter .

_{Explain
Make Serial
No,

Date Meter Installed
or last Repajired

Bbls Metered Meter Factor

Since Last Test Last Test

Date of Test Fluid Temp

TESTING DEVICE Run No.

Final Reading
In

o
;

T
T

| Corrected to F

. Master Mster Factor

Net Barrels Msasured

 LEASE METER

Fina] Reading

initial KReading

Gress Barrels Measured

Gross Barrels
Corrected to 60°F

Meter Factor (Indicate 5.

k% *the factors used to be-

obtain the average factor ‘
celew ;

Average Meter Factor Meier Factor to be Used

REMARKS:

Tested by Position Company

Witnessed by Position Company

I hereby certify that the above data are true and cerreet to the best of my knowledge.

NAME Pesition Company
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Page 1

0il shall not be transported from a lease until it has been
received and measured in a facility of an approved design located
"on the lease. Such facilities shall permit the testing of each

well at reasonable intervals and may be comprised of manually

‘been prepared, with a maximum of sixteen proration units produc-
ing into said tanks, or of automatic custody transfer (ACT) cquip-
ment. The use of such automatic custody transfer equipment shall

.be permitted only after compliance with the following:

! 1. The operator shall file with the Commission Form
C-106, Notice of Intention to Utilize Automatic Custody
Transfer Equipment, and shall receive approval thereof ?

prior to transferring oil through the ACT system. The

carrier shall not accept delivery of oil through the
ACT system until Form C--106 has been approved.

2. Form C-106 shall be submitted in quadruplicate to

B

the appropriate District Office of the Commission and

shall be accompanied (in quadruplicate) by the following:.

(a) Plat of the lease showing thereon all wells ‘
which will be produced into the ACT system.

\ (b) Schematic diagram of the ACT equipment, showing ;

R T
e

{777 . thereon all major components such as surge tanks

and their capacity, extra storage tanks and their ;
r‘\"- . i
capacity, transfer pumps, monitors, re-~route valves,
trgeters ] , ,
4 samplers, strainers, air and gas eliminators, back
] pressure valves, metering device (indicating type

and capacity, i.e., whether automatic measuring

tank, positive volume metering chamber, weir-type
measuring vessel, or positive displacement meter).
Schematic diagram shall also show means employed
to prowve accuracy of measuring device,
(c) Letter from transporter agreeing to utilization
of ACT system as shown on schematic diagram.
3. Form C-106 will not be approved by the Commission unless

the ACT system is to be installed and operated in compliance




with the

(a)

(b)

(c)

(d)

(e)

(£)

(g9)

followings:

Provision must be made for accurate deter-
mination and recording of uncorrected volume
and applicable temperature, or of temperature
corrected volume. The overall accuracy of‘the
eystsm Shiall equal or surpass manual methods.
Provision must be made for representative
sampling of the oil transferred for determina-
tion of API gravity and the BS&W content.
Provision must be made if required by either

the producer or the transporter of the oil

to give adequate assurance that only merchant-
able ©il is run by the ACT system.

Provision must be made for set-stop counters
to stop the flow of oil through the ACT system
at or prior to the time the allowable has been
run. All counters shall provide non-reset
talizers which shall be visible for inspection

at all times.

All necessary controls and equipment must be
enclosed and sealed, or otherwise be so arranged
as to provide assurance against, or evidence of,
accidental or purposeful mismeasurement result-
ing from tampering.

All componente of the ACT system shall be
properly sized to ensure operation within

the range of their established ratings. All
components of the system which require periodic
calibration and/or inspection for proof of
continued accuracy must be readily accessible.
The frequency and methods of such calibration
and/or inspection shall be as set forth in

Rule 309-A; 4-c.

The control and recording system must include

adequate fail-safe features which will provide

assurance against mismeasurement in the event




'0

(h) ;l

(a)

(b)

of power failure, or the failure of the ACT
system's component parts.

The ACT system and allied facitities shall include
such fail-safe equipment as may be necessary,
including high level switches in the surge tank

or overflow storage tank which, 1in the event of
power failure or malfunction of the ACT or other
equipment ,will shut down all artificially lifted
wells connected to the ACT system and will shut-in
all flowing wells‘at the well-head or at the
header manifold, in which latter case all flow-
lines shall be pressure tested to at least 1%
times the maximum well-head shut-in pressure
prior to initial use of the ACT system and once
each year thereafter.

As an alternative to the requirements of para-
graph (h) (1) above, the producer shall provide
and shall at all times maintain a minimum of
available storage capacity above the normal

high working level of the surge tank to receive
and hold the amount of oil which may be produced
during maximum unattended time of lease operation.

In all ACT systems employing auntomatic measuring

tanks, weir-type measuring vessels, positive volume ,

metering chambers, or any other volume measuring
container, the container and allied components
shall be properly calibrated prior to initial

nee and chall ke cperated, maintoined, and
inspected as necessary to ensure against incrusta-
tion, changes in clingage factors, valve leakage
or other leakage,simproper action of floats,

level detectors, etc,

In all ACT systems employing positive displace-
ment meters, the meter(s) and allied components

shall be properly calibrated prior to initial

use and shall be operated, maintained, and

[
i




(c)

(@)

inspected as necessary to ensure against mis-
measurement of oil.

The measuring and recording devices of all ACT
systems shall be checked for accuracy at least
once each month unless avcartion +n onnh
determination has been obtained from the

Secretary-Director of the Commission. API

Standard 1101, "Measurement of Petroleum Liquid

Hydrocarbons by Positive Displacement Meter, "

shall be used where applicable. Determinations

may be made against Master Meters, Portable
Prover Tanks, or Prover Tanks permanently
installed on the lease. If permanently
installed Prover Tanks are used, the distance

between the opening and closing levels and the

provision for determining the opening and closing

readings shall be sufficient to detect variations

of .05%. Reports of determinations shall be
€ ﬂ"l*

s
filed on, Commission form }Z, Meter Test Report,’

apothen. .:é‘clpfuble Forme and
A vwideh shall be submitted in duplicate to the

appropriate District Office of the Commission.
To obtain exception to the requirement of
paragraph (c) above that all measuring and
recording devices be checked for accuracy once
each month, either the producer or transporter
may file such a request with the Secretary-

Director of the Commission setting forth all

TMM/Iu:aa‘mﬂ shatl Vac

i 4
facta partinent +o ench excepticon. inciuiszsg—s

& history of the average factors previously

obtained,both tabulated and plotted on a
graph g factors versus time, shawﬁgp. that
the particular jinstallation has experienced no
erratic drift. The applicant shall also
furnish evidence that the other interested
party has agreed to such exception. The
Secretary-Director may then set the frequency
for determination of the system's accuracy at

the interval which he deems prudent,

fude
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Sul)? Ol) Sorvorarion
ROSWELL PRODUCTION DISTRICT

W H‘ Shedsnear 7.0 Drawer 669

Februa.ry 28, 1961 Raswell, New Mexico

F. O. Montlock
ML Vaytor

IR
H. C\ Viv.an

L 01l Conservation Commission
State of New Mexico
Santa Fe, New Mexico

¥ Attention: Mr. A. L. Porter, Jr.
E Gentlemen:

: Reference is made to Gulf's application of February o, 1961, for
; hearing to revise Statewide Rule 309 to establish a procedure for admini-
. ; strative approval of Automatic Custody Transfer Systems. In compliance
with Mr. Dan Nutter's telephone request, attached is Gulf's proposed re-
} vision to Rule 309.

It is our understanding that the Commission may desire to call
this matter for hearing on its own motion, and if so, we would favor this
procedure.

Thank you for your consideration in this matter, and if we can
furnish additional informaticn, please advise.

s e e e <mfAm i e e s

Very truly yours,

f-'-u.'m’l_/‘ )
; : e

W. A. Shellshear

Attachment
JHH:44
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PROPOSED RULES TO ESTABLISH A PROCEDURE FOR
ADMINISTRATIVE APPROVAL OF AUTOMATIC CUSTODY TRANSFER SYSTEMS

RULE 309 - CENTRAL TANK BATTERIES

AT et er

Ths Coorotary-DliCluul UL il ocuowmlsslon spall nave authority to grant
exceptions to Rule 309 (a), to permit the use of automatic custody
tronmofor cquinment withant noatice or hearing., provided application for
administrative approval has been filed in due form and such application
contains the following:

=~
¢
T

(1) Lease plat.

(2) Schematic sketch of the proposed automatic custody transfer
system indicating the function of each of the various
components.

E (3) Application states that the proposed installation is

‘ basically similar in design and operation to one pre-
: viously approved by the Commission, giving case, order
' number and date of approval for the installation. If
: one not previously approved, complete description of

: the installation should be included.

(4) Application evidences that the pipe line purchaser has
approved the installation.

P

(5) Installation would incorporate the use of safety shut
down devices to shut-in the lease in the event of full
storage; or in the alternative, provide sufficient
storage to handle the production during the unattended
hours.

SOV R

i ' ‘ (6) Automatic custody transfer equipment shall incorporate
s a safety shut down device to prevent the delivery of
: ) unmetered oil.

(7) Installation shall have a set-stop counter to stop the
delivery of oil when all legal allowable for the month
i has been run.

The Secretary-Director may, upon his own motion, after receipt of the
: : application, set the matter for hearing if, in his opinion, conditions should
e : be encountered which will tend to involve waste or impair correlative rights.
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RULE 309-A., CENTRAL TANK BATTERIES

0il shall not be transported from a lease until it has been received
and measured in a facility of an approved design located on the lease.
Such facilities shall permit the testing of each well at reasonable inter-

vals and may be comprised of manually gauged closed stock tanks for which
prover st ranrnna rfahlea have hoan nv‘cnr\av-aA w1 Eh m mnsrimam A mdsbsarm
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proration units producing into said tanks or of automatic custody trans-
fer (ACT) equipment. The use of such automatic custody transfer equipment
shall be permitted only after compliance with the following:

l. The operator shall file with the Commission Form C-106, Notice of
Intention to Utilize Automatic Custody Transfer Equipment, and shall
receive approval thereof prior to transferring oil through the ACT
system. The carrier shall not accept delivery of oil through the ACT
system until Form C-106 has been approved.

2. Form C-106 shall be submitted in quadruplicate to the appropriate
District Office of the Commission and shall be accompanied (in quadru-
plicate) by the following:

(a) Plat of the lease showing thercon all wells which will be
produaced into the ACT system.,

(bY Schematic diagram of the ACT equipment, showing thereon all
major components such as surge tanks and their capacity, extra
‘storage tinks 1md their capacity, transfer pumps, monitors, re-
route valves, treaters, samplers, strainers, air and gas eliminators,
back pressure valves, metering device (indicating type and capacity,
i.e., whether automatic measuring tank, positive volume metering
chamber, welr-type measuring vessel, or positive displacement meter).
Schematic diagram shall also show means employed to prove accuracy
of measuring device.

(¢) Letter from transporter agreeing to utilization of ACT system
as shown on schematic diagram.

3. Form C-106 will not be approved by the Commission unless the ACT
system is to be installed ard operated in compliance with the following:

(a} Provision must Le made for accurate determination and record-
ing of uncorrected volume and applicable temperature, or of temper-
ature corrected volume. The overall accuracy of the system shall
eJual or srpass manual methods.

vy provicicn must Lo wode for representative sampling of Lthe
oil “ransferred for determination of API gravity and BS&W content.
(¢y  Prcwision npust be made if required by either the producer or

the transporter of the oil *o give adequate assurance that only
merchantible oil is ran by the ACT system,
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(d} Provision must be made for set-stop counters to stop the flow
of oil through the ACT system at or prior to the time the allowable
has been run. All counters shall provide non-reset totalizers
which shali be visible for inspection at all times.

(e) ALl necessary controls and egquipment must be enclosed and
sealed, or otherwise be sc arranged as to provide assurance
against, or evidence of, accidental or purposeful mismeasurement
resulting from tampering.

(f) All components of the ACT system shall be properly sized to
ensure operation within the range of their established ratings.
All components of the system which require periodic calibration
and/or inspection for proof of continued accuracy must be readily
accessible. The frequency and methods of such calibration and/or
inspection shall be as set forth in Rule 309-A, 4-c.

(g) The control and recording system must include adequate fail-
safe features which will provide assurance against mismeasurement
in the event of power failure, or the failure of the ACT system's
componert parts.

(h) 1. The ACT system and allied facilities shall include such
fail-safe equipment 2s mav be necessary, 1ncluding high level
switches in the surge tank or overflow storage tark which, in
the event of power failiure or malfunction of the ACT or other’
exuaipnent, will shut dows all artifically lifted wells con-
nected Lo the ACT sysiem and wili shut-in all flowing wells
3% the well-head or at tYe header manifold, in which latter
case 3ll flowlines shill be pressure tested to at least 1%
Limes the max¥imum weli-head shut-in pressure prior to initial
use of the ACT system zad once each year thereafter,

2. As an alterrnaetive %o the requirements of paragraph (h) 1
above, the producer shzlli provide and shall at all times main-
tain a minimum of avallable storage capacity above the normal
high workirg level of the surge tank to receive and hold the
amount of 0il which may bte produced during maximum unattended
time of lease operztion.

() In all ACT systems epployiirg auiomatic measuring tanks, weir-
type measuring vessels, positive volume metering chambers, or any
other volume measuring container, the container and allied compo-
nents shall be properly ~alibrated prior to iritial use and shall
be operated, maintained, and insperted as necessary to ensure
against incceustation c¢hanges in slirgage factors, valve leakage
or otheir leakage, and improps: action of floats, level detectors,
eta,

o} In all ACT systems employing positive displacement meters,
the meter(s) and sllied cocmpnrents shall be properly calibrated
prior tc initial use and shull be oprerated, maintained, and

inspected as necessary 1o ensure against mismeasurement of oil,
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(@) The measuring and recording devices of all ACT systems shall

be checked for accuracy at least once each month unless exception

to such determination has bee¢n obtained from the Secretary-Director
of the Commission. API Standard 1101, “"Measurement ¢f Petrolewn
Liquid Hydrocarbons by Positlve Displacement Meter," shall be used
where applicable. Determinations may be made against Master Meters,
Portable Prover Tanks, or Prover Tanks permanently installed on the
lease. If permanently installed Prover Tanks are used, the distance
between the opening and closing levels and thne provision for deter-
mining the opening and closinag readings shall he saufficient o detect
variations of .05%. Reports of determinations shall be filed on the
Commission Form entitled "Meter Test Report, " or on another accept-
able form and shall be submitted in duplicate to the appropriate
District Office of the Commission.

(d) To obtain exception to the requirement of paragraph (c) above
that all measuring and recording devices be checked for accuracy
once each month, either the producer or transporter may file such

a request with the Secretary-Director of the Commission setting
forth all facts pertinent to such exception. The application shall
include a history of the average factors previously obtained, both
tabulated and plotted on a graph of factors versus time, showing
that the particular installation has experienced no erratic drift.
The applicant shall also furnish evidence that the other interested
party has agreed to such exception. The Secretary-Director may then
set the frequency for determination of the system's accuracy at the
interval which he deems prudent.

Failure to operate an auntomatic custody transfer system in compliance

with this rule shall subject the approval thereof to revocation by the
Commission.
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TO UTTLLZAL AUTCHATIC CUSTCOHT st oroat Lo UTH Rt
Operator Fleld
Address ' o _ County

Lease(s) to be served by this ACT Unit

Pool(s) to be served by this ACT Unit

Location of ACT System: Unit Sec Twp Rge

Order No. authorizing commingling between leases if more than one lease is tc be served by

this system Date

Order No. authorizing commingling between pools if moTe than one pool is to be served by

this system ____Date

.

Authorized transporter of oil from this syste.

Transporter!s address

Maximum expected daily through-put for this system: bbls/day

If system fails to transfer o¢il due to malfunction or otherwise, waste by overflow will be

IR -

& averted by: (Check One)
%fv o ’ A, Automatic shut-down facilities as B, l ! Alternative (&) h~-2, providing adequate
3 » ' required by Section (4) r-1 of available capacity to receive produc-
- T Rule 309-A, tion during maximum unattended time of
' lease operation.
If A above is checked, will flowing wolls be shut-in at the header manifeld or at the
i well-head? Maximum well-head shut-in pressure

If B above is checked, how much storage capacity is available above the normal high working

level of the surge tank? Bbls.

What 1is the normal maximum attended time of lease operation? Hours

iinat device will be used for measuring oil in this ACT Unit? - (Check Cne)

lPositive displacement meter Welr-type measuring vessel

Positive volume metering chamber Other; Describe

Remarks: __

I hereby éertify that the information given above is true and complete to the best of my
knowledge znd that the subject ACT system will be installed ani operabed in accordance with

Rule 309-4A.

Lpvroved, 0il Conservation Commission By " SEN
oy Title e -

Title A Date Pave
Loproval ol Form ©-306 dons not eliminnte the roose 57 of sy oo v 102110 nprior Lo

running any o1 or gas from this systan,
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PROPOSED RULES TO ESTABI.LISH A PROCEDURE FOR

ADMINISTRATIVE APPROVAL OF AUTOMATIC CUSTODY TRANSFER SYSTEMS

RULE 309 - CENTRAL TANK EATTERIES

(c)

The Sacrataruv.iMyrantar.~f cb: 2000605000 suatl nave zathority to grant
exceptions to Rule 309 (a’', ro permit :the use of au-omatic custody
transfer equipre-- withou* notice or hearing, provided application for
administrative approval has been filed in due form and such application
contains the following:

(1) ‘Lease plat.

(2) Schema*ic sketch of the proposed automatic custody transfer
system indicating the function of each of the various
componen*s.

(3) Application states that the proposed installation is
basically similar in design and operation to one pre-
viously approved by the Commission, ziving case, order
numbe~ 2nd date of approval for the irstallation, 1If
one no* previously approved, complere description of
tne installation should be included.

(4) Application evidences that the pipe line purchaser has
approved “he installation,

(5) Installation would incorporate the use of safety shut
down devices to shut-in the lease in the event of full
storage; or in the alternative, provide sufficient
storage to handle the production during the unattended
hours,

(6) Automatic custody transfer equipment shall incorporate
a safety shut down device to prevent the delivery of
unmetered oil,

(7) Installation shall have a set-stop counter to stop the
delivery of oil when all legal allowable for the month

has been run.

The Secretary-Director may, upon his own motion, after receipt of the

application, set the matter for hearing if, in his opinion, conditions should
be encountered which will tend to involve waste or impair correlative rights,

Case No. 2243

Exhibit Wo. o2
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= Hester Meter{ Line Meter || Master Meter | Line Meter Master Heter | Line Meter || Master Meter | Line
MatexZ 2 Column A Column B Column A Colum B Colwmn A Column B Column A | Col
i. Closing Melen )
E_ﬁg: 4543 764 130148/ 68/ 114688 #11 3015
. £
T_B‘%“_L 450,330 [30/4alS576lW bl D]4 JOLSH9 639 —
« Registration ) K
: (1-2) 39 4005 9./37 3%9.99
* Tg.p'l 'd,:;;m »?#i‘lﬁ 41 —_ | mlug|ne .
5, Average ° o —
Temperature H 8 - £ 4 7
6, Average o
Gravity gPT 42 42"
+ Temperature
Coefficient o) /[ ooss
B. Master Meter _ -
Factor 272822 22292
9. Net 01l @
60°
S7AXABA) | 3P 4 D) 32310
iG.L1ne Heler
Factor
or:m) || 28274 . 2929

Average Lins Meter Factor . ? 8; ?

Test Made By: Szf: CQMMM

¢

Test Witnessed By: Sy




y
2

R
1

o s T

B<y

FOREWORD

Prior to 1942, research on the accuracy of positive displacement meters was con-
ducted at the University of Oklihoma by the ASME Rescarch Committee on
Fluid Meters. The API Pipeline Technology Committee becamwe interested in this
project. The Joint ASME-API Contmittee for Volumeter Reseirch was appointed
to guide the rescarch. This coinmittee included representatives with special
knowledge of, and experience in, the technical phases of the meter measurement of
liquid petroleum hydrocarbons, namely, design, rescarch, testing, and operation of
positive displacement meters. The committee also included qualified representatives
of all the major positive displacement meter manufacturers. The rescarch program
was completed, and the results were published in the Transactions of the American
Sccicty of Mechanical Engineers, May 1933, Tolivwing the compietion of the re-
scarch program, it became evident that uniform metering procedures should be
developed. The joint committee was then charged with the preparation of such
procedures.

The tentative standard methods prescribed in Bulletin No. TS 381: Proving
Positive Displacement Meters of the California Natural Gasoline Association; the
standard specifications for cold-water meters of the American Water Works Associa-
tion; and National Bureau of Standards Handbooks H 29, H 44, and H 45, adopted
by the National Conference on Weights and Measures, were reviewed. Data were
obtained from interested operators, manufacturers, and various technical groups.

In 1955 the name of the committee was changed to Joint ASME-API Petroleum
PD Meter Committee. The API part of the committee was transferred from a sub-
commiittee of the API Pipeline Technology Commitiee to full committee status in
the API Department of Technical Scrvices. The ASME part of the committee
retained status as Subcommittee No. 11 under the ASME Research Committee on
Fluid Meters. In late 1957, the joint status with the American Society of Mechanical
Engineers was discontinued and the API Committee on Positive Displacement
Metering Measurement was organized.

Although this edition of the standard is sponsored only by the American
Petroleum Institute, the Institute gives full and complete acknowledgment to the
contribution made by the American Society of Mechanical Engincers in developing
the required technical material to assure accurate and successful measurement of
liquid hydrocarbons by the use of the positive displacement meter. Full acknowledg-
ment is giveu to the Joint ASME-API Petroleum PD Meter Committee for the
work done in compiling this standard, and to the ASME Research Committee on
Fluid Meters for the guidance given through the years in making this standard
technically correct.

The American Petroleum Institute takes no position as to whether or not anv
method contained herein is covered by an existing patent, nor as to the validity of
any patent alleged to cover any such method. Furthermore, the information con-
tained in this standard does not grant the right, by implication or otherwise, for
manufacture, sale, or use in connection with any method, apparatus, or product
covered by letters patent; nor does it insure anyone against liability for infringement
of letters patent.

This standard may be used by anyone desiring to do so, but the American
Petroleum Institute shall not be held responsible or liable in any way either for any
loss or damage resulting therefrom or for any violation of any federal, state, or
municipal regulations with which it may conflict.

This standard does not endorse or advocate the preferential use of the positive
displacement meter, or any other type of meter, as compared with other means for
measuring liquid hydrocarbons. Its purpose, rather, is to describe and illustrate
methods and practices which are commercially acceptable in the use of positive dis-
placement meters. 1his standard is not intended to restrict in any way the future
development of positive displacement meters, nor to affect in any way metering
equipment of any type already installed and in operation.

The American Petroleum Institute recognizes that meters which do not come
within the definition of a positive displacement meter as defined herein are being
used in the metering of liquid hydrocarbons. The users of these other types of meters
may find sections of this standard useful, especially those on proving and installation.
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INTRODUCTION

This standard has been prepared as a guide to the design, installation, and opera-
tion of positive displacement metering systems for liqun_d hydrocarbons. Meter
provers and their calibration are included as thesc are considered part of a_complctc
metering system, cven though a prover may be portable and serve meters in several

areas. . . - e
A positive displacement meter is a device installad in a nining evetam in wwhich

ilowing iiquid is consiaitly and mcchanically isolated into scgments of knowp
volume. These segments of liquid are counted as they are dl.splach and .the.u'
accumulated total continuously and instantancously indicated in units of liquid
quantity by the meter register. These fixed-quantity liquid segments are l_mltt.‘d‘ as
they emerge from the measuring element, along with that portion of l}qu1d which
“slips™ through the clearances between the moving parts of the measuring element.

The degree of approach to accuracy or tolerance in measurement for the purpose
of business transactions is usually sct by law, by regulation, or by mutual agreement
between contracting parties. It is not the intent of this standard to set tolerances for
such purposes, but only to set forth methods by which acceptable approaches to
accuracy can be achieved.

Compliance with the provisions of this standard will result in a degree of ap-
proach to measurement accuracy which may not be necessary under all conditions.
When not required, certain provisions which produce maximum approach to
accuracy may be disregarded. The compulsory verb form “shall” has been used
in all provisions where .+ deviation from the recommended practice is likely to ad-
versely affect measurement. '

Most of the material in this standard is general in that it applies to the metering
of different liquids and to meters in different services. In certain cases, information
is given for a particular liquid or for a particular service. Examples of liquids are
liquefied petroleum gas (LPG) and crude oil; examples of services are pipelines and
loading racks. It will be observed that information for several different liquids
may apply to a specific service installation. For example, meters in pipeline service
may handle crude oil or any petrolcum product, including LPG. Thus, for informa-
tion in this standard on the design, installation, and operation of a pipeline metering
system, the géncial material, the specific paragraphs on pipeline metering, and the
paragraphs on types of liquid to be metered should be consulted.

Sect. I covers meter installation, and Sect. 1I covers meter provers and prover
calibration details. Thesc sections will be useful to the engineer in the design of a
metering system. Scct. IT will be most useful to those responsible for the calibration
of meter provers. Sect. IIT, on meter-proving procedures; Sect. IV, on meter per-
formance; and Sect. V, on operation and maintenance of metering systems, must be
considered in the design of metering systems. Sect. V will be especially useful to
those responsible for the operation of a metering system. This standard is not in-
tended to be a substitute for an operating procedure, but rather it may be used as a
guide in preparing an operating procedure for a specific metering installation.
Helpful information on several practices which are being followed by some meter
operators, but which are not yet considered standard, may be found in Appendix C.

This standard contains information on the metering of LPG. It may be desirable
to meter liquids other than LPG (sce definition) but with physical characteristics
similar to LPG. In such case, the information on LPG metering may be a useful
guide. However, the uscr is cautioned to consider carefully each such instatlation in-
asmuch as the liquids may have other characteristics rendering an LPG metering
system inadequate,

6
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MEASUREMENT OF PETROLEUM LIQUID HYDROCARBONS BY
POSITIVE DISPLACEMENT METLER

SECTION I—INSTALLATION

SCOPE

1001 This section covers the installation of posi-
tive displacement meters, their auxiliary proving equip-
ment, and other accessories.

CHOICE OF METERS AND AUXILIARY
EQUIPMENT

1002 Al types of meter installations must meet
certain fundamental requirements. These include ac-
curate proving facilities; adequate protective devices,
such as strainers, relief valves, and air or vapor elimi-
nators; and dependable pressure and flow controls. A
further fundamental installation requirement is that
physical conditions during operations and proving
should be identical.

1003 The foliowing should be considered when
selecting a meter and its auxiliary equipment:

a. Range of operating rates of flow and whether flow is
continuous or intermittent.

b. Maximum operating pressure and maximum allow-
able pressure drop.

¢. Type of liquid, or liquids, meter will measure, in-
cluding viscosity and corrosivity.

d. Tempcrature range under which meier wiil operate
and the applicability of automatic temperature compen-
sation.

e. Type of register or ticket printer required and the
application of quantity-predetermining devices.

f. Degree of accuracy desired and ease of meter regis-
tration adjustment.

g. Type and method of proving to be employed.
h. Applicability of auxiliary meter register equipment.

i. Methods, cost, and frequency of routine mainte-
nance.

j. The guantity and size of foreign matter and the
quantity of water which may be carried in the liquid
stream.

k. Space available for meter installation.

1004 Automatic temperature compensators and
wravity seleciors, if instaiied, shait be chosen to respond
to operating conditions within the measurement toler-

“ances required.

1005 Manufacturers should be consulted regarding
specifications of their metering equipment, such as mini-
mum and maximum flow rates, operating pressures,

operating temperatures, materials of construction, and
installation details.

GENERAL INSTALLATION DETAILS

1006 Each meter shail be installed in such a man-
ner 2s to prevent passage of air or vapor through it. In
some cases, it may be necessary to install air elimina-
tion equipment ahead of the meter in order to accom-
plish this objective.

1007 The entire installation shall be such that air
will not be introduced into the system through holes,
leaky valves, piping, glands of pump shafts, or con-
necting lines. The piping shall have no high points or
pockets where air or vapor might accumulate and be
carried to the meter by the added turbulence of an in-
creased rate of flow.

1008 Meters other than those designed for flow in
both directions shall be installed so that the flow cannot
be reversed.

1009 Spring-loaded or self-closing valves shall be
of such design that they will not open to admit air when
subjected to hydraulic hammering or to a vacuum.

1010 Any condition which tends to contribute to
the release of vapor from the liquid should be avoided
by proper design of the system.

1011 Meters and piping shall be installed so that
accidental drainage or vaporization of liquid is avoided.

1012 Lines from the meter to the prover shall be
installed so that the possibility of trapping air or vapor
is minimized. This can sometimes be accomplished by
sloping the meter calibration line upward to the prover
tank. The distance between a meter and its prover
should be as short as possible.

1013 Meter installations should be made in a man-
ner which will result in the maximum dependable oper-
ating life. In certain services, this requires that pro-
tective devices be installed to remove from the liquid
abrasive or other entrained particles which could stop
or cause premature wear of the metering mechanism.
If strainers, filters, sediment traps, settling tanks, water
absorbents, a combination of these items, or other
suitable devices are required, they shall be installed in
such a manner as to prevent flashing of the liquid prior
to its passage through the meter. These may be installed
singly or in interchangeable battery form, depending on
the importance of continuous service. In other services
where the liquid is clean, or where the type of meter in-
stalled does not require or warrant protection, the
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climination of protective devices can prove to be desi
able.

1014 Meters shall be installed in a plumib nad level
position and in such a manner that ey will not be
subjected to undue strein and  vibration,  Provision
should be made to minimize meter distertion cansed by
piping expansion and contraction.

OIS Where the ow rate is too great for any one
meter, the installation of a bank of meters connected in
parallel is recommended, especially where they nre re-
quircd in continuous service, Such instaltations should
provide o standby meter or meters for shusdowns,
breakdowns, and certain types of provings, thereby as-
suring complete flexibility and continuous= operation.  If
meters are installed in battery form and a multimeter
totalizer is used, it is necessary slso that each individit
meter have a register.

1016 Special consideration should be given to
properly positioning each meter and its auxiliary equip-
ment and piping so as to minimize the commingling of
tie different liquids handied through them.

1017 Meter installations should be protected from
excessive pressures caused by thermal expansion of the
liquid.

1018 Valves used in a meter installation which may
affect measurement accuraey must be capable of rapid,
yet smooth opening and closing and must provide a
nacitive chutoff.

1019  Mecters shall be adequately protected from
pressure pulsations and excessive surges, This may re-
quire the installation of surge tanks, expansion cham-
beis, relief valves, and/or other protective devices.

1020 Meter installations shall be provided with
either manual or automatic means to permit proving the
meier under the same conditions of flow rate, pressure.
and liquid characteristics as exist during the normal
operation of the meter.

1021 A reliable thermometer, or a thermometer
well permitting the use of a temperature-measuring de-
vict, should be installed in or near the inlet or outlet
of a meter to permit determination of the liquid temper-
ature of the metered stream. The thermometer specifi-
caiions and installation details are similar to those pre-
scribed for the prover tank thermometer in Par. 2014
through Par. 2017 of Sect. 1I. [If temperature-compen-
sated meters are used, a suitable means for checking the
operation of the compensating device is required.

1022 A reliable recording or indicating pressure
eage of suitable range, and accurate within one per cent
of its scale range, shal! be installed in or near the inlet
or outlet of every meter where determination of the
meter case pressure is required {see Par. 2018).

1U23  Any bypass around a meter or battery of
meters shall be provided with an acceptable blanking
device.

1024 Any automatic device such as a flow-limiting
valve or restricting orifice, where required, shall be in-
stalled downstream from the meter to prevent flows in

eaxcess of the masimun rated capacity of the meter,
Where @ pressure-reducing means s required on the
inlet side of i meter, it shall be installed as far upstream
from the meter as possible. 1t shall be adjusted so that
wflicient pressure will be maintained on the outlet side
of the meter to prevent any vaporization of the metered
licquid.

1025 Meter installations shall be made so that the
meter will operate within its pressure range and flow
range 0 vieht measurements within the desired toler-
ance.

1096 Whan nlacine a1 new meter installation in
service, suitable means should be taken to protect the
meter from damage by entrained foreign matter, such
as slag, welding spatter, or thread cuttings, which might
be carried to the metering mechanism by the initial
passage of ligiid. Temporary replacement of the meter
by a spool, a bypass around the meter, removal of the
metering clement, or installation of a suitable protective
device ahead of the meter are suggested means of ac-
complishing such protection.

1027 To prevent gumming of the meter mecha-
nisms, pipe compounds should be applied to male
threads only.

INSTALLATION OF METERS IN PIPELINE
SERVICE

1028 Fig. 1 (sec Appendix A for Fig. 1 through
Fig. 42) is a schematic diagram which embodies tie
essential items for a fixed meter installation in crude oil
or products pipcline service. The diagram is presented
in this form to provide a working basis for the design
of a meter installation. Certain items may or may not
be required for a particular installation.

INSTALLATION OF METERS ON TANK
TRUCKS

1029 Fig. 2 and Fig. 3 are schematic diagrams
which embody the essential items of metering systems
installed on tank trucks. All such installations shall in-
clude adequate gas (air or vapor) elimination equip-
ment. Special consideration should be given to the de-
sien of tank outlet connections equipped for gravity
delivery to minimize the entrance of air. In the case of
deliveries by gravity through a demountable hose, the
air climinator vent shall be conducted to the down-
stream side of the meter. In deliveries by truck pump,
with delivery hose permanently attached to meter outlet
and with the hose remaining liquid-filled, the air or
vapor eliminator vent shall be piped to the top of the
truck compartment, or to a suitable condencate tank

1630 Truck meters fed by a truck pump shall be
equipped with back-pressure valves, or other suitable
means, where = ad "1 back pressure is required to
make the air cita. ator operate effectively and to keep
the meter il of liquid.

1031 To prevent drainage of the meter, gravity

l




R T N

(3

1.

ARV T B sl P

FRRREU RN

%!

MEASUREMENT OF PeETROLEUM LiQuip HyprocArRBONS BY PD MriTER 9

truck meters must ke installed so that the outlet drain
level is at a higher elevation than the body of the liquid
in the meter.

1032 Meters shall be installed in such a manner as
to minimize the effect of vibrating strains and the possi-
bility of mechanical damage.

INSTALLATION OF METERS ON LOADING
RACKS

1033 Fig. 4 is a schematic diagram showing a
typical meter installation at a loading rack for low-
vannr.nraceitva Lanid,

1034 Loading piping shall be designed to prevent
drainage of liquid from the mecter, and to assure that
the terminus of undelivered liquid will occur at the
same point in the piping every time the flow through the
meter is stopped by closing the normally used loading
valve.

INSTALLATION OF METERS IN OIL WELL
SERVICE

1035 Fig. 5, 6, and 7 are schematic diagrams which
embody the essential items of a metering installation
used to measure crude oil, condensate, or distillate pro-
duced from wells. These installations should be de-
signed to prevent flashing caused by restrictions such as
strainers, thermometers, or other types of reduction in
the pipe area.

1036 The meter shall be installed between the oil-
gas separator and the liquid outlet control valve on the
oil-gas separator, according to Par. 1024 and 1037 and
Fig. 5,6,0r 7.

1037 In intermittent flow installations, the outlet
control valve must provide a positive shutoff to prevent
separator drainage. Single-seated valves are recom-

mended for this service. In continuous flow installations,
pilot-operated or mechanically float-operated valves
may be used. Pilot-operated valves shall be of the
snap-acting, normally closed type; ie., closing with
pilot suppiy failure. Where a throttling type of control
valve is used, the flow rate should never be permitted
to drop below the minimum allowable flow rate of the
meter.

1038 Where open proving equipment is used, as in
Fig. 5, a meter-proving connection shall be installed
and suitably valved so that flow may be diverted into
the prover and still maintain the normal operating meter
PLSoswic and 0w rate.

1039 Where closed proving equipment is used, as
in Fig. 6 and Fig. 7, a meter-proving connection may be
installed upstream or downstream of the liquid outlet
control valve. A means shall be provided to maintain
the normal operating meter pressure and flow rate.
Mcans may also be provided io mainiain the prover ai
the required reference pressure.

INSTALLATION OF METERS IN CRUDE OIL
PIPELINE GATHERING SERVICE

1040 Fig. 8 is a schematic diagram which embodies
the essential items for a fixed meter installation on grav-
ity or pumped gathering lines.

1041 An adequate means shall be provided to as-
sure that the stream is shut off positively before air or
vapor from the producer tanks enters the meter. As
shown in Fig. 8, either a liquid level shutoff valve
or a manually set predetermining device should be used
in each installation. The particular type of device used
might perform other functions than to assure that no air
or vapor enters the meter. For example, the manually
set quantity-predetermining device could also be used
to assure that the lease allowable is not exceeded.

SECTION [I—METER PROVERS AND THEIR CALIBRATION

SCOPE

2001 This section covers equipment to be used in
proving positive displacement meters employed in the
several different categories previously menti~~ -d. Pro-
cedures for the calibration of the differen: .y pes of meter
provers are also included.

GENERAL PROVISIONS

2002 Positive displacement meters may be proved
by volumetric or gravimetric methods. The provers
described in this section may be either stationary or
portable. Proving consists fundamentally in the meas-
urement of a quantity of liquid deiivered by a meter in
a container of known volume or in which the contents
can bz weighed, or of that delivered by a previously
proven meter.

2003 Proving systems entirely closed to the atmos-
phere are essential {or liquids of high vapor pressure.

Open provers, with or without evaporation control, or
closed provers may be used for liquids with low vapor
pressure (see Fig. 9, 10, 11, 12, 13, 19, and 26). With
closed provers evaporation control may be obtained
by employing a second low-vapor-pressure immiscible
liquid (water displacement method—see Fig. 15 and
Fig. 16). Gas presaturated with the liquid being
metered (gas displacement method) or the vapor from
the metered liquid (vapor displacement method—see
Fig. 17 and Fig. 18) may be used to isolate the test
liquid from the atmosphere. Some closed provers con-
fine the test liquid under sufficient pressure to preclude
cvaporation winle displacing o precailbrated volume of
liquid from the prover by mechanical means (piston dis-
placement method—see Fig. 21 through Fig. 23). In
other closed provers, the vapors are condensed and
allowance is made for their condensed volume (vapor-
condensing method-—see Fig. 24).
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2004 A prover should have a capacity sufficient
1o provide for a test run of adequate duration so that the
proving rcsults obtained are acceptable to all parties
concerned. It is suggested that the capacity of the
prover be such that approximately 95 per cent of the
total liquid entering the prover can be delivered at the
proving flow rate. In any event, the capacity of a prover
shalt not be less than the volume delivered in 1 min
through the meter to be proved. It is preferable, how-
ever, that the capacity be 1+ to 2 times the volume de-
livered in 1 min.

200;) Volumetric prover tanks shall be constructed
sellclendy siidiig and 1upped 10 prevent signiicant
dlstortlon of the vessel when full of liquid at the prov-
ing pressure. These prover tanks shall be constructed
for complete drainage of liquid to a lower reference
level without trapping pockets of liquid. Changes of
Cross- sections should be eradual and of sufficient slope,
s¢ that as the prover is filled, gas bubbies wili not be
trapped but will travel to the top of the prover; and as
the prover is emptied, the liquid will drain quickly. The
prover tank should be as self-cleaning as possible in
order that corrosion products, valve grease, and foreign
matter will not collect inside the prover. Provision
should be made for periodic, visual internal inspection

of the prover tanks. Gage glasses should be of such

type that they may be cleaned (swabbed) without re-
moval from the prover tanks. The appurtenances, later
described, should be installed in convenient locations
for quick and practical operation and ready and precise
readability. Typical designs of volumetric prover tanks
are shown in Appendix A.

2006 The design and material used in constructing
a closed pressure-type prover will depend on the maxi-
mum pressure to which the prover may be subjected and
the characteristics of the liquid to be metered. Provers
for a pressure of over 15 psig shall be designed and
constructed in compliance with Unfired Pressure Ves-
sels, Section VIII of ASME Boiler and Pressure Vessel
Code, and applicable state regulations and local codes.
Such provers should have a name plate, permanently
affixed and bearing the code designation, an identifica-
tion number, and maximum allowable working pres-
sure.

2007 Prover inlet connections, prover outlet con-
nections, or both, should be provided to take care of the
particular type of installation involved. For example,
for a water displacement or vapor-condensing prover,
the test liquid inlet is at the top; in a vapor or gas dis-
placement prover, the test liquid inlet is at the bottom.
The prover outlet connectios. should be of adequate size
to permit rapid cmptying of the tank between proving
1uns.

2008 Bleeder valves should be installed on water
displacement provers near the top of the upper neck
and the bottom of the lower neck for removal of emul-
sion from the interfaces between the test liquid and the
water. A vent should be provided at the highest point
of the prover for removing entrained gases.

2009 The gas displacement prover should have uni-
form pressure regulation to maintain the internal pres-
sure above the vapor pressure of the test liquid through-
out the proving tun.

2010 The inside diameter of the necks on provers
shall be such that the smallest rcadable graduation rep-
resents no more than 0.02 per cent of the total volume
of the prover, except that the inside diameter of the
necks shall be at least 3% in.

2011 The capacity of the upper neck falling within
the gage glass length shall be at least 2.0 per cent of the
prover volume and the canacity nf tha lneer 2ook 150
ing within the gage glass ]ength shall be at least 1.0 per
cent of the prover volume, except for variations shown
in Fig. 14 for water displacement provers. When meters
of large capacity are being proved, a longer reading
range may be required to provide observation of the
liquid level during the time required for manipulating
the valves.

2012 Gage glasses shall be a minimum of # in.
in inside diameter, preferably larger. Gage glass fittings
used for volume measurement should be installed di-
rectly into the walls of the neck or body of the prover.
Additional gage glasses may be provided to cover the
main body of the prover. The suggested maximum
length for a gage glass is 24 in. to minimize errors re-
sulting from temperature differences between the liquid
in the gage glass and in the prover.

2013 The gage glass scales shall be subdivided in
the desired increments. Scales shall be securely mounted
behind or immediately adjacent to the gage glasses; they
shall have suitable provisions for vertical adjustment and
sealing into a permanent position. Such scales should
be made of a corrosion-resistant material.

2014 Accurate temperature measurement of the
test liquid both at the meter and in the prover (except
gravimetric) is essential. In general, Instruments and
Apparatus, Part 3: Temperature Measurement, supple-
ment to ASME Power Test Codes, should be followed.
All thermometers should be checked with a certified test
thermometer frequently enough to assure continued ac-
curate indication.

2015 It is recommended that industrial thermom-
eters having a suitable range be used, graduated in single
degrees or less and accurate to 1 F or better. They shall
be installed directly through the prover shell (prefer-
ably without a well}, with a minimum stem immersion
of 12 in. but a preferred stem immersion of one-third
of the prover radius. The use of averaging resistance-
type thermometers, as specified in API Standard 2500:
Measuring, Sampling, and Testing Crude Oil, is accept-
able and may prove udvuuku..,»uu.) in voluinictric Provesrs
of large capacity.

2016 If thermometer wells (for etched-stem glass
thermonieters) are used in a prover, the wells should
be of the plain type, filled with mercury or other suitable
liquid. The thermometer well should be constructed so
that it has the smallest possible diameter and metallic
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scction consistent with the necessary strength. The ex-
posed parts of the well should be insulated. The insula-
tic should extend at feast {2 in. around the tank wall
from the thermometer well. The thermometer well shall
be deep cnough for proper immersion of the thermom-
eter.

2017 Location of thermometers in the prover is
importint. For the most part, the use of two thermom-
cters is recommended in volumetric provers larger than
10 gal and not over 500 gal. Three thermometers
should be used in prover vessels larger than 500 gal.
Orne theememeter chould be n the upper ilid of il
main body of the prover; a second in the lower third
of the main body of the prover; and a third thermom-
eter, if used, should be near the center of the main body
of the prover. For piston provers, the thermometers
should be located at the extremities of the meter prover
section. The temperature of the liquid shall be the
average of the readings of the thermometers used. For
gravimetric provers thermometers are not required.

2018 Pressure gages are required in closed provers.
The gages shall be reliable and of suitable range, cali-
brated to an accuracy of one per cent of full-scale read-
ing. Gage connections shall be short to avoid trapping
of vapors or liquids. In general, Instruments and Ap-
paratus, Part 2: Pressure Measurement, supplement to
ASME Power Test Codes, shall be followed.

2019 Gravimetric provers may be of either the
open or closed types, similar to volumetric provers (see
Par. 2003 through Par. 2005). The weigh scale may
be equipped either with a weigh beam and counterpoise
or with an automatic indicating dial. The scale gradua-
tions shall be no greater than 0.02 per cent of the maxi-
mum scale capacity. The maximum capacity of the
scale should be approximately 20 per cent greater than
the gross weight of the weigh tank when filled with the
test liquid and including all attachments to the tank.
Piping connections to the weigh tank shail be such that
no drag is introduced which might affect the accuracy
of the scale. Tne tolcrance of the weigh scale shall be
the value of one of the minimum graduations on the
weigh beam or reading dial {see National Bureau of
Standards Handbook H 44: Specifications, Tolerances,
and Regulations for Commercial Weighing and Measur-
ing Devices or revisions thercof). When in use, gravi-
metric provers should be protected from air currents or
other disturbances. The weigh scales should be installed
level and plumb on suitable foundations. The mounting
of the weigh tank on the scale shall be such that the load
is centered and on a stiff frame. Typical designs of
gravimetric provers are shown in Appsndix A (see Fig.
19 and Fig. 20).

DESCRIPTION OF PROVERS
2020 There are two general types of provers—

volumetric and gravimetric. The several kinds of volu-
metric provers are:

a. Top and bottom graduated-neck prover (see Fig.
14)

b. Top graduated-neck prover (see Fig. 9, 10, and 26).
¢. Single-weir prover {see Fig. 11).

d. Double-weir prover (sece Fig. 12).

e. Vapor-condensing prover (see Fig. 24).

f. Bidirectional piston prover (sce Fig. 21 and Fig,
22).

g. Unidirectional piston prover (see Fig. 23).
h. Master meter prover {sce Fig. 25).

2021  The ton and bottom zraduatcd-nech provel
is a vessel which has a reduced cross-section, or neck,
located at both top and bottom to enable a more ac-
curate determination of incremental volume. It may be
used as either an open or closed prover and is suitable
for most liquids. Both the top and bottom necks should
have gage glasses, or other suitable means, for indicating
accurately the liquid level or the interface of test liquid.
There may be one or more gage scales on each neck
(see Fig. 9 and Fig. 14).

2022 The top graduated-neck prover is a vessel
which has a reduced cross-section, or neck, at the top
only and may be either open or closed. In use, the
bottom level is determined by completely draining the
vessel with suitable valving or by inverting the vessel
(see Fig. 9, 10, and 26).

2023 The single-weir prover is a vessel which has
a reduced cross-section at the top and a weir overflow
to establish the bottom level. It may be used as either
an open or closed prover and is suitable for most liquids
(see Fig. 11).

2024 The double-weir prover is a vessel which has
weir overflow connections at both top and bottom. The
top weir overflows into a supplementary vessel of re-
duced cross-section for determination of the incremental
volume of the overflow. This prover may be used either
open or closed and is suitable for most liquids (see Fig.
12).

2025 The vapor-condensing prover is a pressure
vessel without necks or gage glasses at either top or
bottom. Its total volume is accurately determined and,
in use, the vessel is completely emptied and completely
filled. It is used only for high-vapor-pressure products,
such as LPG, where the vapors can be conaensed as the
vessel is filled (see Fig. 24).

2026 The bidirectional piston prover is a cylindri-
cal pressure vessel in which a sealed free piston recip-
rocates and displaces a fixed volume in each direction.
The end of each stroke is accurately established by suit-
able stops. This prover is used closed and is suitable
for most liquids (see Fig. 21 and Fig. 22).

2027 The wnnidiractional piston nrover is one in
which a sealed free piston moves in a section of pipe
in onc direction only, to displace a predetermined
volume between two known points in the cylinder.
These points are indicated by suitable mechanical or
clectrical devices or both. The piston may be removed
from, and reinserted in, the pipc for each proving run.
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This prover is closed and is suitable for most liquids
(see Fig. 23).

2028 The muaster meter prover is a positive dis-
placement meter which has been previously proved by
a test measure or by a prover of the volumctric or gravi-
metric type. The muster meter prover is suitable for all
liquids (see Fig. 25).

2929 ‘The gravimetric prover is a suitable vessel
mounted upon weigh scales in which the test draft is
wejghed accurately. The weight of the test draft is con-
verted to volume units. This praver may be open or
closed and may be used tor all iquids (see Fig. 19 and
Fig. 20).

PROCEDURES FOR THE CALIBRATION OF
VOLUMETRIC PROVERS

General

2030 Two general methods for the calibration of
volumetric provers are recognized. These are: 1, cali-
bration by means of test measures and water; and, 2,
calibration by means of master meters. The first is the
preferred method and involves the determination of the
volume of water withdrawn from the prover by gravity
flow into certificd test measures, or pouring water
from test measures into the prover. The recommenda-
tions for calibrating provers which arc covered in this
section are based upon withdrawing water into the test
measures. It may be expedient in certain types of in-
stallations, howevcer, (o reverse the procedures described
by emptying full test measures of water into the prover.
In both cases, the appropriate water volume corrections
in Table I of Appendix B must be applied when the
average temperature of the filled prover differs from the
temperature of the water in the individual test measures.

The second method involves the use of a preproved
master meter (or meters) where prover tanks are so
large as to make the use of test measures impractical, or
where the nature of the provar is not conducive to water
calibration with te it measures. By means of this method,
the water or stable petroleum liquid used may be me-
tered into or out of the prover and proper volumetric
corrections applied where necessary.

2031 When a prover is to be used at pressures sub-
stantially above atmospheric pressure, the prover vol-
ume should be determined at those pressures and a
table of volume correction factors for test pressures pre-
pared (see Par. 2116 through Par. 2122).

2032 The calibration of provers may be simpli-
fied, when possible, by placing the prover, test measures,
and test liquid in a constant-temperature enclosure for
sufficient time to allow the equipment and test liquid
to reach an egquilibrium temperature. Similaily, it i
desirable to conduct the calibration under these condi-
tions so that the temperature of the equipment and test
liquid will not change during the calibration. Whenever
a temperature change occurs during the calibration,
corrections must be made in accordance with Par. 2123

through Par. 2125, In order to prevent accumulation
of uir bubbles an the inside of the walls, the prover
should not be allowed to stand full of water longer than
necessary befere s calibration.

2033 In calibrating provers with test measures,
whether measuring into or out of a prover, normal
practice is to fill cach measure to its exact certitied
capacity. A practical method of doing this is to overfill
the measure slightly and then bring the liquid level to
the exact capacity by withdrawing it into a suitable
syringe. The quantity of liquid in the syringe is then
released nto the next lilling of the test measure.

2034 In several of the following calibration meth-
ods it is necessary to determine accurately the volume
of a partially filled test measure. This may be done with
suitable glass graduates or as follows: Determine the
tare weight of the test measure, the gross weight of the
completely filled test measure, and the gross weight of
the partially filled test measure by an accurately cali-
brated weigh scale. Determine the net weights of the
completely filied and partially filled test measure by sub-
traction. The volume of test liquid in the partially filled
test measure is equal to the volume of the completely
filled test measure multiplied by the net weight of the
partially filled test measure and divided by the net
weight of the completely filled test measure. The tare
weight of a “to contain” test measure must be deter-
mined with the measure dry. The tare weight of a “to
deliver” measure must be determined immediately after
it has been filled, dumped, and drained for the pre-
scribed time (see Par. 2043). If temperature changes
occur, corrections must be made in accordance with
Par. 2123 through Par. 2125.

2035 At the completion of a calibration the data
sheets should be used to prepare a suitable certificate for
the prover (see Fig. 36, 41, and 42). All parties
witnessing the calibration should sign this certificate as
well as the data sheets.

Preparation of Prover for Calibration

2036 The following general procedures apply to
the calibration of both permanently installed and port-
able volumetric provers.

2037 The prover shall be clean internally. If the
prover is portable, it shall be set plumb and level.

2038 All devices and instruments which affect the
internal volume of the prover, such as spray lines,
thermometers, and gage glasses, shall be in place. There
are certain exceptions which are described in Par. 2083.

2039 Provers, including all valves, fittings, and
blinds holding the test liquid, shall be tested for leaks.

2040 Provision should be made for convenient
filling and withdrawal of test liquid.

Test Measures

2041 Test measures used for calibrating volumetric
provers are ordinarily of 1-, 5- (see Fig. 26 and Fig.
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27), or 10-gal capacity but may be larger. To establish
uniforim volume culibration, it is essential that the vol-
ume of test measures be determined and certificd by an
unbiused agency. The National Buicau of Standurds
(NBS) is established as the certifying agency. A certi-
fication will be made by the NBS on the basis of using
water as the calibrating liquid (see Iig. 30, 31, and 32).
When using a test measure that has been calibrated by
the NBS, the actual capacity as shown on the certificate,
report, or letter should be used rather than the nominal
capacity. Laboratorv sraduatés mav be vsed for mene.
uring partial volumes of a icst measure.

2042 Measures may be calibrated either “to con-
tain™ or *‘'to deliver.” A measure certified “to contain”
will contain the volume specified, regardless of the type
of liquid used, because the measure must be dried before
cach filling. A measure certified “to deliver” will be ac-
curate only when water is used and must be wetted and
drained before each occasion of use, according to Par.
2043. This standard recognizes that inaccurate meas-
urement may result when liquids other than water are
measured from a test measure or prover calibrated with
water “to dehver” because of the variation in the amount
of these liquids which will adhere to the interior surface
of the vessel, and because of the difference in the drain-
age characteristics of these liquids. Notwithstanding,
this standard adopts water as the prover-calibrating
liquid; but when desirable and agreeable to all con-
cerned, a hydrocarbon of low vapor pressure, such as
kerosine or fuel oil, may be used instead of water. A
visual inspection of any test measure should be made
prior to each time the measure is used to ascertain that
the measure capacity has not been altered by dents or
corrosion products. Test measures should be rcturned
to the National Bureau of Standards periodically for a
recalidration and resealing.

2043 The letter or purchase order accompanying
a test measure being sent to the National Bureau of
Standards * for calibration should state exactly how the
measure is to be calibrated; i.c., whether it is to be cali-
brated “to contain™ or “to deliver.” If the gage scale
of the test measure can be adjusted so that any differ-
ence between the indicated and the actual capacity is
not greater than one part in 2,000 (0.05 per cent), the
NBS will so adjust the scale and will affix a seal to it
showing the identification number, year of test, and
either the word “contains” or “delivers,” depending
upon the manner in which the test measure was cali-
brated. For measures which have been calibrated by
the NBS “to deliver,” the measure must first be filled
with water and drained immediately prior to each occa-
sion of use because it was calibrated in that condition.
‘I he drainage time for test measures of 10-gal capacity

* Mailing address: National Bureau of Standards, Washing-
ton 25, D. C.

Shipping address: Natioral Bureau of Standards, Atten-

tion: Capacity, Density, and Fluid Meters Section, Washing-
ton 25, D. C.

or smaller shall be [0 sce from the time the flow ceases
and dripping commences, and 30 see for measures ex-
ceeding 10 gal in capacity.

2044 The design of @ S-gal measure shall be as
shown in Fig. 26 or Fig. 27. The measure shall be made
of metal, and the internal surface of the container shall
be corrosion-resistant. The thickness of the metal walls
and bottont shall not be less than 22 United States gage
(0.029 in.). The thickness of the reinforcing bands or
ribs shall not be less than 16 United States gage
(NOSY in Y - Theceams isining the nictal shall Lo Gilcd
with metal to eliminate crevices and pockets where liquid
may be held by capillary attraction when the measure
is emptied. Excess solder or welding material shall be
removed from the inside of the measure. The bail shall
be substantial and attached by strong trunnions to the
outside of the neck so that there will be no distortion of
the measure when lifted full of liquid. The gage glass
scale shall be graduated in cubic inches, with at least
15 cubic-inch graduations above the zero setting and
15 cubic-inch graduations below the zero setting. Pro-
vision shall be made for adjusting, locking, and sealing
the gage glass scale. The test measure must be so de-
signed and used that it will be level when readings are
taken, whether it be hung by the notch in the bail or set
ona level surface.

2045 Smaller test measures shall be similar to the
S-gal test measure shown in Fig. 26. The neck diameter
shall be large enovgh to permit cleaning the inside of
the measure by hand and shall have at least 10 cubic-
inch gage scale graduations Yoth above and below tlie
zero setting. A larger test measure shall be simitar to the
S-gal test measure, with appropriate increases in metal
thickness and gage scale range.

2046 A test measure is a delicate instrument and
should be handled with great care to avoid damage
which may alter its volume. A strong padded case shall
be provided for storing and transporting the measure.

2047 In case of dispute between interested parties
over the accuracy of a test measure, the test measure in
question shall be sent to the National Bureau of Stand-
ards, which shall be the final judge of the test measure
accuracy.

Calibration of Prover with Neeks Top and Bottom
(See Fig. 14)

2048 Two methods may be used to calibrate the
lower and upper necks of volumetric provers. The first
method consists of determining and marking the actual
capacity of the prover on the scale and is detailed in the
following paragraphs. The second method consists of
installing previously marked scales and preparing suit-
able tank tables in appiopriate units of measurement.
Each method has certain advantages and disadvantages,
but either may be used if mutually agreeable.

2049 The following paragraphs describe the
method of calibrating a prover with necks top and
bottom, “to deliver” at 60 F and atmospheric pressure,
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using water as a calibrating liquid.  Either “"to contain™
or “to deliver” test measures may be used.

2050 Fill the prover to overflowing with water,
being sure the withdrawal line is free of air. The water
inlet valve shall then be closed, and the water source
shall be disconnected at the inlet valve,

2051 The first operation is to calibrate the upper
neck. The water drawofi valve is opened slightly until
rhe water level appears at the extreme top of the upper
gage glass, then the valve is closed. This point is
Wilficiaiily hoicd un tie gage scale, and the water
withdrawals are started. Decrements are marked on the
gage scale as the water is withdrawn, one measure at a
time, from the prover into a suitable measure. When
the level is near the midpoint of the upper gage glass,
at the completion of a withdrawal, a temporary mark
is made and identified as the assumed upper reference
level. Withdrawals are then continued, one at a time,
and the scale marked as before as long as the liquid
level remaine in sight in the upper gage glass. These
measured divisions may be subdivided as desired to
complete the calibration of the upper neck.

2052 The second operation is to calibrate the body
of the prover. Withdrawals are continued, one measure
at a time, using a conveniently sized measure, until the
water level is approximately at the top of the lower
gage glass. From this point, withdrawals are continued
with the measure used in the first operation, and the
lower gage scale is marked in such decrements. The
lower reference level for the uncorrected nominal vol-
ume of the prover is set on a whole decrement mark

“on the lower gage glass. Tite volume withdrawn is cor-

rected for water temperature variations which may have
occurred during the calibration, as described in Par.
2123 through Par. 2125, and the lower reference level
is marked temporarily on the scale.

2053 The third aperatinn if nececcary, is to calj-
brate the lower neck below the lower reference level.
Withdrawal is continued, one test measure at a time,

- below the lower reference level until the liquid level

reaches the lower end of the gage scale, the scale being
marked at each measured level. The lower gage scale
is then subdivided as required.

2054 The calibration is repeated until two suc-
cessive volume determinations have been obtained which
agree within 0.02 per cent of the nominal prover vol-
ume. The average of these two volumes shall be used.
The upper reference level and the lower reference level
are both then permanently marked on the scales.

2055 The fourth operation is to permanently mark
all required graduations on both upper and lower
scales and to attach the scales securely and permanently
v the prover necks, scaiing each as required.

Calibration of Prover with Top Neck and Bottom
Drain Valve (See Fig. 9)

2056 The following paragraphs describe the
method &£ calibrating a prover with top neck and bottom

14 AMERICAN PETROLEUM INSTITULLE

drain valve for lower reference level, “to deliver”™ at 60
F and atmospheric pressure, using water as a calibrating
liquid. Fither “to contain” or “ta deliver” test meas-
vres may be used.

2057 The first operation is to disconnect the piping
below the bottom valve and make provision to with-
draw water through the bottom valve into a test meas-
ure, through a hose or pipe sloped for free and com-
plete drainage into the test measure. The bottom valve
and the ohaet enls gre Closcd 16 Geldildla that Uivy du
not leak. Tests are made for leakage by pouring a small
volume of water into thc prover. The bottom valve is
opened, draining this water through the drain hose; thus
the prover and drain hose are emptied, but the hose is
left wet. The bottom valve is closed again, and the
prover is filled with water to the extreme top of the
upper gage glass. This liquid level is temporarily
marked on the scale.

2058 The second operation is to calibrate the upper
neck. Withdrawals are made using a suitable test meas-
ure. Decrements are marked on the gage scale as the
water is withdrawn. Withdrawals are continued, one
at a time, as long as the liquid level remains in sight in
the upper gage glass.

2059 The third operation is to calibrate the body
of the prover. Withdrawals are made through the
bottom valve, using a conveniently sized test measure,
until all the water has been withdrawn. The last with-
drawal may be a partial test measure volume which must
be determined accurately to the nearest cubic inch (see
Par. 2034). This partial test measure volume is con-
verted into linear inches of upper neck. A temporary
upper reference level is established near the center of the
scale, as required, to bring the volume of the prover
below the upper reference level to a whole unit of vol-
ume. The gage scaie is marked at this temporary upper
reference level. Throughout this third operation temper-
sture corrections are carefully made by following in-
structions in Par. 2123 through Par. 2125.

2060 The calibraiion is repeated, starting with the
prover filled to the new temporary upper reference level,
until two successive volume determinations are obtained
which agree within 0.02 per cent of the nominal prover
volume. The average of these two volumes shall be
used. The upper reference level is temporarily marked
on the gage glass, or on a part of the prover immediately
adjacent to the scale, so that the scale may be removed
for permanent marking.

2061 The fourth operation is to mark permanently
all required graduations on the upper gage glass scale;
adjust it to the upper reference level; and attach the
scale securely and permanently to the prover neck,
sealing as required.

Calibration of Small Portable Provers with Top
Neck and Closed Bottom (See Fig. 26)

2062 Small provers with top necks and closed
bottoms are used to prove small meters and to calibrate
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large provers. The best practice is to send small provers
to the Nationa! Burcau of Standards for calibration and
certification. 1t is possible, and permissible, to calibrate
such a prover by using a certificd 5-gal measure, a
certified 1-gal measure, or both, and suitable glass
graduates. M it is convenient to dry such a prover after
cach emptying, it may be calibrated “to contain”; and
when so calibrated, and so used, it will be most accurate
for measurement of liquid hydrocarbons. If the prover
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it is more suitable to calibrate lt ‘o dellvur * In enher
case, the calibration operation will be done by pouring
the measured volumes of water from a “to deliver” test
measure into the prover.

2063 The first operation is to thoroughly dry the
inside of the prover if it is tc be calibrated “to contain.”
If it is to be calibrated “to deliver,” the first operation
is to fill the prover with water and then empty it, allow-
ing it to drain in accordance with Par. 2043.

2064 The second operation is to place the prover
in a level position, checking with a leveling instrument.

2065 The third operation is to determine the vol-
ume of the prover. The water is poured into the prover
from the certified test measure, one measure at a time.
A record of the temperature of the water in each meas-
ure is kept and suitably recorded, according to the pro-
cedure outlined in Par. 2123 through Par. 2125. The
prover is filled to a whole-gallon volume level near the
center of the neck. This level is marked on the gage as
the temporary reference level. The temperature in the
prover is determined and, after making any necessary
temperature corrections, this temporary reference level
is reset as required.

2066 The calibration is repeated until two suc-
cessive volume determinations agree within 0.02 per
cent of the prover volume. The average of these two
volumes shall be used.

2067 The fourth operation is to calibrate the upper
neck, above and below the now established reference
level, by adding and/or extracting water and measuring
this water in a glass graduate, starting with the prover
filled to the established reference level. This may be
done conveniently by the use of a syringe. The prover
reference level and scale graduations are permanently
marked on the gage scale; the scale is firmly and ade-
quately fastened and sealed as required.

Calibrztion of Prover with Single Weir for Lower
Reference Level and with Top Neck (See
Fig. 11)

2068 The following paragraphs describe the
nicthod of Calibiating with water a prover with a single
weir for lower reference level and with a top neck, “to
deliver” at 60 F and atmospheric pressure. Either “to
deliver” or “to contain” test measures may be used.

20069 The first operation is to establish the lower
reference level of the prover by first filling the prover
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with water to a level several inches above the weir beax
knife edge. After the water supply valve is closed, the
water in the prover is drained through the weir box
drain valve until flow ceases. Temporary reference level
identification marks are made on the lower gage glass
scale. Water is added and the procedure repeated until
the reference level has been definitely established. A
minimum of three checks shall be made. Permanent
reference nwr]\q are eetabhshed on the prover shell and
1T D3OGS puwibe Svaie 0L G 0WEL IGICICILE Teved

2070 The sccond operation is to calibrate the top
neck of the prover. The weir box drain valve is closed,
and the prover is filled to a point near the top of the
upper gage glass scale. The withdrawal hose is attached
to a convenient drain connection and filled with water,
care being taken to ascertain that the hose is free of air.
A temporary mark is established on the upper gage
glass scale opposite the liquid level, which is observed
for several minutes to make certain that it remains the
same and that the system is free from leaks. The starting
temperature of the water in the prover is recorded. The
water is withdrawn into a svitably sized test measure.
Throughout the period when the water is within the
reading length of the gage glass, each decrement is
temporarily marked on the scale and the temperature
of cach withdrawal is recorded according to Par. 2123.
The overall length between the upper and lower refer-
ence points on the gage glass scale is measured. Using
this length and correcting the volume for temperature,
the length of scale equivalent to a convenient increment
of corrected volume is computed and a suitable reading
scale is prepared.

2071 The third operation is to establish the volume
of the prover. The withdrawals are continued with the
use of test measures of suitable size. A pump may be
employed, providing it can be purged of air and does
not leak. The temperature and volume are recorded for
each withdrawal, as described in Par. 2123. The with-
drawal is completed through the weir box drain connec-
tion by the use of smaller test measures. When all flow
has ceased, the liquid level as shown in the lower gage
glass is examined. This level must coincide with the
marks established in the first operation at the lower ref-
erence level. The total volume of water withdrawn,
corrected for temperature as outlined in Par. 2123
through Par. 2125, shall be recorded as the calibrated
volume of the prover at 60 F and atmospheric pressure.
The condition of the drain hose, pump, and other with-
drawal equipment shall be the same at the end of the
last withdrawal as it was at the beginning of the first
withdrawal. The last withdrawal may be a partial test
measure volume. This partial test measure is converted
into linear inches of upper neck. A temporary upper
reference level is established near the center of the upper
gage glass scale as required to bring the volume of the
prover below the upper reference level to a whole unit
of volume. The scale is set to correspond with the final
reference level.




i

16 AMERICAN PETROLEUM INSTITUTE

2072 The calibration is repeated until two suc-
cessive volume determinations agree within 0.02 per
cent of the prover volume. The average of tuese two
volumes shall be used.

2073 The upper gage glass scale is permanently
marked and mounted on the upper neck and sealed.

Calibration of Double-Weir Prover with Auxiliary
Yolume Determination (Reading) Chamber
(See kig. 12)

2074 The following paragraphs describe the
method of calibrating with water a prover with weirs at
the upper and lower reference levels and with an aux-
iliary chamber for close determination of total volume,
“to deliver” at 60 F and atmospheric pressure. Either
“to deliver” or “to contain” measures may be used.

2075 The first operation is to establish the lower
reference level of the prover with valve A open. This
is established as outlined in Par. 2069.

2076 The second operation is to establish the upper
reference level for the body of the prover, as follows:
Close valve A and fill the prover until it freely overflows
the top weir into the reading chamber. When the flow
over the top weir ceases, make temporary upper refer-
ence level marks on the shell of the prover opposite the
liquid level in the gage glasses. Draw approximately
3 in. of water from the prover; then refill it to freely
overflow the top weir a second time, making sure the
level in the reading chamber is well below the overflow
connection. Repeat the operation a minimum of three
times, and until 2 definite upper reference level has been
established. Establish permanent reference marks on
the shell of the prover at this upper reference level.

2077 The third operation is to establish the volume
of the prover between weir or reference levels, as fol-
lows: With valve A closed, drain the reading chamber
through valve €. Connect a withdrawal hose to the
prover at some convenient valve below the bottom ref-
erence level and fill the hose with water, making certain
all air has been purged. A pump may be employed,
providing it can be purged of all air and does not leak.
Fiil ihe prover antil it overflows the top weir, then dis-
connect the water supply. Check all connections for
leaks and make certain that the liquid level of the top
gage glasses corresponds to the permanent reference
marks for the upper reference level or overflow line.
Begin withdrawal into a suitably sized test measure,
noting the volume and temperature of each withdrawal.
Continue withdrawal until the liquid level is only
slightly above the bottom reference level as determined
by ohcerving the lower gaoe glacses. The condition of
the withdrawal equipment and/or pump shall be the
same at the end of the last withdrawal as it was at the
beeinning of the first withdrawal. Close the valve on the
prover through which withdrawal has been made. Drain
the remainder of the water through valve B into an ap-
propriate smaller test measure (see Par. 2034). Ex-

amine the liquid level indicated in the lower gage glasses,
If the liquid level coincides with the permanent reference
marks opposite each gage glass as previously estab-
lished, then the total volume withdrawn, corrected for
temperature cffect as outlined in Par. 2123 through Par.
2125 where necessary, is the fixed volume of the prover
at 60 F and atmospheric pressure. This volume includes
the internal volume of the prover between the upper
and lower weirs plus the contents of the lower weir box
and councciions to valve B

2078 The calibration is repeated until two suc-
cessive readings agree within 0.02 per cent of the prover
volume. The average of these two volumes is used.

2079 The fourth operation is to calibrate the aux-
iliary reading chamber. Closc valve A and fill the
reading chamber with water to a level neur the top of
the gage glass scale. Disconnect the water supply; con-
nect the withdrawal hose to valve C; fill the hose with
water, making certain that it is free from air; and ob-
serve all connections for leaks. Make a temporary refer-
ence mark on the shell of the reading chamber opposite
the liquid level and observe for several minutes to make
certain the liquid level remains the same and that the
system is free from leaks. Record the temperature of
the water in the reading chamber. Withdraw the water
into a test measure and mark the liquid level on the shell
of the chamber after each withdrawal.

2080 Continue the withdrawals until the level has
been lowered almost to the lower reference level which
was established on the main prover in the first operation.

2081 Measure the overall length of the reading
chamber between the top reference point and the liquid
level after this last withdrawal. Using the reading and
the temperature-corrected volume measured, compute
the length of the chamber equivalent to desired unit
volumes. Repeat the fourth operation until two suc-
cessive readings agree within 0.02 per cent of the meas-
ured reading chamber volume. The average of these
two readings shall be used to mark and subdivide the
gage glass reading scale. Mark volumes on the scale
so that the fixed volume determined in the third opera-
tion (the volume between upper and lower weir plus
the volume of the lower weir box and connections to
valve B) is near the lower end of the gage glass scale.
Mount the scale so that the point representing the fixed
volume between weirs of the prover shall coincide with
the permanent lower reference level on the reading
chamber. Attach firmly and seal the scale. This locates
the line representing the fixed volume of the prover at
the same elevation as the knife edge on the lower weir.
T'he scale so marked and mounted will be direct-reading
and will show the sum of the fixed volume angd the gver-
flow volume for the prover.

Calibration of Closed Vapor-Condensing Prover

(See Fig. 24)

2082 The following paragraphs describe the
method of calibrating a closed vapor-condensing prover
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without top or bottom neck. The valume of this prover
at 60 IF and atmospheric pressure is determined by cali-
brating with water “to contain™ with a “to deliver” test
measure,

2083 Pressure pages and other equipment items
which can create air pockets are removed. These items
will have their volumes determined separately. All
valves und openings on the bottom side and vertical
sides of the prover shall be closed prior to the calibra-
tion.
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emptying “to deliver” test measures of water into the
prover, allowing the required drain period for each test
measure after cach emptying into the prover (see Par.
2043). The volume and temperature of water in each
test measure are recorded. As the level of water rises
and reaches the lowest and each succeeding opening,
from which pressure gages and other equipment items
were removed, these openings are plugge< to eliminate
any air pockets. The prover is completely filled with
test liquid from the test measure, the volume of the test
liquid remaining in the test measure when the prover be-
comes full is determined (see Par. 2034), and this
volume is subtracted from the total volume. From the
record of the volume and temperature of each test meas-
ure, the velume corrected for temperature, as described
in Par. 2123 through Par. 2125, is determined; to this
is added the volume of the pressure gages and other re-
moved equipment.

2085 The calibration is repeated until two suc-
cessive readings agree within 0.02 per cent of the prover
volume. The average of these two volumes is used.

Calibration of a Bidirectional Piston Displacement
Prover (See Fig. 22)

2086 The following paragraphs describe the
method of calibrating a bidirectional piston displace-
ment prover, “to deliver” at 60 F and atmospheric pres-
sure, using either “to deliver” or “to contain™ test meas-
ures. Essentially, this consists of establishing the length
of stroke of the piston so that the desired volume of
liquid is repetitively delivered into a test measure.

2087 The first operation is to closc the expunsion
chamber valve and connect the inlet of the prover to a
suitable source of test iquid under pressure. The cylin-
der, hoses, lines, and valves are filled with the test
liquid; and the air is completely purged from all parts
of the prover by pumping liquid into the prover while,
at the same time, causing the piston to move back and
forth through the cylinder to its stops. During these
filling operations, the test liquid may be discharged to
a suitable sump or other vessel  While thic chuttling of
the piston is being performed, air or vapor should be
blown out the vent on the downstream side of the piston
for each stroke. When the prover is free of air and full
of test liquid from the source to the outlet valve, the
vent line valves at each end of the cyiinder should be
closed.

2088 The second operation is to move the piston
to cither extremity of the cylinder until it stops and pre-
pure to receive the test liquid into a suitably sized test
nicasure, preferably having a capacity equal to the de-
sired displaced volume of the prover.

2089 The third operation is to record the pressure
in the prover with the entire system completely full of
test liquid under supply pump pressure. With the piston
in a stopped position at cither end of the cylinder, the
two posmon control valve is changed to permit the test
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volume of the tiquid in the test measure is recorded.
This volume is corrected for any temperature differ-
ences, as described in Par. 2123 through Par. 2125.

2090 The fourth operation is to adjust the stroke
length of the piston (by means of the adjustment de-
vice) to make the displaced volume of a single stroke
exactly equal to some nominal volume, e.g., 50.00 gal.
This is done by adjusting the piston stroke after every
successive delivery into the test measure until the meas-
ure indicates that the desired displacement has been
established. These runs are conducted as in the third
operation, and the number of them required will depend
on the accuracy with which the stroke adjus:ment is
made after each run.

2091 The calibration is repeated after the piston
stroke has been finally adjusted to insure repetitive dis-
placements within §.02 per cent of the prover volume,
The piston stop should be locked in place by suitable
means and sealed.

2092 After the prover has been calibrated, it
should be thoroughly drained of the calibrating liquid,
particularly if water was employed, flushed thoroughly,
and filled with the liquid which will be employed in sub-
sequent meter proving. After filling, and while the
prover is idle, the expansion chamber shonld be opened
to both ends of the cylinder to allow for thermal expan-
sion of the liquid. When used for proving meters, the
expansion chamber should be closed off from the
prover, and the bypass line across the piston should be
tightly closed.

Calibration of the Unidirectional Piston Displace-
ment Prover (See Fig. 23)

2093 The following paragraphs describe the
method of calibrating a unidirectional free-piston dis-
placement prover, “to deliver” at 60 F and atmospheric
pressure. using a non-temperature-compensated master
meter unit.

2094 The vnidirectional piston disphcement prover
is calibrated by determining the volumic of Hquid dis-
placed by the movement of a piston from one reference
point to another reference point in a continuous length
of pipe, either upstream or downstream from the oper-
ating meter or meters. The volunte between such refer-
ence points is the prover volume.

2095 A master meter calibration unit, having a
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total flow rate capacity essentially equal to the Bow rate
in the prover section to be calibrated, is employed.
Each meter in the calibration unit must be equipped
with a continuously operiting totalizer register and an
auxiliary on-ofl proving register similar to the registers
on the meters to be subsequently proved with the prover.

2096 The first operation is to prove the individual
meter or meters of this master meter calibration unit by
an approved method, using the same liquid as is to be
measured in the calibration of the prover section. Curves
for meter accuracy versus rate of flow are plotted for
each of the individun? metsos I 50 GGl wud Gostivas
tions of the liquid temperatures and operating pressures
are recorded.

2097 The second operation is to connect these
meters in parallel so that each meter measures its share
of the total throughput expected through the master
meter calibration unit. This master mcter calibration
unit is then connected in series with the prover section
so that all of the liquid which passes through the master
meter calibration unit must pass through the prover sec-
tion. The operating mechanisms of the auxiliary proving
registers are connected so that all will be actuated by
the piston when it passes by the reference points.

2098 The third operation is to direct the normal
linc flow through the master meicr calibration unit and
into the prover section, or vice versa, as follows: Make
certain that the individual flow rates for each of the
master meters lies within the range for which it was
previously proved. Operate until the temperature of the
meters and test liquid have equalized and all air and
vapor have been eliminated, then launch the piston into
the prover section. This piston moves through the
prover section, actuating the mechanisms at the refer-
ence points and displacing the volume between them.
It is stopped in the receiving bamrel. Record the open-
ing and closing meter readings and temperatures and
the time required for the piston to travel between the
reference points. Record the pressure and temperature
of the liquid, either as displaced from the prover section
if the meters are downstream or displaced iato the
prover section if the meters are upstream (see Fig. 41).
Determine the rate of flow for each meter during the
calibration of the meter prover section, and from their
meter accuracy curves determine their respective per-
formance factors. If necessary, make compressibility
corrections when the meter operating pressures are not
the same as when they were proved. Using these
factors, determine the total observed throughput of the
master meters. This is the observed volume of the
prover section between reference points. The net prover
volume at 60 F and at the required reference pressure is
determined by application of the formula of Par. 3044,
and as illustrated at the bottom of Fig. 41.

2099 Repeat the calibration until two successive
readings agree within 0.02 per cent of the volume of the
prover section. The average of these two readings shail
be used as the veiume of the prover section.

Calibration of a Volumetrie Prover hy Use of a
Muaster Meter

2100 In calibrating some provers, particularly large
provers, it may be more expedicnt to use a master meter
rather than test measures, A meter so used will calibrate
the prover “to deliver™ if the prover is first filled with
liquid and the liquid metered out, or if the tank walls
are first thoroughly wetted before liquid is metered into
the prover. Conversely, if liquid is nietered into the
tank when its walls are dry, the resulting calibration of
the prover will be “to contain.”

2101 The first operation is to prove the non-tem-
perature-compensated master meter and obtain the
meter factor at the intended flow rate, pressure, and
temperature, using a calibrated prover or test measure
and the same liquid with which it is intended to cali-
brate the uncalibrated prover. This test liquid may be
water or some stable petroleum liquid.

2102 The prover is then calibrated in accordance
with the appropriate method, except that volumes are
determined by the master meter rather than by test
measures. If the prover being calibrated is equipped
with a neck or necks, it is often more practical to cali-
brate the neck or necks by use of test measures and the
body of the p~over by use of the master meter.

21023 Sufficient temperature readings must be taken
at the meter to enable computation of the average tem-
perature of the liquid metered. Volume correction
necessitated by temperature differences between the
metered liquid and the liquid in the filled prover must be
made in accordance with Par. 2123 through Par. 2125.

2104 The following paragraphs illustrate the use
of a master meter to calibrate the body of a prover with
clongated necks top and bottom with water, “to deliver”
at 60 F and atmospheric pressure. Test measures are
used for the calibration of the top and bottom necks.

2105 The second operation is to connect the meter
so that water may be removed from the prove: through
the meter at the required rate of flow. This may require
a pump. The prover is then filled with water to near the
top of the upper neck, and the meter is operated suf-
ficiently during the filling operation to assure that the
meter and piping are liquid-full.

2106 The third operation is to calibrate the upper
neck by withdrawing water through the meter into a
suitably sized test measure, as described in Par. 2051.

2107 The fourth operation is to calibrate the
prover body by withdrawing water from the prover
through the meter. The meter reading and water tem-
perature are recorded and water withdrawn until the
water level appecars at the top of the lower gage glass
scale. During this withdrawal the meter must be oper-
ated at the rate at which it was proved. The meter
factor is applied to the observed volume, and any
necessary temperature corrections are made.

2108 The fifth operation js to calibrate the lower
neck by withdrawing water through the meter into suit-
ably sized test measures, in accordance with Par. 2053.
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2109 The calibration is repeated until two suc-
cessive volume determinations agree within 0.02 per
cent of the prover volume. The average of these two
volumes shall be used.

2110 The required graduations are marked on the
gage glass scales, and these scales are securely attached
and sealed as required.

CALIBRATION OF A GRAVIMETRIC PROVER
(See Fig. 19 and Fig. 20)

2iii ‘The foliowing paragraphs describe the
method of calibrating a gravimetric prover at 60 F and
atmospheric pressure. The question of “to contain” or
“to deliver” is not applicable.

2112 The first operation is to assure that the weizh
scale is on a firm foundation and that the platform is
level (see Par. 2019).

2113 The second operation is to install the tank,
complete with piping and appurtenances, on the scale.

2114 The third operation is to check the accuracy
and sensitivity of the scale in accordance with NBS
Handl'ook H 44. Tests shall be made with certified test
weights applied in approximately equal increments and
extending over the entire scale range. Two test runs
should be made—one by adding weights from-zero to
full capacity, and the other by subtracting weights from
full to zero capacity.

2115 All instruments used in specific gravity deter-
minations and air density determinations related to the
use of the gravimetric prover shall be checked for
accuracy.

DETERMINATION OF PROVER VOLUME UN.
DER PRESSURE

2116 1If a volumetric prover is to be used at a
pressure significantly above atmospheric pressure, a
correction factor should be determined to correct for
the resulting increase in prover volume over the volume
determined in calibrating the prover at atmospheric
pressure. This correction factor is referred to as C,.
and will always be unity or greater. This factor should
be determined experimentally for each prover.

2117 For a prover that is to be used at a single
working pressure, a correction factor should be deter-
mined at that pressure. If it is to be used at varying
pressures, correction factors should be determined
throughout the range of such operating pressures and a
table, or curve, of pressure correction factors (Cp)
prepared. This should be done at the time the prover is
calibrated.

2118 Facilities should be provided for pressuring
the prover to its maximum operating pressure.

2119 For provers with tep gage glasses, the first
operation is to fill the prover with water to a mark near
the top of the upper gage glass and record the gaged
volume of the water in the tank at atmospheric pressure.
Keeping the water temperature as nearly constant as
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possible, gas or air is introduced under pressure into
the top of the prover, in reasonable pressure increments,
until the maximum operating pressure has been reached.
With each increment of pressure, the indicated volume
of the water and the prover pressure are recorded.

2120 The second operation is to reduce the pres-
sure, in reasonable decrements, from the high pressure
just obtained until atmospheric pressure has been
reached. As before, the incremental volume of water for
each pressure is recorded.

2121 Ii the prover does not have a top gage glass,
the volume change with pressure is determined by first
pressuring the prover with water to the maximum ex-
pected operating pressure and then withdrawing water
to reduce the pressure. The volume of water withdrawn
between each increment of pressure is accurately meas-
ured and recorded.

2122 A graph, or table, of pressure versus volume
change is prepared, and the percentage change in the
gaged volume from the actual atmospheric pressure
volume may be calculated. A table, or curve, of volume
correction factors is then prepared to cover the range
of operating pressures. The formula for finding the
factor C,, for a prover with neck or necks at any pres-
sure P, is as follows:

observed increase

decrease in liquid
in tank volume

. _[ volume caused “v
caused by increase increase in pres-
in pressure sure

(original tank volume)

= 14 Vet Q) = (V,+Q) — (Va +Q) (P, —Pa) (F)
B (V.+Q)

(V,+Q)

(V.+Q)

Cps = 1+

=2—(P,—P,) (F)—
Where:

= pressure correction factor of prover tank.

= starting pressure {atmospheric) in prover tank,
in pounds per square inch absolute.

operating (test) pressure in prover tank, in
pounds per square inch absolute.

observed volume in prover tank at pressure P,.

observed volume in prover tank at pressure Py.

calculated or measured volume of liquid be-
tween the botiom reference mark of the
prover tank and the stop valves.

F = compressibility factor for the liquid in the tank

{0.0000032 per psi increase above atmos-

pheric pressure for waier from 1 psig to

1,000 psig).

For a vapor-condensing prover, the formula for find-
ing the factor C,, at any pressure P, is as follows:

i
B w

fl

<< o

=

TR

. AV
Lpi = 1+“‘;,'a“

Where:

= pressure correction factor of prover tank.

. = observed volume in prover tank at pressure P,.
AV = volume change attributable to pressure

=V, —(V.-+V,) (P,—-P,) (F).

C,.
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Where:
V., == volume withdrawn from prover as pressurc is
decreased from P, to P,
P, = starting pressure {atmospheric) in prover
tank, in pounds per square inch absolute.
P, == operating (test) pressure in prover tank, in
pounds per square inch absolute.
ExazipLe:

Assume a steel tank, rated capacity 1,250.00 gal,
filled with water to the 1,250.00-gal mark at atmos-
pheric pressure (27 in. of inercury barometer equals
13.26 psia), and then loaded with 150 psig air pres-
sure is applied, the observed volume on the upper
sure in order to find C,, at 150 psig. When this pres-
scale is 1,248.50 gal. The quantity of water between
the bottom zero mark and the stop valves is calcu-
lated as being 40.00 gai.

C.s = 2—(163.26-13.26) (0.0000032)
_1,248.50+40.00
1,250+-40.00
= 1.00068 at 150 psig

DETERMINATION OF WATER VOLUME COR-
RECTIONS FOR TEMPERATURE CHANGES

2123 Whenever the temperaturc of the liquid in a
test measure varies from the average temperature meas-
ured in the full prover, volume corrections are neces-
sary to insure correct volume determinations. The fol-
lowing procedure is for the withdrawal of water from a
prover into test measures. If the prover is filled from
test measures, appropriate changes in the procedure
must be made.

The average temperature of the full prover shall be
obtained immediately prior to commencement of with-
drawals. The temperature of the contents of cach test
measure withdrawn shall be determined immediately
after filling by using a certified etched-stem thermome-
ter of the cup-case type designed for complete immer-
sion. The temperature shall be determined near the mid-

point of the liquid in the measure. The test measure
temperature, and the volumetric reading for cach with-
drawal, shall be recerded in o carefully kept record.
Care should be excrcised to assure that cach withdrawal
is neither overlooked nor counted more than once.

2124 Volume correction procedure for change in
temperature of the water during the calibration of a
prover is as follows:

a. Record starting prover temperature. If there is more
than one thermometer in the prover, determine the
average temperature from the several temperatures and
record it as the starting prover temperature.

b. Record the volume, in gallons, of each test measure
withdrawal.

c. Record the temperature of the water of each test
measure withdrawn.

d. Record the difference -between the water temper-
ature in each withdrawal and the average starting tem-
perature in the prover as a temperature rise, or a
temperature drop, with respect to the average prover
starting temperature.

e. After the calibration run (see Par. 2059) is com-
pleted, the test measure withdrawal volumes are totaled.
This is the total recorded volume.

§. From Table T in Appendix B, determine the tem-
perature correction factor for each test measure and
multiply this factor by the test volume. The sum of these
corrected volumes is the volume of the prover.

2125 It must be emphasized that the voiume of the
prover determined by the foregoing method, wherein all
volumes are corrected to the volumes at the starting
prover temperatui®, is the true volume of the prover at
60 F. If the test measure and the prover are made of
the same material, no correction of the volume of the
prover to 60 F need be made. The volume of each
measure certified by the National Bureau of Standards
is adjusted to 60 F, so that correction of the test meas-
ure volume according to Table I, Appendix B, auto-
matically makes the correction to 60 F.

SECTION HI—-METER-PROVING PROCEDURES

SCOPE

3001 This section covers procedures to be used in
proving positive displacement meters in liquid hydro-
carbon service. The two basic types of provers, volu-
metric and gravimetric, described in Sect. I, are the
basis of two general methods of meter proving—volu-
metric and gravimetric. It will bc noted that the prov-
ing methods described do not parallel the descriptions
of provers in Sect. 1I. The reason for this is that any
one of several provers may be uscd with a given proving
method. Conversely, a given prover may be used with
any one of several proving methods.

3002 With the volumetric method, any one of the
following types of provers may be employed:

a. Open provers: Those which are open to the atmos-
phere through unrestricted openings.

b. Closed provers: Those in which a pressure greater
than atmospheric ic or may be maintained during the
meter-proving operations. Closed provers may be
classified as follows:

. Water displacement provers: Those in which
water is displaced by the test liquid from the prover
to another vessel or to waste.

Lourty
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2. Gas displacement provers: Those in which vapor-
ization is retarded by displacement, by the test liquid,
of & saturated gas atmosphere from the prover.

3. Vapor displucement provers: Those in which
vaporization is retarded by displacement, by the test
liquid, of the saturated vapor of the test liquid from
the prover.

4. Vapor-condensing provers; Those which are
completely filled so that all vapor in the prover is
condensed.

S. Piston provers: Those in which a fixed quantity
of the test liquid is displaced from the prover by
means of a free piston,

6. Master meter provers: Those in which the test
liquid used in a previously proved meter is measured
so that comparison of the measurenients can be made.

3003 With the gravimetric method, any one of the
following types of provers may be employed:

a. Open provers (see description in Par. 3002 and Fig.
19).

b. Closed provers (see description in Par. 3002 and
Fig. 20), including:

1. Gas displacement provers.
2. Vapor displacement provers.
3. Vapor-condensing provers.

GENERAL PROVISIONS

3004 A positive displacement meter should be
proved in its normal installation at the expected operat-
ing rates of flow, under the pressure and temperature at
which it will normally opeiate, and on the liquid which
it will measure in normal operation. Where it is not
practical to prove the meter on the liquid being metered,
the meter should be proved on a liquid having an API
gravity and viscosity as closc as possible to those of the
liquid to be measured during normal operation. When
a meter is measuring several different liquids, thc meter
should be proved on each liquid.

3005 There are many petroleum liquids of different
vapor pressures which are measured by meters. When
the liquid loss through evaporation during proving sig-
nificantly affects the liquid measurement, the proving
method must take into consideration means to control
the evaporation loss.

3006 The proving of a meter is somewhat in the
nature of a laboratory test and, when properly accom-
plished, can provide a high degree of measurement ac-
curacy. There are many details of the meter, its piping,
and proving system which can contribute to measure-
ment inaccuracies; for example, physical properties of
the measured liquid, temperature effects, corrosion, and
trapped air. Thorough periodic inspection of all provers
and their appurtenances shoutd be made with suflicient
frequency to assure accuracy. It is essential that meter
performance data be observed and recorded carefully,
and that subsequent calculations be correct.

-

3007 Each of the proving niethods und provers has
advantages and disadvantages, depending upon the
liquid being metered and the type of operation. The
gravimetric method is advantageous where the metered
liquid is viscous or has a tendency to deposit wax, sand,
ar other solids. These foreign materials have no effect
on the accuracy of the gravimetric method, whereas they
ntay cause scrious inaccuracies in  the volumetric
method. The gravimetric method requires that the API
or specific gravity of the metered liauid he scopentely
determined. as outlined in Par. 3053 through Par. 3056,
in order to have a basis for converting weight to volume.
The effect of the buoyancy of air, as outlined in Par.
3059 through Par. 3060, must be considered in gravi-
metric proving if the closest approach to accuracy is re-
quired. The volumetric method is advantageous where
gravity determinations may be difficult or of dubious
accuracy. The method is also more direct in that con-
versions from weight to volume are not required.

3008 There are two procedures for conducting a
meter proof run, as follows:

a. The standing start-and-stop procedure.
b. The running start-and-stop procedure.

The standing start-and-stop procedure utilizes standard
registers, and the opening and closing readings are ob-
tained at no-flow conditions. If flow is started too rap-
idly, the pressure in the piping may fall below the vapor
pressure of the liquid, causing vapor to pass through the
meter. Too rapid a change of velocity of the test liquid
may also cause hydraulic shock.

The running start-and-stop procedure involves ob-
taining the opening and closing meter readings of the
proof while the meter is in operation. Unless special
registers are used, the length of the run in this procedure
must be sufficient to make inaccuracies in reading at
start and finish insignificant. Special register equipment
may take readings photographically in synchronism with
the movement of test controls, or the meter may be
equipped with auxiliary or secondary registers which
may be started or stopped in conjunction with test con-
trols. In these procedures, any electrical or mechanical
lag in actuation of meter registers should be compen-
sated for in the calibration of the prover. 1t is important
that no excessive drag be introduced on the meter’s
measuring element from auxiliary registers and equip-
ment.

3009 There are two general end results desired in
meter proving, usually dependent upon the type of serv-
ice in which a meter is to measure. First, it may be de-
sired to prove a meter and establish its performance
(byv adjustment of < registration, if necessary) 3o that
its register will indicate the quantity of liquid actually
delivered within tolerances permitted by the operation
or by law. This is the rormal practice in the case of a
meter operating on intermittent deliveries, such as a
tank truck meter or a loading rack meter at a terminal or
bulk plant. In such cases, the meter register is made to
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indicate the quantity actuaily delivered. Second, it may
be desired to prove a meter to determine its performance
in terms of a meter factor or meter accuracy so that this
ratio may be mathematically applied to the indicated
registration to compute the :ctual quantity delivered
through the meter. The latter is frequently the case in
continucus or long-duration measurement, such as in
pipeline operations where it is usually expedient to
apply a meter factor to the indicated registration (see
par. 4uuiy.

3010 To obtain cithter end result described in Par.
3009, the proving technique is essentially identical.
Every meter proof should be made with the sume regis-
ter equipment as is used in regular operation or with
additional, satisfactorily synchronized auxiliary registers
for the running start-and-stop procedure. Special aux-
iliary register equipment, such as the gravity selector,
temperature compensator, and quantity-predetermining
register, if employed, should be properly set and oper-
ative when making the proof runs. Time intervals be-
tween proof runs should be kept to a practical minimum.

3011 When a meter is being proved, a preliminary
unrecorded run shculd be made to equalize tempera-
tures, displace vapors or gases, and wet the interior of
the prover where necessary. Subsequent recorded prov-
ing test runs are made, and the meter registration is ad-
justed after each run to correct the error determined by
that test run. Proving runs and required adjustment
should be continued until two results are obtained
which prove that the meter register is indicating the
delivered quantity within the desired accuracy toler-
ances.

3012 When a meter is being proved to determine
the meter factor, the procedure is essentially as de-
scribed in Par. 3011 except that no changes are made
in the meter’s registration adjusting device between
runs. Proof runs are made and recorded until two re-
sults check each other within a pre-established allow-
able variation, at which point the average of these two
runs is accepled as the established meter factor.

3013 If it is indicated that a meter, during its
proving, i< not properly changing its accuracy in ac-
cordance with mechanical adjustuciiis made to its
register adjustment device, or if four individual unad-
justed proving runs are made without any two successive
runs checking within a pre-established allowable devia-
tion, all phases of the proving operation should be ex-
amined for the cause of the discrepancy. If the cause is
not found, the meter and its register mechanisms should
be inspected. Lack of reproducibility of reasonably con-
sistent meter factors may be indicative of mechanical
defects. If inspeciiont discioses mechanical defects. the
meter shall be repaired and proved before being re-
turned to service.

3014 In all mcter proofs, the observation error
possible in determining the opening meter reading, the
closing meter reading, and the test volume delivered to
the prover should not cxceed one ten-thousandth part

of the test volume employed where possible. Observa-
tions of temperature, pressure, and other variable
quantities which may influence the meter proof or op-
cration must also be nmude compatible.

3015 Liguid levels in gage glasses should be de-
termined by reading the bottom of the meniscus with
transparent liquids or the top of the meniscus with
opaque liquids.

3016 The meter accuracy or meter factor for each
single proof and for the average of two or more proofs
SHOUId D¢ Caivuluivd v v (0aivit (07 thonenndth nart
(0.0t per cent or 0.0001).

3017 The observed and computed data for all test
runs made in obtaining a meter factor or other expres-
sion of meter performance shall be reported on a suit-
able meter-proving report form, examples of which are
illustrated in Appendix A. The completed form, when
signed by all parties concerned, will constitute approval
and acceptance of the meter preof.

OPEN VOLUMETRIC PROVERS (See FKig. 5,
9, 10, 11, 12, 13, and 26)

3018 The proving of meters into open volumetric
provers consists of the measurement of the metered
quantity of liquid in a container of known volume. The
liquid is passed through the meter under simulated op-
erating conditions of temperature, pressure, rate of flow,
gravity, and viscosity, then into the prover where the
delivered volume is determined.

3019 After the preliminary filling and draining,
the lower zero level of the test liquid is established and
recordzd. The meter to be proved is then stopped, and
the opening or starting meter reading is recorded. The
first proof run is then started by directing the liquid
through the meter into the prover, maintaining the flow
rate and meter pressure to simulate operating conditions.
During the filling of the prover, if the meter is not tem-
perature-compensated, the temperature of the metered
stream near the meter should be determined and re-
corded frequently enough to assure an accurate average
temperature of the liquid as it passes through the meter.
Flow is continued into the prover uatil the liquid ap-
pears at a suitabie rcading lovel. Flow i< stopped, and
the quantity delivered to the prover is promptly ob-
served on the top gage elass scale and recorded. The
thermometers in the prover are then promptly read and
the readings recorded. The closing meter reading should
then be observed and recorded, after which the meter
may be returned to service. Thermometer readings may
now be averaged and the meter performance for the
first proof run calculated.

3020 Meter registration adjusimeints may be made
as required, and subsequent proof runs may be made
by repeating the proof run procedure just described.

3021 In some types of open volumetric provers, 2
top spray is used during the emptying of the prover to
saturate the air drawn into the prover with the vapor
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of the test liquid in order to reduce cvaporation of the
test liquid during the subsequent proof run. Where this
is done, the spray should be turncd on prior to cach
emptving of the prover and closed off prior to zeroing
the liguid level.

3022 There arc cestain viriations inherent in the
foregoing general procedure, arising primarily from
design differences, with respect to the method of estab-
lishing the starting liquid level or zero level at the begin-
nirg of the prool run.

CLOSED VOLUMETRIC PROVERS

Water Displacement Method (See Fig. 15 and
Fig. 16)

3023 This method is applicable only to a closed
prover with a top and botiomn graduated neck and with
immiscible liquids of different gravities. Variations of
equipment and piping are recognized according to which
of the following methods is used:

a. Dual-tank method.

b. Single-tank method, in which water is discharged to
an auxiliary tank or to waste.

The basic procedures for proving meters with either of
these methods are identical, the difference being in the
method of re-using or disposing of the water. For
simplification purposes, the dual-tank method is de-
scribed in the following paragraphs.

3024 The procedure for using the dual-tank waier
displacement method in proving meters begins with the
complete filling of the second prover up to the vent
valve, water thus displacing air through the vent at the
top of the second prover. Before the vent valve is
completely closed, test liquid from the meter is admitted
to this second prover at the top, venting air and vapor
from the line to the prover until the line is liquid-full.
At this point, the valves on the interconnecting water
line to the first prover are opened and test liquid from
the meter is used to force the water from the second
prover into the bottom of the first prover. Flow is con-
tinued until the water begins to pass through the top
vent valve of the first prover, at which time flow is
stopped. Test liquid from the meter is admitted to the
top of the first prover, venting air and vapor through
the top vent until the line is liquid-full. At this point,
the first prover vent valve is closed and the sysiem is
completely liquid-full. Additional test liquid is now
admitted to the first prover, displacing water to the
second prover, until the liquid-water meniscus is low-
ered to coincide with the upper zero mark of the first
prover and the water level of the second prover is made
to fall itcar the cenier of the boitom ueck, The provers
are now in condition to start normal meter proving.

3025 To make the first meter proof, al valves ex-
cept the start-stop valve G and valve € are opened (see
Fig. 16). The pressure and opening reading on the
upper neck of the first prover are observed and re-
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corded. The meter is stopped by closing valve D, and
the opening meter reading is observed and recorded.
Flow is started by opening the start-stop valve G, and
the rate is established by rate valve F. As the water is
displaced into the second prover, i, in turn, displaces
test liquid above the water in the second prover back
through valve A to a point downstream from valve D.
Flow is continued at the properly adjuste. rate until the
water-liquid meniscus appears in the bottom gage glass
of the first prover, at which time the start-stop valve G
is closed. The reading on the lower gage glass of the
first prover is then observed and recorded, along with
the temperature and pressure of the test liquid in the
first prover and the closing meter reading. During the
filling of the first prover with test liquid, if the meter is
non-temperature-compensated, the temperature of the
metered stream should be determined and recorded
frequently enough to assure an accurate average iew-
perature of the liquid as it passes through the meter.
The metered volume is then compared with the prover
volume, as described in Sect. IV, to obtain the meter
performance. This constitutes the first proof run.

3026 To make the second meter proof, the neces-
sary opening readings are made and the water-liquid
meniscus in the top neck of the second prover is ob-
served and recorded. The opening meter reading (which
may be the closing reading of the first run) is observed
and recorded. The flow of test liquid is started into the
second prover by, first, closing valve A, opening valve
C, closing valve E, and opening valve D; then opening
the start-stop valve G. Proper rate is maintained by
means of rate valve F, established from the previous
run. Flow is continued until the water-liquid meniscus
appears in the bottom neck of the second tank. The
start-stop valve G is then closed; all readings are ob-
served; and calci:lations, made as in the first proof, are
repeated. I subsequent test runs are desired, the fore-
going procedures are repeated.

3027 The proving of meters by the single-tank
water displacement method is identical in principle and
is accomplished in a manner similar to the dual-tank
method described in the foregoing paragraphs. The
essential difference is that the water displaced from the
prover must be pumped back into the prover from a
supply source or from an auxiliary water-receiving
vessel.

Gas Displacement Method {See Fig. 17)

3028 The gas displacement method of proving
meters involves the application of gas pressure to the
inside of the prover to minimize evaporation loss of the
{est fiquid. This meiliod of proving is applicabie to the
top and bottom graduated-neck, top graduated-neck,
single-weir, and double-weir closed provers. The de-
termination of the lower zero level of liquid and the final
liquid Ievel will be similar to that outlined for these
provers when used as open volumetric provers. A back-
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pressure gas recutator should be used to maintain the
desired pressure (necessarily above the vapor pressure
of the test liquid) in the prover when this method is
{ollowed.

3029 In proving a meter with this method, vapor
or gas pressure is applicd to the prover; it is thus purged
of air, then the pressure is raised to the desired point.
The metered stream is then turned into the prover to
cqualize temperatures, purge vapors from proving lines,
and assure wetted walls within the prover. During this
filling, the back-pressure gas regulator should be ad-
justed to maintain the required pressure in the prover.
Aller the prover has been filled, the liquid is withdrawn
until the liquid level is at the bottom zero mark. As test
liquid is withdrawn, the prover is filled with gas under
pressure, preferably saturated. The prover may be
cquipped with a spray nozzle for spraying the interior
thoroughly with the test liquid to saturate the vapor
space. This spray system should be run during with-
drawal of liquid from the prover. When the liquid level
approaches the bottom zero mark, the spray should be
shut off and the prover walls allowed to drain before
starting the proof run. The proof run is started by di-
recting liquid through the meter into the prover after
recording the meter reading, lower liquid level reading,
and necessary pressures and temperatures. When the
liquid appears at the final liquid level, the flow into the
prover is stopped and the required readings noted and
recorded. Subscquent proof runs are made in the same
basic manner.

Vapor Displacement Method (See Fig. 18)

3030 This method is used primarily on meters de-
livering high-vapor-pressure liquids, such as LPG, from
a supply vessel and involves the use of a pressure-
equalizing line between the vapor space of the prover
and the supply vessel. This line allows vapors of the
test liquid to pass freely between the prover and the
supply vessel, causing pressures in the two vessels to be
equal at all times. This method of proving is generally
limited to the pressure-type provers with top and bottom
eraduated necks. The determination of the lower zero
level of liquid and the final liquid level will be similar to
that outlined for opeit volunielric provers.

In preparing this system for meter proving, vapor
from the supply tank is permitted to fill the equalizing
line up to the prover. Test liquid is then used to fill the
prover, venting the air from the prover through the top
vent. The vapor-equalizing line may then be opened to
the prover, whercupon cquilibrium conditions between
the prover and the supply vessel are established. The
tost Hguid s then pumped vui undil the liguid level ap-
pears in the bottom gage glass at the starting level. The
pump is stopped, the pump line valve is closed, and the
starting liquid level is observed and recorded. The de-
livery puinp is then started, and the piping to the prover
inlet valve is pressurized. The opening meter reading

and necessary temperatures and pressures arc observed
and recorded, after which the start-stop valve is opened
to start flow through the meter into the prover and the
rate valve adjusted for the desired Dow rate. As the
prover is filled, the vapor above the liquid in the prover
is displaced into the vapor space of the supply tank
through the equalizing line. When the liquid in the
prover appears at the final liquid level in the top neck,
the flow is stopped and final liquid level readings, prover
temperature and pressure, and the closing meter read-
ings are observed and recorded. If a non-temperature-
compensated meter is used, the temperature of the
metered stream should be determined and recorded fre-
quently enough during the filling of the prover to assure
an accurate average temperature of the liquid as it
passes through the meter. Subsequent runs are made in
the same manner. Attention is drawn to the fact that
any appreciable rise in the pressure in the vapor space
in the prover while it is filling over that in the supply
tank may cause some condensation of vapor in the
prover and give rise to errors. Also, errors may be
caused by the addition of heat from pumps, solar radia-
tion, or outside heating mediums.

Vapor-Condensing Method (See Fig. 24)

3031 The vapor-condensing method is used for
LPG meters and consists of completely filling a prover
without the use of a vapor return line. This proving
method is applicable only to the vapor-condensing
prover which 1s illustrated in Fig. 24. With this method,
the total enclosed volume of the prover must be known
and is determined as outlined in Par. 2082 through Par.
2085. The prover must be equipped with a spray-filling
device in the top of the prover, which will provide maxi-
mum contact between the liquid spray and vapors in the
prover during filling to insure a liquid-full prover. A
bottom and top bleed valve are used with: this type of
prover instead of gage glasses, inasmuch as the prover
must be checked to determine whether it is empty or
full.

Prior to the proof runs, the prover must be filled and
emptied one or more times to equalize temperatures and
purge lines of vapors. After the prover has heen emn-
tied of liquid, a portion of the vapors is bled to the
atmosphere to reduce the pressure in the prover to a
predetermined level. The bottom bleed valve should
then be checked to insure that the prover is empty of
liquid, and the inlet piping should be pressurized. The
opening meter reading and the temperature and pressure
of the vapor in the prover should be noted and recorded.
The proof run is then started by turning liquid flow
through the meter into the prover at the desired flow
rate. If a non-temperature-compensated meter is used,
the temperature of the metered stream should be de-
termined and recorded frequently enough during the
filling of the prover to assure an accurate average tem-
perature of the liquid as it passes through the meter.
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The tlow into the prover should be continued until the
meter stops. When the meter stops, the inlet valve to
the prover should be closed, and final meter reading,
temperature, and pressure of the prover should be noted
and recorded. The top bleed valve is used to determine
if the prover is completely full. It the prover is not
liquid-full, the run should be disrecarded. The actual
volume detivered into the prover will be the volume of
the prover less the volume of the condensed vapor
corrected for the difference in temperature of the me-
tered stream and the temperature of the liquid in the
prover at the end of the test run. Proving of meters by
thic mathad can he farilitated hv the nee of cnecial tahles

from which corrections may be read directly.

Mechanical Displacement Provers (See Fig., 21,
22, and 23)

3032 The procedure for proving meters into piston
displacement provers is dependent upon the type of
prover which is used. These procedures are described
in the following paragraphs for the bidirectional piston
displacement prover and the unidirectional piston dis-
placement prover.

Bidirectional Piston Method (See Fig. 21 and
Fig. 22)

3033 The bidirectional piston prover involves the
use of a honed cylinder with a sealed piston, as illus-
trated in Fig. 21 and Fig. 22. The prover must be dis-
placed with liquid a sufficient number of times to assure
that it is full of liquid and free of vapor, as well as to
equalize temneratures in the prover. These displace-
ments are accomplished by alternately changing the two-
position, four-way, four-port valve from one position to
the other. Vapors, if present, can be released from the
cylinder through the vapor vent valves at the top ends
of the cylinder. The pressure differential valve, where
required, shoutd be adjusted to insure that the liquid
entering and leaving the prover is not flashing to vapor.
The proof run is started by moving the piston to its
stop at either end of the cylinder, noting the initial meter
reading, and then changing the four-way valve to its
alternate position to start flow into the prover. When
the piston stroke is completed, the liquid flow through
the meter will automatically stop when the known and
precalibrated volume of liquid has been displaced from
the cylinder. The final meter reading is recorded along
with necessary pressures and temperatures observed
during the proof run.

Unidirectional Piston Method (See Fig. 23)

3034 The unidirectional piston method of proving
involves using as a prover a section of the line in which
a meter, or meters, is installed, with a piston employed
to displace liquid between two reference points at the
extremities of the section. This piston may consist of a

steel siaft equipped with conventional rubber seraper
dises or cups mounted on cach end, or otier suitable
devices. ‘

3035 A piston is inserted in the launching barrel,
and the barret is filled with liquid. The valves at the
receiving barrel are arranged to peratit receipt of a
piston into the receiving barrel. The initial meter read-
ing is made on the proving counter, or counters, and
the piston is launched into the prover section. The
proving counter will be engaged when the piston con-
tacts the first mechanical tripper (indicator) and will
be disengaged when it contacts the second tripper. Me-
ter temneratore muct he recorded ac the nranf nracraccae
unless a temperature-compensated meter is used. When
the prover section is downstream from the meter, the
temperature and pressure at each tripper should be ob-
served and recorded when the piston strikes tripper
No. 2. When the prover section is upstream from the
meter, the temperature and pressure at each tripper
should be observed and recorded when the piston strikes
tripper No. 1. Such readings are averaged to find the
representative temperature and pressure of the displaced
volume of liquid. The piston will displace (or allow the
replacement of) a known volume of liquid from the
prover section which will be comparable to the indicated
registration on the meter counters. After the piston has
contacted tripper No. 2, the final meter reading is ob-
tained from the proving register. T2 elapsed time be-
tween the tripping of No. 1 and No. 2 is necessary in de-
termining the rate of flow. The true displaced voiume
of the prover section is obtained by application of the
proper corrections to the base (calibrated) volume of
the prover, as described in Par. 3044,

Master Meter Method (See Fig. 25)

3036 The master meter method of proving meters
requires the use of a master meter of acceptable per-
formance to check the meter to be proved. The master
meter can be any one of a parallel battery of meters, a
portable meter, or a meter at a test station used specifi-
cally for proving meters. The master meter should be
reliable, consistent in its performance, and maintained
in the best operating condition. If used in portable
service, the master meter should be adequately protected
against damage in transportation, mishandling, and in-
stallation. The meter must be frequently proved with
an acceptable proving system at as many flow rates as
required and under conditions which simulate those
under which it will operate. Its accuracy is estabiished
and must be maintained within the desired tolerances,
consistent with the quality of measurement accuracy
desired. Tn proving the master meter, a complete recard
of all data should be kept in order that necessary cor-
rections may be applied when using the master meter
to prove meters under pressure and temperature condi-
tions different from those existing during the proof of the
master meter.
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3037 The master meter is connected in series with
the meter to be proved, and the two meters are oper-
ated at the desired flow rate for a suflicient period of
time to purge the svstem and equalize pressure and tem-
perature. Either the standing start-and-stop or the
running start-and-stop method muay be employed. Flow
through the meters is stopped, and the opening read-
ings arc recorded. To start the proof run, flow is
started through the two meters simultaneousty by open-
ing a valve on the downstream side of the meters to give
the desired flow rate. When sufficient time has elapsed
to provide a satisfactory meter proof. the two meterc ara
2ISEECd Uy Ciosiug wie same valve. A minimum test run
of § min is recommended. Closing meter readings and
necessary pressures and temperatures should be ob-
served and recorded.

OPEN GRAVIMETRIC PROVERS (See Fig. 19)

3038 A preliminary run is made, and the prover is
filled with the test liquid from the meter to be proved in
order to purge the system of air or vapor and to equalize
temperatures. When the prover is full, all valves and
connections should ‘be checked for leakage. The scale
and allied equipment should be checked to assure
proper operation. The prover is then pumped out or
drained, leaving sufficient liquid to fill the inlet line.

To start the proof run, the initial meter reading is
recorded; then the scale is read to the nearest one-half
increment of scale division, which is recorded as the
tare weight. Flow is then started through the meter into
the prover at the desired flow rate. Necessary pressures
and temperatures at the meter are recorded while the
prover is filling, and a repiesentative sample of the me-
tered liquid is obtained ahead of the meter as described
in Par. 3052. When the liquid level in the prover ap-
proaches capacity, the flow is stopped and the final
meter reading and the weight (gross) on the scale are
noted and recorded. The net weight of the liquid in the
prover is then obtained by subtracting the tare weight
from the gross weight. The volume corresponding to this
net weight is calculated from the density of the metered
liquid and compared with the metered volume to de-
termine meter performance. The net weight of the
liquid in the prover can also be compared with the cal-
culated net weight corresponding to the volume regis-
tered on the meter.

CLOSED GRAVIMETRIC PROVERS (See Fig, 20)

3039 The basic procedures outlined for the open
gravimetric prover in Par. 3038 will apply. Actual op-
eration of the nrover will depend npon the method used
for controlling the vaporization of the test liquid. The
gas displacement, vapoer displacement, and vapor-con-
densing methods outlined for closed volumetric provers
are acceptable methods for controlling vaporization in

closed gravimetric provers.

—ﬂ—_'—

Gas Displacement Method

3040 The pressure in a closed gas displacement
prover shall be maintained sufficiently above the vapor
pressure of the test liquid to prevent vaporization; it
shall be not less than the vapor pressure of the test
liquid and preferably about 10 per cent higher.

3041 The gas displacement method of proving into
a closed gravimetric prover consists of applying vapor
or gas pressure to the prover, raising the pressure to a
desired point. A back-pressure gas regulator should be
used to maintain the decirad prossuic i ine prover dur-
ing the proof run. When liquid is withdrawn from the
prover, the tank should be filled with gas under pres-
sure. Proper accounting must be made for the weight
of any vapor displaced from the prover during filling.

Vapor Displacement Method

3042 The vapor displacement method of proving
into a closed gravimetric prover is used on meters de-
livering from a supply vessel; it utilizes a pressure-
equalizing line between the prover and the supply vessel.
This line allows free passage of the vapors of the test
liquid between the prover and the supply vessel, equaliz-
ing pressures at all times. Proper accounting must be
made for the weight of the vapors displaced from the
prover during filling.

Vapor-Condensing Method

3043 The vapor-condensing method of proving
intc a closed gravimetric prover consists of filling the
prover without the use of a vapor return line, condensing
the vapor to liquid as the tank fills. No vapor is vented
in proving with this method.

DETERMINATION OF TRUE VOLUME MEAS-
URED IN VOLUMETRIC PROVERS

3044 The volumetric methods of proving meters
require that certain corrections be applied to the liquid
volume measured in the prover in order to determine
the true volume. These corrections include allowances
for the following:

a. Change in tank shell dimensions with change in pres-
sure.

b. Change in tank shell dimensions with change in tem-
perature.

c. Change in volume of test liquid with change in pres-

sure,

d. Change in volume of test liquid with change in tem-
perature.

Thesc factors may be expressed as follows:
V60 = (V) (C) (Crs) (Cu)
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V.60 == net prover tank volume at 60 F and equilib-
rium pressure.
volume at equilibrium pressure for observed
temperature T (sce Par. 3046).
= correction factor for change in prover tank
shell dimensions with change in pressure
(see Par. 2116 through Par. 2122).
C.s = correction factor for change in prover tank
shell dimensions with change in temper-
ature (see Par. 3045).
C, = correction factor for change in volume of test
liquid for change in temperature (see Par.
3047).

O =
l I

Change in Prover Tank Shell Dimensions with
Change in Temperature

3045 The correction factor (C,,) for the change
in tank shell dimensions with change in temperature is
determined as follows:

Where: '

T, = temperature of the tank shell, usually assumed
to be the same as the average liquid temper-
ature in the prover tank, in degrees fahren-
heit.

E. = coefficient of cubical expansion per degre fahr-

3 b N - 3 Lo
enheit of ¢the moterizl of which thc taik Is
made.

Thus C,, will be greater than 1.0000 when T, is greater
than 60 F and less than 1.0000 when T, is less than
60 F.

The coefficient of cubical expansion of a mild steel
tank, as recommended in ASA Standard B31.3-1959:
Petroleum Refinery Piping, is 0.0000182 per degree
fahrenheit. Based on this coefficient, the following table
of C,, values shall be used for various temperatures of
liquid in mild steel prover tanks:

Temperature
(Degrees Fahrenheit) 0 2
20 0.999272 0.999308
30 0.999454 6.999490
40 0.999636 0.999672
50 0.999818 0.999854
60 1.000000 1.000036
70 1.000182 1.000218
80 1.000364 1.000400
90 1.000546 1.000582
100 1.000728 1.000764
110 1.000910 1.900946
120 1.001092 1.001128

When provers made of materials other than mild steel
are used, the proper coefficients of expansion of the
material shall be agreed upon by all parties involved
and these coefficients shall be used.

Change in Volume ot Test Liquid with Change in
Pressure

3046 The formula for the liquid volume at a pres-
sure higher than equilibrium pressure and at any tem-
perature T is as follows:

Vi = V[l - (P,—P)F]
Where:

V. = volume at equilibrium pressure and T.

P. = equilibrium pressure at T if above atmospheric
pressure, in pounds per tquare inch gage. (If
equilibrium pressure is atinospheric pressure
or below, use zero gage pressure.)

V» = volume at any specific pressure above equilib-
rium pressure and at T. (May be prover
pressure, meter pressure, or any other de-
sired pressure. )

P, = pressure at ¥, and 7, in pounds per square inch

gage. )

F = compressibility factor per pound per square
inch gage for the liquid involved at tem-
perature T (from Fig. 33 or Table H).

For converting a known volume at a higher pressure
to the volume at equilibrium pressure, the following
form of the formula will be more convenient:

N /S
Tl (Py—P) F

To convert a volume from one known pressure P, to
the volume at a lower pressure P;, when both volumes
are above equilibrium pressure, the following formula
is used:

= v, 1= (Bi=P) F
V1= VTR P F
Where:

P, = pressure at which the new volume is desired.
V) = volume at the lower pressure P;.

4 6 8
0.999345 0.999331 0.999418
0.999527 0.999563 0.996600
0.999709 0.999745 0.999782
0.999891 0.999927 0.999964
1.000073 1.000109 1.000146
1.000255 1.000291 1.000328
1.000437 1.000473 1.000510
1.000619 1.000655 1.000692
1.600801 1.000837 1.000874
1.000983 1.001019 1.001056
1.001165 1.001201 1.001238

Cr, solving for V,,
l—(Py,—~P.)} F
7=y, AP ) b
Ve =V (p—Ba F




Compressibility factors arc shown in Fig. 33 and
Tabte 11, Appendix B.

Change in Volume of Test Liquid with Change
in Temperature

3047 The correction factor (C.) for the change
in volume of test liquid with change in temperature is
determined from ASTM-IP Petrolewn deaswremeni
Tables (ASTM designation: D 1250; 1P designation:
200). ‘these volume correction factors for liquids hav-
ing a vapor pressure above atmospheric include a pres-
sure correction factor for the change in vapor pressure
which occurs with a change in temperature. This must
be considered when calculating true volume at reference
conditions.

DETERMINATION OF TRUE VOLUME MEAS-
URED BY GRAVIMETRIC PROVER

3048 In the gravimetric methods of proving, the
API or specific gravity of the test liquid must be ac-
curately determined in order to calculate the volume
corresponding 10 the net weight of the liquid metered
into the prover. The volume determined by the gravi-
metric method will be for the reference pressure and
temperature at which the API or specific gravity is de-
termined. In this method of proving. the effect of the
buoyancy of air is also an important consideration.

3049 The true volume measured in an open or
closed gravimetric prover may be expressed in a formula
as follows:

_ Wet Wy-W,
V60 F = Wi 60F

Where:

Vi 60 F = volume measured in prover at 60 F.
e = gross weight of the prover and test liquid,
in pounds.
Wy = weight of air, gas, or vapor displaced
from the prover, in pounds.
Wp = tare weight of the prover and residual
test liquid, in pounds.
Wy 60 F = weight per unit volume of the test liquid
at 60 F, corrected for buovancy of air
if necessary, in pounds.

The volume measured in the prover may be calculated at
any temperature, providing the weight per unit volume is
at the same reference temperature.

Weight of Vanor

3050 In gravimetric proving, it may be necessary
to account for the weight of any air or vapor (W:) dis-
placed from the prover during filling. Proper accounting
for such air or vapor transfer requires accurate analysis
of the vapor to determine its physical properties.
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Weight per Unit Volume

3051 ‘The weight per unit volume (1¥;,) is deter-
mined from applicable ASTM or NGAA tables by using
the API or specific gravity of a representative sample of
the test liquid.

Sampling Procedure

3052 A sample which 1 répresentative oL Lk e~
tered liquid flowing to the weigh tank must be obtained
ahead of the meter during each test run. This sample is
to be used to determine the API or specific gravity of the
liquid being metered. Details of the sampling procedure
are outlined in API Standard 2500. The sampling pro-
cedure for liquefied petroleum gas shall be in accordance
with NGAA Publication 2140-57: Liquefied Petroleum
Gas Specifications and Test Methods or some other
suitable method which is acceptable to the interested
parties.

AP! or Specific Gravity Deiermination

3033 The hydrometer is the most frequently used
instrument for the determination of API or specific
gravity. The procedure for using the hydrometer should
be in accordance with ASTAM Designation D 287-55:
Standard Metiiod of Test for APl Graviz» of Petroleum
and Tte Products {Hydromster Methody When ile
hydrometer is used to test LPG, the procedure should
be in accordance with NGAA Publication 2140-57.
Hydrometers manufactured in the United States are
calibrated to indicate gravities corrected for the buoyant
effect of air or true gravity.

3054 The pycnometer or specific gravity bottle
method of gravity determination may be used. Several
common types of pycnometers are shown and described
in Instruments and Apparatus, Part 16: Density De-
terminations, supplement to ASME Power Test Codes.
In this method, care must be exercised in cleaning the
pycnometer, avoiding air bubbles in the sample, and
weighing. A pycnometer that eliminates the trouble
with the air bubbles, and in which the volume of the
sample is more casily and accurately determined, is
shown and described in ASTM Designation D 941-55:
Standard Method of Test for Density and Specific Grav-
ity of Liquids by Lipkin Bicapillary Pycnometer. This
method does not correct for the buoyant effect of air,
and the results obtained are “apparent” values. In the
case of high-vapor-pressure petroleum liquids, the pyc-
nometer method of specific gravity determination shall
be in accordance with NGAA Publication 2140-57 or
some other suitable method which gives accuracy of
measurement acceptable to the interested parties.

3055 The “gallon bottle” method is a variation of
the pyvenometer. The tare weight of a closed bottle
of any exact known capacity is accurately determined.
The bottle is filled hydrostatically full with the known
volume of the liquid sample, and the gross weight is
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accurately determined. The net weight of the liquid
sample is the gross weight minus the tare weight. The
density of the sample, in pounds per gallon, is deter-
mined by dividing the net weight by the volume of the
sample in the boftle. The results obtained by this
miethod are “apparent™ unless corrected for air buoy-
ancy.,

3056 The Westphal balance is an instrument de-
signed for the measurement of density or specific gravity
by means of the hydrostalic Weiginng mcwod. 1 vl
sists of a sensitive analytical balarce for determining
the buoyvant eflect of the liguid being tested upon a to-
tally immiersed plummet of a predetermined volume.
The resuli is “apparent” specific gravity unless corrected
for the buoyancy of the air, or unless the instrument is
calibrated to compensate for an average air density to
give “true” specific gravity. The Westphal balance
should be checked periodically against a laboratory
standard to assure that no damage has occurred to the
balance knife edges and mechanism.

Calculation of Weight per Unit Volume
OPEN PROVERS

3057 In the case of proving into an open gravi-
metric tank, the “apparent” weight of the test draft is
read from the scale since the quantity weighed is af-
fecied by aht buoyancy. The ASTM 1) 1250 tables give
the “apparent” weight of petroleum liquids correspond-
ing to “true” API or specific gravity. The weight per
unit volume (W), as used in the calculation of the
volume measured in the prover, is read directly from
these tables.

CLOSED PROVERS

3058 In the case of proving into a closed gravi-
metric tank, the “true” weight of the test draft is the
dirference between the indicated gross and tare weights,
inasmuch as the air buoyancy effects on the prover and
liquid at the start and end of the proof run are equal.
Because the ASTM D 1250 tables show the “apparent”
weight of liquid, it is necessary to correct “apparent”
weight to “true” weight by adding the effect of air
bvoyancy to the published “apparent” weight. The
weight per unit volume (W), to be used in the calcu-
lation of the volume measured in the prover, is obtained
as follows:

Wiy = apparent weight per unit volume, from
ASTM D 1250 tables + air buoyancy per unit volume
The method of determining the “air buoyancy pe- unit

» g H H - Neaw INELNH
volume” ic disenssed in Par. 30592 through Par. 3060.

Air Buoyancy Determination

3059 The air buoyancy correction applied to any
“apparent” weight to convert it to “truc” weight is cal-
culated by multiplying the air density by the difference

between the volume of the abjeet weighed and the vol-
ume of the weights required to balance it on an even
arm balunce. The buoyancy correction is added to the
“apparent™ weight of the liquid to obtain the “true”
weight of the liquid.

Exact formulas for this purpose are cumbersome to
use, and it is not always convenient to find the volume
of the scale weights. However, it can be shown that,
for practical field purposes, the buoyancy correction
oy b ostrente avaracead ne fallnwe:

B=(0.9)(d)(V)
Where:

B = air buoyancy, in pounds per cubic foot.

d, = air density, in pounds per cubic foot.

V = volume of liquid at “apparent” weight, in cubic

feet.
Therefore, the buoyancy correction per gallon becomes
- (09) (d)
B (galion) = 374808 =(0.12030) (d,)

and the correction per barrel becomes
B (barrel) =(0.9)(d,) (5.6146) = (5.05314)(d,)

Ir cemputing meter performance, the maximum ex-
pected error arising through the use of this formula will
not exceed plus or minus 0.005 per cent.

In using the gravimetric method of nraving into a
closed prover, a table of “true” weights of the liquid
being metered may be useful if an average or constant
air buoyancy correction is acceptabls in the measure-
ment procedure.

3060 To determine the buoyant effect of air, it is
necessary to know the air density. For the most precise
possible determination of air density at the time and
place of the test, a sling psychrometer shall be used in
the determination of dry- and wet-bulb temperatures of
the air; and an acceptable barometer, corrected for locat
elevation, shall be used for measurement of atmospheric
pressure at the time of the test. The air density may
then be determined by the following equation:

4. — Pa=90.38p,
T 07547,
Where:

d, = density of atmospheric air, in pounds per cubic
foot.

T, = absolute temperature of atmospheric air, in de-
grees fahrenheit+ 460,

p. = barometric pressure, in inches of mercury at
32 F.

p. = partial vapor pressure of water in atmosphere,
in inches of mercury

—p, — Palla=le)
= P T 5800131,

saturated water vapor pressure at wet-bulb tem-
perature, in inches of mercury (from steam
tables corresponding to t.).

t, = dry-bulb temperature, in degrees fahrenheit.

t.. = wet-bulb temperature, in degrees fahrenheit,

Pr
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Alternately, a slightly less accurate determination of air
density may be computed from the foregoing formula by
substituting information obtainable from Local Clima-
tological Data published monthly by the United States
Department of Commerce, Weather Bureau.

Upon agreement by all parties involved (and for
practical purposes), an average density of standard air,
namely, 0.001217 ¢ per cu cm, may be as used by
ASTM D 1250 tables. This average density, when
converted to avoirdupais units, becomes 0.0759752 1b
per cubic foot at 60 F, or 0.4265 Ib per barrel at 60 F.

SECTION IV-—METER PERFORMANCE

SCOPE

4UUL  1'his seclion descrines UIE valious Cultipuia-
tions in the proving of a meter and shows basically how
the resulting expressions of meter performance may be
applied to the meter’s normal measurement operations.

GENERAL

4002 Meter performance (see definition No. 49)
must be obtained by proving the meter. It is varicusly
termed “meter factor,” “meter accuracy,” “over-or-
under delivery,” or “over-or-under registration™ (see
definitions No. 48, 42, 1§, and 76), depending upon
preference or custom. It is always an expression of the
relative throughputs for any one given set of operating
conditions; for example, some particular pressure, rate
of flow, viscosity, gravity, mechanical condition of the
meter, and temperature. The performance of a meter
will change whenever any of the significant conditions
under which it operates is changed. For this reason,
a meter must be proved uncer conditions simulating
those existing in its normal operation. The proper meter
performance for the existing operating conditions ap-
plied mathematically to the indicated meter quantity
will give the true quantity.

4003 A meter characteristic is determined from a
series of meter provings and is normally presented in
graph form. It is common practice within the industry
to speak of an “accuracy curve” for a meter. This may
be a plot of the meter performance versus rate of flow,
pressure, temperature, viscosity, or mechanical condi-
tion.

4004 Mocter performance is affected by meter slip-
page and by change in volume of the metered liquid with
change in operating temperature, pressure, or both.

4005 Conditions which may affect meter slippage
are:

a. The viscosity of the metered liquid.

b. The clearances in the measuring element through
which liquid can pass.

¢. The hydraulic head loss (pressure loss within the

motar)
d. Lubricating qualities of the liquid.
e. Flow rate of the liquid through the meter.

f. Temperature of the liquid flowing through the
meter.

¢. Pressure of the liquid flowing through the meter.

TEMPERATURE EFFECTS ON METER
PERFORMANCE

4006 Consideration of temperature effects is im-
portant in actual proving operations anG in expression
of meter performance. Temperature change of the
metered stream may affect meter slippage and the ac-
tual metered volume, and may cause vaporization of
the liquid. An automatic temperature compensator or
temperature correction factors may be used to correct
the indicated throughput to 60 F or to some desired
base temperature (see Par. 4011).

4007 When a meter is being proved, the tem-
perature of the liquid in the meter and in the prover
must be the same or be coirected to a common tem-
perature to secure the correct expression of meter per-
formance.

PRESSURE EFFECTS ON METER
PERFORMANCE

4008 The pressure which is held in a volumetric
prover at the time the volume is observed, or the pres-
sure at which the gravity is determined for a gravimetric
prover, is the pressure at which the meter being proved
will measure the liquid passing through it. This volume
observed in the prover must be corrected to its equiva-
lent volume at the reference pressure and temperature
to obtain the correct meter factor. Unless the pressure
inside the meter case is essentially the same at all times
during a meter’s continuous operation as it was when
the meter was proved, a pressure correction should be
applied (see Par. 3046 and Par. 4010). This is true,
regardless of the pressure in the meter during proving,
for both volumetric and gravimetric provers.

4009 The pressure maintained in a volumetric
prover should be as near the desired reference pressure
as possible. Where this cannot be done, it is necessary
to adjust the volume observed in the prover at the ob-
served pressure to the volume which it would occupy
at the desired reference pressure. This may be done
by means of the compressibility chart shown in Fig. 33
and the formula given in Par. 3046, or by means of the
compiessibility factors given in Tuble 11, Appendix B.

4010 The meter factor is obtained for the existing
operating pressure. If, after proving, the operating
pressure is changed and it is impractical to prove the
meter at the new pressure, the meter factor may be ad-
justed for the new operating pressure in accordance
with Par. 3046.
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EXAMPLE:

Assume that a meter is proved at 80 F on 65 deg
API at 60 F gasoline and 1,000 psi meter case pres-
sure and has a meter factor of 1.0062. The vapor
pressurc is 10 psia, which is less than atmospheric.
At some subsequent time the operating pressure
within the meter is reduced to 750 psi, but other
conditions remain the same. It is desired to continue
measurement by meter without further provings. The
meter is made of cast steel and is assumed to have
negligible strain as a result of pressure. F is deter-
minad directlv fram Fi_c 233 or Tahla 1T, App@ndir
B. Then the meter factor at the lower pressure equals
the meter factor at the higher pressure times the vol-
ume at the higher pressure over the vclume at the
lower pressure:

Ve (1 - (Py—P.) F]

MF ath, = (MFat P75 53/

_ 1—(P,—P,) F
= MF at Ph 1‘_: (PI:PQ) F
_ Looga 1=(1,000-0) 0.0000091
T TTTT 11— (750--0) 0.0000091
1-0.0091
= 1.0062 1-0.0068
0.9909
= 1.0062 09933 = 1.0039

When linnids are being mencured which have a vapor
pressure above atmospheric, the volumes measured
during proving (both prover and metered volumes)
must be corrected for pressure to the vapor pressure of
the liquid at the observed temperature.

4011 Corrections for pressure effects on liquids
with a vapor pressure above atmospheric are somewhat
more involved than for liquids with lower vapor pres-
sures because the volume corrections for temperature
for products as given by the ASTM D 1250 tables also
include the correction for pressure at equilibrium. Thus
a meter factor cannot be applied to the reading of a me-
ter measuring a liquid with a vapor pressure above at-
mospheric, and operating at various temperatures and
a constant pressure, to correct the meter registration to
a base temperature and pressure. It is usually most
convenient, in proving meters used in measuring high-
vapor-pressure liquids, to determine a meter factor
which will correct the meter registration to the actual
volume at operating temperature and pressure. If the
measured volume is desired at a base temperature and
equilibrium pressure, corrections for pressure are ap-
plied to correct the measured liquid volume from the
measured pressure to the equilibrium pressure at the
measured temperature, in accordance with Table II,
Appendix B. Adjustments are then made by use of the
ASTM D 1250 tables to correct the volume from the
observed temperature to the desired basc temperature.
The following is an example based on the use of 2 non-
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temperature-compensated meter.  Appropriate  steps
may be omitted whare a temperature-compensated nie-

ter is used.

a. A meter is used to measure a liquid with specific
gravity of 0.508 at 60 F.

b. The meter is operated at 500 psig and 85 F during
proving and registers 16.5 bbl.

c. The observed volume in a volumetric prover is 16.6
bbl, at a temperature of 90 F and a pressure of 300 psig.

d. The liquid vapor pressure is:

41 psigat 20F
Y2 psigat 60 F
138 psigat 85 F
149 psigat 90 F
172 psig at 100 F

To find the meter factor, the following steps should
be taken:

a. Correct the observed volume in the prover to stand-
ard conditions.

1. Correct the observed volume in the prover from
90 F and 300 psig to 90 F and 149 psig:

Volume at 90 F and 149 psig (V,) =

Volume at 90 F and 300 psig (V) .

~

1—(Pp—P.)F

——=— {See¢ Far. 3046.)

The compressibility factor from Table 11, Appendix
B, for a liquid of 0.508 specific gravity at 90 F is
0.0000486; thus:

Volume at 90 F and 149 psig

= 16.6+[1—(300—149) 0.0000486]
= 16.7227 bb!

2. Correct from 90 F and 149 psig to 60 F and 92

psig:

{(Volume at 90 F) (correction factor) = volume at 60 F

The correction factor from ASTM D 1250 Table 24
for correcting the volume of a liquid of 0.508 specific
gravity from 90 F to 60 F is 0.9486; thus:

(16.7227)(0.9486) = 15.8632 bbl

which is the observed volume in the prover corrected
to 60 ¥ and 92 psig.

b. Correct the prover volume at standard conditions to
the volume at metered conditions.

1. Correct volume from 60 F and 92 psig to 85 F
and 138 psig. From ASTM D 1250 Table 24, the
factor is 0.9576; thus:

15.8632-0.9576 = 16.5656 bbl

2. Correct volume from 85 F and 138 psig (V.) to

85 F and 500 psig (V). The compressibiiity factor
from Table 1I, Appendix B, is 0.0000470. From
Par. 3046,

\,h ve [1 - (Ph - P() F]

il

It

16.5656 {1 — (500 138) 0.0000470}
16.5656 [1— (362) 0.0000470]
16.2838 bbl




)
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¢. Obtain the meter fuctor to be used to correct the
meler registration to the actual volume measured. Ob-
served volume in prover, corrected to temperature and
pressure conditions in the meter, divided by the regis-
tration equals the meter factor:
162838 : 16.5 == 0.9869

1t will be noted that steps a (2) and b (1) could have
been combined. However, for the purpose of illustra-
tion, the procedure for correction to the base conditions
was followed. Also, this is the procedure which is used
to correct the meter registration to volume at base con-
ditions in normal operation, Ac an examnle aceanme
that the same meter is operated at SO0 psig and 100 F
on the same liquid used in proving and that the meter
registration is 10,000 bbl. To obtain the volumes at 60
F and 92 psig, the following steps should be taken:

a. Obtain the actual volume at metered conditions (500
psig and 100 F):

(Meter registration) (meter factor) = actual volume
(10,000) (0.9869) = 9,869 bbl

b. Correct volume from 100 F and 500 psig (V) to
100 F and 172 psig (V.):

9,869 = [1 — (500—172) 0.0000517] == 10,039 bb}

c. Correct volume from 100 F and 172 psig to 60 F
and 92 psig:
(10,039) (0.9308) = 9,344 bbl

AMUERICAN PETROLEUM INSTITUTE

Assume the same conditions as the forepeing, except
that the meter is operating at 20 F; thus:
«. The actual volume at metered conditions (500 psig
and 20 F) is obtained as in the foregoing and is 9,869
bbl.
b. Volume corrected from 20 F and S00 psig (V)) to
20 F and 41 psig (V) is as {ollows:

9,869 -] 1 -- (500 —-41) 0.0000328] = 10,020 bbl

c. Volume corrected from 20 F and 41 psig to 60 F
and 92 psig is as follows:
(10,020) (1.0618) = 10,639 bbl

METER PERFORMANCE UNDER CONDITIONS
OF VARYING FLOW FATE

4012 There may be variation in meter performance
when the operating flow rate varies appreciably from
the proving flow rate. Maximum accuracy will be ob-
tained by performing a meter proof at each flow rate
encountered. However, where there is appreciable vari-
ation in the operating flow rate, a meter accuracy curve
may be determined over the range of flow rates and an
appropriate meter performance factor selected from
the accuracy curve.

SECTION V—OPERATION AND MAINTENANCE OF METERING SYSTEMS

SCOPE

5001 This section covers recommended meter op-
erating and maintenance practices for all installations
regardless of type of liquid or type of service.

GENERAL CONSIDERATIONS

3082 The accuracy of tiquid measurement by meter
will depend upon the condition of the meter; the prov-
ing system; the frequency of meter proving; the cor-
rections made in proving; and the variations between
operating and proving conditions, if any. The proving
equipment should be selected, operated, and maintained,
and the meter installation operated and maintained, in
such a manner as to achicve the desired approach to
accuracy which may be established by policy, mutual
agreement, or regulation.

5003 Mzster installations should be checked peri-
odically by operating personnel to assure that the fol-
lowing equipinent has been properly installed, operated,
and iainlained as prescribed in this standarcd:

a. Meters, valves, and piping, note being taken of size,
working pressure, and other physical characteristics.

4. Proving facilities.

c. Air elimination equipment, strainers, filters, and
water removal equipment.

d. Protective devices such as relief valves, flow-iimiting
valves, back-pressure valves, and alarms.

e. Pressure gages, thermometers, samplers, and gravi-
tometers.

f. Auxiliary equipment such as meter registers, ticket
printers, registration combining devices, gravity se-
lectors, temperature compensators, and remote tele-
metering devices.

5004 Definite operating procedures should be fur-
nished operating personnel. These operating proce-
dures might include:

a. Step-by-step method for meter provings at a partic-
ular location.

b. Provision for periodic checking of the prover ac-
curacy.

c. Specific frequency of meter provings to meet op-
erational changes in flow rate, pressure, temperature,
and liquid characteristics.
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e. Specific use of applicable temperature and pressure
correction factors.

f. Accounting and reporting of metered volumes and
other observed data.

g. Valve lubrication, if required.
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h. Operation of standby or spare meters.

i, NMintmum and maximum meter tlow rates and other
operating conditions, such as pressure and tenperature,
jo Sealing of meters and bypass valves.

k. Procedure for volume adjustment in the event of
meter failure or mismeasurement,

. Taking of samples.

m. Procedures for items not included in the foregoing
but which may be important for a specific location.

5005 The frequency with which any particular
type of meter should be proved is difficult to exnrecc in
chronological or throughput terms. The service under
which a meter operates should be studied and, through
experience, a frequency of meter proving should be
established which will maintain the accuracy of the
meter within the tolerance limit of the user. Meter-
proving reports, if analyzed, should indicate the follow-
ing:

a. Maintenance interval.
b. Proving interval.

c. Constancy of performance.

5006 Meters should be maintained in accordance
with the manufacturers’ instructions. A definite main-
tenance schedule should be established to provide ade-
quate servicing of the meter and auxitiary equipment.

Meters should always be proved after servicing. Me-
ters stored for a long period should be kept under cover
and should have their working parts oiled to minimize
corrosion,

MAINTENANCE OF ACCURACY OF PROVER
SYSTEMS

5007 Any change (additions, deletions, or repairs)
of volumetric prover appurtenances in or connected to
the calibrated prover volume, or any internal corrosion
or accumulation of foreien iaaterial, will affect ihe
calibrated volume of the prover. The prover should be
recalibrated after any significant change in gage glasses,
thermometer wells, spray lines, or other appurtenances.
It should be inspected frequently for internal corrosion;
and for accumulation of sediment, rust, valve lubricant,
and other foreign material. Gage scales should be in-
spected frequently and the prover recalibrated if there
is any indication of gage scale movement. The piston
used in a piston displacement prover must be maintained
in satisfactory condition to provide an adequate seal
against the cylindrical chamber through which it moves.

5008 With gravimetric provers it is possible that
the accuracy cf the scales can be affected by such things
as physical damagg, corrosion of criiical operating parts,
connection interference, settlement, wind effects, wear

of the knife edges, and friction.
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FIG. 15—Schematic Operating Piagram of Single-Tank Water Displacement Prover.
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FIG. 16—Schematic Operating Diagram of DualTank

Water Displacement Prover.
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FIG. 17—Schematic Operating Diagram of Prover for Gas Displacoment.
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FIG. 19—Schematic Operating Diagram of Open Gravimetric System.
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FLEXIBLE CONNECTION

TOP FILL LINE
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FIG. 20—Schematic OQperating Diagram of Closed Gravimetric System.
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FIG. 21—Schematic Operating Diagram of Bidirectional Piston Displacement Prover Systera. é
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F EXPANSION CHAMBER
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3 FIG. 22—Schematic Operating Dia of Bidirectional Piston Displacement Prover.
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FIG. 23-—Unidirectional Piston Displacement Prover Installation Downstream from Melers.
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0

SEALING WIRE

STOP

ADJUSTABLE SCALE

GRADUATED IN cuUBIC
INCHES—AT LEAST 15
GRADUATIONS ABOVE AND L

15 GRADUATIONS
BELOW ZERO MARK

o o))

31 IN. MIM.
4 IN. MAX.

N

ROLLED FOR STRENGTH

/AND SAFETY

BAIL FASTENED TO NECK
WITH STRONG TRUNNIONS
TO PREVENT DISTORTION
WHEN LIFTING FILLED
MEASURE

GLASS GAGE TUBE OF NOT
LESS THAN § IN. 1D

ALL CONTAINER SEAMS

TO BE LEAKPROOF

]
METAL TAG SUPPLIED BY r’
CERTIFYING AGENCY }
SHOWING WHETHER MEASURE -
1S CALIBRATED “TO CONTAIN"
OR “TO DELIVER"”
3‘.;"
ot

TOTAL HEIGHT:
18 IN. MINIMUM
24 IN. MAXIMUM

BANDS—16 U.S. GAGE
MINIMUM

PLANE OF BASE
MUST BE AT TRUE
RIGHT ANGLE TO
VERTICAL AXIS

CONCAVE BOTTOM TO
PREVEN'T CHANGE DUE
TO LIQUID WEIGHT

WALLS AND BOTTOM—
22 U.S. GAGE MINIMUM

\ /// —_—
l__~

N

NOT LESS THAN 10 IN.

NOT OVER 12 IN. DIAMETER

FIG. 26—Typical 5-Gal Test Measure (See Alternate Gage Glass Design, Fig. 27).




48 AMERICAN PETROLEUM INSTITUTE
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FIG. 28—Schematic Operating Diagram of Hydrant
Outl. Tuis £03E Fueling Vehicle.

EXCEPT FOR OPENING INTO GAGE
GLAS® GLAND., THERE SAOULD
BE NO DEFORMITY YO INNER
SURFACE OF MEASURE

General features of a desirable method of mounting gage
glass to graduated-neck liquid capacity standards.

FIG. 27—Alternate Gage Glass Design.
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FIG. 29—Schematic Operating Diagram—Gravity Tank Truck Meter Prover.
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NATIONAL BUREAU OF STANDARDS
ﬁ CALIBRATION OF
LIQUID CAPACITY FIELD STANDARDS
Graduated Neck Type

To be acceptable for test and certification by the National Bureau of
Standards, liquid capacity field standards of the graduated neck type
should be so designed and constructed that they are suitable for their
intended use. The Bureau reserves the right to decline to test any field
- gtandard of this type which is deemed to be unsatisfactorv in design. con-
struction, or condition.

e

Liguid capacity field standards of this type normally are associated
with liquid petroleum products and are used ‘‘to deliver.’’ In order that
the results of calibrations made at the National Bureau of Standards may be,
as nearly as possible, directly applicable to this normal method of use,
unless otherwise requested, capacity field standards of this type are
calibrated “‘to deliver.’’ Calibrations are made at 60°F., with a drainage
period, after the main flow ceases, of 10 seconds for field standards of
10 gallons and less, and 30 seconds for field standards above 10 gallons,
and for meter provers.

The API, ASME, ASTM, and other national groups have adopted 60°F. as
the reference temperaiure for the measurement of petroleum and petroleum
._h products.

.
§

it', for a particular service, a different basis of calibration is
required, a full description of the special requirements should be given
in writing at the time the standard is submitted.

- A National Bureau of Standards Certificate is issued to document the
N results of calibration of each liquid capacity field standard if the gage-
' ' scale can be so adjusted that the correction to the indicated capacity is
not greater than one part in 2000 (0.05%). A National Bureau of Standards
Report is issued when the correction is in excess of one part in 2000, but not
greater than one part in 1000 (0.10%). If the gage-scale cannot be so
adjusted that the correction is within one part in 1000, the results of
calibrationare reported inletter form only.

w

Attention is directed to Naticnal Burcau of Siuandards Handbook 45,
Testing of Measuring Equipment, wherein testing procedures with liquid
capacity field standards are described in full.

PRye

H. S. Bean, Chief,

Capacity, Density and
riuid Meters Section,

Mechanics Division

T BT R K R

{.) Effective March 2, 1853

FIG. 30.
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SAMPLE

UNITED STATES DEPARTMENT OF COMMERCE
WASHINGTON

RNational Bureau of Standards

Lernticate
FOR
Five Gallon Capacity Standard
(Graduated Neck Type)

Maker: Seraphin NBS No. yyy

submitted by

Joe Smith 0il Line Company
Prairie Dog Mound, Texas

This certifies that the capacity of the above described standard has
been established at the National Bureau of Standards so that when the bottom
of the meniscus of the water in the gage glass is in the horizontal plane
determined by the zero line of the scale, the standard

delivers 4.9989 U. S. gallons at 60° F
when drained for 10 seconds after cessation of the main flow.

For the Director,

X. X. XXX¥TXXXXX
Chief, Capacity, Density

and Fluid Meters Section

Mechanics Division

Test: 6.7/123456
Date: November 31, 1956
FIG. 31.
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SAMPLE

UNITZD STATES DEPARTMENT OF COMMERCE
WASHINGTON

Dational Wurean of Standarhe

e v vy LRSI N LD

REPORT

One Gallon Capacity Standard

Maker: Seraphin NBS No . xxx

submitted by

Okay Doaks Oily Company
Sand Hill, Lovisiana

The capacity of the above described standard has been established at the
National Bureau of Standards so that when the bottom of the meniscus of the
water in the gage glass is in the horizontal plane determined by the zero
line of the scale, the standard

contains 0.99892 gallon at 60° F

For the Director,

Y. Y. YYYYYYY

Chief, Capacity; Pensity
and Fluid Meters Section
Mechanics Division

Test: 6.7/111111
Date: November 31, 1956
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Data reported in foltowing: E. W. Jacobson, E. E. Ambrosius, J. W. Dashiell, and C. I.. Crawford, “Compressibility of Liquid
Hydrocarbons,” Proc. AP1 25 [IV} 39-41 (1945).

FIG. 33—Mean Compressibility of Liquid Hydrocarbons Based on Data from Zero to 1,000 psig.
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TYPE OF LIQUID D “Locatios ] DATE i REPORT NO.

MODEL ‘ " TEMPERATURE-COMPENSATED?

{1 NG ']l YES->GROUP NO.
[ZE ) REGISTER NO. PRESSURE ON PROVER TANK

MAKE OF METER | RecISTER WO

GRAVITY |

METHOD Y
PROVING | MAKE REGISTER NO. | SIZE PREVIOUS DATE TYPE OF LIQUID FACTOR
MASTE PROVING>

PROVER TANK OR !
MASTER METER DATA { RUN NO.___ | RUN NO. | RUN NO._.. | RUN NO. | RUN NO.__

Time of day

Duration of run

Gravity of liquid, APl @ 60 F

Prover tank temperature, deg F ‘ |l { l f ' ’ '

Average prover tank temp,, deg F

Closing reading, bbl

Opening reading, bbl

Gross barrels measured

Temp. corr. factor for tank shell

Tamp, corr. factor for liguid

g St AT AT R s M S
t

Master meter factor

Net barrels measured

DATA ON METER CHECKED

Meter case pressure

Rate of flow, bbl per hr

Temp. of metered stream, deg F

Closing meter reading, bbl

Opening meter reading, bbl

e ey . 5 Gross barrels metered i

Temperature correction factor

Net barrels metered

Meter factor

TOTALIZER READING | AVERAGE METER FACTOR l
|

. : BARRELS METERED SINCE
4 LAST RUN

RN Wl -

METER FACTOR TO BE USED '
CALIBRATOR ADJUSTMENT: [7J NO [0 YES—>AMOUNT._ _ — RETARDED _______ ADVANCED______

REMARKS (REPAIRS, ETC.):

‘ “sian : - 7 staneD BY: ’ CALCULATIONS VERIFIED BY:

FOR: FOR: | SHEET NO.

FIG. 34.
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METER PROVER REPORT NO. —
GRAVIMETRIC METHOOD
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DATE. Cieie aiemy 19, LOCATION. - e METER NO.__ . . . e
MAKE AND SIZE TEMPERATURE-
OF METER B i ..COMPENSATED?
TYPE OF CRUDE OIL OR PRODUCT — .
PROVER TANK MEASUREMENT DATA RUN NO. 1 RUN NO. 2 RUN NO. 3 RUN NO. 4

1. Rate, bbl per hr

2. Observed liquid gravity and temperature

3. Corrected gravity at 60 F

4. Closing scale reading, Ib

o

Opening scale reading, Ib

[-
.

Net weight measured in prover, Ib

7. Conversion factor, |b per bbl

8. Corrected bbi measured In prover, 6 57

METERED VOLUME DATA

9. Line pressure, psi

N

0. Calibration pressure, psi

11. Line tempeiature, deg F

12. Closing meter reading

13. Opening meter reading

14, Barrels registered

15. Temperature correction factor

16. Preassure correction factor (use prover pressure}

17. Net barrels meiered, 14 X 15 X 16

18. Meter factor (for zero line pressure), 8 =17

REMARKS:

SIGNED BY:

FOR:

SHEET NO.

Note: Figures in italics refer 1o i'ems tisted on left-hand side of this form.

FIG. 35.

19. Average meter factor

20. Average pressure
correction factor

21. Meter factor to be
used, 19 XX 20

SIGNED BY: . ——r

FOR:

v {r..
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SCALE TEST REPORT

DATE OF LAST

_L?»CATION DATE INSPECTION o o
MAKE . B TYPE . ‘ SER!ALA NO. ~ .
MINIMUM DIAL
TOTA_L_ ‘CAPACITY e DIAL CAPACITY QRADUATIONS
BEAM TESTS: DIAL TEST: POUNDS
Tare beam at zero N T | Indication at zero
Tare beam at full capacity o { Indication at § range
Capacity beam at zero | | fmdization =t 3 rangs
. Capamcivty—beam at full capacityw_ h f l indication at § range
% Indication at ful! range
T Dial to be checked between above ranges.
UNIT WEIGHT DIAL INDICATION WEIGHT INDICATION AT PLUS OR MINUS
ADDED AT ZERO FULL DIAL CAPACITY ERROR
No unit weight N - .
;
¢ 1st unit weight [
% !
B 2nd unit weight _ 1 )
%. 3rd unit weight
i
4th unit weight
5th unit weight
‘ K - 6th unit weight
- ‘ : 7th unit weight
B ? 8tk unit welght o _
" % 9th unit weight
" b
s 3
REMARKS:
&
%
SCALE MECHANIC: __ COMPANY:
i
. 2 WITNESSED BY: REPRESENTING:
" 3
% e e
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METER-PROVING REPORT—BIDIRECTIONAL PISTON DISPLACEMENT METHOD

DATE . . : R LOCATION . . S OWNER OF METER ——— oo
TRUCK NO.... - e evee METER NO. . o oo .. SIZE — MAKE .
PRODUCT USED FOR TEST ______ . ... . ____._ . PRODUCT SPECIFICATIONS

FINAL TOTALIZER READING________ INITIAL TOTALIZER READING. . GALLONS USED_____ .

DESCRIPTION OF QUANTITIES RUN NO. 1 | RUN NO. 2 | RUN NO. 3 | RUN NO. 4 | RUN NO. 5
METER REGISTRATION DATA T

4 wmvs R T S S
ce T iaies AR PGy

N

. Initial meter reading

d

Registration by meter

4. Average temperature @ meter

5. Factor for meter temperature

o

. Corrected reglstration by meter, 3 X 5 ’

TEST VOLUME DATA

7. Quantity displaced

8. Temperature @ inlet end

9.

Temperature @ outlet end

10. Average temperature displaced liquid

11. Factor for displaced [iquid (temperature)

iZ. Average pressure displaced liquid ‘

13. Average pressure @ source [

14. Press. diff.: disp. liquid vs. source, 12 — 13

15. Factor for displaced liquid (pressure)

16. Factor for prover vofume (temperature)

17. Factor for prover volume (pressure)

18

Corrected test volume, 7 X 11X 15X 16X 17

PERFORMANCE COMPUTATIONS

18. Elapsed time for run, min and sec

20 Flanead $imz fop run, min

21. Average rate of flow, 18 = 20

22. Meter accuracy, 6= 18

23. Register adjustment prior to Tun

SIGNED 8Y PROVING OPERATOR .

WITNESSED BY METER OWNER

CHECKEO BY U

METER ACCURACY AS LEFT..___ .. PER CENT AT RATE OF FLCW OF

- GPM AND _Psl ‘

Nofe: Figures in italics refer to items listed onleft-hand side of this form.

FIG. 37,
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METER-PROVING REPORT-—UNIDIRECTIONAL PISTON METHOD

STATION OR DELIVERY PQINT

METER NO,... .. _
METER MAKE .
INITIAL TOTALIZER READING.. ..

DATE METER LAST REF’AIRED. ———

- .. SERIAL NO..
e . . SIZE. .

e REPORT NO..
e DATE
vieew— BATCH NO.___ .

. PRODUCT ...__

e, OCTANE . __.__ APl GRAVITY

DESCRIPTION OF QUANTITIES

RUN NO. 1

RUN NO. 2

METER.

I
}
] METER__ _i METER iMETER_.___

MEYER REGISTRATION DATA

1. Final meter readmg

L

2. Initlal matan _—--,q!,.:

3. Registration by meter, bbl: 1 — 2

| _
| |
|

F-3

. Total registration for run, bbl

5. Temperature of stream at meter, deg F

6. Factor for meter temp. (Table 6, D 1250)

7. Cerrected meter cegistration, 4 X 6

8. Meter case pressure—inlet and outlet ‘

; AVERAGE

PROVER SECTION VOLUME DATA

9. Pressures at Trip No. 1 and Trip No. 2

10. Prover pressure (average), sum of ¢ -~ 2

11. Temperatures at Trip No. 1 and Trip No. 2

12. Prover temperature (average), sum of 17 2

12, Bage prover Volinic, bbi

14. Factor for prover pressure (see Par, 2122)

15. Factor for prover temp. (see Par. 3045)

16. Factor for liquid pressure (see Par, 3046)

17. Factor for liquid temp. (Table 6, D 1250)

18. Net prover volume, bbi: 13X 14 X 15 X 16 X 17

PERFORMANCE COMPUTATIONS

19. Time piston launched

20. Elapsed time faor run, min and sec

(60 3¢ min) 4 sec

21. Ciapsed time for run, hr! 3,500

22

Rate of flow during run, bb! per hr: 4 X 24 =- 21

23. Meter factor (with compensator), 18 = 4

24. Meter factor (without compensator), 18 =7

25. Amt. corr. for factor 1.0000: (1.0000) — 24

SIGNED BY

WITNESSED BY

AND

FOR .

Nole: Figures in italics refer to items listed on left-hond side of this form.
FIG. 38.
57

FACTOR TO BE APPLIED @ — BPH

FSI METER CASE PRESSURE

CHECKED BY___ FOR
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VAPOR-CONDENSING METER PROVER TEST REPORT

STATION: TYPE OF SERVICE: ~ PRODUCT: ﬂ,...___;_____TE_S,T NO.: DATE: B
METER MAKE: SI1ZE: MODEL:  SERIAL NO.: L D__A‘T_E_EI_\“S_IC_AEIBRATI‘ON_ﬂ
CALIBRATED MANUFACTURER CERTIFICATE DATE LAST

PROVER VOLUME: SERIAL NO.: TYPE: _ NO.: CAL}I_B_RAT!ON:

1. Vapor temperature after venting l

V
\
'
1
§

<. femp. @ meter @ 15%, prover capacity 1 : ’

“RUN NO. 1/ RUN No. 2| RUN NO. 3| RUN NoO. 4[ AVERAGE | REMARKS

3. Tamp. @ meter @ 503, prover capacity

4. Temp. @ meter @ 85%, prover cap'acity :

5. Average temperature @ meter

6. Prover temperature @ end of test I

7. Temp. difference between 5 and 6

8. Press. @ meter @ 153 prover capacity

9. Press. @ meter @ 50%, prover capacity

10. Press. @ meter @ 85% prover capacity

11. Average pressure @ meter

12. Prover pressure @ end of test

13. Press. difference between 11 and 12

14. Correction for temp. difference, 7

15. Correction for condensed vapor

16. Correction for compress. of liquid, 13

17. Total correction

18. Calibrated volume of prover

19. Corrected prover volume, 18 = 17

20. Final meter reading

21.

—

'nitial meter reading

22. Meter registratio:i, 20 — 21

23. Meter error, gal: 22— 19

24. Meter error, per cent: 23 =19

25, Meter factor, 19 = 22

26. Elapsed time run, min and sec

27. Elapsed time run, min ! !

28, Average flow rate, 19 -+ 26 | i }

SIGNED BY: . SIGNED BY: ——

FOR: . FOR: - -

Nole: Figures in italics refer to items listed on teft-hand side of this form.

FIG. 39.
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MEASUREMENT OF PETROLEUM LiQuip HyDrocarBONS BY PD Metrr

METER-PROVING REPORT NO.
MASTER METER METHOD

DATE. ... . ... — 19 .

59

- .. LOCATICN.. e« - METER NO. -
MAKE AND SIZE OF METER. .. .. . [ e TEMPERATURE-COMPENSATED?.. —_
PRODUCT .. . o ————ee e BATCH NO.
MASTER METER NO. ... .. MAKE AND SIZE . ... .___ TEMPERATURE-COMPENSATED? ... .. —
DATE OF LAST PROVING . e ——. PRODUCT e e
FLOW RATE _. . METER FACTOR _
MASTER METER DATA : RUN NO. RUN NO. RUN NO. RUN NO.

1. Time of run, min ; [

2. Rate, bbl per hr

3. APl gravity @ 60F

4, Closing meter reading

5. Opening meter reading

6. Gross metered volume

7. Temperature correction factor

8. Pressure correction factor

Q. Tazt mater facior

10. Net metered volume

11. Closing meter reading

12. Opening meter reading

13. Gross metered volume

14. Temperature carrection factor

15. Net metered volume

16. Meter factor, 1015

TOTALIZER READING i AVERAGE METER FACTOR

BARRELS METERED C'NCE LAST RUN‘

METER FACTOR TO BE USED

REMARKS:

SIGNED B8Y SIGNED 8Y___

FOR —— - S FOR -
SHEET NO._ ___

Note: Figures in ilalics refer to items listed on left-hand side of this form,

FIG. 40.
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tain*
would S22 o4 60 F and atmospheric pressure. The volumes shown have
deliver

been corrected in accordance with provisions outlined in Sect. II of
APT Standard 1101.

Gallons above upper zero point

Gallons between upper and lower zero points

Gallons below zero point

Total capacity (at 60 F and atmospheric pressure)

Incalibrating the necks, test measuresof ____ gallons capacity were

used, and in calibrating the main body of the tank, test measures of
were *

gallons capacity were used. The test measures ———
were not

certified by the
National Bureau of Standards.

SIGNED BY:

FOR:

SIGNED BY:

FOR:

SIGNED BY:

FOR:

REMARKS:

*Strike out inapplicable term,
FIG. 42.

E/IEASUREMENT oF PETROLEUM Liquip HYDROCARECNS BY PD METER 61
VOLUMETRIC PROVER TANK CALIBRATION CERTIFICATE
DATE CERTIFICATE NO.. e
LOCATION . STATIONNO._ . e
TANK MANUF. NOMINAL TANK CAPACITY (GALY __
On the above date, we, the undersigned, calibrated the above prover
tank, using water as a medium, and established the volume which the tank




Tempera-
ture of
Water in
Prover
(Degrees
Fahren.
heit)
35
36
a7
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
o4
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

APPENDIX B

TABLE I—VYolumetric Corrections for Use in Water Calilirations of Prover Tauks

Temperature in Measure Lower than in Prover by Degrees Fahrenheit

(Multiply Measured Volume by Correction Factor to Give Volume at Prover Temperature)

10

0.99984
0.99988
0.99994
0.99999
1.00003
1.60008
1.00012
1.00017
1.00021
1.00026
1.00030
1.00035
1.90040

9 8 7 6 5 4 3 2

0.99989 0.99993 0.999%96

0.95988 0.99992 0.99995 0.99957

0.99987 0.99991 0.99994 0.99996 0.99997

0.99987 0.99991 099994  0.99996 0.99997 0.99998

0.99983 0.99987 0.99991 0.99994 0.999%6  0.99997 0.99998 0.93999
0.99987 0.99992 0.99995 0.99996 0.99998 0.99999 1.00000 1.00000
0.99993 0.99996 0.99997 0.99999 1.00000 1.00001 1.00001 1.00001
0.99997 0.99999 1.00000 1.00002 1.00002 1.00003 1.00003 1.00002
1.00001 1.00002 1.00003 1.00004 1.00005 1.60004 1.00004 1.00003
1.00005 1.00096 1.00007 1.00007 1.00007 1.00006 1.00005 1.00004
1.00009 1.00010 1.00010 1.00010 1.00009 1.00008 1.00007 1.00005
1.00013 1.00013 1.00013 1.00012 1.00011 1.00010 1.00008 1.00005
1.00017 1.00017 1.00016 1.00015 1.00014 1.90012 1.0000% 1.00006
1.00021 1.00021 1.00020 1.00018 1.00016 1.00014 1.00011 1.00008
1.00025 1.00024 1.00023 1.00021 1.00018 1.00015 1.00012 1.00008
1.00029 1.00028 1.00026 1.00023 1.00020 1.00017 1.00014 1.00009
1.00034 1.00032 1.00030 1.00027 1.00024 1.00020 1.00015 1.00011
1.00038 1.00036 1.00033 1.00030 1.00026 1.00021 1.00017 1.00012
1.00042 1.00032 1.68036 1.06033 1.00028 1.00024 1.00018 1.00012
1.00045 1.00042 1.00039 1.00034 1.00030 1.00024 1.00018 1.00012
1.00049 1.00045 1.00041 1.00036 1.00031 1.00025 1.00019 1.00012
1.00053 1.00048 1.00044 1.00039 1.00033 1.00027 1.00020 1.00014
1.00056 1.00051 1.00046 1.00040 1.00034 1.00027 1.00021 1.00015
1.00060 1.00054 1.00048 1.00042 1.00036 1.00030 1.00023 1.00015
1.00063 1.00057 1.00051 1.00045 1.00039 1.00032 1.00024 1.00017
1.00067 1.00061 1.00054 1.00048 1.60041 1.00033 1.00026 1.00018
1.00070 1.00063 1.00057 1.00050 1.00042 1.00035 1.00027 1.00018
1.00073 1.00067 1.00060 1.00052 1.00045 1.0003K 100027 1.035i0
1.00G70 LOUG/U 1.00062 1.00055 1.00046 1.00037 1.00028 1.00019
1.00080 1.00073 1.00065 1.00057 1.00048 1.00039 1.00030 1.00020
1.00084 1.00076 1.00068 1.00059 1.00050 1.00041 1.00031 1.00021
1.00087 1.00079 1.00070 1.00061 1.00052 1.00042 1.00032 1.00021
1.00090 1.00081 1.00072 1.00063 1.00053 1.00043 1.00033 1.00021
1.00092 1.00083 1.00074 1.00064 1.00054 1.00043 1.00032 1.00021
1.00096 1.00087 1.c0077 1.00067 1.00056 1.00045 1.00034 1.00023
1.00099 1.00089 1.00079 1.00069 1.00057 1.00047 1.00035 1.00025
1.00102 1.00092 1.00082 1.00071 1.00060 1.00049 1.00038 1.00025
1.00105 1.00095 1.00084 1.00073 1.00062 1.00051 1.00038 1.00026
1.00108 1.00097 1.00086 1.00075 1.00064 1.00051 1.00039 1.00025
1.00110 1.00099 1.00088 1.00077 1.00064 1.00052 1.00038 1.00025
100113 1.02102 1.00091 1.00078 1.00066 1.00053 1.00040 1.00027
1.00117 1.00106 1.00093 1.00081 1.00068 1.00055 1.00042 1.00029
1.00120 1.00107 1.00095 1.00082 1.00069 1.00056 1.00043 1.00029
1.00122 1.00110 1.00097 1.00084 1.00071 1.00058 1.00044 1.00029

1.00125 1.00112 1.00099 1.00086 1.00075 1.00059 1.00044 1.00029
1.00127 100114 1.00101 1.0008¢ 1.00074 1.00050 1 Ann s « AnAnn

...................... Loyt d FRLYINIC o

1.00129 1.00116 1.00103 1.00089 1.00074 1.00060 1.00045 1.00030
1.00132 1.00119 1.00105 1.00090 1.00076 1.00061 1.00046 1.00031
1.00135 1.00121 1.00106 1.00092 1.00077 1.00062 1.00047 1.00032
1.00138 1.00123 1.00109 1.00094 1.00079 1.00064 1.00049 1.00033
1.00141 1.00127 1.00112 1.00097 1.00082 1.00067 1.00051 1.00035
1.00143 1.00128 1.00113 1.00098 1.00083 1.00067 1.00051 1.00034
1.00146 1.00131 1.00t16 1.060101 1.00085 1.00069 1.00052 1.00034
1.00148 1.00133 1.00118 1.00i02 1.00086 1.00069 1.00051 1.00035
1.00151 1.00136 1.00120 1.00104 1.00087 1.00069 1.00053 1.00035

62

)

0.99998
0.99998
0.99%99
0.99999
1.00000
1.00000
1.00000
1.00001
1.00001
1.00002
1.00002
1.00032
1.00003
1.00004
1.00004
1.00005
1.00006

vvvvv

1.00008
1.00009
LuguUY
1.00009
1.00010
1.0u011
1.00010
1.00011
1.00010
1.00012
1.00012
1.00013
1.00012
1.60012
1.00012
1.00014
1.00015
1.00014
1.00015
1.00014

Anne e

1.00315

1.00015
1.00016
1.00016
1.00016
1.00018
1.00016
1.00017
1.00017
1.00018
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TABLE I (Conlinued)
Temperature fn Measure #igher than in Prover by Degrees Fahrenheit

(Multipty Meusured Volume by Coreection Factor to Give Volume at Prover Temperature)

. — AL

‘Tempera- o Tempera-
ture of ture of
Water in Water in
Prover Prover
(Degrees (Degrees
Fahren- Fahren-
heit) 1 2 3 4 s 3 7 8 9 10 heit)
35 1.00001 1.00002 1.00003 1.00003 1.00¢03 1.00003 1.00002 1.00000 0.9999 0.99996 35
36100001 1anam roaana a0y aoney L0000 CznonT 029287 SOOI GBI o
37 1.00000 1.00001 1.00001 1.00000 0.99999 0.99997 0.99996 0.99993 0.99990  0.99987 37
38 1.00000 1.00000 0.99999  0.99998 0.99997 0.99995 0.99992 0.99989% 0.99986  0.99982 38
39 0.99999 0.99999 0.99998  0.99996 0.99994 0.99992 0.99989 6.99986 0.99982  0.99978 39
40 0.99999 0.99998 0.99996  0.99995 0.99992 0.995989 0.99986 0.99982 0.99978  0.99973 40
41 0.99999 0.99997 0.99995  0.99993 0.99990 0.99987 0.99983 0.99978 0.99974  0.99969 41
42 0.99998 0.9999¢6 0.999%4  0.99991 0.99988 0.99984 0.99979 0.99975 0.99970 099964 42
43 0.99998 0.99995 0.999%2  0.99989 0.99985 0.99981 0.99976 0.99971 0.99965 0.99959 43
4 0.99997 0.99994 0.99991  0.99987 0.99983 0.99978 0.99973 0.99967 0.99961 0.99954 44
45 0.29997 0.99994 0.99990  0.99985 0.99981 0.99976 0.99970 0.99964 0.99957  0.99951 45
46 0.99997 0.99993 0.99938 099984 0.99979 0.99973 0.99967 0.99960 0.99954  0.95947 46
47 0.99996 0.99991 0.99987  0.99982 0.99976 0.99970 0.99963 0.99957 9.99950  0.99943 47
48 0.99995 0.99991 0.99985  0.99979% 0.99973 0.99967 0.99961 0.99954 0.99946  0.99939 48
49 0.99995 0.99990 0.99984  0.99978 0.99971 0.99965 0.99958 0.99951 0.99943  0.99935 49
50 0.99994 0.99983 0.99932  0.99976 0.99570 0.99963 0.99955 0.99948 0.99940  0.99931 50
51 0.99994 0.99988 0.99981  0.99975 0.99968 0.99961 0.99953 0.99945 0.99936  0.99927 51
52 0.99993 0.99987 0.99981  0.99974 0.99966 0.99959 0.99951 0.99942 0.99933 0.99924 52
53 0.99993 0.99987 0.99980  0.99972 0.99965 0.99957 0.99948 0.99939 0.99930  0.99920 53
54 0.99993 0.99987 0.99979  0.99972 0.99963 0.99954 0.99945 0.99936 0.99927  0.99917 54
55 0.99993 0.99985 0.99978  0.99969 0.99960 0.99951 0.99942 0.99933 0.99923  0.99912 55
56 0.99%92 0.99984 0.99976  0.99967 0.99958 0.99949 0.99939 0.99930 0.99919  0.99908 56
57 0.99992 0.99934 0.99575  0.9996A 0.99957 0.09047 0.00037 0.00027 000015 0.0000€ 57
58 0.99991 0.99982 0.99973  0.99964 0.99954 0.99945 0.99934 0.99923 0.99912  0.99901 58
59 0.99990 0.99981 0.99972  0.99963 0.99953 0.99942 0.99931 0.99920 0.99909  0.99899 59
60 0.59990 0.99981 0.99972  0.99962 0.99951 0.99940 0.99929 0.99918 0.99908  0.99895 60
61 0.99990 0.99981 0.99971  0.99960 0.99949 0.99938 0.99927 0.99917 0.99904  0.99892 61
62 0.99990 0.99980 0.99969  0.99958 0.99947 0.99936 0.99926 0.99913 0.99901 0.99887 62
63 0.99990 0.99979 0.99968  0.99957 0.99946 0.99935 0.99923 0.99911 0.99897  0.99884 63
64 0.99989 0.99978 0.99967  0.99956 0.99945 0.99932 0.99920 0.99907 0.998%4  0.99881 64
65 0.99988 0.99978 0.99956  0.99956 0.99943 0.99931 0.99917 0.95904 0.99892  0.99879 65
66  0.99989 0.99978 0.99967  0.99954 0.99942 0.99928 0.99916 0.99903 0.99890  0.99876 66
o7 82288 522208 G55305 0 555555 025555 $.735%6 NETSIT V.YV 0.59380  U.r¥d/L o7
68 0.99989 0.9997¢6 0.99954  0.99950 0.99937 0.99925 0.99912 0.99897 0.99882  0.99868 68
69 0.99987 0.99975 0.99961  0.95948 0.99935 0.99922 0.99908 0.99%93 0.99879 099864 69
70 0.99987 0.99974 0.99961 0.99948 0.99935 0.99921 0.99%06 0.99892 099877  0.99862 70
71 0.99986 0.99973 0.99960  0.99947 0.99933 0.99918 0.99504 0.99882 0.99874  0.99859 71
72 0.99987 0.99974 0.99961  0.99946 0.99931 0.99917 0.99502 0.99887 0.99872  0.99857 72
73 0.99987 0.99974 0.99959  0.99944 0.99930 0.99915 0.99900 0.99885 0.99870  0.99854 73
74 0.99987 0.99972 0.99957  0.99943 0.99928 0.99913 0.99898 0.99883 0.99867  0.99851 74
75 N 999RS 0.99970 000054 000041 000924 0.00011 0.0989¢ 0.,90820 000264 099247 78
76 0.99984 0.99970 0.99955  0.99940 0.99925 0.99910 0.99894 0.99878 0.99861 0.99843 76
77 0.99985 0.99970 0.99955  0.99940 0.99925 0.99909 0.99893 0.99876 0.99858  0.99842 77
78 0.99984 0.99970 0.99954  0.99939 0.99923 0.99907 0.99890 0.99872 0.99856  0.99838 78
79 0.99985 0.99970 0.99954  0.99938 0.99922 0.99905 0.99887 0.99871 0.99853  0.99836 79
80 0.99584 0.59969 0.99953  0.99937 0.99920 0.99902 0.99886 0.99868 0.99851 0.99833 80
81 0.99584 0.99963 0.99952  0.99935 0.99917 0.99901 0.99883 £.99866 0.99843  0.99830 81
82 0.99983 0.99967 0.99950  0.99932 0.99916 0.99898 0.99881 0.99863 0.99845  0.99826 82
83 0.99983 0.99967 0.99948  0.99932 0.99914 0.99897 0.99879 0.99861 0.99842  0.99824 83
84 0.99983 0.99964 0.99948  0.99930 0.99913 0.99895 0.99877 0.99858 0.99840  0.99821 84
85 0.99981 0.99965 0.99947  0.99930 0.99912 0.99894 0.99875 0.99857 0.99838 099818 85
86 0.99983 099965 099948  0.99930 0.55512 0.55893 0.93875 0.39836 059336  0.993i6 36
87 0.99982 0.99964 0.99946  G.35725 s.oooce 0,002401 0 QOR7), 096352 099832 099814 87
38 0.99982 0.99964 0.99946  0.99927 0.95909 0.998%0 0.59870 0.99850 099832  0.99%812 88
89 0.99981 0.99963 0.99944  0.99926 0.99507 0.99887 0.99867 0.59849 0.99829  0.99808 §9
90 0.93981 0.99962 0.99944  0.99925 0.95905 0.99885 0.99867 0.99847 0.99826  0.99805 90

Table T is bazed on data from Smithsonian Institution tables for relative densits and volume of water.
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o TABLE 1I—Compressibility Factors per Pound per Square
.y inch from Fig. 33 *

The following formulae are taken from Par. 3046:
V=V, [1 - (Ph_Pe) F]

Ve=1-1p,_ Py F
_1-(Ah-P)F

Vl"‘ 1~ (Ph“Pe) F (Vh)
1P F

vh"‘ l— (Pl_'Pe) F(Vl)

Where:

V= volume at higher pressure P.
V,=volume at lower pressure P;.
V.= volume at equilibrivm pressure P,.
F =compressibility factor per pound per square inch
gare from Fig. 33 or from this iabie.

Note: All factors given in this table must have 0.0000
placed in front of the figures published.

This table may be used for determining the change in
meter factor when the meter is operated under varying
internal case pressures in accordance with information
contained in Par. 3046, 4010, and 4011. It may also be
need to reduce the volume of liguid confined in closed
provers under some observed pressure to the corre-
sponding volume at some other desired pressure, in
accordance with the information contained in Par. 3046.

s Al

* Compiled by: M. L. Barrett, Jr., Shell Oil Co., Indian-
apolis, Ind.

v N i
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~
TABLE 11 (Continucd)
Temper-
ature
(Degrees APl Gravity €OF/60F
Fahren- - e e e -
heit) 0 1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 15 17 18 19 20
20 023 023 024 024 025 025 025 026 026 027 027 028 028 029 029 030 030 031 031 031 032
21 023 023 024 024 025 025 025 (26 026 027 027 028 028 029 029 030 030 031 031 032 932
22 023 023 024 024 025 025 026 026 026 027 027 028 028 029 029 030 030 031 031 032 032
23 023 024 024 024 025 025 026 026 026 027 027 028 028 029 029 030 030 031 031 032 032
24 022 021 022 0234 025 025 026 026 026 027 027 028 028 029 029 030 030 031 031 032 032
25 023 024 024 024 025 025 026 026 027 027 028 028 028 029 030 030 031 031 031 032 033
26 023 024 024 025 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033
2 27 023 024 024 025 025 025 026 026 027 027 028 €28 029 029 030 030 031 031 032 032 033
e 28 023 024 024 025 025 025 026 026 027 027 028 028 029 029 030 030 03f 031 032 032 033
29 023 024 024 025 025 026 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033
30 024 024 024 025 025 026 C26 027 027 027 028 028 029 030 030 031 031 032 032 033 033
31 024 024 024 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033
32 024 024 024 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033
33 024 024 025 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 034
34 024 024 025 025 025 026 026 027 027 028 028 029 029 030 030 031 03t 032 032 033 034
35 024 024 025 025 026 026 027 027 027 028 028 029 029 030 031 03t 032 032 033 033 034
36 024 024 025 U025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034
37 024 024 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034
38 024 024 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 03¢ 034
39 024 024 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 034 034
40 024 025 025 025 026 026 027 027 028 028 029 029 030 030 031 @32 032 033 033 034 034
41 024 025 025 026 026 027 027 028 028 029 029 030 030 03t 031 032 032 033 033 034 034
42 024 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034 035
43 024 025 025 025 026 027 027 028 028 029 029 030 030 031 031 032 032 033 034 034 035
44 024 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 034 034 035
45 021 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 033 033 €34 034 035
- 46 024 025 026 026 027 027 028 028 029 029 030 030 €31 031 032 032 033 033 034 034 035
= 47 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034 035 035 @
E 48 025 025 026 026 027 027 028 028 02% 029 030 039 031 031 032 032 033 033 034 035 035 Gl

- 49 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 034 034 035 035
. 50 025 025 026 026 027 027 028 028 029 029 030 030 031 031 032 033 033 034 034 035 035
ST 025 026 026 027 027 028 028 029 029 030 030 031 031 @32 032 033 033 034 034 035 036
52 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034 035 035 036
53 025 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034 035 90935 036
54 025 026 026 027 027 028 028 029 029 030 030 031 031 052 032 033 034 034 035 035 036
55 025 026 027 027 027 028 028 029 02% 030 030 031 031 032 033 033 034 034 035 035 036
56 026 026 027 027 028 028 029 029 030 03¢ 031 031 032 032 033 033 034 034 035 036 036
57 026 026 027 027 028 028 02% 029 030 030 031 @31 032 032 033 033 034 035 035 036 036
58 026 026 027 027 028 028 029 029 030 030 031 03F 032 9032 033 033 (34 035 035 036 036
59 026 026 027 027 028 028 029 029 030 030 031 031 032 032 033 034 034 035 035 036 037
o . : 60 026 026 027 028 028 028 029 030 030 031 031 032 032 033 033 034 034 035 036 036 037
P e . 61 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034 034 035 036 036 037
e ' 62 026 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034 035 035 036 036 037

o 63 026 027 027 028 028 029 02% 030 030 031 031 032 032 033 033 034 035 ~°5 036 036 037

S L : 64 026 027 027 028 028 029 029 030 030 031 031 032 032 033 034 034 " 035 036 037 037
‘ 65 027 027 028 028 028 029 029 030 030 031 031 032 033 033 034 034 035 035 036 037 037

: 66 027 027 028 028 9029 029 030 030 031 031 032 032 033 033 034 034 035 036 036 037 037
& ' i 67 027 027 028 028 029 029 030 030 03t 031 032 032 033 033 034 035 035 036 036 037 037
o : 68 027 027 028 028 029 029 030 030 031 031 032 032 033 033 034 035 035 036 036 037 038

69 027 027 028 028 029 029 030 030 031 031 032 032 033 034 034 035 035 036 037 037 038

70 027 027 028 028 029 029 030 030 031 032 032 033 033 034 034 035 036 036 037 037 038

: 71 027 028 028 029 029 020 030 031 031 032 032 033 033 034 035 035 036 036 037 037 038

e 72 027 028 028 029 029 030 030 031 031 032 032 033 033 034 035 035 036 036 037 038 038

i 73 027 028 028 9029 029 030 030 031 031 032 032 033 034 034 035 035 036 037 037 038 038

i i 74 027 028 028 023 029 030 030 031 032 032 033 033 034 034 035 036 036 037 037 03R 03R
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TABLE II (Comtinued)

Tenspur-
ature

(Degrees AP Gravity SOF/60F

Fahron- = Rt E L - N
heit} U 1 2 ] 4 & 3 7 8 9 10 n 12 18 14 15 16 17 18 19 20

75 028 028 028 029 030 030 031 031 032 032 033 033 034 034 035 036 036 037 037 038 039
76 028 028 029 029 030 030 031 031 032 032 033 033 034 035 035 036 036 037 038 038 039
77 028 028 029 029 030 030 031 031 032 033 033 034 034 035 035 036 036 037 038 038 039
78 028 028 029 029 030 030 031 032 032 033 033 034 034 035 035 036 037 037 038 038 039
79 028 028 029 030 030 031 031 032 032 033 033 034 033 035 036 036 037 037 038 039 039
80 028 029 029 030 030 031 03r 032 032 033 033 034 035 035 036 036 037 038 038 039 039
81 028 029 029 030 030 931 031 032 033 033 034 034 035 035 036 037 037 038 038 039 040
82 028 029 029 030 031 031 032 032 033 033 034 034 035 036 036 037 037 038 038 039 €40
83 029 029 030 030 031 031 032 032 033 033 034 035 035 036 036 037 07 038 039 039 040
84 029 029 030 030 031 031 032 033 033 034 034 035 035 036 036 037 038 038 039 040 040
85 029 029 030 030 031 032 032 033 033 034 034 035 035 036 037 037 038 038 039 040 040
86 029 030 030 031 031 032 032 033 033 034 035 035 036 036 037 037 038 039 039 040 041
87 029 030 030 031 (31 032 033 033 034 034 035 035 036 036 037 038 038 039 039 040 041
88 029 030 030 031 032 032 033 033 034 034 035 035 036 037 037 038 038 039 040 040 041
89 029 030 031 031 032 032 033 033 034 035 035 (36 036 037 037 038 039 039 040 040 041
90 030 030 031 031 032 033 033 034 034 Q35 035 036 036 037 037 038 039 039 040 041 042
9t 030 030 031 032 032 033 033 034 034 035 035 036 036 037 038 038 039 040 040 041 042
030 031 031 032 032 033 033 034 034 035 036 036 (37 037 038 039 039 040 041 041 042
93 030 031 031 032 033 033 034 034 035 035 036 026 037 037 038 039 039 040 041 042 042
94 030 031 032 032 033 033 034 034 035 035 036 036 037 038 038 039 040 040 041 042 042
95 031 031 032 032 033 033 034 035 035 036 036 037 037 038 039 039 040 041 041 042 043
96 031 032 032 033 033 034 034 035 035 036 036 037 037 038 039 039 040 041 042 042 043
97 031 H32 032 033 033 034 034 035 035 036 037 037 038 038 039 040 040 041 042 043 043

R e
\D
1)

125 037 037 038 038 039 040 040 041 042 045 043 044 045 046 047 047 048 049 050 051 052
- 126 037 037 038 039 039 040 04! 041 042 043 044 045 045 046 047 043 049 049 050 051 053
B 127 037 038 038 039 040 040 041 042 042 043 044 045 046 046 047 048 049 050 051 052 053
j 128 037 038 038 039 040 040 041 042 043 044 044 045 046 047 048 048 049 050 051 052 053

B 98 031 032 033 033 034 034 035 035 036 036 037 037 038 032 039 040 041 041 042 043 043

¥ 39 032 032 033 033 034 034 035 035 036 036 037 038 038 033 040 040 041 042 042 043 044

y 100 032 033 033 034 034 034 035 036 036 037 037 038 038 039 040 041 041 042 043 043 044

: 101 032 033 033 034 034 035 035 036 036 037 037 038 039 039 040 041 041 042 043 044 044

. 102 032 033 033 034 034 035 035 036 036 037 038 038 039 040 040 041 042 042 043 044 045

¥+ ' 183 033 033 034 034 035 035 036 036 037 037 038 038 039 040 041 041 042 043 043 044 045

k 104 033 033 034 034 035 035 036 036 037 037 038 039 039 040 041 041 042 043 044 044 045

3 105 033 033 034 034 035 035 036 036 037 038 038 039 040 040 041 042 042 043 044 045 045

= 106 033 034 034 035 035 036 036 037 037 038 038 039 040 041 041 042 043 043 044 045 046

{ 107 033 034 034 035 035 036 036 037 037 038 039 039 040 041 042 042 043 044 044 045 046

é‘ 108 033 034 034 035 035 036 037 037 038 038 039 040 040 041 042 043 043 044 045 046 046

3 109 034 034 035 035 036 036 037 037 038 039 039 040 041 041 042 043 044 044 045 046 047

S 110 034 034 035 035 036 036 037 037 038 039 039 040 041 042 042 043 044 045 045 046 047

§ 111 034 034 035 035 036 037 037 038 038 039 040 040 041 042 043 043 044 045 046 046 047

El 112 034 035 €35 036 03¢ 037 037 038 039 033 040 041 042 042 043 044 044 045 046 047 047

* L 113 034 035 035 036 036 037 038 038 039 (40 040 041 042 042 043 044 045 045 046 047 048
e 114 034 035 036 036 037 037 038 038 039 040 040 041 042 043 043 044 045 046 047 047 048

i 115 035 035 036 036 037 037 038 039 039 040 041 041 (42 043 044 044 045 046 047 048 048

: - 116 035 035 036 036 037 038 038 039 040 040 041 042 042 043 044 045 046 046 047 048 049
. 5 117 035 036 036 037 037 038 038 03% 040 041 041 042 043 044 044 045 046 047 047 048 049
’ 118 035 036 036 037 037 038 039 039 040 041 041 042 043 044 045 045 046 047 043 049 049

119 035 036 036 037 038 033 039 040 040 041 042 043 043 044 045 046 046 047 048 049 050

120 035 036 037 037 038 033 039 040 041 041 042 043 044 044 045 046 047 048 048 049 050

121 036 036 037 037 038 039 039 040 041 042 042 043 044 045 045 046 047 048 049 049 050

. 122 036 037 037 038 038 039 040 040 041 042 043 043 044 045 046 047 047 048 049 050 051

. 123 036 037 037 038 039 039 040 041 041 042 043 044 044 045 046 047 048 049 049 050 Ost

% 124 036 037 037 038 039 039 040 041 042 042 043 044 045 046 046 047 048 049 050 051 052

vy




3

Totnpre-
atipe

ity

20
21

22
23
24
25
20
27
28
29
310
31

32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51

52
53
S4
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

033
033

033
0313
034
034
034
034
034
034
034
034
034
035
035
035
035
035
035
035
035
036
036
036
036
036
036
036
036
036
037
037
037
027
037
037
037
037
038
038
038
038
038
038
038
038
038
039
039
039
039

V34
034

034
034
034
035
035
035
035
035
035
038
035
036
036
036
036
036
036
036
036
035
037
037
037
037
037
037
037
037
038
038
038
038
033
038
038
038
038
039
039
039
039
039
039
039
040
040

034
034
034
034
034
034
035
035
03s
035
035
035
033
035
035
036
036
036
036
036
036
036
036
036
037
037
037
037
037
037
037
037
038
038
038
038
038
038
038
038
038
039
039
039
039
039
039
039
040
040
G40
040
040
040
041

) ".’4

034
035
03s
035
035
038
U35
035
035

=035

036
036
037
037
037
037
037
037
037
037
037
038
038
038
038
038
038
038
038
038
039
Q039
039
039
039
039
039
040
040
040
040
040
040
040
041
041
041

041

03§

035
3s

036
035
036
036
036
036
037
037
037
037
037
037
037
037
037
037
038
038
038
038
038
038
038
039
039
039
039
039
039
039
039
040
040
010
040
040
040
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036
036
036
036
03s
036
V36
036
037
037
037
037
037
037
037
037
037
038
038
038
038
038
03%
038
038
039
039
039
039
039
039
039
039

042

043
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036
036
Q436
037
(1x¥)
037
u3/
037
037
037
037
038
038
038
038
038
038
038
038
038
039
039
039
039
039
039
039
039
040
040
040
040
040
040
040
041
041
041

041
041
042
042
042
042
042
042
042
043
043
043
043
043
043
044

Z8

037

043
043
043
044
044
044
044
044
044

037
038
038
038
038
038
LR
038
038
039
039
039
039
039
039
039
039
040
040
040
040
040
040
040
041
041
041
041
041
041
041
042
042
042
042
042
042
042
043
043
043
043
043
043
044
044
044
044
044
044
045
045
045
045
045

30
038
038
038
038
039
039
U3y
039
039
039
039
03%
040
040
040
040
040
040
040
041
041
041
041
041
041
041
042
042
042
042
042
042
042
043
043
043
043
043

AL Gravity s0F /o

51

039
039
039
039
039
039
[P2V)
040
040
040
040
040
040
040
041
041
041
041
041

32
039
040
040
040
040
040
U0
040
040
041
041
041
041
041
041
041
042
042
042
042
042
042
042
043
043
043
043
043
043
043
044
044
044
044
044
044
045
045
045
045
045
045
046
046
046
046
046
046
047
047
047
047
047
048
048

33

040
040
-0
o4
041
041
(1
041
041
041
042
042
042
042
042
042
042
042
043
043
043
043
043
043
044
044
044
044
044
044
044
045
045
045
045
045
045
046
046
046
046
046
016
047
047
047
047
047
047
048
048
048
048
048
n19

Y

041
03t
041
041
041
041
(159
042
042
042
042
042
042
043
043
043
043
043
043
043
044
044
044
044
044
044
045
045
045
045
045
045
045
046
046
046
(46
046
047
047
047
047
047
047
048
048
048
048
048
049
049
049
049
049
nsn

33
042
042
042
042
042
042
U4
042
43
043
043
043
043
043
043
044
044
044
044
044
044
044
045
045
045
045
045
045
046
046
046
046
046
046
047
047
047
047
047
048
048
048
048
048
019
049
049
049
049
049
050
050
050
050
nsn

042
042
042
043
043
043
043
043
043
043
044
044
044
044
044
044
044
045
045
015
045
045
046
046
046
046
046
046
046
047
047
047
047
047
048
048
048
048
048
048
049
049
049
049
049
050
050
050

47
043
043
043
043
043
044
D44
044
044
044
044
044
045
045
045
045
045
045
046
046
046
Q46
046
046
047
047
047
047
047
047
048
048
048
048
048
049
049
049
049
049
050
0s0
050
050
050
050
051
051
051
0S5t
051
052

a8
044
044
044
044
044
044
Ud4
045
045
045
04S
045
045
046
046
046
046
046
046
047
047
047
047
047
047
048

048
048
048
049
049
049
049
049
049
050
050
050
050
050
051
05t
051
051
051
052
052
052
052
052
053
053
053

os?

voZ

044
044
045
045
045
045
(125
045
045
046
046
046
046
046
047
047
04

047
047
047
048
048
048
048
048
049
049
049
049
049
049
050
050
050
050
050
051
051
051
051
051
051
052
052
052
052
052
053
053
Q53
053
053
054
054

ne4

Vo

T

m
045
045
045
045
046
046
U-b
046
046
046
047
047
047
047
047
048
048
048
0438
048
049
049
049
049
049
049
050
0s¢
050
050
050
050
051
051
051
051
051
052
052
052
052
Q52
452
052
053
053
053
053
053
054
054
054
054
055

nee
vos

P

e 2 oAk bR e b e he . x s
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. TABLE Il (Continued)
Cluget-
ature

(Destics AP thanvity oo Cenp
(DA i e e e o et e e R o e+ - [
heity 2 e 23 2% 20 20 a7 28 Ril A N1 W2 RE KX Rh R 37 38 g 40
75 03 040 041 031 042 043 044 045 045 046 047 048 049 030 051 051 052 053 053 0SS
76 U39 040 41 042 042 043 044 045 045 046 047 048 049 050 0S1 052 053 054 054 055
77 040 040 041 042 042 043 044 045 046 047 047 048 049 OS0 051 052 053 054 055 0SS
78 040 041 041 042 043 043 044 045 046 047 048 049 049 050 051 052 053 054 055 056
1 79 040 041 04t 042 043 041 044 045 046 047 048 049 050 050 051 952 053 054 055 056
1 . 80 040 041 042 042 043 044 045 045 046 047 048 049 050 051 032 052 053 054 055 056
4 81 040 041 042 042 043 044 045 046 046 047 043 049 050 OS1 052 053 054 055 055 056
K2 011 041 U342 043 043 044 045 046 047 048 048 049 050 051 052 053 054 055 056 057
%, 83 041 041 042 043 044 044 045 046 047 048 049 050 050 OS1 052 053 054 055 056 057
& 84 041 042 042 043 0431 045 045 046 047 048 049 050 051 032 053 054 054 055 056 057
2' 85 041 042 043 043 044 045 046 046 047 048 049 050 051 052 053 054 055 056 057 058
A 86 041 042 043 044 044 045 046 047 047 048 049 050 O51 052 053 054 055 056 057 058
e 87 042 042 043 044 044 045 046 047 048 049 050 050 051 052 053 054 055 056 058 059
2 88 042 042 043 044 045 046 046 047 048 049 050 05t 052 053 054 055 056 057 058 059
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. . Ed 117 074 075 076 073 079 08t 083 084 086 087 089 091 093 095 096 098 100 102 104 106
.- L N 118 074 075 077 079 0S80 082 083 085 086 083 0% 092 094 095 097 099 10t 103 105 107
: . : *, 119 075 076 078 079 081 082 084 086 087 089 091 093 094 096 098 100 102 104 106 108
120 076 077 079 0S80 082 083 085 086 088 090 0% 093 095 097 099 101 103 105 107 109
4 121 076 078 079 08! 082 084 0%6 087 0S89 091 093 094 096 098 100 102 104 106 108 110
122 077 078 0S0 08! 083 085 087 083 090 092 093 095 097 099 101 103 105 107 109 111
- 123 077 079 0Si 08> 084 086 087 089 091 093 09 095 098 100 102 104 106 108 110 112
“fj‘; 124 078 080 08i 083 085 086 088 09 092 093 095 096 099 101 103 105 107 109 111 113
125 079 08I OR82 084 086 087 089 09t 093 095 096 097 100 102 104 106 103 110 112 114
: 126 080 031 0S3 085 036 083 0950 092 094 095 097 099 10t 103 105 107 109 111 114 116
o 127 031 082 0%4 086 087 0S89 091 093 094 096 098 099 192 104 106 108 110 112 115 117
o 128 082 083 085 086 088 0%0 (92 094 095 097 089 101 103 105 107 109 111 114 116 118




Temper-
ature
(ogreos
Fabren-
boit)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

066
066
066
066
067
067
067
068
068
068
068
069
069
069
070
070
070
070
Q71
071
071
072
072
072
072
073
073
073
074
074
074
075
075
075
076
076
076
077
077
077
077
078
078
078
079
079
079
080
080
080
081
081
081
082
082

U69
070
070
070
071
071
071
071
072
Q72
072
073
073
073
073
074
074
074
075
075
075
076
076
076

077
077

078
078
079
079
079
080
080
080
081
081
081
082
082
082
083
083
083
084

071

073
073
Q73
074
074
074
075
075
075
076
076
076
077
077
077
078
078
078
079
079
079
079
080
080
080
081
08t
081
082
082
082
083
083
084
084
084
085
085
085

Q70

072
072
073
073
073
074
074
074
075
Q75
075
075
076

077
077
077
077
078
078
078
079
079
079
030
080
080
081
081
081
082
082
082
083
083
083
084
084
084
085
085
085
086
086
087
087

072

078

079
080
080
080
080
081
081
081
Q82
082
082
083
083
084
084
084
085
Q8s
085
086
086
087
087
087
088
088
089
089

AMERICAN PETROLEUM INSTITUTE

TABLE 1} (Continued)

Al Gravity coby/nop
G (B4 [ £9 nu T1 ;2
072 073 075 076 078 079 081
072 074 075 077 078 079 Q81
073 074 075 077 078 O8O0 081
073 074 076 077 079 080 081
073 075 076 078 079 080 082
074 075 076 078 079 081 082
074 075 077 078 080 081 082
074 076 077 079 080 081 083
075 076 077 079 080 082 083
075 076 078 079 081 082 083
075 077 078 079 081 082 084
075 077 078 080 081 083 084
076 077 079 080 082 083 084
076 078 079 080 082 083 085
076 078 079 08f1 082 084 085
077 078 080 081 083 084 086
077 (79 080 08F1 083 084 086
077 (079 080 082 083 085 086
078 079 (81 082 084 085 087
078 080 081 082 084 085 087
078 080 081 083 084 086 088
079 080 082 083 085 086 088
079 080 082 083 085 087 088
079 081 082 €84 985 087 989
080 081 083 084 086 087 089
080 08t 083 084 G686 088 090
080 082 083 085 086 (88 09
081 082 084 085S 087 089 091
081 082 084 086 087 089 091
081 083 084 086 088 090 091
082 O0B3 085 086 088 09 092
082 OB3 085 087 089 090 092
082 084 085 087 089 091 093
083 084 (86 088 089 091 093
083 084 086 038 090 092 094
083 085 087 089 (9% 092 094
034 085 087 089 091 093 094
084 086 087 089 091 093 095
084 086 088 090 092 093 095
085 036 088 0% 092 094 096
085 087 089 09 092 094 096
085 087 089 091 (@93 095 097
086 088 090 091 (@93 095 097
086 088 (9% 092 094 096 097
087 089 090 (92 0924 096 092
087 08% 091 093 095 096 09§
088 089 091 093 095 057 099
088 09 0392 094 095 097 099
088 090 092 094 096 098 099
089 091 093 094 096 058 100
089 091 093 095 (97 098 100
090 091 093 095 (97 099 100
030 092 094 095 097 099 101
090 092 094 096 098 100 101
091 093 091 NOA QBR 100 10D

082
082
083
083
083}
084
084
084
08S
08s
08s
086
086
087
087
087
088
088
089
089

093
094
094

T4
(I8
084
084
084
085
085
085
086
086
087
087
087
088
088
089
089
090
050

0ds
085
086
086
086
087
087

088 -

088
088
089
089
090
090
091
091
091
092
092
093
093
093
094
094
095
Q95
096
096
096
097
097
098
098
098
099
099
100
100
100

1no
e

087
087
ox7
088
088
089
089

090~

090
090
091
051
091
092
092
093
093
094
094
094
095
095
096
096
057
097
097
098
098
099
099
099
100
100
100
101
101
102
102
103
103
104
104
104
105
105
106
106
107
107
108
108
109
109

1901
Ly

088
0Ky
089
090
090
090
091
091
092
092
092
093
093
094
094
0954
095
095
096
056
096
097
097
298
098
093
099
099
100
100

108
108
109
109
110
110
i
111

PR
Lo

090
091
091
092
092
093
093
093
094
094
095
095
085
096
096
097
097
098
098
098
099
099
100
100
100
101
10t
102
102
102
103
103
104
104
105
105
106
106
107
107
107
108
108
109
109
110
110

130
112
112

H3

PR
114

TH
092
092
093
093
094
094
094
095
Q95
096
096
096
097
097
098
098
099
099
099
100
100
101
101
101
102
102
103

103 .

104
104
104
105
105
106
106
107
107
108
108
109
109
109
110
110

I
112
112

113
114
114
115
116

iio

50
094
094
094
095
095
096
096
096
097
097
098
098
099
099
099
100
100
101
101
102
102
102
103
103
104
104
105
105
106
106
106
107
107
108
108
109
109
110
110
t10
111

112
112
13
113
114
114

116
116
117
118
118
ii5




E ’{ﬂ,{f-f

Titnpsp-
ature
(P roes

084
085
085
08Ss
086
086
087
G687
088
088
089
089

097

108
109

120

MEASUREMENT OF PETROLEUM

086

087
088
0838
089
089
090
090
091
091
092
092
093
094
094
035
096
056

108

120

123

091

094
094
095

Ul
090
090
091
091

091

092
092
093
093
094
095
095
096
096
097
098
098

116

118
120
121
122
124
125
127
128
130
131

TABLE

Liquib HYDROCARBONS BY PD Mrptig

11 (Continued)

091
092
092
092
093
093
094
094
095
095
096
097

6y

093

(3]

097
097
098
098
09y
099
099
100
101
101
102
102
103
103
104
105
105

142

09y

135
137

145

i
100
101
101
102
102
103
103
104
105
105
106
106
107
107
108

AP Gran ity ot /nng

108
109

119
120
121
122
123
124
125
12¢
127
128
130
131
132
133
134
135
136
137
138
139
141
143
145
146
148
150

153

121
122
123
124
125

126

135
136
138
139
140
141
142
143
144
145
147
148
150
151
152
154
156
158
160
162

12
113
114
114
115
115

17
117
118
119
{19
120
120
121
122
123
123
124
125
126
126
127
128
129
130
131
132

133
134

35
136

154
155
157
159
161

164

1S
s
116
116
117
118

119
120
120
121
122
122
123
124
124
125
126
127
128
128
129
130

133

156
157
158
159
161
163
165
167

T
t17
118
118
119
120
120
121
121
122
123
123
124
125
125
126
127
128
129
130
130
131
132
133
113
134
135
136
137
138
139
140
141
142
143
144
145
146
147
149
150
151
152
153
154
156
157
158
159
161
162
164
166
168
170

&y

120
120
121
121
122
123
123
124
124
125
126
127
127
128
129
130
131
131
132
133
134
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
156
i57
158
160
161
162
164
165
168
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{
3
{
?
;
'
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FABLE 1 (Continued)

API Gravity GOF/GOF

€95
096
096
097
097
097
098
098
099
099
100
100
100
10t
101
102
102
103
103
104

104
105
105
106
106
107
107
108
108
108
109
109
110
110
111
HH
112
112
112
113
113
114
114
115
116
116
117
118
118
119
119
120
121
121

82
097
097
098
098
099
099
100
100
101
101
101
102
102
103
103
104
104
105
105
106
106
106
107
107
108
108
109
109
109
110
110
m
111
112
112
113

t113
aro

113
114
115
L5
116
116
117

1138
119
119
120
121
121
122
122
123
123

105
105
106
106
107
107
108
108
108
109
109
110
110
111
111

116
117

121
122
122
123
123
124
124
125
125

122
22
123
123
124
124
125
126
126
127
127
128

85
103
103
104
104
105
108
106
106
107
107
107
108
108
109
109
110
110
111
111
111
112
12
113
113
114
114
115
115
116
116
117
117
118
118
119
120

190
1Lv

121
121
122
123
123
123
124

R

125

131

88
105
105
106
106
107
107
108
108
108
109
109
110
110
111
111
112
112
113
113
113
114
114
115
115
116
116
117
118
118
119
119
120
120
121
121
122

126
127
128
123
129
130
130
13t
131
132
133
133

87

107
107
108
108
109
169
110
110
110
111
111
112
i12
113
113
114
114
115
115
116
116
17
117
118
118
119
119
120
120
121
122
122
123
123
124
124
125
125
126
127
127
128
128

129
120

130
131
132
132
133
133
134
135
135
136

88

109
109
110
110
1t
111
11
112
112
113
113
114
114
115
115
116
116
117
117
118
118
119
119

120
121
122
122
123
123
124
124
125
126
126
127
127
128
129

59
111
11
112
112
113
2
114
114
115
115
115
116
116
117
uz
118
118
119
119
120
121
121
122
122
123
123
124
125
125
126
126
127
127
128
129
130
130
131
131
132
132
133
134
134
1358
135
136
137
137
138
139
139
140
141
142

90
13
113
114
114
115
115
116
116
117
117
117
118
118
119
119
120
121
121
122
122
123
124
124
125
125
126
127
127
128
128
129
130
130
131
131
132
133
133
134
134
135
136
136
137

133

144

91
115
115
116
116
117
117
118
118
119
119
120
120
121
121
122
123
123

24
124
125
125
126
127
127
128
129
129
130
131
131
132
132
133
134
134
135
135
136
136
137
138
138
139
139

145
145
146
146
147

92

117
117
118
118
119
119
120
120
121
121
122
123
123
124
124
125
126
126
127
127
128
129
129
130
131
132
132
132
132
134
134
135
136
136
137
138
138
139
139
140
141
141
142
142
142
143
144
144
145
146
147
147
148
149
150

93

19
119
120
120
121
121
122
123
123
124
124
125
126
126
127
127
128
128
129
129
130
131
131
132
133
133
134
135
135
136
136
137
138
138
139
139
140
141
141
142
143
143
144
144
144
143
146
146
14

148
149
149
150
151
152

122
123
124
124
125
125
126
126
127
128
128
129
122
130
130
131
132
132
133
134
134
135
136
136
137
137
13§
138
139
140
140
141
142
142
143
143
144
145
145
146
146
147
147
148
149
150
151
152
153
153

154
154

95

123
123
124
125
125

117
1év

126
127
127
128
129
129
130
130
131
131
132
133
13
134
135
135
136
136
137
138
138
139
139
140
141
142
142
143
143
144
144
145
145
146
147
147
143
149
149
150
151
152
153
154
155
156
157
157
158

96
125
126
126
127
127

110
1a0

128
129
129
130
131
131
132
132
133
134
134
135
135
136
137
137
138
139
139
140
11
141
142
143
143
144
144
145
145
146
146
147
147
148
149
150
151
152
152
154
tss
156
156
157
158
159
159

160
161

97
127
128
128
129
129

38
130
131
131
132
133
133
134
135
135
136
136
137
138
138
139
140
140
141
142
142
143
143
144
145
145
146
146
147
147
148
149
149
150
151
152
153
154
155
156
157
158
158
159
160
161
162
162

163
164

98

129
130
130
131
131

1%
14

132
133
134
134
135
135
136
137
137
138
139
139
140
141
141
142
143
143
144
144
145
145
146
147
147
148
149
149
150
151
i5z
153
154
155
155
156
157
158
159
160
161
161
162
163
164
165
166

167
169

99
131
132
132
133
133

T
LI

135
135
136
136
137
138
138
139
140
140
141
141
142
143
144
144
145
145
146
146

47
148
148
149
150
151
152
152
153
154
55
156
157
158
158
159
160
161
162
163
164
165
166
167
168
169
169
170

11
L

100
133
134
134
135
135
136
137
137
138
139
140
140
141
141
142
143
143
144
144
145
146
146
147
148
148
149
150
5t
152
152
153
154
155
156
156
157
1538
159
160
161
162
163
164
165
165
167
168
169
170
170
171
172
173
174

1L
P




MEASUREMENT OF PrTROLEUM LiQuib HYDROCARBONS BY PD METIR 15

TABLE 1l (Continued)

Tempers
ature
(l.lhlﬁzrrlfi e i ATl Gm\'lt__\' COF/50F

beit) 81 82 83 84 85 56 b7 88 89 90 o1 Y2 HES o4 95 g 7 08 99 200
75 122124 126 129 132 134 137 140 142 145 148 151 153 156 159 162 165 169 172 176
76 122 124 127 130 132 135 137 140 143 146 149 151 154 157 160 163 166 170 173 177
77 123 125 127 130 133 135 138 141 144 146 149 152 155 158 161 164 167 171 174 178
78 123 126 128 131 134 136 139 142 145 147 150 153 156 159 162 165 168 172 175 179
79 124 126 129 132 134 137 140 143 145 148 151 154 157 160 163 166 169 173 176 180
80 125 127 130 133 13§ 138 141 142 14€ 340 363 g€ e sy t2d 107 170 174 177 1o
¥l 125 128 131 133 136 138 141 144 147 150 153 156 159 162 165 168 171 175 178 182
]2 126 129 131 134 136 139 142 145 148 151 154 157 160 163 166 169 172 176 179 183
83 127 130 132 135 137 140 143 146 149 151 155 158 160 164 167 170 173 177 180 185
84 128 130 133 135 138 141 144 146 149 152 156 159 161 165 168 17%¢ 174 178 182 186
85 128 131 133 136 139 142 145 147 150 153 157 159 162 166 169 172 175 179 183 187
86 129 132 134 137 140 143 145 148 151 154 158 160 163 167 170 173 176 180 184 188
. 87 130 132 135 138 141 144 146 149 152 155 159 161 164 168 171 174 77 181 185 189
o 88 131 133 136 138 141 144 147 150 1S3 156 160 162 165 168 172 175 178 182 185 190
,‘F 89 131 134 137 139 142 145 148 151 154 157 160 163 166 169 173 176 179 183 187 191
7 90 132 135 137 140 143 146 149 152 155 158 161 164 167 170 173 177 181 184 188 193
iﬁ 91 133 135 138 141 144 147 150 153 156 159 162 165 168 172 174 178 182 185 189 194
& 92 134 136 139 142 145 148 151 154 157 160 163 166 169 172 175 179 183 187 190 195
é 93 134 137 140 143 146 149 152 155 158 161 164 167 170 173 177 180 184 188 192 197
n 94 135 138 141 144 147 150 153 156 1S9 162 165 168 171 174 178 181 185 189 193 198
i 95 136 139 142 145 148 151 154 157 160 163 166 169 172 175 179 183 186 190 195 199
- 95 137 140 143 146 149 152 155 158 161 164 167 170 173 177 180 184 187 191 196 201
97 ‘138 141 144 147 150 153 156 159 162 165 168 17t 174 178 181 185 188 192 197 202
; 98 139 141 145 148 151 154 157 160 163 166 169 172 175 179 182 186 189 194 198 203
-’;'_. 99 140 142 146 149 152 155 158 161 164 167 170 173 177 180 184 187 190 1S5 250 205
100 141 144 147 150 153 156 159 162 165 -168 171 174 178 18F 185 188 192 197 201 206
N A 101 142 145 148 151 154 157 160 163 166 169 172 175 179 183 186 1IR3 193 198 203 207
' 102 143 146 149 152 155 158 161 164 167 170 173 176 180 184 187 1% 195 199 204 208
e 103 144 147 150 153 155 159 162 165 168 171 175 178 181 185 188 191 196 201 205 210
§ 104 145 148 151 154 157 160 163 166 169 172 176 179 183 186 189 193 198 202 207 212
£ 105 146 149 152 155 158 161 164 167 170 173 177 180 184 187 190 194 199 204 208 213
& 105 147 150 153 156 159 162 165 168 171 175 178 181 185 188 191 196 201 205 210 214
107 148 15t 154 157 160 163 166 169 172 176 179 182 186 189 193 198 202 207 211 216
& 108 149 152 155 158 161 164 167 170 174 177 180 183 187 190 195 199 204 208 213 217
8 109 150 153 156 159 162 165 168 172 175 178 181 184 188 192 196 201 205 210 214 219
110 151 154 157 160 163 166 170 173 176 180 183 186 189 192 198 202 207 211 216 221
3 111 152 155 158 161 164 142 171 174 177 181 184 16V 150 155 2806 24 203 z2is 2iT 233
& 112 153 156 159 162 165 169 172 175 179 182 185 188 192 197 201 206 210 215 219 225
. & 113 154 157 160 164 167 170 173 177 180 183 186 189 193 198 203 207 212 216 221 227
s g 114 155 159 162 165 168 17t 175 178 181 184 187 191 195 200 204 209 213 218 223 229
N % 115 157 160 163 166 170 173 176 179 183 186 189 193 197 202 206 211 215 220 225 232
“ & 116 I58 161 164 168 171 174 178 181 184 187 190 194 198 203 208 212 217 222 227 232
; é’ 117 159 163 166 169 172 176 179 182 185 188 192 196 200 205 210 214 218 224 228 233
. ¢ B 118 161 164 167 171 174 177 180 184 187 190 194 198 202 207 211 216 221 226 231 235
£ 119 162 165 169 172 175 179 182 185 188 192 196 199 204 209 213 218 222 227 232 237
: 120 164 167 170 174 177 180 183 187 190 194 198 202 206 210 215 219 7274 220 224 241
£ 121 165 169 172 175 178 182 185 188 192 196 200 204 208 212 217 221 226 231 234 241
o 122 167 170 173 177 180 183 187 190 194 198 202 206 210 214 219 223 228 232 237 243
123 168 172 175 178 182 185 188 192 196 200 204 208 212 216 220 225 229 234 239 246
B 124 170 173 177 180 183 186 190 194 198 202 206 210 214 218 222 226 231 236 242 249
,‘:3 125 172 175 178 182 185 188 192 196 200 204 208 212 216 220 224 228 233 238 244 25i
126 174 177 180 183 187 190 194 198 202 207 210 214 218 222 226 230 235 240 247 255
127 176 179 182 185 189 193 196 200 204 209 212 216 220 224 228 231 237 242 250 258
128 178 181 184 187 191 195 198 204 207 211 214 218 221 225 229 233 238 244 252 26t




AMERICAN PETROLEUN INSTITUTLE

TABLE H (Continued)
Temyper-
atnre
{Derries Npea i diran ity Bal oo
Falirci- e - - g me s AR - - g
heity 0,500 1a01 ; 0503 0504 ; 0.506 WSUN 000 050 0511 1N [UROS SN
20 356 353 RET KRN 33§33 328 323 322 319 313 3o
21 358 3535 RENEREE 337 2 320 326 323 320 R 3t
22 3600 356 349 345 - 338 331 328 325 322 J 312
23 362 358 50 347 4340 373 333 330 326 323 k R B
24 364 360 352 349 345 342 335 331 328 328 W 315
25 366 362 354 350 343 336 333 330 326 217
27 369 366 58 354 347 3 340 336 333 330 320
28 371 367 360 356 349 3 342 338 335 332 21
29 373 368 362 350 343 340 336 333 326 323
30 375 371 363 360 352 345 342 338 335 324
31 377 373 3 365 362 354 347 343 340 336 326
32 380 375 367 363 356 349 345 342 338 3 328
33 382 377 369 365 358 350 347 344 340 330
34 384 379 371 367 360 352 349 345 342 332
35 386 3381 7 373 369 362 354 330 347 344 333
36 387 383 375 37 364 356 352 349 346 335
37 389 1385 377 313 365 358 354 350 347 336
38 39t 387 379 375 367 360 356 352 349 338
39 393 389 381 377 369 362 354 351 344 340
40 396 391 383 379 371 364 360 356 352 3 342
41 398 1393 a8t 373 366 362 358 354 3f k 344
42 400 39S 3 4 360 356 346
43 402 397 3 k 362 358 348
44 404 400 387 3 364 352 349
45 406 402 389 37- 366 362 351
46 408 404 368 364 35 333
47 410 408 g 370
48 413 409 372
49 415 411 3 374 359
50 418 413 376 3 361
51 420 417 3 378 363
52 423 419 : 3 379 365
53 425 421 381 K 367
54 428 424 3 383 369
S5 430 426 385 371
56 432 2 388
43> : i 330 DR
438 433 392 377
440 435 43 394 379
442 437 432 381
445 439 383
448 442 43 : 385
451 445 387
454 448 . 3 2 389
456 430 3 2 314 392
458 452
460 455
463 458
466 461
468 464
471 466
474 469
477 472
480

Sm= aea P L R T L 10




MEASUREMENT OF PETROLEUM LiQuip HYDROCARBONS BY PD METER

TABLE 11 (Continued)

Termpit-

N cifie G ni_!_\ o
o oo ; 0503 B30E 05 00U 9507 ua0s 0,500 0L
483 478 468 462 457 452 447 442 437 432
486 480 470 465 260 455 JS50 445 440 435
489 483 472 468 463 458 452 448 443 438
492 486 475 470 466 461 455 450 446 440
494 488 478 473 468 464 4S8 453 44y 443
497 492 481 476 471 466 d461 456 452 446
shn - AoR A0 172 0T 400 a0+ 4dY add 449
504 498 487 482 477 471 467 462 457 452
508 501 490 485 480 474 469 465 460 455
512 505 493 488 483 477 472 467 463 458
516 509 496 49! 486 480 475 470 466 460
519 512 499 494 489 484 478 472 468 463
522 516 502 497 492 487 481 475 470 466
525 519 506 495 490 484 478 473 468
528 S22 516 498 493 487 482 476 471
531 526 Si4 SU2 496 490 486 479 474
534 529 518 506 499 493 489 482 477
537 531 521 509 502 496 492 486 480
540 534 524 S12 506 500 495 489 483
543 537 527 516 510 504 498 492 486
546 540 530 519 513 507 496 490
549 543 533 5 522 516 si0 499 493
553 546 536 525 519 5t3 502 496
556 550 539 528 522 516 506 500
560 554 5 542 53 §31 525 519 509 504
564 558 545 534 528 523 512 507
568 562 548 2 537 531 526 515 510
572 566 552 540 521 52% 5i8 513
576 570 556 544 538 532 521 ste6
580 574 560 541 535 524 519
584 578 564 544 538 50 528 522
588 568 5 548 542 531 5258
592 572 552 546 534 528
596 576 556 549 5 537 531
599 580 560 553 540

603 584 5§63 557 544

606 588 567 548

ciC oo 33058 371 ¢ 552

614 596 575 2 556

618 599 581 560

621 602 584 564

625 606 588 568

628 610 592 572

63t . 614 596 376

635 617 S S98 580

639 621 602

642 622 606

646 63 626 609

650 630 612

653 6 : 634 612

656 637 619

660 3 640 622

664 6144 625

667 628

SRR T

i
§
0
-
g
ki
&
%




78

Temper-
ature
(Degrees
Fahren-
heit)

20
21
22
23
23
25
26
27
28
29
30
31
32
33
34
as
36
37
38
39
40
41
42
43
44
55
46
47
4R
49
50
51
52
53
53
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
75
74

[P
.520

290
292
293
295
296
298
300
301
302
304
306
308
309
311
312
313
315
317
319
320
322
323
325
327
328
330
332
333
335
337
339
341
343
345
347
349
351
352
354
356
358
360
363
365
367
369
371
373
375
377
379
i82
384
336
388

0.521
288
289
290
292
293
298
296
298

304
306
308
309
K391
312
314
315
317
319
320
322
324
325
327
329
330
332
334
336
337
339
3N
343
345

353
355
357
359
361
363
365
367
369
371
373
376
378
380
382
384

0.622 0.523

376
378
380

282
284
285
286
288
289
290
292
293
295
296
298
300
301
302
304
306
308
309
in
312
314
316
317
319
320
322
324
325
327
329
Kk}
332
334
336
338

360
362
364
366
368
370
372
375
377

364
366
368
371
373
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0.525
278
273
280
281
283
284
286
287
288
290
291
292
294
255
296
298
300
301
303
305
306
308
310
311
313
314
316
318
319
321
323
324
326
328
330
332
333
335
337
339
341
343
345
347
349
351
353
355
357
359
351
363
363
367
369

TABLE 1l (Continued)

0.526 0.527 0.523

276
277
278
279
281
282
283
285
286
287
289
290
291
293
294
295
297
299
300
302
303
305
307
308
310
312
313
315
317
318
320
322
323
325
326
328
330
332
333
335
337
339
341
343
345
347
349
351
353
355
357
359
361
363
365

273
275
276
277
278
279
281
282
283
285
286
288
289
290
291
293
294
295
297
299
301
302
304
305
307
309
310
312
314
315
317
318
320
322
323
326
328
330
331
333
335
337
339
341
243
345
347
349
351
353
355
357
359
360
162

Specific Gravity COF /60

271
273
274
275
276
278
279
280
281
283
284
285
287
288
289
291
292
293
295
296
298
300
301
303
305
306
308
310
31t
313
315
316
318
319
32t
323
324
326
328
330
332
333
335
337
339
341
343
345
347
349
351
353
355
357
359

0.529
268
270
271
273
274
275
276
278
279
280
281
283
284
286
287
288
290
291
292
294
295
297
298
300
302
303
305
307
308
310
311
313
315
316
318
320
322
323
325
326
328
330
332
334
326
338
340
342
344
346

350
352
354
357

35?2

0.5+l
263
265
266
267
268
270
21
273
274
275
276
278
279
280
281
283
284
285
287
289
290
291
293
294
295
297
299
300
302
304
306
307
309
310
312
313
315
317
318
320
322
323
325
327
329
331
332
334
336
338
340
342
344
346
34R

331
333
335
337
339
340
342
344

A

273
274
275
277
278
279
281
282
283
285
286
288
289
290
292
293
295
296
298
300
301
303
305
307
309
310
311

312
314
316
318
319
321

323
324
326
328
330
332
333
338
337
339
EER]

0.534

256
257
258
259
260
262
264
265
266
268
269
270
2n
273
274
275
277
278
279
281
282
283
285
287
288
289
291
292
294
295
296
298
300
301
303
305
307
308
310
311
313
315
316
318
320
322
323
325
327
328
330
332
334
336
2138

0535 0.886 0.537

253
255
256
257
258
260
261
263
264
265
266
268
269
2n
272
273
275
276
277
279
280
281
283
284
285
287
288
289
291
292
294
295
297
298
300
301
303
305
307
309
311
312
313
315
317
319
321
322
323
325
327
329
331
333
328

251
253
254
255
256
257
259
260
261
263
264
265
267
268
269
271
272
273
275
276
277
279
280
281
283
284
286
287
289
290
291
293
294
295
297
299
300
302
304
306
307
309
311
312
314
316
317
319
321
322
324
326
328
330
231

249
250
25t
253
254
255
256
257
259
260
261
263
264
265
267
268
269
271
2N
274
278
276
278
279
280
282
283
284
286
287
289
290
291
293
294
295
297
299
300
302
305
306
308
310
311
313
314
316
Ti8
319
321
323
324
326

a8

0.533
247

248

315
317
318
320
322
23
el R

”~
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TABLE 11 (Continued)

T<?g~' ‘-
ature
(}{:}i;;llts PR Specific Gravity 60F/60F

heit) W52 9521 0522 0,523 0524 0525 0.326 0,527 0.528 0.52% 0.530 0.531 0.532 0.533 0.534 0.535 0.536 0.337 0.335 0.53y
75 39 3dn 0 3820379 376 372 367 364 361 359 354 350 347 343 340 337 333 330 327 324
76 192 38% 384 381 373 374 370 366 363 361 356 352 349 345 342 339 336 332 329 326
7 395 391 387 383 380 376 372 369 365 363 358 354 351 347 344 340 337 334 331 328
78 198 394 390 385 382 378 374 371 367 365 360 356 353 349 346 343 339 336 2333 330
. 79 400 396 392 388 384 380 376 373 369 367 362 358 355 3S1 348 345 341 338 335 331
. K0 403 399 395 390 386 383 379 376 372 368 364 360 357 353 350 347 343 340 337 334
R 406 402 397 392 389 385 381 378 374 370 367 362 359 356 352 349 346 342 339 336
82 408 404 400 395 391 388 383 380 376 373 369 365 361 358 354 351 3483 344 341 338
) 81 411 406 402 398 394 390 385 383 279 375 371 367 363 360 358 353 350 347 343 340
. & 84 413 409 404 400 396 392 388 385 381 377 374 370 366 362 359 355 352 349 345 342
- o 83 416 412 407 403 399 395 391 387 384 380 376 373 368 364 361 357 351 351 347 344
‘ 86 413 414 410 406 402 397 394 390 386 382 379 375 371 367 363 359 356 353 349 346
b . M 87 420 416 412 408 404 400 396 392 389 385 381 377 373 389 365 362 358 355 352 349
- I 88 422 419 415 410 407 402 399 395 391 387 384 380 375 372 368 364 361 357 354 351
; Eg 89 425 421 417 412 409 405 401 398 394 390 386 382 378 374 370 366 363 359 356 353
- ) 90 428 423 419 414 412 407 403 400 39 392 388 384 380 376 373 369 365 362 358 355
2 % 91 430 426 422 417 414 410 406 402 399 354 1391 386 383 379 375 371 387 364 361 357
3 g 92 433 429 424 420 416 412 408 405 401 397 393 389 385 381 377 374 370 366 363 359
: & 3 436 431 426 422 419 415 410 407 403 399 3% 391 387 384 380 376 372 369 365 362
~ ;;' 94 439 434 429 425 421 417 413 409 406 4001 398 394 390 386 382 378 374 371 367 364
- g{ 95 441 437 432 428 424 420 416 412 408 404 400 39 392 389 385 380 377 373 370 366
96 444 439 435 431 427 422 418 415 410 406 403 399 395 391 388 383 379 375 372 369
97 446 442 428 434 430 425 420 417 413 408 405 401 397 393 390 386 382 378 375 371
1 o 98 449 445 441 436 432 428 423 420 416 411 408 403 400 396 392 388 385 381 377 373
- W 99 452 448 444 440 435 431 426 422 418 414 410 405 402 398 394 391 387 384 379 376
- b 100 455 450 447 442 439 433 429 425 421 417 412 408 404 401 397 393 389 386 382 378
" 101 458 453 450 445 441 437 431 428 423 419 415 410 407 403 399 396 392 388 385 381
F . 102 461 456 453 448 443 439 435 431 426 422 418 413 409 405 402 398 394 391 387 384
id 103 464 458 456 450 446 442 437 434 429 425 420 416 411 408 404 401 397 393 390 386
. - ;{ 104 467 461 459 453 449 445 439 436 431 427 423 418 414 410 406 403 399 396 392 388
4 : ' “ 105 470 464 461 455 451 447 443 439 434 430 426 421 417 412 409 405 402 398 394 391
'\; 106 473 467 464 458 454 450 446 442 437 433 429 424 419 416 411 407 404 401 397 393
»5'} 107 476 471 467 461 457 453 449 445 440 436 431 427 423 418 414 410 406 403 399 396
é 108 479 475 470 464 460 455 451 448 443 439 434 430 425 420 417 412 409 405 402 398
109 482 478 473 468 463 459 454 450 446 442 437 432 428 424 420 415 411 407 404 401
g {10 486 481 477 472 466 461 457 453 449 445 440 435 431 427 422 418 414 410 407 403
- 111 489 484 479 475 470 466 460 456 452 448 443 438 434 430 425 421 417 412 409 405
":‘; 112 492 487 482 478 475 469 462 459 454 452 446 441 437 432 428 423 419 415 411 407
v - % 113 496 490 486 481 477 471 466 462 AS7 455 449 444 440 435 431 426 422 418 414 410
. ® 114 500 494 487 485 481 476 469 465 460 458 452 447 442 438 434 429 425 420 417 413
- ; 115 503 498 492 488 484 478 473 468 463 461 454 449 445 441 437 432 428 423 419 416
= e 116 506 501 496 491 487 481 476 472 467 464 4S8 453 448 444 439 435 430 426 422 418
B ¥ 117 S09 504 499 494 490 484 48D 475 470 467 461 455 451 446 442 438 434 429 425 420
L = ! 118 512 508 502 498 493 487 483 478 473 468 464 458 454 449 445 441 437 432 427 423
o 119 515 511 506 501 496 490 486 481 475 471 467 461 457 452 448 443 440 435 430 426

S14 509 504 499 493 489 485 480 475 470 464 450 455 451 446 442 438 433 429
517 512 SO07 502 497 492 488 483 478 473 467 4562 458 454 449 445 441 436 432
520 515 510 506 500 495 491 486 481 476 470 466 461 456 452 448 443 439 435
524 S18 514 509 504 499 494 489 484 479 474 468 464 459 455 451 446 442 438
528 522 517 512 S07 502 457 492 488 483 477 472 467 462 458 454 449 444 441
532 526 520 516 Si1 505 500 495 491 486 480 475 470 465 461 457 452 447 443
536 530 524 519 514 509 504 499 494 489 484 479 474 468 464 459 455 450 446
5§39 534 328 522 517 511 S08 502 497 492 487 482 477 471 466 462 458 453 449
542 537 532 526 521 514 511 506 500 495 490 486 480 474 470 465 461 456 452
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281
282
283
285
287
288
289
290
292
293
295

300

309
311

316

2852
253
255
256
257

260
261

281
283

288
290

283
284

276

280
282
283
285
286
288
289

299
30t

308
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K]
231

240

248
249
250
252
253
254
255
257
258
259
260
262
263
264
265
267
268
269
27t
272
274
275
277
278
279
281

284
285

296

TABLE

OO TIN $H

229
230
231
232
233
234
236
237
238
239
240
242
243
244
246
247
248
249
251
252
253
254
255
257
258
259
260

283
284
286
287
289
290
292
293
295
297
299
300
302

299

11 (Continued)

Npcific Gravity aap /ooy

[URNE B
225
220
227
228
229
231
232
233
234
235
236
237
238
239
241
242
244
245
246
248
249
250
251
252
253
255
256
257

265

268

Aro
PAY Y4

270
272
273
275
276
278
279
281
282
284
285
287
288
290
291

295
296

(G )
223
224
225
226
227
228
230
231
232
233
234
235
236
237
239
240
241
243
244
245
246
247
249
250
251
252
254
253
256
257
259
260
261
263
264
205
256
268
269
271
272
274
275
277
278
280
281
283
285
286
287
289
291
292

293

oSt
221
333

223
224
225
226
227
229
230
231
232
233
234
235
236
237
239
240
241
243
244
245
247
248
249
250
252
253
254
255
256
258
259
260
261
262
264
265
267
268
269
271
273
274
275
277
279
280
282
284
Z85
287
288
289
291

[USVIYD S UV RS

219
220
221
333

Payeas

233
223

228
227
228
229
230
231
232
233
234
235
237
238
2319
240
242
243
244
246
247
248

249

251
252
253
254
255
257
258
259
260
261
263
264
265
267
269
270
271
2713
275
276
278
279
281
2383
284
286
287
289

217
218
219
220
221
222
223
224
225
227
228
229
230
231
232
233
235
236
237
238
240
241
242
243
244
246
247
248
249
251
252
253
254
255
257
258
259
260
262
263
264
266
268
269
271
272
274
275
277
278
280
282
283
285
286

[URR
215
216
217
218
219
220
221
PR

223
225
226
227
228
229
230
231
233
234
235
236
237
238
240
241
242
243
245
246
247
248
250
251
252

0534
213
213
214
215
216
217
218
220
22t
222
223
225
226
227
228
229

231
232
233
234
235
236
237
239
240
24
243
244
245
246
247
249
250
251
252
253
255
256
257
258

261
262

2R1

050
209
209
210
2ii
212
213
214
215
216
217
218
220
221
222
223
225
226
227
229
230
231
232
233
235
236
237
238
239
240
242
243
244
245
246
248

0.557
207
207
208
205
210
211
212
213
214
215
216
217
218
220
221
222
223
225
226
228
229
230
231
233
234
235
236
237
238
239
240
242
243
244
245
247
248
249
250
251
253
255
256
257
2538
259
261
263
264
266
268
269
271
273

T
P

1.55%

2us
206
206
207
208
209
210
211
212
213
214
218

248

laledat

TN
0559

203
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
220
221
222
224
2258
226
228
229
230
231
233
234
235
236
237
238
240
242

~an
o

244

246
248

261
262

266
268

~an
—rv
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TABLE H (Continued)

Tewmper-
o

Npeeifie Gravity cOF/woF

Fahren- JP— C e - e e e [ e e e e e e o e e
bty DOLOOHE 002 03 ultE 0510 0516 0547 0583 000 0500 00551 0G0 0003 DATE 0LGs 0.0a6 0.35T 0,538 0.559
75 321 318 3EF 312 309 307 304 301 298 295 293 290 288 185 283 281 278 276 274 271
76 323320 317 314 312 308 306 303 300 297 294 291 289 287 284 282 280 277 275 273
7 325 322 319 316 313 310 307 305 302 295 296 293 291 288 286 283 281 279 277 274
78 327 0323 321 318 315 312 309 306 303 300 298 295 292 290 287 285 283 28t 278 276
79 328 325 323 320 317 314 31 308 305 302 300 296 294 291 289 287 285 282 280 278
80 3300 327 323 321 319 316 313 R0 0T 34 201 208 206 202 200 288 286 Zad 281 279
81 332 329 326 323 320 318 315 312 309 306 303 300 297 294 292 289 287 285 283 281
82 335 331 328 325 322 319 317 3t4 311 308 305 302 299 296 293 291 289 287 285 283
83 337 334 330 327 323 321 319 316 313 310 307 304 301 298 295 293 291 289 286 284
84 339 336 332 329 326 323 320 318 315 312 309 306 303 300 297 295 292 290 288 286
85 341 338 334 331 328 32§ 322 319 317 313 311 308 305 302 299 297 291 291 289 287
86 343 340 336 333 330 327 324 321 318 315 313 310 307 304 301 299 296 293 291 289
87 345 342 338 335 332 329 326 323 320 317 315 312 309 306 303 301 298 295 293 290
88 347 344 340 337 334 331 328 325 322 319 317 314 311 308 305 303 300 297 294 292
89 349 346 342 339 336 333 331 327 324 321 319 316 313 310 307 305 302 299 296 294
90 352 348 345 341 338 33§ 333 329 326 323 321 318 315 312 309 307 304 301 298 296
91 345 350 347 344 340 337 334 332 328 325 323 320 317 314 311 309 306 303 300 298
92 356 353 349 346 342 339 336 333 330 327 325 322 319 316 313 311 308 305 302 300
93 358 355 352 348 345 341 338 335 333 330 327 324 321 318 315 313 310 307 305 302
94 360 357 354 350 347 343 340 337 335 332 329 326 323 320 317 315 312 309 307 304
95 363 359 356 353 2349 346 2343 339 337 334 331 328 325 323 319 317 314 311 307 306
9 365 362 358 355 352 348 345 342 339 336 333 330 327 325 322 319 316 3i3 311 308
97 . 368 364 360 357 354 350 347 344 341 338 335 333 330 327 324 322 318 315 313 310
98 370 366 362 339 356 353 350 347 343 340 337 335 332 329 326 324 321 317 315 312
99 372 369 365 361 358 355 352 349 346 342 339 337 334 331 328 326 323 320 318 315
x 100 375 372 368 364 361 357 2SS 352 348 345 342 339 335 333 330 328 325 323 320 317
- 101 377 374 370 366 363 360 357 354 350 347 345 341 338 336 333 330 327 325 322 319
4 ' 102 379 376 373 369 365 362 359 356 353 249 347 344 340 338 335 332 329 327 325 321
25 103 382 378 375 172 368 364 361 358 355 352 349 346 343 340 337 335 332 329 327 324
o 104 385 381 377 374 371 367 363 360 357 354 351 348 345 342 339 337 334 331 329 326
b 105 387 383 380 376 373 370 366 363 359 357 354 351 347 345 341 339 336 334 331 328
; 106 390 386 382 378 375 372 369 366 362 359 356 353 350 347 344 341 338 336 334 330
A 107 3192 388 385 381 378 375 371 368 365 361 358 355 353 349 347 343 340 338 336 333
o 108 395 391 387 383 380 377 373 370 367 364 360 357 355 352 349 346 343 340 338 335
; 109 397 394 390 386 382 379 376 373 369 366 363 360 357 354 351 348 346 342 340 337
' 110 400 396 392 188 385 381 378 375 372 369 366 362 359 356 353 351 348 345 342 339
111 4027 208 208 201 3eT 194 290 277 T4 371 368 365 362 358 356 353 350 347 344 341
& 12 404 400 397 393 390 386 382 379 377 373 370 367 365 361 358 355 352 350 347 344
, 13 407 403 399 396 392 389 385 381 379 376 372 369 367 364 360 357 355 352 349 347
3 114 409 406 402 398 395 392 387 384 381 377 375 371 369 366 362 359 357 1354 352 349
2 115 411 408 404 400 397 391 390 386 383 379 377 374 371 368 365 362 359 356 354 351
% 116 414 410 407 403 399 396 392 389 385 38t 379 376 373 370 367 365 361 358 356 353
a5 117 416 413 409 405 402 399 395 391 388 384 381 378 375 372 369 367 364 360 358 356
i 5 18 419 415 402 403 404 401 358 354 350 386 383 380 344 374 311 36y 366 363 360 338
E 119 422 418 214 410 407 404 400 396 393 389 385 382 379 377 373 371 368 365 363 360
120 424 420 416 413 409 406 402 398 395 392 388 384 381 378 375 373 370 367 365 362
- 121 427 422 418 415 412 409 404 401 397 394 390 386 382 380 377 375 372 369 366 364
o 122 430 425 421 417 413 411 407 403 399 396 392 389 385 382 379 377 374 371 369 367
g 123 - 433 428 424 419 416 413 410 406 402 398 395 392 388 384 381 379 376 373 371 368
Ew 124 336 431 427 422 418 415 412 408 404 401 397 394 390 386 383 380 378 375 373 371
;ﬁ 125 439 433 430 425 420 417 414 411 407 403 400 396 393 389 385 382 379 37% 275 373
Ta 126 42 437 433 428 423 419 416 413 410 406 402 399 395 392 388 385 381 379 377 374
& 127 444 440 435 431 426 422 419 415 412 408 405 401 398 394 391 387 384 381 378 376
. g; 128 447 443 439 434 430 425 421 418 415 411 408 403 401 397 393 390 2386 383 380 378

AVE .
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~
‘TABLE 11 (Continued)

Temper-

(Inrovs Spceific Gravity G0F/60F .

}lﬁlxrn)“ 0.550 0561 0.592 0.563 0.563 L.365 0.566 0.507 0568 0.569 0.570 0.571 0.5i2 0.373 0.574 0.575 0.576 0577 0.578 0.579
20 200 193 196 195 193 191 189 187 185 184 182 180 178 177 175 174 172 171 170 168
21 200 199 197 196 194 192 190 188 186 185 183 181 179 178 176 174 173 172 171 169
22 202 200 198 196 195 193 191 189 187 186 184 182 180 179 177 175 174 173 171 170
23 203 201 199 198 19 194 192 150 188 187 185 183 181 180 178 176 175 177 172 1N
N I01 82 LGG avs oars ivo 1¥x  avL vy 158 186 184 182 180 179 177 175 174 173 172
25 205 203 201 200 198 196 194 192 190 189 187 185 183 181 180 178 176 175 174 172
26 206 204 202 200 199 197 195 193 191 190 188 186 184 182 181 179 177 176 175 173
27 207 205 203 201 200 198 196 194 192 191 189 187 185 183 182 180 178 177 175 174
28 208 206 204 202 200 199 197 195 193 191 190 188 186 184 183 181 179 178 176 175
29 209 207 205 203 201 200 198 196 194 193 191 189 187 185 184 182 180 179 177 176
30 210 208 206 204 202 201 199 197 195 194 192 190 188 186 185 183 181 180 178 177
31 211 209 207 205 203 201 200 198 19 195 193 191 189 187 186 184 182 181 179 177
32 212 210 208 206 204 202 200 199 197 196 194 192 19 188 187 185 183 182 1380 178
33 213 211 209 207 205 203 201 199 198 197 195 193 191 189 188 186 184 183 181 179
34 214 212 210 208 206 204 202 200 199 197 196 194 192 190 189 187 185 184 182 180
35 215 213 211 209 207 205 203 201 200 198 197 195 193 191 190 188 186 185 183 181
36 216 214 212 210 208 206 204 202 201 199 198 196 194 192 191 189 187 186 184 182
37 217 215 213 211 209 207 205 204 202 200 199 197 195 193 192 190 188 187 185 183
38 218 216 214 212 210 208 206 205 203 201 199 198 96 194 193 191 189 188 186 184
39 220 217 215 213 211 209 207 206 204 202 200 198 197 195 194 192 190 189 187 185
40 221 218 216 214 213 210 208 207 205 203 20f 19% 198 196 195 193 191 189 188 186
41 222 220 218 216 214 212 209 208 206 204 202 200 199 197 196 194 192 191 189 187
42 224 221 219 217 215 213 211 209 207 205 203 201 199 198 196 195 193 191 190 188
43 225 223 220 218 216 214 212 210 208 206 204 202 200 199 197 196 194 192 191 189
44 226 224 221 219 217 215 213 211 209 207 205 203 202 200 198 197 195 193 192 130
45 228 225 223 220 218 216 214 212 210 208 206 204 203 201 199 198 196 194 193 191
46 229 227 224 222 220 217 215 213 211 209 207 205 204 202 200 199 1$7 195 193 192
47 230 228 226 223 221 219 217 214 213 211 209 206 205 203 201 199 198 196 195 193 @ :
48 232 229 227 224 222 220 218 216 214 212 210 208 206 204 202 200 199 197 196 194
49 233 231 228 226 224 222 219 217 215 213 211 209 207 205 203 201 200 198 197 195
50 234 232 229 227 225 223 220 218 216 214 212 210 208 206 204 202 201 159 1398 196
51 235 233 230 228 226 224 222 220 217 215 213 211 209 207 206 204 202 200 199 197
52 236 234 232 230 228 225 223 221 219 217 214 212 211 209 207 205 203 201 199 198
53 237 235 233 231 229 227 224 222 220 218 216 214 212 210 208 206 204 202 201 199
54 239 236 234 232 230 228 226 224 221 219 217 215 217 211 20Q 207 20L a4 20n 2on
535 240 238 2356 234 232 230 227 225 223 220 218 216 214 213 211 209 207 205 203 201
S6 242 239 237 235 233 231 229 226 224 222 220 218 216 214 212 210 208 206 204 202
57 243 241 238 236 234 232 230 227 225 223 221 219 217 215 213 211 209 207 206 204
S8 244 242 240 237 235 233 231 229 226 224 222 220 218 216 214 212 211 209 207 205
59 245 243 241 239 237 235 232 230 228 226 223 221 219 217 216 214 212 210 208 206
60 247 244 243 240 238 236 233 231 229 227 224 222 220 219 217 215 213 211 209 207
61 248 245 244 241 239 237 235 232 230 228 226 224 222 220 218 216 214 212 211 209
62 249 247 245 243 241 239 236 234 231 229 227 225 223 221 2(9 217 216 214 212 210
(X AST 242 245 234 232 240 233 235 23z 23v 228 226 224 222 220 219 217 215 213 211
64 252 250 247 245 243 241 239 236 234 232 229 227 225 224 222 220 218 216 214 212
65 253 251 249 247 245 243 241 237 235 233 231 229 227 225 223 221 219 218 216 214
66 255 252 250 248 246 244 242 239 236 234 232 230 228 226 224 222 221 219 217 215
67 256 253 251 249 247 245 243 241 233 236 233 231 229 227 225 224 222 220 218 217
68 257 255 253 251 249 246 244 242 240 237 235 233 23t 229 227 225 223 221 219 218
69 258 256 254 252 250 248 245 243 241 239 236 234 232 230 228 226 224 222 221 219
70 260 257 255 253 251 249 247 244 242 240 238 235 233 231 229 227 225 224 222 220
71 261 259 257 255 253 250 248 245 244 242 240 237 235 233 231 229 227 225 223 221
72 263 261 258 256 254 252 249 247 245 243 241 238 236 234 232 230 228 226 224 222
73 265 262 259 257 255 253 251 248 246 244 242 240 238 235 233 231 229 227 225 224
74 267 264 261 25¢ 257 255 252 249 247 245 244 241 240 237 235 232 231 220 227 223

‘;aﬂ
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_ TABLE 11 (Continued)
Tetuper-
ature

I reed . o e Speeific Gravity SOF/60F
heit) WEGO 0.551 €502 0.563 0504 0.5n3 UOBS 0.567 0.568 0.569 0570 0671 0612 (.533 0.674 0.6i5 0.576 0.617 0.578 0.579
75 269 266 263 260 253 256 254 251 248 247 245 243 241 238 236 234 232 230 228 226
76 270 268 265 262 259 2857 255 252 250 248 246 244 242 240 238 235 233 231 229 228
77 272 269 267 264 261 259 257 254 252 250 248 245 244 241 239 237 235 233 231 229
78 273 271 269 266 263 260 258 255 253 251 249 247 245 243 241 239 236 234 232 230
- 79 275 273 270 268 265 262 259 257 255 253 251 248 246 244 247 24n 21e 23 224 2an
ov corouw 2L LWV Z0U Luw o 20E 238 256 254 252 250 248 246 244 241 239 237 235 233
81 279 276 23 271 268 266 263 260 258 255 253 251 249 247 245 243 241 239 237 235
82 281 278 275 272 270 268 265 261 259 257 255 253 251 249 247 244 242 240 238 236
83 282 279 276 274 271 269 26 263 260 258 256 254 252 250 248 246 244 242 230 237
_7 84 283 280 278 275 273 270 268 265 262 260 258 256 253 251 250 248 245 243 241 239
- 8s 228 282 2RO 277 278 272 270 287 264 261 255 257 255 253 251 249 247 245 243 240
86 287 284 282 279 277 274 271 268 266 263 261 258 257 254 252 251 248 246 244 242
%' 87 288 286 283 281 278 276 273 270 267 265 262 260 258 256 254 252 250 248 246 243
, 88 290 287 285 283 280 278 275 272 269 267 264 261 259 257 255 253 251 249 247 245
89 291 289 287 284 282 280 277 274 271 269 266 263 261 259 257 255 253 251 249 247
90 293 291 288 286 28+ 281 279 275 273 271 268 265 262 260 258 257 254 252 250 248
93 295 292 290 288 286 283 281 278 275 272 270 267 265 262 260 258 256 254 252 250
92 297 294 292 289 287 285 282 280 277 274 272 269 267 264 261 259 257 255 253 251
93 299 296 294 291 289 287 284 281 279 276 273 271 268 266 263 261 259 257 255 253
94 301 298 295 293 291 288 286 283 281 278 275 273 270 268 265 263 260 258 257 254
95 303 300 298 295 253 290 287 285 283 280 277 275 272 270 267 265 262 260 258 256
96 306 303 300 297 285 292 289 287 284 282 279 277 274 272 269 267 264 262 260 257
97 308 305 302 299 206 294 291 289 286 284 281 279 276 274 271 269 266 264 261 259
) 98 310 307 305 302 299 296 293 290 288 286 283 281 278 276 273 271 268 266 263 261
B 99 212 309 307 304 301 298 295 292 290 287 285 283 280 278 275 273 270 268 265 263
v 100 314 311 309 306 304 300 298 294 292 289 287 284 282 Z79 277 275 272 270 267 265
‘ 101 316 313 311 308 306 383 3060 257 Z94 290 289 286 284 28t 279 276 274 272 269 267
102 318 316 313 310 308 305 302 299 296 294 291 288 286 283 281 278 276 274 271 269
103 321 318 315 312 310 307 305 302 299 296 293 290 287 285 283 280 278 276 273 271
104 324 320 317 315 312 310 307 304 301 297 295 292 290 287 285 282 280 278 275 273
o 105 326 323 320 317 314 312 309 306 304 300 297 295 292 289 287 284 282 280 277 275
ﬁg 106 328 325 323 319 317 314 311 309 306 303 300 297 294 29t 288 287 284 282 280 277
gz 107 3300 327 325 322 319 317 214 311 308 306 303 300 297 294 23! 288 286 284 282 230
-7 108 332 329 327 325 322 319 316 313 311 308 306 303 299 296 294 29! 288 286 284 282
2 109 334 332 329 327 324 321 319 316 313 310 308 305 302 298 296 2.7 290 288 286 284
110 336 334 331 329 327 324 321 318 315 312 UMH N7 W4 20y 29§ .43 292 280 00 288
%? 111 339 336 334 331 328 326 323 320 318 315 312 310 307 304 300 297 295 293 290 288
¥ fﬁ 112 341 338 336 333 331 328 326 323 320 317 315 312 309 307 304 300 298 295 292 290
o - f: 113 344 341 338 335 333 330 328 325 322 320 317 314 311 309 306 304 300 297 295 292
SRR = 114 346 343 340 337 335 332 330 327 325 322 319 316 314 311 309 306 303 300 297 295
S et o 115 348 346 343 240 337 335 332 330 327 324 322 319 316 314 311 308 306 303 300 297
s to o 116 351 348 345 342 339 337 335 332 329 327 324 32t 318 316 313 310 308 305 303 300
i B v S 117 353 350 348 345 342 339 337 334 331 329 326 324 320 318 315 312 310 308 305 302
. v . ' . 118 355 352 350 347 344 341 339 336 334 331 329 326 323 320 318 315 312 310 307 305
SRR L bt 119 357 354 352 349 347 344 341 338 336 333 331 328 325 322 320 317 315 312 310 307
. e 120 359 356 354 332 349 346 344 341 338 336 333 330 328 325 322 320 317 314 312 309
b4 121 362 359 356 353 35t 348 346 344 340 338 336 332 330 327 324 322 319 317 314 312
o 122 364 361 338 336 353 350 348 346 342 340 338 335 332 330 327 324 322 319 316 314
- 123 366 364 361 358 355 352 350 348 345 342 340 337 334 332 329 326 324 321 319 316
124 368 366 363 360 358 355 352 350 347 345 342 339 337 334 332 329 326 324 321 318
125 370 368 366 363 360 358 355 352 350 347 345 342 339 337 334 331 329 326 323 320
126 372 370 368 365 363 360 357 354 352 349 347 344 342 339 336 333 331 329 326 323
o 127 174 372 370 368 365 363 360 357 354 351 349 347 344 341 339 336 334 331 329 326
;{j' %g 128 376 374 372 369 367 365 362 359 356 353 351 345 346 343 341 338 336 333 331 328
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Teniper-
ature
(Dvagtevs
Fabien-
hielt)

20
21
22
23
24
2s
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

0.5 2,081

167
168
169
169
170
171
172
173
173
174
175
176
177
178
179
180
181
181
183
1R4
185
186
187
188
189
189
190
191
192
193
194
195
196

166
167
168
168
&9
170
171
171
172
173
174
175
176
176
177
178
179
18v
181
122
183
184
185
186
187
188
189
190
191

0,052

165
166
166
167

170
1392

168
169
170
171
172
172
173
174
175
176
177
178
179
186
181
182
182
183

184

185
186
187
188
189
190
191
192

166
167
167
168
169
170
170
171
172
173
174
175
175
176
177
178
179
180
181
182
183
184

185

198
199

201
202

208

165

tre
IR

166

184
185
186
187
188
189
190

202

214

216
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TABLE 11 (Comtinued) i

Specific Grasity 6o 60y

0.0%3 0580 0.557 0.558 0589 0.3v0 0561 0.5u2 0503 0.591 1505 0,596 0.597 0598 0.599 i
162 16t 160 159 158 156 1SS 1S4 133 152 IS0 150 148 147 146
162 161 160 159 158 157 156 155 1S54 153 151 150 149 148 147 ]
163 162 161 160 159 158 157 156 154 153 152 151 150 149 147 1
164 163 162 160 159 158 157 156 155 154 153 152 150 149 148
G4 163 162 i6i 160 i3y 038 157 ide 153 153 {52 151 150 149
165 164 163 162 161 159 153 157 156 155 154 153 152 150 149
166 165 164 162 161 160 159 158 157 156 155 153 152 151 150
166 165 164 163 162 161 160 159 157 156 155 154 153 152 151
167 166 165 164 163 161 160 159 158 157 156 155 154 152 151
168 167 166 165 163 152 16F 160 159 158 156 155 154 153 152
168 167 166 165 164 163 162 161 159 158 157 156 155 154 153
169 168 167 166 165 163 162 161 160 159 158 157 155 154 153
170 169 168 166 165 164 163 162 161 159 158 157 156 155 154
171 170 168 167 166 165 164 163 161 160 159 158 157 156 155
172 171 169 168 167 165 164 163 162 161 160 159 157 156 155
173 171 170 168 167 166 165 164 163 162 160 159 158 157 156
174 172 171 169 168 167 166 165 163 162 161 160 159 158 156
175 173 172 170 169 168 166 165 164 163 162 161 159 158 157
175 174 172 171 170 168 167 166 165 164 162 161 160 159 158
176 175 173 172 171 169 168 167 166 164 163 162 161 160 158
177 176 174 173 171 170 169 167 166 165 164 163 162 160 159
178 177 175 174 172 171 169 168 167 166 165 163 162 161 160
179 178 176 175 173 172 170 169 168 167 165 164 163 162 161
180 179 177 176 74 173 171 170 169 167 166 165 164 162 161
181 180 178 177 175 174 172 171 169 168 167 166 165 163 162
182 18C 172 178 176 175 173 172 170 169 168 167 166 164 163
183 181 180 179 177 176 174 173 171 170 169 167 166 165 164 C‘\
184 182 181 179 178 177 175 174 172 171 170 168 167 166 165 s
185 183 182 180 179 178 176 175 173 172 171 169 168 167 166
186 184 183 181 180 178 177 176 174 173 172 170 169 167 166
187 185 184 182 181 179 178 177 175 174 173 171 170 168 167
188 186 185 183 182 180 179 178 176 175 174 172 171 169 168
109 187 186 184 183 18] 180 178 177 176 175 173 172 170 169
189 188 137 185 184 182 181 179 178 177 176 174 173 171 170
190 189 188 186 185 183 182 180 179 178 177 175 174 173 171
21 i%6 ies 1ss 186 184 183 181 180 179 178 176 175 174 172
192 191 189 188 187 185 184 182 181 180 178 177 176 175 173
193 192 190 189 188 186 185 183 182 181 179 178 177 176 174
154 193 191 190 188 187 186 184 183 182 180 179 1718 177 175
195 194 192 190 189 188 187 185 184 183 181 180 179 178 176
196 195 193 191 150 189 187 186 185 184 182 181 180 179 177
198 196 194 192 191 190 188 187 186 185 183 182 181 180 178
199 197 195 193 192 191 189 188 {87 185 184 183 182 181 179
200 198 197 155 193 191 150 189 188 186 185 184 183 182 180
201 200 198 196 194 192 191 190 189 187 186 185 184 183 181
203 261 199 197 196 194 192 19t 190 188 187 186 185 183 182
204 202 200 199 197 195 193 192 190 18% 1838 187 185 184 183
205 204 202 200 198 196 195 193 191 150 189 188 186 185 184
207 205 203 201 199 198 196 194 192 191 150 189 187 186 185
208 206 204 202 201 199 197 136 194 192 191 150 188 187 186
210 208 206 204 202 200 199 197 195 193 192 190 18% 188 187
211 209 207 205 203 202 200 198 197 195 193 191 190 189 188
212 210 208 206 205 203 201 200 198 196 194 193 191 190 189
213 212 210 208 206 204 202 201 199 193 196 194 192 191 190

214 213 211 200 207 2p5 204 202 200 iS5 057 196 194 192 191
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TABLE U (Continucd)

Tuinper-
ature
(Degress

o Speeitic Gravity s0F/e0p
f‘nm}il"z“ D) 05N 582 0083 0SS 0055 0OsG UOST 00583 0559 0500 05Ul BLHU2 0 0.503 0,594 6505 0.506 05397 0,593 0«595
75 2240223 221 219 218 216 214 212 211 209 207 205 203 202 200 199 197 195 193 192
76 226 224 222 220 219 217 215 214 212 210 208 207 205 203 201 200 198 197 195 193
77 227 225 223 22t 220 218 217 215 213 21t 210 208 206 205 203 201 200 198 196 195
738 228 226 225 223 221 219 218 216 214 213 211 209 207 206 204 202 201 199 198 196
79 230 228 226 224 222 221 219 217 215 214 212 21t 209 207 206 204 202 201 199 197
80 231 229 227 228 224 222 220 218 217 215 213 212 210 209 207 205 204 202 200 199
81 233 231 229 227 225 223 221 220 218 216 215 213 211 210 208 206 205 203 202 200
82 234 232 230 228 226 225 223 221 219 217 216 214 213 211 209 208 206 205 203 201
83 235 234 232 230 228 226 224 222 220 219 217 215 214 212 211 209 207 206 204 203
4 237 235 233 231 229 227 226 224 222 220 218 217 215 213 212 210 209 207 206 204
85 238 236 235 233 231 229 227 225 223 221 220 218 216 215 213 211 210 209 207 206
86 240 238 236 234 232 230 228 226 225 223 221 219 218 216 215 213 211 210 208 207
87 241 239 237 235 234 232 230 228 226 224 222 221 219 217 216 214 212 211 210 208
88 243 241 239 237 235 233 231 229 227 226 224 222 221 219 217 215 214 212 211 209
89 244 242 240 238 236 235 233 231 229 227 226 224 222 220 218 217 215 214 212 211!
p o 920 246 244 242 240 238 236 235 232 231 229 227 225 224 222 220 218 217 215 214 212
f 91 248 245 243 241 239 237 236 234 232 230 228 227 225 223 222 220 218 217 215 214
. 92 249 247 245 243 241 239 237 235 234 232 230 228 226 225 223 222 220 218 216 215
> 93 251 249 247 244 242 240 239 237 235 233 231 230 228 226 225 223 221 219 21¥ 216
i 94 252 250 248 246 244 242 240 238 236 235 233 231 229 227 226 225 223 221 219 218
E# 95 254 252 250 248 245 243 241 240 238 236 235 233 231 229 227 226 224 223 221 219
Y 96 256 253 251 249 247 245 243 241 239 237 236 234 232 231 229 227 226 224 2231 221
o 97 257 255 253 251 249 247 245 242 241 239 237 236 224 232 231 229 227 225 224 222
i 98 239 257 255 252 251 248 246 244 242 240 239 237 235 234 232 230 229 227 225 224
ﬁ% 99 261 259 256 254 252 250 248 246 244 242 240 238 237 235 233 232 230 228 227 225
o 100 263 260 258 256 251 252 249 247 245 243 242 240 238 236 235 233 231 230 228 227
% ‘ 101 265 262 260 258 256 253 251 249 247 245 243 241 239 238 236 235 233 231 230 228
gg 102 267 264 262 260 288 255 253 251 248 246 245 243 241 239 237 236 234 233 231 230
= 103 2659 266 264 262 260 257 255 252 250 248 246 244 243 241 239 237 236 234 233 231
g 104 271 269 266 264 262 2359 257 254 252 250 248 246 244 242 241 239 237 235 234 232
105 273 271 268 266 264 261 259 256 254 252 250 248 246 244 242 240 238 236 235 234
106 275 272 270 268 266 264 261 258 256 254 252 250 248 246 244 242 240 238 236 235
X 107 277 275 272 270 268 266 263 261 258 256 253 252 250 248 246 244 242 240 238 236
: 108 279 277 274 272 27C 268 265 263 261 258 256 254 252 249 248 246 244 242 240 238
b 109 281 279 277 274 272 270 268 265 263 260 258 256 254 252 249 247 246 244 242 240
; 110 284 281 279 276 274 272 270 268 265 263 260 258 256 254 252 250 248 246 244 242
111 286 283 281 279 276 274 272 270 267 265 263 260 258 256 254 252 250 248 246 244
2 288 286 283 28t 278 276 274 272 269 267 265 263 260 258 256 254 252 250 248 246
113 290 288 286 283 281 278 276 274 272 269 267 265 263 260 258 256 254 252 250 248
114 292 290 288 285 283 281 278 276 274 272 270 267 265 263 260 258 256 254 252 250
R 115 295 292 290 288 285 283 28t 278 276 274 272 270 267 265 263 260 258 257 255 253
116 297 295 292 250 287 285 283 280 278 276 274 272 270 268 265 263 26t 259 257 2S5
¢ 117 300 297 294 292 290 288 285 283 281 278 276 274 272 270 268 265 263 261 259 257
. 1i8 302 299 297 295 292 290 287 285 283 280 278 276 274 272 270 268 266 264 262 259
119 305 302 299 297 295 292 290 287 285 283 281 273 276 274 272 270 269 266 264 262
120 307 304 302 299 297 294 292 290 287 285 283 281 279 276 274 272 271 269 266 265
121 309 306 304 302 299 297 294 292 290 288 285 283 28l 279 277 275 273 271 269 267
122 311 308 306 304 302 299 297 294 292 290 28% 285 283 281 279 277 275 273 271 270
123 314 311 308 306 304 30F 299 296 294 292 290 288 285 283 281 280 277 275 274 272
124 316 314 311 2308 306 304 302 299 297 294 292 290 288 285 283 282 279 278 276 274
125 318 316 313 310 308 306 304 302 299 297 294 292 290 288 286 283 282 280 278 276
126 320 318 316 312 316 308 306 304 302 293 297 295 292 290 288 286 284 282 280 278
127 323 320 318 314 313 310 308 306 304 302 299 297 294 293 291 288 286 284 282 281
. n 128 326 323 320 318 315 313 310 308 306 304 302 299 297 295 293 291 289 286 285 283




Temper-
ature

{Ingrecs

Fahreu-
heit)

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

0.600
145
145
146
147
147
148
149
149
150
151
151
152
153
153
154
185
155
156
157
157
158
159
159
160
161
162
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
18t
182
183
184
185
186
187
188
189
190
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0501
144
144
145
146
146
147
147
148
149
150
150
151
151
152
153
153
154
155
155
156
157
157
158
159
160
160
161
162
163
164
165
166
167
167
168
169
170
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

TABLE 11 (Continued)

L.u2

143
143
144
144
145
146
146
147
148
148
149
150
150
151
151
152
153
154
154
155
156
156
157
158
158
159
160
161
162
162
163
164
165
166
167
168
169
170
171
172
173
174
175
177
178
179
180
181
182
183
184
185
186
187
188

Specific Gravity €0F/60F
A

144
144
145
145
146
147
147
148
149
150
150
151
151
152
153
153
154
155
155
156
157
157
158
159
160
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
18K

0.604
141
141
142
143
143
144
145
145
146
146
147
148
148
149
150
150
151
151
152
153
153
154
155
156
156
157
158
158
159
160
161
162
163
164
165
166
167
168
169
170
m
172
173
174
175
176
177
178
179
180
181
182
183
184
1Rs

0.605 0.608 0.607

140
141
141
142
142
143
144
145
145
146
146
147
147
148
149
149
150
150
151
152
152
153
154
154
155
156
157
157
158
159
160
161
162
163

165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
i80
81
182
183
184

140
140
141
141
142
142
143
144
144
145
145
146
147
147
148
148
149
150
150
151
151
152
153
153
154
155
156
156
157
158
159
160
160
161
162
163
164
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

139
140
140
141
141
142
142
143
144
144
145
145
146
146
147
148
148
149
150
150
151
151
152
153
153
154
155
155
156
157
158
159
159
160
161
162
163
164
165
166
168
169
170
171
172
173
174
175
176
177
177
178
179
180
121

0.608
139
139
140
140
141
141
142
142
143
144
144
145
145
146
146
147
148
148
129
149
150
151
151
152
152
153
154
154
155
156
157
158
158
159
160
161
162
163
164
165
166
168
169
170
171
172
173
174
174
175
176
177
178

179
180

(1.609-.-0_.610

13%
139
139
140
140
141
141
142
142
143
144
144
145
145
146
146
147
147
148
149
149
150
150
151
152
152
153
154
154
155
156
157
158
158
159
160
161
162
163
164
165
167
168
169
170
171
172
173
174
175
175
176
177

178
179

138
138
139
139
140
140
141
141
142
142
143
144
144
145
145
146
146
147
147
148
149
149
150
150
151
152
152
153
154
154
155
156
157
157
158
159
160
161
162
163
164
166
167
168
169
170
171
172
173
174
174
175
176
177

172

0.0‘»1[‘

137
138
138
139
139
140
140
141
141
142
i43
143
144
144
145
145
146
146
147
147
148
149
149
150
150
151
152
152
153
153
154
155
156
157
157
158
159
160
161
162
163
164
166
167
168
169
170
171
172
173
174
174
175
176

197
a4

&
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TABLE I (Continuced)

Specific Gravity 6OF /0¥
VGO0 0501 0.in2 0.608 0.604 0.005 0406 0807 0.603 0503 0310 0011
191 190 189 157 186 185 184 182 181 180 179 178
192 191 190 188 187 186 185 183 182 181 130 179
193 192 191 189 188 187 186 184 183 182 181 180
194 193 192 190 189 188 187 185 184 183 182 181
196 194 153 192 190 189 188 186 185 184 183 182
197 196 194 193 191 190 189 187 186 185 184 182
199 197 195 194 193 191 190 188 187 186 185 183
200 198 197 195 194 192 191 190 188 187 186 184
201 199 198 196 195 194 192 191 189 1838 187 185
203 201 162 198 196 195 193 192 191 189 188 186
204 202 201 199 198 196 195 193 192 191 189 188
205 204 202 200 199 197 196 195 193 192 190 189
207 205 203 202 200 199 197 196 194 193 192 130
208 206 205 203 202 200 199 197 19 194 193 192
209 208 206 205 203 201 200 199 197 1% 194 193
211 209 207 206 204 203 201 209 198 197 195 194
212 210 209 207 206 204 203 201 200 198 197 195
213 212 210 209 207 205 204 202 201 200 198 197
215 213 212 210 208 207 205 204 202 201 199 198
216 215 213 211 210 208 207 205 203 202 231 199
218 216 215 213 211 210 208 207 205 203 202 200
219 217 216 214 213 211 209 208 206 205 203 202
221 219 217 216 214 212 211 209 208 206 205 203
222 221 219 217 216 214 212 211 209 208 206 205
224 222 221 219 217 215 214 212 21t 209 207 206
225 224 222 220 219 217 218 214 212 210 209 207
227 225 223 222 220 218 217 215 213 212 210 209
228 226 225 223 222 220 218 217 215 213 212 210
230 228 227 225 223 222 220 218 216 215 213 212
231 229 228 226 225 223 222 220 218 216 215 213
232 231 229 228 226 224 223 221 220 218 216 215
234 232 231 229 228 226 224 223 221 220 218 216
235 234 232 230 229 228 226 224 223 221 219 218
236 235 234 232 230 229 227 226 224 223 221 220
238 236 235 233 232 230 229 227 226 224 223 221
240 238 236 235 233 232 230 229 227 226 224 223
242 240 238 236 234 233 231 T30 228 227 225 224
244 242 240 238 236 234 233 231 230 228 227 225
246 244 242 239 237 235 234 233 231 230 228 227
248 246 244 242 239 237 235 234 233 231 230 228
250 248 246 244 242 239 237 235 234 232 231 229
253 250 248 246 244 242 239 237 235 234 232 231
255 253 250 248 246 244 241 239 237 235 234 232
258 255 253 250 248 246 244 241 239 237 235 233
260 258 256 253 251 248 246 244 241 239 237 235
263 260 258 256 253 251 248 246 244 241 239 236

121 265 263 261 259 256 254 251 248 246 244 241 239
122 268 266 264 262 259 257 254 251 248 247 243 241
123 270 268 266 264 262 260 257 254 251 249 246 244
124 272 270 269 267 265 263 260 257 254 252 249 246
125 274 272 271 269 267 265 263 261 258 255 252 249
126 276 275 273 27t 269 268 266 264 261 258 256 253
127 279 277 275 273 27t 270 268 267 264 262 259 256
128 281 279 277 275 273 272 270 269 267 266 263 260




APPENDIX C

GENEKAL INFORMATION ON METER OPERATION

SCOPE

In the operation of positive displacenient meters in
various scrvices or in metering ditferent tiquids, there arc
many practices or procedures being followed by various
meter operators. Many of these procedures, although
not presently standardized, are very useful and helpful.
The following paragraphs include such practices—in
many cases, in considerably more detail than is included
in Sect. I through Sect. V of this standard. For the most
part, these suggestions are categorized cither by type of
service or type of liquid.

FREQUENCY OF METER MAINTENANCE OR
PROOF

Because of the many varying sizes, services, fluids
measured, flow rates, and pressures, it is difficult to
establish a definite schedule of meter maintenance for all
installations. A very practical approach to a determina-
tion of when to repair or inspect 2 meter will be found in
a continuous log or plot of the factors (or accuracies)
obtained from that meter. A sharp deviation or an
abnormal trend in meter performance from that previ-
ously cxperienced is indicative of improper operation
and signifies that the mechanical condition of the meter
should be investigated. The periodic plotting of a meter
accuracy curve may also be used as a guide to the
frequency of meter repairs.

If as many as four proof runs must be made without
obtaining two results which check each other within the
pre-established allowable deviation, it is usually expedi-
ent to average the four factors obtained for these four
runs and accept this average as the established meter
factor. However, lack of reproducibility of reasonahly
consistent meter factors within tolerance may be indic-
ative of mechanical defects. If inspection discloses
mechanical defects, the meter shall be repaired and
proved before being returned to service. It is frequently
necessary to start a new log or plot of factors at this
point.

PORTABLE MASTER METER

In using the portable master meter to prove meters
at isolated locations, as outlined in Par. 3036 and Par.
3037, a flexible hose is usually used to hook up the
master meter to the stationary meter. Experience has
shown that such flexible hosc is subject to expansion
under pressure, and this should not be overlooked. In
the case where the portable master meter is hooked
up to a prover tank to prove the master meter, or where
it is hooked up to the stationary meter to prove thc
stationary mefer against the master, the pressure condi-
tion in the flexible hose should be the same when the

meter is shut down as it was when the meter was
started.  Failure to observe this condition might yield
inconsistent meter performance information.

BULK PLANT AND LOADING RACK METERS

Occasionally discrepancics are observed between the
loading rack metered volume of liquid and the indicated
capacity of the truck compartinent. Assuming that the
meter has been carefully and properly proved, the dis-
crepancy may be attributable to one or more of the
following:

1. An crror in the indicated capacity of the truck com-
partment, cither because of inaccurate calibration or
because of change in the truck tank as a result of an
accident or distortion.

2. Faulty compartment valves.

3. Compartment not being completely empty before
filling.
4. The use of a tractor with a fifth wheel of different
height.

If discrepancies persist—particularly with trucks
known or believed to be accurately calibrated, and with
valves and air eliminators operating satisfactorily—im-
proper functioning of the loading rack meter is indi-
cated, and an immediate investigation is necessary. If
discrepancies cannot be reconciled in any other way, and
if different test measures were used to calibrate the
meter prover and the truck compartments, the test
measures should be rechecked. Truck compartments
should not be calibrated by using loading rack meters,
or vice versa, because of evaporation conditions and
temperature changes in the liquids involved. Similarly,
it is frequently not possible to reconcile the volume
delivered to a truck by loading rack meter with the
volume delivered from that truck by truck meter be-
cause of temperature change and evaporation condi-
tions. However, comparison of loading rack metered
quantitiee and truck coinpariment capacities furnishes
a valuable running spot check on the accuracy of both.

Excessive truck topping off periods should be
avoided. An operator, in filling a truck, should watch
the loading rack meter and begin slowing down the flow
shortly before the indicated compartment capacity is
reached. The final shutoff should be made by using the
meter reading rather than by attempting to “float”
the compartment marker exactly. This can be ac-
complished automatically with a quantity-predetermin-
ing device. Because appreciable errors ars not uncom-
mon when visual truck compartment marker loadings
are made, it is suggested that customers be billed by the
loading rack meter reading rather than by the truck
compartment indicated capacity.




Meter systems with electrically operated remote
registers require special care in the design and instal-
lation of electrical equipment and wiring. Proper pro-
tection of electrical equipment before instatlation is
esscatial. Periodic inspection and maintenance of both
transmitters and remote receivers are necessary to assure
that the system is dry and the clectrical contacts are
clean. Good operating practice requires the frequent
(at lcast daily) comparison of totalizers on the rack
meter registers with those on the remote registers. Low
or high line voltage, voltage fluctuation, or interruption
of current will cause trouble. If any of these conditions
exists, necessary steps should be taken, in accordance
with the meter manufacturer’s reccommendation to cor
rect or minimizz e Condiaon.

TANK TRUCK METERS

Meters used in tank truck service where liquids are
delivered into customers’ storage tanks must be accurate
within certain toferances set up by law, regulation, or
the interested parties, as the case may be. The perform-
ance of truck meters is influenced by the nature and
type of auxiliary equipment and by whether or not air
or vapor is prevented from passing through the meter.
When the meter and its auxiliary cquipment are an
integri:l part of the delivery vehicle, the meter should
be proved periodically as it is installed on the vehicle to
simulate actual delivery conditions, inasmuch as its
performance may be affected by installation and con-
necting piping.

Fig. 9 and Fig. 29 show 2 nrover of ilic open volu-
inciric type for proving a meter installed on a truck
where gravity discharge is used. Such an open prover
may be either portable or stationary and must be so
placed that the relative positions of the meter and prover
will be the sume as when the meter is discharging to a
customer’s underground tank. In many cases, it may be
expedient to secure the negative head by placing the
truck on a ramp to elevats it {56 e poover tank.
‘where truck discharge is accomplished by pumping, it is
not usually necessary to maintain this clevation differ-
ence between the truck and the meter prover.

Proving the meter is done by making drafts from a
truck compartment. If gravity delivery is used, the
compartment shall be approximately one-half full of
liquid. If pumping is employed, the compartment may
contain any quantity of liquid in excess of the capacity
of the prover. In any event, test drafts to determine the
accuracy of the meter shall be on continuous tiquid runs
without consideration of air conditions. Two test runs
shall normally be made and recorded. Meters shall be
adjusted if requived, and runs shall be iepeated uniil twe
consecutive tests arc within the required accuracy.
Meter performance expressions generally used in prov-
ing meters on tank trucks are given in Sect. IV, and
a suggested report form on which to record meter-prov-
ing data is provided in Appendix A.
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It is essential in truck metering to assure that the air
eliminator, vacuum release valves, or air vent lines are
installed and are functioning properly to prevent the
passage of air or vapors through the meter during normal
teuck deliveries.  Specific tests on the truck-metering
equipment illustrated in Fig, 2 and Fig. 29 should be
made to determine that the air climinator is functioning
properly and that the meter is not receiving quantities
of air from the truck. Such tests are usually made dur-
ing the proof of a meter by withdrawing the first portion
of the total test draft from one compartment unti
cemptied, then switching to & sccond compartment for the
remainder of the test draft.

Tie proving of truck meters must simulate operating
conditions in every way, insofar as type of liquid and
rate of flow are concerned, in order to piovide ac-
curacy of measuiement of the highest order.

The truck should be in a reasonably level position
while being unloaded. Multiple-compartment trucks
shall be so operated that liquid can flow through the
delivery line to the truck meter from only one compart-
ment at any one time, and only to the truck meter. Two
or more compartments which can only be operated
together are herein considered to be one compartment.
Where more than one outlet is possible from a truck
meter, provision shall be made to deliver from only one
outlet at any one time, the direction of discharge flow
being clearly indicated.

In operating truck meters, occasions may arise when
the deliveries through accurately proved and preperly
operated truck meters may vary from the indicated
truck compartment capacities. Such discrepancies may
be the result of one or more of the following conditions:

1. Truck compartments may be inaccurately calibrated
or may be damaged or distorted. Reconciliation may be
obtained by rechecking the truck meter, the test meas-
uresfused to calibrate the truck, and the truck capacity
itself.

<. 1ne truck may be loaded with internal valves closed
and its calibration made with them open, or vice versa.

3. If the truck is calibrated with internal valves open,
cross valves or manifold valves may be leaking or air
may have becn trapped in the discharge lines during
loading.

4. If the truck is calibrated with internal valves
closed, leaks in these valves would cause apparent meter
inaccuracy.

5. Overloading or underloading may be caused by
errors in attempting to load to compartment markers.

6. The truck may not be level during loading or un-
loading.

7. A sizable cumulative discrepancy may result from
small overdeliveries for each of partial truck or com-
partment deliveries, or from alternating partial deliveries
with full-compartment bypassed deliverices.

8. The height of the fill pipe on underground tanks may
prevent complete unloading.




9. The hose siphon may be broken before all liquid is
drained from long compurtment lines.

10. The temperature of liquid in the truck may change
between loading and unloading.

The truck meter installation should be checked
frequently to make sure that the meter and accessory
equipment are firmly secured in place. A truck involved
in an accident should have its metering equipment
checked and proved before it is re-used. The truck tank
should also be recalibrated.

PIPELINE METERS

The degree of accuracy required in products pipe-
lines or crude oil pipelines is usually sufficiently high to
justify the application of all principles advocated in this
standard. Written agreements are frequently prepared
to cover the measurement operations of the participating
parties, and many times individual companies prepare
their own manuals of practice intended to produce
metered measurements within their desired tolerances.

The care and precision with which pipeline meters
are proved and operated normally constitute a very im-
portant pipeline operating function because of the large
volumes measured, usually on a continuous basis.

There are many details in the successful and accurate
operation of meters in the field which cannot easily be
descnbed in a text or manual but which are essential to
good inciering. These are skills which the meter operator
must acquire through training and experience in the
field. They include such things as quality meter repair
and maintenance work; the elimination of human errors;
the detection of leaking valves; the recognition of air
troubles; and astuteness in determining specific gravities,
flow rates, meter readings, and temperature readings.

It is recommended that pipeline meter installations
nutiaily oe equipped with permanently installed meter-
proving equipment. In such an operation the “perma-
nently installed master meter method” may be used at
the discretion of the owners. Provision may also be
made for the temporary installation of previously proved
master meters in series with the regular operating meters
for meter-proving purposes. When meters are equipped
with removable measuring chambers or mechanisms as
a unit, such a unit may be removed from the meter case
and installed in a test case for proving at a testing labora-
tory. A preproved unit is installed in the case after re-
moval of the original unit for proving, where such pro-
cedure is agreeable to the parties involved.

Foremost among the provers employed are the top
and bottom gradaated-neck provers, the single- and
double-weir provers, the water displacement provers,
the gravimetric provers, and the unidirectional and bi-
directional piston displacement provers. Frequently
the master meter method of proving is used in conjunc-
tion with onc of these types of provers.

Products pipeline meters should be proved by a
method which eliminates or mitigates evaporation in the
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test draft during the meter proof (see Par. 3005 and
Par. 3021).

It is usually necessary in pipeline metering to con-
tro! or apply proper corrections for variations in operat-
ing flow rates, meter case operating pressures, tempera-
tures, and type of liquid or liquids being metered.
Temperatures of the metered tiquid are read to the near-
est 0.1 F and API gravitics to the nearest 0.1 deg;
pressures arc determined with sufficient accuracy to
minimize errors resultmg from liquid compressnblhty

Driaise of dic Rlicinw icuperatuie vartation to
which liquids transported by pipeline are often sub-
jected, it is recommended that ASTM D 1250 Table 6
be used for liquids under 100 deg API gravity, and
Table 24 be used for liquids above 100 deg API
equivalent.

Many operators prove meters on every batch of liquid
they measure or for significant changes in flow rates;
others have adopted the policy of proving for every
liquid which varies approximately 5 deg API gravity
or more from the previous liquid.

In the operation of meters in pipeline service, par-
ticularly when the custody of the liquid being metered
is changed from shipper to transporter or from trans-
porter to consignee, there are a number of practices
which, if followed, will lead to a more general under-
standing among the parties involved of the responsibili-
ties of e'u‘h Some of these recommendcd practices are
as follows:

1. A representative of the meter owner shall conduct the
overall general measurement program, making avail-
able to all interested parties complete records of such
measurements.

2. A representative of the meter owner shall conduct the
calibration of the prover involved.

3. A representative of the other party, or parties, in-
volved shall be privileged to witness the calibration of
the prover involved.

4. A certificate of the calibration shall be prepared by
the owner. Both parties shall sign the certificate, indicat-
ing agreement of the capacity determined. Each inter-
ested party shall receive a copy of the prover tank cali-
bration certificate.

5. A representative of the meter owner shall perform
all provings of the meter involved.

6. A representative of the other party, or parties, in-
volved shall be privileged to witness all provings on
the meter involved and shall receive a copy of the prov-
ing reports.

7. Temperatures, pressures, and meter readings, as
well as other necessary data, shall be taken and re-
corded by the owner of the meter at intervals agreed
upon by all parties involved.

8. Records of the data recorded shall be furnished by
the owner to all interested parties as promptly as
possible.
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9. Either or both parties may place scals on the meter
or its appurtenances (not to interfere with normat opera-
tions). Scals shall not be broken by either party with-
out the permission of the other party, or parties, in-
volved.

10. When either party finds evidence of mismeasure-
ment through a meter, that party may demand an im-
mediate proving test. Tf the proving shows that the
factor is constant and within the agreed tolerance, the
meter shall remain in service. Otherwise, a new factor
shall be detcrmined to the satisfaction of all parties
involved. Application of such a factor should commence
immediately.

11. Where more than onr meter is available, the total
flow shall be distributed so as to assure that each

meter operates within its minimum and maximum flow
rates.

12. When a meter starts the measurement of a particu-
lar batch or tender, it shall be referred to as the “regu-
lar” meter and shall continue operating on that batch
of liquid as long as it is in operating order. In the
event of breakdown, evidence of mismeasurement, or
necessity for proving, a standby meter may be used. If
the standby is required because of failure of the regular
meter, then it becomes the regular meter and should be
proved as such.

13. The standby meter nced not be proved unless it
becemes the regular meter; however, the use of the
standby meter should be limited to very short intervals.
Should a standby meter be used for more than threc
hours, it should be classed as the recular metor.

14, No changes shall be made in a meter adjustment,
temperature compensator, gravity selector, or register
change gears subsequent to a previously witnessed meter
proving without the approvat of all parties concerned.

15. When meters immediately downstream from a
pump must be proved, provision shall be made to keep
the stream moving through the pump immediately prior
to, during, and after the proving in order that stream
temperatures during the proving will not be affected.

16. I, during any delivery through a meter, there have
been significant variations in femperatures, pressures,
or rates of flow, the hourly or periodic meter readings
shall be separately adjusted and the sum of the separate
periodic measurements shall be considered the correct
total amount of the delivery.

17. For all hourly or periodic net delivery computa-
tions, the line temperatures, pressures, and rates of flow
shall normally be the average of the readings at the
start and finish of the hour or period. Under conditions
where relatively large and uneven changes occur, the
average for the hour or period shall be determined from
representative readings made throughout the hour or
period.

CRUDE OIL METERS

In general, the recommendations described in the
foregoing paragraphs for proving products pipeline
meters hold also for crude oil meters.
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It must be recognized that some types of crude oil
will adhere to, and form a fitm on, the walls of the prover
tank and may make the liquid level in gage glasses diffi-
cult to determine. The extent may vary depending on
several factors, such as crude oil characteristics, wax,
temperature, or frequency of use. For this reason,
periodic inspections of the internal surfaces of the prover
tank must be made to maintain the true volume of the
prover tank, either by cleaning the internal surfaces or
recalibrating the tank. In general, a properly designed
vessel can be operated in a manner such that internal
deposition of wax, viscous crude oil, or foreign ma-
terial can be minimized; or it may be preferable to use
a proving method which will eliminate these difficulties.

Since crude oils in general have considerably higher
viscosity than products, the accuracy of meters in crude
oil service normally varies less with change in flow rate
than is the case when metering refined products.

In some instances, as in the proving of meters em-
ployed in gathering operations where a calibrated section
of the lease tank is being used as a meter prover, it shall
be permissible to run the test liquid from the prover
through the meter.

Meters on crude oil gathering systems present varving
problems which require careful attention for satisfactory
operation. Flow rates may fluctuate widely and are fre-
quently intermittent. During periods of no flow or low
flow, water and sediment mayv scttle out in the meter
case and cause corrosion and abrasion of the working
parts. Air is frequently drawn into gathering system
lines and, if not eliminated, will cause erroneous meter
readings. Tt is advisable to provide meters in crude
oil gathering line service with adequate straining and
¢as (air or vapor) elimination equipment unless shutoff
valves are installed which will stop the flow before air
can enter the line to the meter. Bleeders should also
be provided to draw water and sediment from the meter
case. Frequent inspections should be made to detect
wear on the meter before it has progressed to the
point at which it would seriously affect the meter per-
formance.

LPG METERS

Many of the operating procedures described in this
standard for the operation of bulk plant and loading
rack meters, tank truck meters, and pipeline meters are
applicabie to the operation of LPG meters as these
meters may be used in any of such services. However,
there are certain factors which become more important
in the metering of LPG than in the metering of other

Tiawide
JQUIGS.

LPG is more compressible and has a higher co-
cfficient of thermal expansion than the heavier hydro-
carbons. Any deviation of operating temperatures and
pressures from proving temperatures and pressures will
introduce greater inaccuracies in metering LPG than in
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metering the heavier hydrocarbons. These same factors
require cxtremely accurat: pressure, temperature, and
specific gravity determinations during proving of the
meter. Thus the calibration of instruments for the de-
termination of temperature, pressure, and specific grav-
ity is extremely critical. Thermometers with gradua-
tions of 0.2 F, read to 0.1 F, are quite often used for
LPG :neter proving.

LPG has a lower viscosity than most hydrocarbons,
and the range of accurate flow measurement for a given
installation may be less for LPG than for other liquids.

Vaporization of LPG before or in the meter is a pos-
sible source of measurement error. It is important,
when operating LPG meters near the vapor pressure of
the product, to maintain vapor elimination and pressure
regulation equipment in satisfactory operating condition
to avoid the passage of vapor through the measuring
chamber.

LPG must be kept under pressure while being metered
to maintain it in liquid form, and this fact gives rise to
certain problems in connection with its measurement.

The considerations of special import in the proving
of meters in LPG service arise from the following:

1. LPG is normally handled and metered under rela-
tively high operating pressures, necessitating the appli-
cation of meters designed for such working pressures
and requiring closed provers.

2. LPG flashes to its vapor phasc when pressure is re-
duced below its bubble point. For this reason it is
mandatory, in metering such liquids, to maintain the
pressure high enough so that no vapor is released during
the time it is passed through the meter. If there is any
tendency to flash vapor in or ahead of the meter, the
liquid measurement will be in error, inasmuch as most
meters will measure gases as well as liquid. LPG has a
higher coefficient of thermal expansion and is more com-
pressible as compared to motor grade gasolines or
distillates. For this reason, adequate and accurate ac-
counting of temperature and pressure variations is
essential to precision measurement and to meter proving.

3. It is inadvisable to use the water displacement
method of meter proving for meters measuring dried
LPG because of the absorption of water.

v
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APPENDIX D

NOMENCLATURE AND DEFINITIONS

This glossary of terms is provided to effect stand-
ardization of equipment nomenclature, procedural and
functional terms, and phrases peculiar to positive dis-
placement metering in the petroleum industry. Manu-
facturers’ trade names have not been included, but their
equipment has been categorized under terms broadty
descriptive of purpose or function. Some terms ara
coined or colloquial but are sufficiently expressive to be
included.

1. Accuracy curve {performance curve): A graph
of a meter’s performance, showing meter accuracy or
meter factor as the ordinate and actual rate of flow as
the abscissa.

2. Adjustment (of registration): The means by which
the relationship between the volume indicated by the
meter register and the actual volume of liquid passing
through the meter is changed.

3. Air eliminator {separator): A device designed
to separate and remove gases (air or vapor) from the
flowing stream.

4. API gravity: See definition No. 28.

5. Auxiliary equipment: The equipment which is
installed in conjunction with a meter, such as an air
eliminator, strainer, vacuum breaker, or regulating valve,
to permit or facilitate the use or operation of the meter.

6. Batch: Anintzgral and complete movement of one
specific type of liquid, usually designated as such when
moved through a pipeline. (Sometimes referred to as a
“tender.™)

7. Battery or bank of meters: An installation of
meters connecied in parallel.

8. Blanking device: A positive mechanical means
placed i a line to prevent flow of liquid. (Somectimes

1cfzired to simply as a “blind.”)

9. Blind: Seec definition No. 8.

10. Bubble point: The temperature-pressure condi-
tion of a liquid under which the first vapor evolution
begins.

11. Calibrate a volumetric or gravimeiric prover: To
establish the true volume of a volumetric meter prover
or the accuracy of the scale of a gravimetric prover.

12. Choke: A flow-restricting device, sometimes
fixed, installed in a line.

13. Compressibility, apparent: The algebraic sum of
the true compressibility of a liquid and the enlargement
of the cenfining container as a result of pressure.

14. Compressibility, true: The absolute decrease in
voiume of a hiquid caused by an increase in pressure.

“Contain”: A condition of calibration of a ve<sd
wherun the volume of the vessel is determine © *
with the internal sucfaces dry and free of the caliv. wtlno
liquid; ie., the vessel will “contain” its calibrated
volume.

16. Counter: A term sometimes used when refcrring
to a meter register. (See definitions No. 62 through
No. 75 for preferred nomenclature.)

17. “Deliver”: A condition of calibration of a vessel,
wherein the volume of the vessel is determined starting
with the internal surfaces wetted with the calibrating
liquid; i e the vessel will “deliver™ ite calibrated volume.

18. Delivery, over-or-under: The volume obtained
by subtracting the meter registration from the quantity
measured in the prover and expressing the difference in
units such as cubic inches per test measure, cubic inches
per gatlon, or cubic inches per barrel. Overdelivery will
be indicated if the algebraic result has a plus sign; un-
derdelivery will be indicated if it has a minus sign.

19. Delivery (test draft): The actual volume de-
livered by a meter as measured in a prover.

20. Drainage time for test measures: The drainage
time for test measures of 10-gal capacity or smaller shall
be 10 sec from the time the flow ceases and dripping
commences, and 30 sec for measures exceeding 10-gal
capacity.

21. Equilibrium pressure: The vapor pressure of
a liquid at a given temperature, expressed in pounds
per square inch gage. (See detirition No. 99.)

22. Filter: A vessel usually installed upstream from
a meter and cquipped with a medium intended to re-
move foreign matter from the flowing stream.

23. Filter-separator: Same as No. 22 but intended to
remove water in addition to foreign matter.

24. Flash: To suddenly release pressure on a liquid,
resulting in partial or complete vaporization sometimes
known ag fiacshing.

25. Flow-rate-limiting device: A mechanical device
installed in a line and operated in such a manner as to
prevent the rate of flow through the meter from ex-
ceeding the maximum desired flow rate.

26. Graduate, laboratory: A glass cylinder, usually
graduated in milliliters.

27. Graduated neck: A portion of a prover at either
its top or bottom or both, of reduced cross-section,
graduated to permit close incremental reading of the
volume in the prover.

28. Gravity, API: A measure of the specific gravity
of a liquid hydrocarbon as indicated by a hydremeter
having a scale graduated in degrees API. The relation
between API gravity and specific gravity is:
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specific gravity, 60 F/60 F

29. Gravity, specific: Tie ratio of the weight of a
given volume of liquid hydrocarbon to the weight of the
same volume of distilled water, both liquids being at a
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temperature of 60 TF and both weights being corrected
for the buovancy of air.

30. Gravity selector: A mechanism used to adjust a
temperature compensator to change its performance ac-
cording to the coeflicient of thermat expansion of the
liquid being metered.

31. High-vapor-pressure liquid: A liquid which, at
the proving temperature of the meter, has an absolute
vapor pressure equal to or higher than existing
atmospheric pressure.

32. Intermediate gears: The gear or system of gears
which transmits the motion of the measuring clement
to the register, ticket printer, or both.

33. Laboratery graduate: See definition No. 26,

34. Low-vapor-pressure liquid: A liquid which, at
the proving temperature of the meter, has an absolute
vapor pressure less than existing atmospheric pressure.

35. LPG (liquefied petrolewn gas): Any material
which is composed predominately of any of the follow-
ing hydrocarbons or mixtures of them: propane, pro-
pylene, butanes (nbutane or iscbutane), and butylenes.

36. Master meter: A proved meter which serves as
a prover, either portable or stationary, connected in
series with the meter or meters to be proved.

37. Measurement, reference conditions of: The tem-
perature and pressure conditions to which the volume,
as determined by the meter, is to be corrected. The
temperature to which volume measurements are to be
corrected is usually 60 F. The reference pressure is
atmospheric pressure, the absolute vapor pressure of
the liquid at 60 F, or a mutually agiced upon pressure.

38. Measuring chamber: The portion of a meter
which contains the measuring element.

39. Measuring element: The portion of a meter
which moves within the measuring chamber so as to
divide the liquid into segments as the liquid passes
through the meter.

40. Meniscus: The curved surface at the end of a
liquid column (see Par. 3015).

41. Meter, positive displacement: A device installed
in a piping system in which flowing liquid is constantly
and mechanically isolated into segments of known
volume. These segments of liquid are counted as they
are - .ced and their accumulated total continuously
and instantaneously indicated in units of liquid quantity
by the meter register. These fixed-quantity liquid seg-
ments are united as they .merge from the measuring
element, along with that portion of liquid which “slips™
through the clearances between the moving parts of
the measuring element. Positive displacement meters
are generally differentiated by the type of mechanism
employed to isolate the liquid segments, ie., by the
nature of their measuring element. The terms used to
describe the most common types of measuring elements
are: 1, nutating disc; 2, reciprocating piston; 3, oscil-
lating piston; 4, vane-type rotary; 5, bucket-type rofary;
6, lobed rotary; 7, helical rotary; and, 8, certain combi-
nations of these.
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42, Meter uccuracy: A number by which the meter
registration is divided to obtain the actual volume of
liquid passed through the meter. It is the reciprocal
of the meter factor (see definition No. 48). When
proving a meter, it is obtained by:

meter registration

Meter accuracy = : :
quantity measured in prover

~ meter factor
and actual throughput is obtained by:

meter registration

Actual throughput=
meter accuracy

43. Meter capacity, maximum: The maximum rate
of flow through a meter, as recommended by the meter
manufacturer, for any specific liquid.

44, Meter capacity, minimum: The minimum rate
of flow through a meter, as recommended by the meter
manufacturer, for any specific liquid.

45. Meier case: The outer portion of a meter which
encloses the measuring chamber.

46. Meter characteristic: A term somcwhat broader
in scope than <-e term “meter performance”; the meter
performance under varying operating conditions.

47. Meter cover: The portion of a meter case which
must be removed to expose the measuring chamber and
the measuring e¢lement.

48. Meter factor: A number obtained by dividing the
actual quantity of Jiquid passed through a meter into a
prover ot master meter by the indicated meter registra-
tion during the proof. It is the reciprocal of meter
accuracy (see definition No. 42). When proving a
meter, it is obtained by:

Meter factor — quantity measured in prover

meter registration
1

" meter accuracy

and actual throughput is obtained by:
Actual throughput= (meter registration) (meter factor)

49. Meter performance: An expression of the rela-
uonship between the quantity of a given liquid indicated
by a meter register and the actual quantity of that liquid
which passed through the meter for the corresponding
period (see Par. 4002).

50. Meter reading: The number of units of volume,
or equivalent thereof, read directly from a meter register
at any particular moment.

S51. Meter registration: The difference between open-
ing and closing meter readings during an interval of
operation of a meter.

52. Meter slippage: The volume of the liquid, at
any flow rate, which passes through a meter without
causing registration.

53. Over-or-under delivery: Sec definition No. 18.

54. Over-or-under registration: See definition No. 76.
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S5, Positive displacement meter:
41.

56. Pressure loss: The differential pressure in the
flowing liquid siream (which will vary with flow rate)
betwesn the inlet and outlet of a meter, as determined
from tests made in accordance with Instruntents and
Apparatus, Part 2: Pressure Measurement, supplement
to ASME Power Test Codes.

57. Prove: To detcrmine the meter performance or
the relationship between the volume of liquid _which
actuaiy passes uuuug,n W NIty aiid Uic Voiinic fiidivaicd
by the meter.

58. Prover, gravimetric meter: A closed or open
vessel mounted on a weigh scale to permit accurate
determination of the weight of a quantity of liquid which
has been previously measured in volumetric units by a
meter. The weight of liquid is then converted, by use
of the average specific gravity, to volumetric units to
compare with thie volume measured by the meter (see
Fig. 19 and Fig. 20).

59. Prover, volumetric meter: A closed or open
vessel designed especially for accurate determination of
the quantity of a liquid delivered into or out of it during
a meter proof run. The quantity of liquid either is ob-
served from the liquid level or is known from previous
calibration of a fixed-volume vessel.

60. Quantity-predetermining device: A mechanical
apparatus by means of which a decired o
]lqund to be measured can be pre-seton a meter register;
it is operated in such a manner that when this desired
quantity has been discharged through the meter, the
device automatically stops the flow through the meter.

61. Reference pressure: See definition No. 37.

62. Register: A device which indicates the quantity
passed through a meter (see Par. 4002).

v mlne ennloban Amarntad
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03. upgmm s Secoionic:
by electronic means rather than by mechanical means.

64. Register, mechanical: A meter register operated
by mechanical components such as shafts and gears.

65. Register, multimeter totalizer: A meter register
which indicates the total registration of two or more
meters.

6b. Register, remote reading: A meter register which
is located at a point distant from the meter.

67. Register, remote ticket-printing: A ticket-printing
register which is located at a point distant from the
meter.

68. Register, round reading: A register, the face of
which is usually circular and on which the registration is
indicated by a series of pointers driven through a spur
gear system.

GS. Register, at:utgm reading: A u.g,ibtcl, e face
of which is a series of numbers appearing in line on
parallel wheels driven by a system of pawls.

70. Register, ticket-printing: An auxiliary device
which, when operated, prints the meter registration on
paper inserted therein.

71. Register, ticket-printing, identifving: A device
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similar to No. 70. in which a symbol or symbols are
installed 1o record on the ticket pertinent information
such as location, meter number, or batch number.

72, Register drive, direct: A positive direct mechani-
cal drive, such as shafts or gears, which connects a
nicter and a meter register.

13. Register drive, electric: An electric mechanism
which connects a meter and a meter register. This may
be of the selsyn, puise, or another type.

74. Register drive, friction: A dry-face clutch or
stiniu type vl HCUONUl mechanism which connects a
meter and a meter register.

75. Register drive, magnetic: A magnetic clutch
mechanism which connects a meter and a meter register.

76. Registration, over-or-under: The volume ob-
tained by subtracting the quantity measured in the
prover from the meter registration and expressing the
difference in units such as cubic inches per test measure,
cubic inches per gallon, or cubic inches per barrel. Over-
registration will be indicated if the algebraic result has a
plus sign; underregistration will be indicated if it has a
minus sign.,

77. Reid vapor pressure: See definition No. 100.

78. Running start-and-stop method: A meter-proving
method wherein the opening and closing meter readings
of the test run are determined at flowing conditions.

79. Seal, capillary: The liquid seal which reduces
slippage between moving parts of a meler.

80. Seal, mechanicai: The seal (packing) which re-
duces slippage between moving parts of a meter.

81. Settling tank: A vessel installed upstream from
a meter, wherein the velocity of the stream is reduced
sufficiently to permit foreign matter and water to settle
out of the flowing stream.

82. Slippage: See definition No. 52.

83. Specific gravity: See definition No. 29.

84. Standard conditions: Pressure at sea level equals
14.696 psia (760 mm Hg); temperature equals 60 F.

85. Standing start-and-stop method: A meter-prov-
ing method wherein the opening and closing meter read-
ings of the test run are determined at no-flow conditions.

86. Strainer: A device installed upstream from a
meter and equipped with screen wire or another medium
intended to remove foreign matter from the stream.

87. Temperature compensator: A mechanism which,
in response to temperature changes in the flowing
stream, automatically changes the meter registration in
accordance with the coefficient of thermal expansion

for which the device was designed.

88. Tender: See definition No. 6.

8S. Tesi measures: Vessels (see Par. 2041 through
Par. 2047) designed especially for the precision meas-
urement of volume of liquid in (or near) 1-, 5-, 10-gal
or larger quantities and usually certified for accuracy of
measurement by the National Burcau of Standards.

90. Test run: A single complete test required to
prove a meter.
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91. Throughput, gross: The indicated throughput
corrected only for meter performance.

92. Throughput, indicated (uncorrected): The dii-
ference between the opening meter reading and the clos-
ing meter reading.

93. Throughput, net: The gross throughput corrected
to 60 F and the reference pressure, and including a
correction for basic sediment and water where appli-
cable.

94. Vacuum breaker: An automatic means for pre-
venting a partial vacuum from being formed at a specific
pumii W @ piping system.

95. Valve, back-pressure: A mechanical device for
maintaining a uniform upstreani pressure.

96. Valve, differential: A mechanical device for
maintaining a fixed difference in pressure between two
points in a metered stream.

97. Vapor eliminator (separator):
No. 3.

98. Vapor-equalizing line: A conduit installed to

See definition

connect the vapor spaces of the vessel being filled and
the onc being emptied.

99. Vapor pressure (absolute, true): The pressure
of a vapor corresponding to a giver temperature at
which the liquid and vapor are in equilibrium. (See
also definitions No. 21, 31, 34, and 100.)

100. Vapor pressure, Reid: The vapor pressure of a
liquid at 100 F, as determined by the standard Reid
vapor pressure test [ASTM Designation D 323-58:
Standard Method of Test for Vapor Pressure of Petro-
leum Products (Reid Method)].

iC1i. Vuiiiie, siundurd undi vj: ine Unied dtates
gallon, containing 231 U.S. cubic inches. One U.S.
barrel contains 42 U.S. gallons. The British imperial
gallon contains 277.420 British cubic inches or
277.418 U.S. cubic inches or 1.200955 U.S. gallons.
The U.S. barrel contains 34.9722 imperial gallons.

102. Weigh tank: A vessel mounted upon a weigh
scale in such a manncr that any change in the weight
of the liquid in the vessel is accurately reflected by the
indicating mechanism of the weigh scale.




PARAGRAPH INDEX
APPLICABLE TO VARIOUS TYPES OF LIQUID HYDROCARBONS
Code: 1 = crude oil

2 == low-vapor-pressure product
3 == high-vapor-pressure product

4= LPG
;g.‘ Paragraph  Group Paragraph  Group Paragraph  Group Paragraph  Group
1001 12,34 2022 12,34 2084 34 3021 12
1002 1,2,3,4 2023 1234 2085 34 3022 1,2
= 1002 123, 2024 12,24 2095 £,2,3,4 3023 1,2,3,4
i 1004 1234 2025 34 2087 12,34 3024 1234
& 1005 1234 2026 1,2,3,4 2088 1.2,3,4 3025 12,3,4
i 1006 1,234 2027 12,34 2089 123, 3026 12,34
: 1007 1.2.3.4 2028 1,2,3,4 2090 12,3,4 3027 12,3,4
% 1008 1234 2029 12,34 2091 1234 3028 12,34
» 1009 1.2 2030 12,34 20M 1,23,4 3029 12,3.4
1010 1,2,3,4 2031 1,2,34 2093 12,34 3030 3,4
1011 1234 2032 1,234 2094 12,34 3031 34
1012 12,34 2033 12,34 2095 1,234 3032 1,2,3,4
1013 12,3,4 2034 1,234 2096 1,2,3,4 3033 1,2,3,4
1014 1234 2035 1234 2097 1234 3034 1,2,3,4
1015 1234 2036 1,2,3,4 2098 12,34 3035 1234
1016 12,34 2037 12,34 ' 2099 1,234 3036 1234
1017 1234 2038 1234 2100 1,2.3,4 3037 1234
1018 1234 2039 12,34 2101 12,34 3038 1,2
1019 1234 2040 12,34 2102 12,3, 3039 12,34
1020 12,34 2041 1,2,3,4 2103 12,34 3040 12,34
1021 12,34 2042 1,2,3,4 2104 1.2.3,9 3041 1,2,3,4
1022 12,34 2043 12,3,4 2105 1234 3042 1,2,3,4
1023 12,34 2044 1,2,3,4 2106 1234 3043 1,2,3,4
1024 12,21 2045 1,2,3,4 2107 12,34 3044 12,34
1025 1,2,3,4 2045 1,2,3,4 2108 1,2,3,4 3045 12,34
1026 1234 2047 12,34 2109 12,34 3046 1,2,3,4
1027 12,34 2048 12,34 2110 1234 3047 1,2,3,4
1028 12,34 2049 1.2,3,4 2111 12,34 3048 1,234
1029 12,34 2050 1,2,3,4 2112 1,2,3,4 3049 1,2,3.4
1030 1234 2051 1234 2113 12,34 3050 1,234
1031 12 2052 12,34 2114 1,2,3,4 3051 1,2,3,4
1032 12,34 2053 1234 2115 1234 3052 12,34
1033 12 2054 12,34 2116 1,234 3053 12,34
1034 12 2055 1234 2117 1,234 3054 1,234
1035 1,23 2056 12,34 2118 12,34 3055 1,2,3,4
- 1036 12,3 2057 1,2,3,4 2119 1,234 3056 12
1037 1,23 2058 1,2,3,4 2120 1234 3057 1,2
1033 12 2059 12,34 2121 1234 3058 1,2,3,4
1039 1,23 2060 1,2,3,4 2122 1,2,3,4 3059 1,2,3,4
1040 12,3 2061 1234 2123 1234 3060 1,23,4
. 1641 1.2.3 2062 1,2,3,4 2124 12,34 4001 12,34
. 2001 1234 2063 1234 2125 1,2,3,4 4002 1,2,3,4
2002 12.3,4 2064 12,3,4 . 3001 12,34 4003 12,34
2003 1234 2065 1,2,3,4 3002 1,2,3,4 4004 1,2,3,4
2004 12,34 2066 1,2,3,4 3003 12,34 4005 1,234
2005 1234 2067 1.2,3,4 3004 1,2,3,4 4006 1,23,4
2006 12,34 2068 1,2,3,4 3005 1,2,3,4 4007 12,34
2007 1,234 2069 1,234 3006 1234 4008 1,2,3,4
2008 12,34 2070 1,2,3,4 3607 1,2,3.4 4009 1,2,3,4
2009 1234 2071 1.2.3.4 3008 1,234 4010 1,234
2010 12,34 2072 1,2,3,4 3009 1,2,3,4 4011 1,2,3,4
» 2011 1234 2073 1,2,3,4 3010 1234 4012 12,34
R 2017 1714 2074 1234 300 1,23, 5661 1,234
2013 1.2.3.4 2075 12,34 3012 1,234 5002 1,2,3,4
2014 1,234 2076 12,34 3013 1234 5003 12,34
2015 1,234 2077 1.2.3,4 3014 1234 5004 1,234
2016 1234 2078 1234 3015 1,2,3,4 5005 1,234
- 2017 1,234 2079 1234 3016 1,234 5006 12,34
o 2018 12304 2080 1,2,3,4 3017 1234 5007 1,2,3,4
' 2019 12,34 2081 1,234 3018 1.2 5008 1234
2020 RN 2082 34 3019 12
2021 1234 2083 34 3020 12

97
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ALPHABETICAL INDEX

Accuracy cuive, 4003, 30

Acouracy of proving results, 3005, 21
Accuracy of test measures, 2047, 13

Air buoyancy, 3059-3060, 29

Air climination, 1006-1012, 7

Auxiliary equipnient, choice of, 1002-1005, 7
Averaging meter factors, 3012, 22

Basic types of provers, 3001, 20; Appendix A

Bidirectional piston provers, 2026, 11; 2086-2092, 17; 3033, 23
Bulk plant metering, Appendix C

Bureau of Standards certificates, 2041-2043, 12

Calibration of provers, 2030-2115, 12

Capacity of prover, 2004, 10

Certification of test measures, 2041-2043, 12
Change in prover tank shell dimensions, 3045, 27
Change in volume of test liquid, 3046-3047, 27
Choice of auxiliary equipment, 1002-1005, 7
Choice of meters, 1602-1005, 7

Closed gravimetric proving methods, 3039-3043, 26
Ciosed provers, 2003, 9; 3002-3003, 20

Closed volumetric proving methods, 3023-3037, 23
Compressibility factor, 4010-4011, 30
Construction of provers, 2005-2019, 10
“Contain,” 2042-2043, 13

Crude oil metering, Appendix C

Crude oil pipeline gathering service, 1040-1041, 9

Definitions, Appendix D

“Deliver,” 2042-2043, 13

Delivery, over-or-under, 4002, 30

Description of provers, 2020-2029, 11

Design of provers, Appendix A

Design of test measures, 2044-2045, 13
Double-weir provers, 2024, 11; 2074-2081, 16
Drainage of meters, 1011, 7

Drainage time for test measures, 2043, 13
Drawings, Appendix A

Evaporation control, 3005, 21; 3021, 22; 3039, 24; Appendix C

Filters, 1013, 7

Flow control, 1023, 8; 1024-1025, 8

Flow rates, 3004, 21; 4012, 32

Frequency of proving, 5005, 33; Appendix C

Gage glasses, 2012, 10

Gage scales, 2013, 10

Gas displacement provers, 3002-3003, 20

Gas displacement proving, 3028-3029, 23; 3040-3041, 26
General operating information, Appendix C

Gravimetric provers, 2029, 12; 2111-2115, 19
Gravimetric proving methods, 3003, 21; 3038-3043, 26
Gravity determination, API or specific, 3053-3056, 28

Inaccuracies, measurement, 2042, 13; 3006, 21; Appendix C
Installation of meters, 1006-1041, 7

Loading rack metering, Appendix C

Loading rack meters, installation of, 1033-1034, 9
LPG metering, Appendix C

LPG provers, 2025, 115 Appendix C

Master meter to calibrate prover, 2100-2110, 18
Master meter, portable, Appendix C
Moster meter provers, 2028, 12; 2100-2110, 12; 2002, 20
Master meter proving, 3036-3037, 235
Measurement inaccuracies, 2042, 133 3006, 215 Appendix C
Measurement, reference conditions of, Appendix D
Measures, test (sce “Test measures™)
Meniscus, 30135, 22; Appendix A
Meter accuracy, 4002, 30
Meter factor, 4002, 30; 4010-4011, 30
Meter factors, averaging, 3012, 22
Mectering, Appendix C
bulk plant
crude oil
loading rack
LPG
pipeline
product
tark truck
Meter performance (factor), 4001-4012, 30
Mete -proving report form, 3017, 22
Meter, regular, Appendix C
Meters:
choice of, 1002-1005, 7
drainage of, 1011, 7
installation of, 1006-1041, 7
operation and maintenance of, 5001-5008, 32
protection of, 1013, 7; 5006, 33
Meter slippage, 4005, 30
Meter, standby, 1015, 8; Appendix C
Mismeasurement, 2042, 13; 3006, 21; Appendix C
Multiple meter installation, 1015, 8

Nomenclature, Appendix D

Oil well service, installation of meters in, 1035-1039, 9
Open gravimetric proving methods, 3038, 26

Open provers, 2003, 9; 3002-3003, 20

Open volumetric proving methods, 3018-3022, 22
Operating information, general, Appendix C

Operation and maintenance of meters, 5001-3008, 32
Over-or-under delivery, 4002, 30

Over-or-under registration, 4002, 30

Pipe compounds, 1027, 8

Pipeline metering, Appendix C

Pipeline service, installation of meters in, 1028, 8

Piston displacement provers, 2026-2027, 11; 3002, 20

Piston displacement proving, 3032-3035, 25

Portable master meter, Appendix C

Preparation of provers, 2036-2040, 12

Pressure gage, 1022, 8

Pressure, reference, 4009, 30

Pressure surges, 1019, 8

Product metering, Appendix C

Proof runs, number required, 3011-3016, 22

Protection of meters, 1013, 7; SO06, 33

Protection of test measures, 2046, 13

Protective devices, 1013-1027, 7

Provers:
basic types of, 3001, 29; Appendix A
bidirectional piston, 2026, 11; 2086-2092, 17; 3033, 25
calibration of, 2030-2115, 12
capacity of, 2004, 10
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change in tunk shell dimensions of, 3045, 27
closed, 2003, 9; 3002-3003, 20
construction of, 2005-2019, 10
description of, 2020-2029, 11
design of, Appendix A
double-weir, 2024, 113 2074-2081, 16
gas displaccment, 3002-3003, 20
gravimetric, 2029, 12; 2111-2115, 19
LPG, 2025, 11; Appendix C
master meter, 2028, 123 2100-2110, 18; 3002, 20
open, 2003, 9; 3002-3003, 20
piston displacement, 2026-2027, 11; 3002, 20
preparation of, 2036-2040, 12
single-weir, 2023, 11; 2068-2073, 15
top and bottom graduated-neck, 2021, 11; 2048-2055, 13
top graduated-neck, 2022, 11§ 2056-2067, 14
unidirectional piston, 2027, 11; 2093-2099, 17
vapor-condensing, 2025, 115 2082-2085, 16; 3002-3003, 20
vapor displacement, 3002-3003, 20
with vapor-equalizing line, 3030, 24; 3042, 26
volumetric, 2020, 11; 2030-2110, 12
water displacement, 3002, 20
Prover tank shell dimensions, change in, 3045, 27
Prover volume under pressure, 2116-2122, 19
Proving conditions, 3004, 21
Proving, frequency of, 5005, 33; Appendix C
Proving methods, general:
gravimetric, 3038-3043, 26
closed, 3039-3043, 26
open, 3038, 26
volumetric, 3018-3037, 22
closed, 3023-3037, 23
open, 3018-3022, 22
Proving methods, specific: )
gas displacement, 3028-3029, 23; 3040-3041, 26
master meter, 3036-3037, 25
piston displacement, 3032-3035, 25
vapor-condensing, 3031, 24; 3043, 26
vapor displacement, 3030, 24; 3042, 26
water displacement, 3023-3027, 23
Proving rates, 3004, 21
Proving results, accuracy of, 3005, 21
Pulsations, 1019, 8

Reference conditions of measurement, Appendix D
Reference pressure, 4009, 30
Registration, over-or-under, 4002, 30

Regular meter, Appendix C
Report form, meter-proving, 3017, 22
Running start-and-stop method, 3008, 21

Seals, Appendix C

Single-weir provers, 2023, 11; 2068-2073, 15
Slippage, 4005, 30

Spring-loaded valves, 1009, 7

Standby meter, 1015, 8; Appendix C
Standing start-and-stop method, 3008, 21

Tank truck metering, Appendix C
Tank truck meters, installation of, 1029-1032, 8
Test liquid, change in volume of, 3046-3047, 27
Test measures:

accuracy of, 2047, 13

certification of, 2041-2043, 12

design of, 2044-2045, 13

drainage time for, 2043, 13

protection of, 2046, 13
Thermometers, 1021, 8
Top and bottom graduated-neck prover, 2021, 11 ; 2048-2055,13
Top graduated-neck prover, 2022, 11; 2056-2067, 14
Tree volume, 3044-3060, 26

Unidirectional piston provers, 2027, 11; 2093-2099, 17

Valves, 1018, 8
spring-loaded, 1009, 7 .
Vapor-condensing provers, 2025, 11; 2082-2085, 16; 3002-
3003, 20
Vapor-condensing proving, 3031, 24; 3043, 26
Vapor displacement provers, 3002-3003, 20
Vapor displacement proving, 3030, 243 3042, 26
Vapor elimination, 1006-1012, 7
Vapor-equalizing line, 3030, 24; 3042, 26
Vaporization control, 3005, 21; 3021, 22; 3039, 26; Ap-
pendix C
Volume corrections with change in temperature, 2123-2125, 20
Volume of prover under pressure, 2116-2122, 19
Volumetric provers, 2020, 11; 2030-2110, 12
Volumetric proving methods, 3002, 20; 3018-3037, 22
Volume, true, 3044-3060, 26

Water displacement provers, 2002, 20
Water displacement proving, 3023-3027, 23
Westphal balance, 3056, 29
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Foreworad

API RECOMMENDED PRACTICE FOR LEASE AUTOMATIC CUSTODY TRANSFER

a. This Recommended Practice, prepared under the sponsorship of the API

Cammittee on Crude-0il Measurements, sumarizes information that has been gained
iiau a study or the experimenfal and operating systems devised by various compan-
ies for autamatic custody transfer of crude oil from producing leases. *Lease
automatic custody transfer® (LACT) consists of the measurement and running of
cil from the producers’ tanks to the connected pipeline on an automatic or
unattended basis. This Recommended Practice is issued for the purpose of
describing currently acceptable methods for LACT. The practices recommended
are considered sound and reliable, kut it should be expected that improvements
will be made,

b. Throughout this Recommended Practice, references are made to API

Standard 2500: *™Measuring, Sampling, and Testing Crude 0il®; API Standard

2501: *Crude-0Oil Tank Measurement and Calibration”; and AP} Standaxd 1101:

"Measurement of Petroleum Liquid Hydrocarbons by Positive Displacement Meter."

It is intended that these standards be used in all cases where they axe appl.
ble, in érder t<; form a sound basis for accamplishing satisfactory autamatic
custody transfer.

c. Until a few years ago, all crude oil run frem producers’ tanks was
measured, sampled, and tested by the use of hand tools. For about 30 years.
the Americar Petroleum Institute has continuously studied and improved these
methods to make them as practical and accurate as possible. In 1954 the Insti-

tute approved the use of autamatic indicating gauges and thermameters on a

mutual-agreement basis, and industry is finding them to be accurate and preferable

)




to hand tools in many instances. In recent years, producers have installed

autamatic devices at lease tank batteries in quite a few fields to eliminate
certain repetitious and time~consuming operations.
d. In many fields it has become apparent that lease autamatic custody
transfer offers the potential advantages of:
1. Reduction in required lease storage (which could also mean
less evaporation losses and less investment in stored oil),
2. Improvement of measurement accuracy.
3. Reduction of the possibility of error in measurement or in
quantity camputation.
4. Simplification of computation and accounting procedures.
5. Reduction of time required by pumpers and gaugers in making
measurements.
6. Improved scheduling of runs on a predetemmined basis.
7. Allowing maximum use of other automatic equipment installed
primarily for the production operations.
8. Increased operating efficiency and control.
e. The apparent disadvantages are:

1. Lease equipment needs more precise design, engineering, and

maintenance.

2. A more complex system is required.
f. Early standardization of industry practice relating to methods and

equipment used in lease automatic custody transfer is very desirable for three

- TRV 2 T Rt ST WL

PTificipal reasous:




To facilitate establishment of mutual agreement between
parties concerned in automatic custody transfer.‘
To reduce the amount of engineering time required in design
of autamatic custody transfer installations.

To facilitate the periodic inspection of automatic custody

transfer installations for insuring satisfactory performance.

It is hoped that the information contained in the Recommended Practice
will be of assistance in establishing mutual agreement between parties interested
in installation of systems operating in lease automatic custody transfer.

g. The material contained herein does not conastitute an official code or
standard of the American Petroleum Institute; nor is it intended that this

material should beccme part of API Standard>2500 until such time as industry

practice may have become established and the principles outlined ir this Recom-
mended Practice and other principles which may develop in practice have been
more generally prcved.

h. The American Petroleum Institute takes no position as to whether or
not any method contained herein is covered by an existing patent, nor as to the
validity of any patent alleged to cover any such method. Furthermore, nothing

contained in this Recammended Practice grants any right, by implication or other-

wise, for the manufacture, sale, or use in connection with any method, apparatus,

o:r product covered by letters patent; nor does it insure anyone against liability

o

for infringement of letters patent. 'his Recommended Practice may be used by any-

ol

i
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one desiring to do so, but the sponsor shall not be held responsible or liable in
any way either for any loss or damage resulting therefram, or for any violation of

any federal, state, or municipal regulations with which it may conflict.
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SECTION I - GENERAL

INTRODUCTION

1. This Recanmended Practice is intended to form a basis for mutual agree-
ment between parties concerned in automatic custody transfer of crude oil from
producing leases to the connected pipeline. It recommends practices which should
provide accurate and reliable measurement and suitable protection against mis-
measurement or otherwise faulty operation. LACT, ;as »defined herein, may be used
where mutually agreeable to the parties concerned in the transaction and where
government or other regulations will pemit.

2. These reconmendations are not meant in any way to be restrictive or to
retard future development of methods found to be either more suitable or more
practical.

DEFINITIONS

1. Lease Autamatic Custody Transfer. A Lease Automatic Custody Transfer

system is defined as an arrangement of equipment designed for the unattended
transfer of liquid hydrocarbons from producing leases to the transporting car-
rier while providing proper means for quality determination, net-volume determi-
nation, and fail-safe operation; and while meeting requirements of‘ accuracy and
dependability as defined in Recommended Practices for Lease Automatic Custody
Transfer.

2. Cycle. Filling and running of one measuring tank.

3. Dump. That volume of 0il (corrected or uncorrected for temperzture)
which is delivered to. .the pipeline in one coamplete cycle of the measuring tank,
or the rurning of that volume of oil.

4. Run. A series of dumps or periods of meter measurement, either inter-

rupted or uninterrupted, which are covered by a single-run ticket.




BASIC SYSTEM REQUIREMENTS

1. Genoral. There are a great number of basic alternative arrangements
which could be used to accomplish lease automatic custedy transfer with satis-
factory results. It is the purpose of this section to describe the basic
requirements that should be met by all systems. Optional features may be
desirable under certain conditions. The basic systems are divided into:

(a) measuring tank type systems and (b) positive displacement metering systems.*

2. Requirements for All Types. The following list contains the general

requirements of any systiem for automatic custody transfer. Some features are
indicated as optional, or to be used by mutual agreement where conditions warrant;

and others are applicable where required by regulations:

a. Stability of 0il. The lease oil handling arrangement must be such
that the oil when measured is sufficiently stable and free from
volatile fractions to permit accurate measurement and later transpor-

tation without abnormal or excessive losses.

b. Volume Correction. Provision must be made for accurate determina-

| tion and recording of uncorrected volume and applicable temperature,
or of temperature-corrected voilume. The over-all accurac& of the
system must equal or surpass present manual methods.

c. Sampling. Provision must be made for representative sampling of
the oil transferred for determination of API gravity and the BS&W

{sediment and water) content.¥**

*Velocity type and mass-flow meters may at some future time be adapted to LACT
operations.

**There is some work in progress attempting to perfect new means and techniques
of determining the BS&W content of oil that has been run, for use in lieu of
conventional sampling ard testing.
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6.

Merchantable Oil. Means must be provided if required by either

party to give adequate assurance that the oil is merchantable
before it is run.

Delivery. If required by either party, control shall be provided
over the time of entry of the oil into the carriei’s system.
Allowable. Where regulatiors require, control shall be provided
to stop the flow of oil into the carrier’s system at or prior to
the time that the allowable is run.

#Pail-Safe” Features. The control and recording system must

include *fail-safe features” that will provide adequate assurance
against mismeasurement in the event of power failure or the fail-
ure of the system’s component parts.

Tampering. All necessary contrals and equipment must be enclosed
and sealed, or otherwise be so arranged as to provide assurance
against, or evidence of, accidental or purposeful mismeasurement
resulting from tampering.

Calibration. All camponents of the system which require pericdic
calibration and inspection for proof of continued accuracy must
be readily accessible. The frequency and procedures to be used

should be agreeable mutually to the parties concerned.

Flcats. 1If floats are used for level controls, they should be
positioned in a mwanner which protects them from the turbulence
of the stream.

Standards. All usual codes, regulations, and standards covering
measurement of crude oil shall be used where applicable. This

specifically includes APT Standard 2500, APT Standard 2501 and

APT Standard 1101,
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TEMPERATURE MEASUREMENT

1. Temperature Correction. Correct use of devices to indicate, record, or
adjust for oil temperatures is highly important where accurate oil volume measure-
ments are to be obtained. In LACT operations two general methods are used to cor-
rect volumes for temperatures; i.e., (a) determine the applicable temperature of
each run and to correct the run volume to 60°F, or (b) use a temperature compensator
to correct continuously the register or counter reading. All temperature measure-
ments or temperature corrections shall be made in accordance with API Standard 2500

or API Standard 1101.

2. Thermometers Check. All thermometers should be checked frequently enough

to assure continued accurate indication by comparing them with teat thermemeters
certified by the National Bureau of Standards.

3. Measuring Tank Type Systems. In these systems use of either temperature

campensators or temperature recorders is practical. The temperature-sensing bulb
in either case must be located where an average temperature of the individual dump
is obtainable. The time elements in the cycle of the system must be such that all
parts of- the temperature-sensing and transmitting device must stabilize with respect
to temperature by the time the temperature indication is recorded or is used to
adjust the volume counter, This can be checked by camparing the indications with
observations of readings from indivcating thermometers installed for that purpose.

4. PD Metering Systems. In these systems the use of either temperature

compensators or temperature recorders is practical.

S. Tamperature—-Compensating Devices. These devices should be set and

adjusted to the average API aravity of the oil being measured in the specific

e

installation.




SAMPLING
1, Samples. Samples for determination of API gravity and BS&W content
shall be obtained by automatic samplers and by procedures as described and set out
in Part V of Supplement 1 of API Standard 2500.

2. Measuring-Tank Systems. If mutually agreeable, in measuring tank system

it is permissible to take one sample from esch dump. Such samples may be commin-
qléd and collected for a camplete run.

3. Sample Containers. All samples shonlA k2 o lilocied in closed containers

and kept under sufficient pressure to prevent changes in gravity. Mechanical

arrangements that allow the determining of the gravity under pressure are permissi-

ble, if mutually agreeable.

4. Testing Composite Samples. When samples are transferred from the sample

container to testing equipment, every precaution should be taken to insure that the

portion of the sample being tested is representative of the sample and of the run.

5. Detemmining RS&W Content. If mutually agreeable, it is permissible to
use devices and procedures that determine the total volume of collected sample

and the total volume of BS&W in the sample, and these data can be used to calcu-

;
|

late the BS8W content.

6. Recording BS&W Content. If mutually agreeable, it is permissible to

use autamatic means of measuring and recording BS&W of oil being transferred, pro-

. vided that such means are periodically calibrated and the results obtained check
; within a mutually agreed amount with another accepted API Standard method.
2
§
i PRESENTATION OF MEASURED INFORMATION
a ; 1 DPrecedurce. Data frawm LACY sysiems include that which automatically is

recorded and that which is taken manually at the end of each run. The specific

method and procedure for obtaining data and the matter and form for presenting




data shall be determined by mutual agreement and shall comply with any applicable
requlations. In general, it is suggested that the procedures be as simple as pos-

sible and that they be compatible with the use of conventional run tickets and

usual accounting procedures.

2. Preserving Records. In most cases pertinent records and charts, such
as calibration reports, need to be stored temmorarily €ar ~ —orzcl viio e

B -
e e va

exact procedure should be determined by mutual agreement.

RUN SCHEDULING

1. Scheduling for a Pipeline load. Pipeliiies must prorate their capacity

among all connected leases. Where LACT operations are contemplated, representa-
tives of the producer and of the receiving carrier should confer in regard to the
feasibility of such operations consistent with pipeline load factors. The ulti-
mate in LACT operations is to have continuous delivery fram producers’ facilities
to pipelines, With same types of LACT systems a truly continuous flow is obtaina-
ble, while in other types of systems delivery will bte a relatively continuous
batching operation. Where line load factors are high, careful planning is required.
Some considerations are:

a. The periods when line capacity would be available.

b. The producer?s ability to have oil ready to deliver.

[¢]

Ths rates of delivery on an hourly or other time-pericd basis.

d. In the case of PD metering systems, whether the rate can be
maintained within the accurate range of the meters.

e, In the case of measuring tank systems, the time cycle sequences
fram enpily taink to full lamk to emply tank.

£. In general, automatic scheduling should improve pipeline load

factors.
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2. Stopping at Allowables.* Producers as well as receiving carriers are

held responsible by regulatory bodies for keeping runs from leases within the

allowable where allowables are applicable. Hence, in such cases, provisions must
be made to assure that runs from LACT systems do not exceed the lease allowable.
In some instances it is feasible to stop delivery manually when or before the
allowable has been run and to permit the lease production to accumulate in pro-
ducers’ storage. Mechanical means may also be used to accamplish this end. The
system used should meet the following requirements:

a. Tampering. It must be fail-safe, tamperproof, and sealable in
such a way that neither thc pipeline’s representative nor the
producer’s representative can change the meschanical arrangement
without the consent and/or knowledge of the other.

b. Allowable. Any mechanical arrangement used must be capable of
being preset for the predetermined volume that will approach
but not exceed the lease allowable.

1. Any mechanical arrangement used must prevent any further
movement of oil from the lease when the predetermined
volume has been reached until it is manually reset.

2. It must be adjustable in order to take care of the
allowable changes. Any changes to the mechanical
devices must be made only when representatives of
both parties are present.

c. Check of Delivery. Registers and counters should be visible

s0 that oll deliveries can he cherked at anv +ims,

*Certain current state governmental regulations require that particular attention
be paid to this section to avoid losing some of the allowable production.
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EQUIPMENT AND INSTALLATION STANDARDS

l. Standards and Approvals. All equipment used in LACT systems should be

designed, constructed, calibrated, and operated in accordance with applicable API
standards, other standards, and codes, and in compliance with governmental regu-
lations. Currently, it is necessary to obtain approval or to obtain exception
to statewide rules from regulatory bodies to use LACT in some states.

2. Iypes of Controls. Control equipment may be electric, electronic,
pnsumatic, or hydraulic. Components should be high-quality materials which are
resistant to moisture, corrosion, dust, and wear and should be designed for long
life with minimm maintenance.

3. Valves. Valves should be of a type that assures tight shutoff; it is
" preferred that the valve actuators be of a type, or so arranged, that they will
permit interruption of the power supply without causing mismeasurement.

4. Counters. The methods selected and used for counting and recording

the number of barrels or dumps in a LACT system require particular attention.
It is preferable to have at least two independeni counters. Tne counting sys-
tems should be designed so that failures of electric or pneumatic power do not
cause false counts. A pressure-recording instrument for recording the "head”
in a tank and/or a temperature-recorder can be used to advantage in some sys-
tems as a check on oil movements.

Se Ratings. Machines, devices, and components of LACT systems should be
installed and used in accordance with established ratings. The various compon-

ents of a system should be compatible with respect to ratings and with systems
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FAIL-SAFE AND MEASUREMENT CHECK FEATURES

1. Protection against Mismeasurament:

a. Interlocks. Fail-safe features and interlocks should be included
in the design of an LACT system to provide reasonable assurance

against mismeasuremeant. The specific devices used in an installa-

L N R T T U

tion should be decided by mutual agreement. Interlocks or other

means should be used on valves, floats, and controls as needed in

Rk

a system if mechanical failures in the system will interfere with

v O

accurate measurements. It is permissible for either party involved

o -

to use any means of this type, provided that it does not interfere

with accurate measurements or with the satisfactory operation of

i the system.
i b. Sequenge. In measuring tank systems it is suggested that the
' sequence of operation of the measuring cycle should be retained
in event of failure or interruption of electric or pneuwmatic E
power.
) | 2. Equipment Enclosures and Security
’ a. Control. Control equipment should be housed and locked or sealed,
;; % if necessary. Automatic valves shall be of such design and so con-
| . - 2 | nected that operation can only be accamplished through locked or

sealed control equipment.

b. Tamperproof Devices. There shall be installed such enclosures

and tamperprcof devices as required by the carrier or his agent.

T s e AR <

The producer install 2dditional < : .
b may install edditional tawperproof devices he considers

T e SRS

necessary provided that they de not interfere with the accuracy of

]

measurement.



13.

c. Seals. Any adjustable device that affects measurement must be

sealed and/or locked; and the seal shall not be removed without

advising andfor without obtaining the comsent of the other party.

QUALITY MONITORING

1. General. Where LACT is used, the camposite sample of the oil run is
tested for BS&W at the end of the run. Hence, it is possible for bad oil or
slugs of water to enter a carrier’s system unless some means are provided to
prevent it. Some pipelines cannot tolerate more than traces of water in oil,
while in other cases the maximum allowable amount of water is of less importance.
Where LACT operations are contemplated, the parties concerned should mutually
agree on {(a) the permissible BS&W content of crude, (b) whether some additional

means must be provided to insure against bad oil enterin¢ the system, and (o) if

from LACT units from entering pipelines employs a device for controlling, indi-
cating or recording the BS&W content of the atream. The only satisfactory device
developed so far is an instrument that measures capacitance (dielectric conetant).
When this device is installed in the line to the measuring tank or meter, it can
be used to actuate valves so as to divert the stream containing excessive water
back to the dehydration facilities and/or stop the flow to the pipeline.

3. Dielectric Constant Monitors

a. Requirements. A dielectric monitor shall consist of a device or
instrument designed to measure the dielectric constant of the
fluid between the electrodes of -a cell ‘mounted in the flowing
stream, It shall be calibrated in units of percent BS&W, and
shall have a full-scale range not to exceed 0 to § percent BS&W.

Although the over-all field-calibration checks can be made against

used. the tvrpe of means,
2. Monitor. The only mechanical means used to date to prevent bad oil :
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readings of the centrifuge, the instrument should be equipped to

allow simple field checking of its internal calibration or opera- -]
tion by switching to one or more self-contained, standardizing,
zero-temperature-coefficient capacitors for calibration reference. E
The instrument shall be of a type which measures true dielectric A
constant, independent of fluid electrical losses, in order that ;
the effect of salinity of the water content shall not affect the
ingtrument reading. Since the dielectric-constant reading is
affected by the temperature* of the measured stream as well as

by the percent of BS&W, suitable temperature compensation should 1

be used where stream temperatures are expected to vary appreciably.
BS&W monitors should be selected to resist corrosiorn and fouling i
by the measured fluid.

Effects of Gas. Entrained gas bubbles can cause erroneous measure-

ment. Although this behavior can be used to detect free gas, nor-

N AT SNy | KA 5%
r
L]
%

mally the capacitance cell should be located so as to avoid entrained
gas bubbles.

c. Fluid Velocity. The velocity of oil moving through the capacitance

coll muet he sufficicnt tc prevent drift to a false high reading.

)
(4]
:
2,]
(AN

d. Other Factors. Instruments shall not be affected adversely by

reasonable or expected variations in supply voltage or frequency

;
£
H
J

or by variations of ambient tamperatures.

2

[T TR

*Data to date indicate that without compensation a fluid temperature change of
30°F. can be expected to result in a change of calibration equivalent to approxi-
mately 0.35 percent of RS&W.




the basis of comparison with the BS&W content of the crude deter—

mined by centrifuge methods in accordance with API Standard 2500.

CLINGAGE

1. Definition. Clingage, as used herein, is defined as the amount of oil
that adheres to the walls of a measuring tank or a volumetric prover tank after
draining or during the “empty” phase of an operating cycle. Not enough data are
available tc make firm recammendations in regard to taking clingage into account
in LACT units; however, it needs consideration in some cases to insure accuracy.

2. Correlation. Fram data available, it appears that the amount of cling-
age can be correlated with (a) the viscosity of the 0il at operating temperatures,
(b) the length of drain time, {c) the ratio of surface area to the volume of the
tank, (d) ambient conditions, and (e) the type of coating used and the shape of
the tank.

3. Drain Time. Prover tanks customarily are calibrated #to deliver” using
water and measures certified by the National Bureau of Standards as described in
API Standard 1101, This may not give an accurate calibration of the prover tank
#to deliver” or ”to contain” crude cil after the tank is in service. When using
prover tanks to prove PD meters,adequate drain time must be used to insure an

15.
€. Calibration. The initial instrument calibration should be made in
conformance with the manufacturer’s recommendations and should be
based on measurement of the base dielectric constant of a clean,
fresh sample of the specific crude to be measured. Adjustment of
the zero setting for the initial fiald ~alivradion f=2f427 lasilai-
lation) and for all subsequent field recalibrations may be made on
accurate “starting® liquid level. |
.]|
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4, Clingage Factor. The problem of clingage should be considered where

measuring tanks are used in LACT. The calibration of tanks or the correction of

volume factors applied should take clingage into account on a mutual agreement

basis. When tanks are calibrated and a clingage factor is included, the basis
of determining the clingage factor should be stated on calibration reports and

certificates.

5. Test Results. The following general information may be helpful in

JON TR

dealing with clingage questiona. It is based on a relatively small number of

T AR R SRR

carefully conducted tests:

a. Tank Size. The magnitude of differences in volume measurements
decreases with increases in tank size. In tanks having capaci—‘
ties above about 50 barrels, Elingage appears to be negligible
except possibly where oils have very high viscosities.

b. Viscosity. Where oil viscosities are less than about 50 SSU at
operating temperatures, clingage appears to be negligible. Where
oil viscosities are in the range of 60 to 200 SSU at operating
temperatures, the amount of error in volume measurements due to '§
clingage in 5- to 20-barrel tanks is in the order of 0.05 to

0.25 percent.

6. Time Delay. Most LACT systems using measuring tanks incorporate time-

> A T E S PR SR AN Ny,
Sy g |

delay means to insure proper drainage, thereby minimizing clingage effects.

7. Field Checki;g. One practical method of calibrating measuring tanks

it 1 NS B

tc take clingage into account or to correct water calibration is io compare

the volume of o0il run from surge or lease stock tanks with the volume as deter-

L2 R g

mined by the measuring tanks. (This cannot be used where incrustation is a

problem in lease stock tanks.)

This requires careful and accurate tank strapping
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and accurately measuring the oil in lease tanks (including gauging to the nearest

1/16 inch or closer and making temperature traverses in the lease stock tank in

conjunction with the top and bottom gauges). PD meters also can be used to check

the calibration of measuring tanks where clingage may be a problem, provided the

PD meter is carefully calibrated and operated so as to permit its use as a stand-

ard means.
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SECTION 1I — MEASURING TANK LACT SYSTEMS

INTRODUCTION

1. Measuring tank LACT systems are described as those systems which util-~
ize tanks or special vessels as the measuring device in the automatic custody
transfer of oil fram a lease to a transporting carrier.

2. The system is similar to LACT systems using PD meters as the measuring

device in that a means must be provided for production surge and a means must be

provided to control the movement of oil through the system. A means must also

be provided for determination of both the net quantity and the quality of the oil

delivered to the transporting carrier. A device should be provided for control

2 e PO R AP i s e

of unmerchantable cil on leases where BS&W production is anticipated.

3. This section is primarily concerned with the classification of tank
systems in accordance with the types of measuring as presently used. Other

designs will be acceptable when so proven.

0 AN 0 R o ) TN

: TYFES OF MEASURING TANKS
?f; 1. Initial Systems. The initial LACT systems were developed around the
*‘ use of the conventional lease tankage primarily to duplicate as closely as possi-

ble the then accepted requirements for custody transfer measurements and secondly
. to permit the use of LACT with a minimum of additional expense for the great num- i
; ber of lease tanks in existence. These early LACT systems employed floats or

weirs to control the fixed volumes to be transferred each dump (see Fig. I and
Fig. TT). Measurin

o tanks of thiz dosign are atill accvepiable and sometimes used

where conventicnal stock tanks can be economically converted.

2. Present Systems.

From these systems evolved the idea of the present

measuring tanks which now find general industry acceptance. The tanks differ
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from the adaptation of the conventional tank in that control of the lower liquid
level is so positioned as to provide complete drainage of the tank each measuring
cycle, thus eliminating the possibility of bottom accumulations within the measur—

ing vessel. These tanks are desigmod ia ihe tollowing three general forms and are

available fram many manufacturers:

section must fill with liguid and overfiow the weir before the level detector comes

Measuring Vessel Having Top Weir and Bottom Valve (Fig. III)

1. Manner of Operation. This vessel is usually an upright cylindrical ves-

sel with a cone top and cone bottom, a semieliptical head and bottom, or any combi-
nation of these two configurations. The top section consists of a weir enclosed
by a dome to act as an overflow chamber for the weir. A level detector is located

in the overflow section at least an inch below the weir level so that the measuring

into action, stopping the fill cycle. Thus, a full measuring chamber is assured
each time. A delivery valve in the lower reduced section establishes the exact
point of the lower liquid level of the measﬁred volume and is so positioned as to
provide complete drainage of the vessel. A level detector or liquid-sensing
device is situated in the lower portion of the measuring chamber and controls the
action of the delivery valve so that camplete delivery is made each dump. The
control system interlocks the upper level-sensing device and the lower level-
sensing device so that a constant gross volume of oil is delivered during each
cycle. The delivery valve represents the point at which the transfer of custody
occura.

The Totally Contained Volume Chamber (Fig. IV).

-r

e, 41 h ]
1, Manner of O the form of & wvertical or

zontal cylindrical tank with top and bottom reduced in cross section. This vessel

contains a walve in each reduced section with level-sensing devices external to
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the vessel to control the act.on of the valves. A valve is also provided in the
£fill leg. The exact metered volume is contained petween the three valves. The
delivery valve is the poinrt at which the transfer of custody occurs.

Measuring Vessel Having Level Controls within a Reduced Area (Fig. V)

1., Types. Vessels with reduced-area level control sections are of twe
general forms:

a. Vertical Vessel Type. Vertical cylindrical vessels with conical

top and bottom having a reduced area and level contrel in the

center of the upper cone and a delivery valve in the outlet of
the lower section. A float in the bottom section serves only
as valve control. The contained volume of this tank is deter-
mined by level-sensing devicé in the top and the face of the

delivery valve in the bottom.

The slope of the top deck of the measuring tank should be at
least 20° to prevent flexing of the roof and mismeasurement due to
the trapping of the gas.

b. Horizontal Vessel. A horizontal cylindrical vessel with reduced-
area sections aﬁ_%op and bottom with leveli controls in each
reduced-area section. The horizontal cylindrical vessel is
slanted slightly and is constructed with the upper reduced
area on the highest end of the vessel while the lower reduced
area is located on the lowest end of the vessel. This provides
good drainage and prevents any gas trap. Contained volume of
this tank is determined entirely by the level-sensing devices.
Transfer of custody occurs at the delivery valve in the lower
section.

TANK_ARRANGEMENTS

1. Classification. Measuring-tank systems may be placed in two general

classifications. Class 1 systems (Fig. VI) are intermittent-delivery systems

and Class 2 systems (Fig, VII) are continuous-delivery systems, as established
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by their ability to make eilther intermittent or continuous delivery to the tranrs-
porting carrier.

2. Intermittent Delivery, Assuming that all systems will be required to

handle production fram the lease continuously and inteimittent delivery is per-
missible, a minimum system must include at least two vessels. These vessels may
be arranged as tﬁo>measurinq tanks in parallel where the measuring tanks are
large enough to provide needed production surge>capacity or a production surge
vessel and one measuring tank in series (Fig. VI).

niinucus Deliveries. 1In order tc minimize the load on a transporting

carrierts facility it is recammended that Class 2 systems (Fig. VII) be provided

in most instances. Continuous delivery or Class 2 systems require the use of
. three vessels. These vessels may be arranged as follows:

i ; a. Two Measuring Tanks, No Sump. A production surge tank with two

parallel measuring tanks.

b. One Measuring Tank. A production surge tank with one measuring

tank and pipeline sump in series.

" ¢. Two Measuring Tanks, No Surge. Two parallel measuring tanks

connected to a pipeline sump.

4. Recommended System, Of the three systems shown as Class 2 systems,

e s s R N .

Fiqure VIY, the single-measuring-ifank system is the least complicated from the
gstandpoint of fail-safe interlocks and simplified control components and is ]

recaommended.

o A e Wy TR

5. Rate Fluctuation. The systems are designed so that accuracy is not

Q;’ B affected by fluctuations in delivery rates up to and including the maximum

capacity of the unit.
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SPECIAL PEQUIREMENTS

1. General. Measuring tanks are emptied with no means provided to wipe

the interior surfaces clean. Therefore, volume cannot change due to surface

wear. The problem of incrustation and surface clingage must be dealt with in

some manner.

2.  Incrustation. Incrustation may be controlled and in most cases has
been successfully prevented by applying to the interior surface of the measuring
tank a baked-on phenolic coating, a catalytically set modified phenolic or epoxy
coating, Of ceéramic coatings. Other materials will be acceptable when so proven.

3. Clingage. The effect of clingage may be determined by actual measure-
ment of the run down volume in a measuring tank after the delivery valve is closed.
Measurement should be made at normal operating temperatures and sufficient time
allowed to satisfy the parties concerned. Correction for clingage shall be
applied to the vessel calibration factor.

4, Valves. Valves used to control liquid to or from a measuring tank must
be constructed with soft seats. The valves must be checked periodically to assure
that the seat closes bubble tight. All valves which are used to contain the pre-
determined volume in a measuring tank should be either normally closed or adequately
interlocked to prevent mismeasurement in the event of power failure or instrument
gas-supply failure., Limit switches or pilot control should be properly applied to
these valves in order to provide such interlock control. In the measuring tank
described as Type 1, Figure III, which uses a transfer pump to £fill, the inter-
lock must be provided between the delivery valve and the transfer pump power
circuit.

5. Level Detectors. Level detectors need be only as sensitive as the par-

ticular system requires, but in all cases must be reliable. Level detectors which
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control multiple circuits in the control and interlock system must be equipped
with switches or pilots properly designed so that mismeasurement does not occur,
even though maladjustment may develop.

6. Calibrated Volume. All valves which confine a measured volume and all

level detectors which are within the measured confines of the vessel should be
attached with a type coupling which will allow removal and replacement without
altering the calibrated volume of the measuring vessel. Either shop or field
calibration is acceptable.

DATA HANDLING

l. General. The ultimate in automatic volume measurement is the adaptation
of fully BS&W compensated and temperature-compensated data readout. Temperature-

compensated data readout is presently available to all measuring tank systems.

" Temperature averaging, BS&W averaging and gravity averaging equipment is currently

available to measuring tank systems which when applied to a gross volume counter
provide camplete data vsadout and may eliminate “he need for a proportional mechani-
cal sampler. Many systems currently in operation employ the individual temperature
recorded system with a gross dump counter. The latter systems require manually
calculated volume-temperature corrections, but may be found adequate in many cases.
A pressure-head recorder is very desirable as a gross volume check on the measure-

ment cycle or in the event a mismeasurement occurs.

RECALIBRATION OF VESSELS AND CQMPONENTS

1. Inspection and Volume Recalibration. A means of inspection should he pro-

vided on each measuring vessel. Vessels should be inspected periodically. Kkecali-
bration is not necessary unless inspection indicates that the volume cbviously has
been changed. Recalibration may be requested by either party.

2. Temperature Instruments Calibration. Temperature instruments shall be

recalibrated at mutually agreed intervals using a certified test thermometer to
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correlate two or more temperatures within the normal operating range., Correlation
should check within 19 of the maximum range of the instrument. This calibration

must be performed with the instrument temperature element and the certified test

thermemeter immersed in a temperature controlled liquid bath. Temperature instiu-
ments should be checked for proper adjustment at frequent intervals by sioply com~

paring the recorder temperature reading with that of an approved ASTM or API

2
1%&;

thermometer during normal operation.

MINIMUM MEASURING TANK VOLUME

1. Maximum Capacity. The maximum capacity of the various measuring tank

systems will be governed by the size of the measuring tank or tanks, the speed of

response in the temperature system, the time required for proper slimination of
entrained gas and adequate lraindown. Care should be exercised in sizing the unit

so that the time elapsed between the fill and dump cycle is sufficient to obtain

a stabilized temperature reading.

‘ ‘ 2. Delivery Rate. The measuring tank system possesses the inherent ability

_ to deliver at any rate up to the maximum capacify as deteminod above. This rate

’ may b¢ controlled throughout the capacity r.anqe by the ability of the transporting
carrier to receive oil.

: o | VENT SYSTEM

1. Vent Lines. Vent lines in the system should be of adequate size to pre-
vent abnormal buildup of pressure or vacuum on any vessel in the system during any
sequence in the operating cycle. Adequate protection against liquid movement through

i &:; the vent system must be provided.
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SECTION III - METER SYSTEMS - POSITIVE DISPLACEMENT METERING

INTROPUCTION

1, The purpose of this section is to outline and recammend acceptable and
practical methods of obtaining reliable and accurate measurements of lease runs by
means of the positive displacement meter system. The PD meter is a part of a sys-
tem of devices arranged in a manner such that custody transfer of lease runs or
other stocks can be zutomatically and continuously made while unattended.

2. This section discusses procedures and practices for meter selection,
installation, operation, maintenance and calibration which are considered essen-
tial to accamplizh the measuring accuracy and reliability required.

3. It is recammended that API Standard 1101 be used where portions of that
standard are applicable. This section is not intended as an independent effort
to standardize PD metering of crude oil but more as an adaptation of PD metering
as one of the acceptable methods of obtaining the volume measurement for Lease

Automatic Custody Transfer Service.

DEFINITION OF TERMS

1. Manner of Operation. Positive displacement meters are meters which mea-

sure a fluid by separating the fluid into segments and counting these segments.
These meters displace or carry through their measuring elements a fixed quantity
plus the slippage for each stroke, revolution or cycle of the moving elements.

r' Standard 1101. The terms pertaining to PD metering which are in coammon

usage within the petroleum industry have been set out in the Introduction of API

Standard 1101 and will have the same meaning and significance when used herein.




SELECTION OF POSITIVE DISPLACEMENT METERS

1. Data Needed. Each location and application of meters will require a
certain amount of individual consideration. It is recommended that the following
pertinent data be defined and analyzed before selecting a meter and planning an

installation for a particular servics:

a. Range. Range of operating rates of flow.

b. Pressure. Maximum pressure which meter will have to withstand.

c. Liquid Characteristics. Type of liquid or liquids meter will

measure including viscosity, corrosiveness, RVP and API gravity.
d. Temperature. Ambient and fluid temperature range under which meter

will operate.

e, Temperature Compensation. The applicability cf automatic tempera-

ture campensation.

f. Abrasive Materials. The amount of abrasive and size of particles

and water which will ultimately reach the meter.
g. Register. Type of register or printer desired.

2. Selection. After analysis of the foregoing data, the selection should
be in accordance with the manufacturer’s recommendations for a meter fulfilling
the requirements.

3. Capacities. The meter manufacturers have established recommended flow
rates for various sizes of meters of their manufacture and should be consulted

for their specific recommendations.

INSTALLATION OF POSITIVE DISPLACEMENT METER SYSTEMS

1, General Arrangement. A recommended arrangement of equipment for auto-

matically measuring lease runs by the positive displacement meter method is shown
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in Fig. VIIT. The location of each item of equipment should be such that it will
properly perform the function for which it is intended depending on existing
circumstances.

The schematic arrangement shown will provide satisfactory results
under most conditions and is intended to be used only as a guide for meter sys-
tems installations. Under certain circumstancas the =rrangiiil ol euipwent
should be altered to meet the rcquirehents. For example, the choice of a three-
way or a conventional valve to control flow to the pipeline will influence the
location and arrangement of other items of equipment. The location of the moni-
tor asensing element which detects nommerchantable liquid must be such that it
will be in the stream regardless of the type control valve selected. The sampler
should be located in a position to adequately sample the custody transfer stream

without influencing the accuracy of the meter measurement.

2. Specific Requirements. Some important cemsidsrations regarding meter

inatallations are as follows:

a. Air Elimination. The installation should be such that air or

gases will not be introduced into the system through holes,
leaky valves, packing glands of pump shafts or connecting lines.
In all installations which are conducive to the passage of air
or gas, adequate air elimination equipment should be installed
ahead of the meter. Such equirment shall in no case be of
smaller rated maximum capacity than that of the pump or feed

lines and shall provide complete air elimination, assuring a
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Flow Reversal. The piping system should be arranged to prevent

reversal of flow of liquid through the meter.

Vaporizing of Stream. Any condition which tends to in?rease the

turbulence of the system should be desiagned to mimimise the pos-
sibility of vaporizing the stream.

Surges. Meters subjected to pressure pulsation or surges should
be adequately protected by surge tanks, expansion chambers or
similar devices; and no meter shall be subjected to shock pres-
sures which are greater than its maximﬁm rated working pressure.
Proving. Meter installations should be equipped with either
manual or automatic means to permit proving at normal operating
conditions.

Accuracy Range. All meter installations should be designed so

that the flow rate through every meter is held between the maxi-
mum and minimum limits within which the desired accuracy is
obtainable.

Bypasses. Any unmetered bypasq around a meter or battery of
meters shall be provided with a suitable means to prevent

undetected flow around the meter.

3. Gross Check. A method should be provided for a gross check on the

meter system to make certain that all liquid that passes the meter is indicated

on the counter or printer. Same of the methods in use are:

d.

bI

Two meters in series.

Spot-gauging in tanks or camparison with production
testing facilities,

Pulse counters on the meter.
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1) . .
d. Use of temperature or pressure recording instruments to

detect flow through the meter.

METER PROVING FACILITIES AND PROCEDURES

1. Proving Facilities. Meter accuracy is depehdent on the proving facili-

ties provided,and the type of facilities required for accurate proving varies with
several factors such as characteristics of the fluid, pressure or static head
available, flow rates, and ambient temperature. Once adequate proving facilities

are provided, then accurate proving procedures must be adhered to.

it e el R el e el R N T

2. Methods. Methods of proving meters such as Master Meters, Portable Prover
- Tanks, or Prover Tanks permanently installed at the LACT installation, as
outlined in API Standard 1101, should be used. The Automatic Custody
Transfer Installation should provide a test spool or outlet for these

alternate methods, should the parties concerned elect to use.them.
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3. Snﬁge Tank for Proving. A suitable portion of the Surge Tank equipped

with sight glasses, graduated sgales and thermometers and calibrated by the water -

displacement method or by precise strapping method outlined in applicable API
Standard may be used as a prover tank if agreeable to the parties concerned. The !
minimum capacity of the calibrated section of such prover skould be ten times the |
maximum volume delivered per minute by the largest meter to be proved. 'The distance

between the opening and closing levels and the provision for determining the opening

and closing readings should be sufficient to detect variations of .05%.

4, Proving Frequency. The frequency of calibration should be determined

by meter-factor behavior and the degree of accuracy required. It is recamunended
that PD meters be calibrated at least once per month.

S. Calibration Records. The calibration record for each meter should be

kept on file as long as the meter ticket to which it applied. A copy of each

official calibration reccrd should be supplied by the meter owmer to each party

concerned.

.
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t. lMeter Factor Kecord. The ticket on which the metered gquantity is

reported should have space provided for the meter factor and the number of the

calibration record which supports the meter factor on the ticket.

METER SYSTEM OPERATION

1. Procedures. To insure desired accuracy in the metered measurement of
liquid hydrocarbons, it is essential that associated meter operating procedures
and inter-party un@erstandings aAd relationships in connection with metered trans-
actions be understood and accepted by all concerned.:

2. Degree of Accuracy. The degree of accuracy desired in each installation

is the governing factor in determmining the extent of operating control. As used
in connection with Lease Autamatic Custody Transfer Service, the greatest degree
of meter accuracy should be sought. For successful meter operation the proving
system shall provide camplete flexibility, and in all cases the proving of meters
should as nearly as possible simulate actual operating conditions.

3. Temperature Determination. The accurate operation of meters necessi-

tates very careful handling of the various phases of metering which are affected
by temperature. Obviously, precision temperature measurement is a prerequisite
of precision metering, whether the temperature is determined by an independeﬂt
thermometer or indirectly by means of arn automatic temperature compensator. Pro-
viding a reliable automatic temperature compensating device can be procured far
the meter used, this method of obtaining volumes at the base temperature of 60°F
is more desirable than using some temperature indicating or recording device &and
then mathematically reducing indicated volumes to 60° F. In either case the
coefficient of expansion used must be consistent with agreanents between the

parties concerned.
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4. Operation and Maintenance. There are many details in the successful

and accurate operation of displacement meters in the field which cannot easily
be described in a text or manual but which are essential to good metering.

They are items which the meter operator must acquire through training and
experience in the field. They include such things as quality meter repair

and maintenance work, elimination of human errors, the detection of leaking
valves, rec.gnition of air or gas troubles, flow rates, meter reading, tempera-
ture reading, etc. Operating practices outlined in API Standard 110l are recom-
mended as a guide for good metering results.

5. Basic Requirements. Basically, a PD meter system should be designed

‘and operated such that it cemplies with requirements of paragraph 2, Bection I,
page S.

6. Components. A suggested cambination of major items of equipment to
provide automatic measurement by the positive displacement meter method is shown
in Figure VIII. The system, as shown, has no provision for autamatically han-
dling nommerchantable liquid when it reaches the monitor and, therefore, requires
manual attention under such circumstances. A system empioying a recirculatin

system including a diverting valve by which nommerchantable liquid can be

treated is acceptable providing it is designed properly.
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7. ecommended Sequenca of Operation. Recommended sequence of operation

will vary slightly depending on the type of pipe line facility connected and the
operating schedule of the pipe line. Details should be worked out for each instal-
lation; however, the following is recoammended as a guide for a system wiicit Uves
not make use of recirculating arrangement. Recommended sequence for:

~&. Normal Delivery to a Gravity Flow Pipe Line -~ Nonscheduled Operation.

1. When tha liquid level in the surge tank reaches normal high
working level, the transfer pump starts and the controlled |
valve opens to the pipeline admitting flow through the meter.

2. When the valve reaches its open-to-pipeline position, the
‘autamatic sampler is energized and begins sampling.

3. Under normal conditions, delivery to the pipeline coniinues
until the liquid level reaches the normal low level position.

4. Then, the controlled valve closes the pipeline outlet, the
tranafer pump stops and the automatic sampler is de-energized.

Non-Merchantable Oil Interruption. After the delivery to the pipe-

line has begun, should nonmerchantable oil flow continuously past

the BS&W monitor for a predetemined time interval, the.transfer
runp is autauatically stopped and:

1. The valve closes, stopping flow to the pipeline.

2. The autamatic sampler is de-energized.

3. The controls should lock ocut the transfer equipment until
the nommerchantable ligquid has been trsated out to meet
specifications.

b. Normal Delivery to a Pressurized Pipeline - Nonscheduled Operation.

1. When the liquid level in the surge tank reaches normal high
working level, the transfer pump starts, the valve opens to

ths pipsline adnitting flow to the meter.

P Y o T T SN T r)
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2. When the valve reaches its open-to-pipeline position, the pipe-
line pump starts and the automatic sampler is energized.
3. Under normal conditions, delivery to the pipeline continues

until the liquid reaches the normal low-level position.

4. Then the valve closes the pipeline outlet and the transfer
pump stops.
5. The pipeline pump is shut down and the sampler de~energized.

Non-Merchantable Q0il Interruption. After the delivery to the pipe-

lire has begun, should nonmerchantable oil flow continuously for a
predetermined time interval past the BS&W monitor, the delivery

shall be autamatically interrupted;

1. The valve shall close.

2. The pipeline pump is shut down and the sampler is de-energized.

3. The controls should lock out the transfer equipment until the
normerchantable oil has been treated out to meet specifications.

c. Normal Delivery to a Pipeline - Scheduled QOperation. Some pipeline

systems are operated on a schedule whereby it is desirable to admit

delivery only during a certain interval of time. For this condition

the operation sequence should be the same as for nonscheduled delivery

except that a time—interval controller shall be added to the circuit

which overrides the normal high-working level control.
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FOREWORD

This bulletin, which has been prepared un-
der the sponsorship of the API Committee on
Crude-Oil Measurements, summarizes infor-
mation that has been gained from a study of
the experimental and operating systems de-
vised by various companies for automatic
custody transfer of crude cil from producing
leases. ‘“‘Automatic custody transfer” con-
sists of the measurement and running of oil
from the producers’ tanks to the connected
pipeline on a completely automatic or un-
attended basis. To date, the relatively small
number of experimental installations do not
permit a firm standardization of acceptable
practices. This bulletin should therefore be
considered as a progress report, issued for
the purpose of: 1, advising producing and
pipeline companies of what is currently
known; and, 2, stimulating further develop-
ment until generally acceptable methods are
in use.

Throughout this bulletin, references are
made to API Stendard 2500: “Measuring,
Sampling, and Testing Crude Oil’; API
Standerd 2501: “Crude-Oil Tank Measure-
ment and Calibration”; and ASMFE-API Code
1101: “Code for the Installation, Proving,
and Operation of Positive-Displacement Me-
ters in Liquid-Hydrocarbon Service” (short
title: Petroleum PD Meter Code). It is in-
tended that these codes be used in all cases
where they are applicable, in order to form
a sound basis for accomplishing satisfactory
automatic custody transfer.

Until a few years ago, all crude oil run
from producers’ tanks was measured, sam-
pled, and tested by the use of hand tools. For
about 30 years the American Petroleum Insti-
tute has continuocusly studied and improved
these methods to make them as practical and
accurate as possible. In 1954 the Institute
approverd the use of automatic indicating
gages and thermometers on a mutual-agree-
ment basis, and industry is finding them to
be accurate and preferable to hand tools in
many instances. In recent years, producers
have installed antomatic devices at lease tank
batteries in quite a few fields to eliminate
certain monotonous and time-consuming
operations. The potential advantages of

automatic-custody-transfer svstems have led
a number of producing and pipeline com-
panies to test the components of which such
systems could be made. Also, several com-
panies have constructed and tested full-scale
installations of complete automatic-custody-
transfer systems.

In many fields it has become apparent that
automatic custody transfer offers the poten-
tial advantages of::

1. Reduction in required lease storage (which
could also mean less evaporation losses and
less investment in stored oil).

2. Improvement of measurement accuracy.

3. Reduction of the possibility of error in
measurement or in quantity computation.

4. Simplification of computation and account-
ing procedures.

5. Reduction of time required by pumpers
and gagers in making measurements.

6. Improved scheduling of runs on a pre-
determined basis and made at the most op-
portune time.

7. Allowing maximum use of other automatic

equipment installed primarily for the pro-
duction operations.

The apparent disadvantages are:
1. Lease equipment needs more precise de-
sign and engineering.
2. A more complex system is required.
3. Regular maintenance is required.

The information in this bulletin has been
based on evaluation of the experimental au-
tomatic-custody-transfer installations which
have so far been tested. The practices which
it suggests are considered sound and reliable
but, since they are based on a limited number
of installations, it should be expected that
many improvements in these procedures will
result from more widespread use of auto-
matic-custody-transfer equipment.

Early standardization of industry practice
relating to methods and equipment used in
automatic custodv transfer is verv desirable
for three principal reasons: 1, to facilitate
establishment of mutual agreement between
parties concerned in automatic custody trans-
fer; 2, to reduce the amount of engineering
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time required in design of automatic-custody-
transfer installations; and, 3, to facilitate
the periedic inspection of automatic-custody-
transfer installations for assurance of their
continued satisfactory performance. It is
hoped that the information contained in this
bulletin will be of assistance in establishing
mutual agreement between parties interested
in installation of systems operating in auto-
matic custody transfer, and that in so doing
it will be of benefit to the industry by leading
toward the early establishment of generally
accepted good practice.

The material contained herein does not
constitute an official code or standard of the
American Petroleum Institute; nor is it in-
tended that this material should become part
of API Standard 2500 until such time as in-
dustry practice may have become established,
and the principles outlined in this bulletin

and other principles which may develop in
practice have been more generally proved.

The American Petroleum Institute takes no
position as to whether or not ary method
contained herein is covered by an existing
patent, nor as to the validity of any patent
alleged to cover any such method. Further-
more, nothing contained in this bulletin
grants any right, by implication or other-
wise, for the manufacture, sale, or use in con-
nection with any method, apparatus, or prod-
uct covered by letters pateni; nor does it
insure anyone against liability for infringe-
ment of letters patent. This bulletin may be
used by anyone desiring to do so, but the
sponsor shall not be held responsible or lia-
ble in any way either for any loss or damage
resulting therefrom, or for any violation of
any federal, state, or municipal regulations
with which it may conflict.
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LEASE AUTOMATIC CUSTODY TRANSFER
I—GENERAL

This bulletin is intended to form a basis
for mutual agreement between parties con-
cerned in automatic custody transfer of crude

~oil from producing leases to the connected
pipeline, It sets out practices which are
intended to provide accurate and reliable
measurement and suitable protection against
mismeasurement or otherwise faunlty opera-
tion. Automatic custody transfer, as defined
herein, may be used where mutually agreea-
ble to the parties concerned in the transaction
and where government or other regulations
will permit. This bulletin may also serve as
a guide for the installation of equipment to

be used in intra-company measurement and
in transfer of crude oil on leases or from
leases to gathering systems to points of cen-
tral storage, where regulations permit.

These suggestions are not meant in any
way to be restrictive or to retard develop-
ment of methods found to be either more
suitable or more practica! than those sug-
gested. Instead, it is hoped that these rec-
ommendations will serve as a starting point
from which improvements can be made, as
developments in equipment and methods
warrant.

HO—DEFINITIONS

Automatic custody transfer—The auto-
matic determination of quantity and quality*
of crude oil in conjunction with the auto-
matic running of that oil into the connected
pipeline on an unattended basis and in ac-
cordance with any predetermined schedules
required.

Cycle—Filling and running of one meas-
uring tank.

Dump—That volume of oil (corrected or
uncorrected for temperature) which is de-
livered to the pipeline in one complete cycle
of the measuring tank, or the running of that
volume of oil.

Run—A series of dumps or periods of
meter measurement, either interrupted or
uninterrupted, which are covered by a single
run ticket.

III—BASIC SYSTEM REQUIREMENTS

A. General

There are a great number of basic alterna-
tive arrangements which could be used to ae-
complish automatic custody transfer with
satisfactory results. It is the purpose of this
section to describe the basic reguirements
that should be met by all systems and to de-
scribe some of the various arrangements of
equipment for volume measurement which
are considered to fulfill these requirements.
Optional features which may be desirable
under certain conditions are described where
appropriate, For convenience, the basic sys-

= kor the purpose of this bulletin, automatic de-
termination of quality includes any necessary assur-
ance that the oil is merchantable prior to movement
of oil from the lease, and automatic sampling for
subsequent measurement of quality.

tems are categorized according to the method
used for measurement of volume. Briefly,
these methods are: 1, parallel-tank measur-
ing; 2, tandem storage with single measuring
tank; and, 3, positive-displacement metering.

B. Requirements for All Types

The following list contains the general re-
quirements of any system for automatic cus-
tody transfer. Some features are indicated as
optional, or to be used by mutual agreement
where conditions warrant; and others are
applicable where required by regulations.

1. The lease ¢il handling srrangement must
provide ample time for settling to insure that
the oil, when measured, is sufficiently stable
and free from volatile fractions to permit ac-

curate measurement and, later, conventional
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handling and storage without abnormal or
excessive losses, The time required for set-
tling is subject to mutual agreement. De-
pending upon local conditions and the equip-
ment arrangement selected, normal filling or
residence time in the system may be ample.

2. Provision must be made for accurate
determination and recording of uncorrected
‘volume and average temperature, or of tem-

perature-corrected volume. The overall ac-
""""" 58 Ao nendnms manat anmal ar surnass
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present manual methods.

3. Provision must be made for representa-
tive sampling of the oil transferred for de-
termination of API gravity and the BS&W
(sediment and water) content.

4. Means must be provided, if required by
mutual agreement, to give adequate assurance
that the oil is merchantable before it is run.

5. If required by mutual agreement, control
shall be provided over the time of qil entry
into the system of the purchaser or his agent.

6. Where regulations require, control shall
be provided to stop the flow of oil into the
system of the purchaser or his agent at the
time, or prior to the iimr, the allowable is
run. To eliminate need for partial dumps
from systems using tank measurement, this
would normally provide for stopping after
the last complete dump which could be made
without exceeding the allowable. The correc-
tion from the preceding period for the differ-
ence between the net oil run and the allowa-
ble would be applied to the current allowable
control setting.

7. The control and recording system must
include “fail-safe features” that will provide
adequate assurance against mismeasurement
in the event of power failure or the failure
of the system’s component parts.

8. All necessary controls and equipment
must be enclosed and sealed, or otherwise be
so arranged as to provide assurance against,
or evidence of, accidental or purposeful mis-
measurement resulting from tampering.

9. All components of the system which re-
quire periodic calibration and inspection for
proof of continued accuracy must be acces-
sible and arranged for calibration and in-
spection at a frequeney and following a
procedure mutually agreeable to the parties
concerned.

10. All usual eodes, regulations, and stand-
ards covering measurement of crude oil shall
be used where applicable. This specifically
includes API Standard 2500, API Standard
2501, and ASME-API Code 1101.

C. Equipment Arrangements

The following general equipment arrange-
ments are suggested as satisfactory for meas-
urement of volume.

1. Volume Measurement in Tanks

Either of two tank arrangements are sat-
isfactory for automatic custody transfer,
namelv: 1, parallel measuring tanks; or, 2,
a single measuring tank in tauuew wiii suage
or storage tankage.

The capacity of the measuring tank be-
tween the upper and lower control levels can
be determined by strapping or by means of
liquid calibration. Means should be provided
for the accurate checking of control levels to
determine whether the ievel coinitvollers are
functioning properly.

The following basic methods are suggesied
for automatic measurement of volume by
tank:

a. Fized Volume—Weir-Controlled (See
Appendix 1, Fig. 1 and Fig. 5) : With this
arrangement, the opening and closing levels
are established by draining down to the lip of
a weir box. The opening gage is established
by first filling to a point slightly above the
upper-weir level. After a mutually agreed in-
terval, during which the oil should be prop-
erly weathered and the surface of the oil set-
tled and calm, and/or at whatever time the
run-scheduling timer will aliow oil to be run
to the pipeline, the oil will be drained down to
the upper-weir level. Simultaneously, the
temperature of the oil in the tank will be
measured and recorded.

The tank then will open and remain open
to the pipeline long enough to assure com-
plete draindown to the lip of the lower weir.
At this polut the pipeline vaive wiil close
and, simultaneously, the temperature of the
oil remaining in the tank will be recorded,
if required by mutual agreement. The con-
trol of levels by use of this weir arrangement
is considered to be inherently very sound.

b. Fized Volume by Reduced Cross-Section
Area: While as yet untested in automatic-
custody-transfer operations, the use of tanks
having reduced cross-sectional areas at the
desired upper and lower liquid leveis has
sufficient merit to warrant inclusion in this
bulletin., Standard prover tanks for calibrat-
ing PD (positive-displacement) meters have
used this principle in accurate volume meas-
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urement for many years. In recent years,
this idea has also been used in metering ves-
._sels, particularly for testing oil wells: and
indications are that it can be used for the
accurate measurement of crude oil.

There are actually two methods for using
this type of tank which should prove satis-
factory in automatic custody transfer. The
first and simplest method is to use the level
switches located in the reduced cross-sec.
Hiomal ~roi, i coniroi the full and empty
levels by causing the inlet and outlet valves
to close. It is essential that this type of meas-
uring tank be equipped with very fast-acting
valves to reduce the amount of delay between
the time the level switches are actuated and
the time the liquid flow has stopped. Means
mayv alee ke Used v reduce the inflow and
outflow rates to regulate the overshooting of
the control level. The second method operates
in a manner exactly like that of tanks using
weirs to control levels and is suggested as
probably the most accurate method for con-
trolling volumes by level control. ‘This sys-
tem should combine the high accuracy of
both the weir and the reduced cross section.

c. Varying Volume—Float and Tape:
Float-and-tape {automatic gage) measure-
ment is approved by the American Petroleum
Institute as a substitute for manual gaging.
This type of measurement appears readily
adaptable to automatic custody transfer by
an automatic recording of the liguid levels
after automatic filling or emptying. Tem-
perature measurement would be necessary at
the time of top-level measurement and, in
some instances, at the time of bottom meas-
urement. To date, the recording mechanism
for the float-and-tape measurement systems
has not been tested in automatic custody
iransfer. This system would have the advan-
tage of facilitating manual or partial runs if
required in an emergency.

2. Volume Measurement by Positive-Displacement
Meter

a. Introduction: The purpose of this sec-
tion is to outline an acceptable and practical
method for obtaining reliable and accurate
measurements of lease runs for automatic
custody transfer by means of the PD meter.
The meter is to be a part of a system of de-
vices arranged in such a manner that custody
transfer of lease runs can be automatically

made while unattended. This seetion and
Part C ot Appendix 1 outline procedures
and practices for meter selection, installa-
tion, operation, maintenance, and calibration,
which ave considered essential to accom-
plish the measuring accuracy and reliability
required.

To avoid duplication and prevent confu-
sion, it is considered advisable to make use
of AQUME ADF Nad- 2227 L LUIC poriionis 0L
that code are applicable to the type of meas-
urement under consideration.

b. Types of Meters and Definition of
Terms: PD meters are meters which meas-
ure a fluid by separating the fluid into seg-
ments and count these segments. These
metare dientace or carry through their meas-
uring elemen.s, a fixed quantity plus the
slippage ©oi each stroke, revolution, or cycle
of the moving elements. The terms pertain-
ing to PD mectering which are in common
usage within the petroleum industry have
been set out in the introduction of ASME-
API Code 1101, and will have the same iden-
tical meaning and significance when used in
this bulletin. The meter used should be of a
type specifically recommended for crude-oil
service.

c. Arrangement of Meter Facilities: In
general, volume-measurement equipment for
automatic custody transfer by PD meter con-
sists of tankage for adequate storage with a
meter placed in the line discharging from this
tankage to the pipeline. If a pump is used for
injection into the pipeline or for recirculation
of bad oil and/or tank botioms, it 1s sug- }
gesied that the pump be placed upstream of |
the meter, with a back-pressure valve located
downstream of the meter in order to decrease
the possibility of metering free gas.

Under certain conditions it is possible that
a pump may not be required. It is essential
in this case that the system be so designed as
to provide an adequate head at the meter,
and to provide a sufficiently constant flow
through the meter to insure that the rate of
flow is in the accurate range of the meter. |

The sampler used in obtaining a repre- |
sentative sample of the metered oil should be |
placed as near the metfer as praeticahle. A
monitor may be connected in the line between
tke sampler and production tank and used
to prevent objectionable quantities of BS&W
from being delivered to the pipeline, if re-




8 AMERICAN PETROLEUM IMTITU'M

quired by mutual agreement. A check valve ered satisfactory for automatic-custody-
should be used to prevent reversal of flow transfer rpeasurem‘ent‘s by PQ meters are
through the meter. A typical arrangement discussed in P.ar.t C of Appendix 1, and are
of equipment and auxiliary conlrois consid- shown in detail in Fig. 7.

IV—EQUIPMENT AND INSTALLATION STANDARDS

A. General Standards, Codes, and for recording the “head” in the tank at all
Regulations times is of a particular value, since it will not
AV peintinn A anly peaeides o checl o5 Ul diiber ui dumps
sxisting Auiilen Telivicum iasu- made, but will also provide a record of the
tute Lodes and other codes and government time the tenk takes to fill and empty when
regulations shall be used where applicable it tops out and goes on the line. It also pro-
in design, construction, calibration, and oper- 40 evidence that the tank fills and empties
ation of systems for automatic custody completely during each cycle.
transfer,
B. Control Equipment F. Meter Installation, Operation, and
. . Proving
Control equipment may be electric, pneu-
matic, or hydraulic. Components should be Each location and application of meters
high-quality materials which are resistant to will require a certain amount of individual
moisture, corrosion, and dust. consideration and, in general, ASME-API]
Code 1101 is used as a guide for the installa-
C. Vszlves tion, operation, and proving of meters.

Methods for proving meters, such as by
master meters or portable prover tanks, as
outlined in ASME-API Code 1101, may be
used by mutual agreement. The automatic-
custody-transfer installation shall provide a
test spool or outlet for these methods, sheuld
the parties concerned elect to use them.

Valves should be of a type that assure tight
shutoff ; it is preferred that the valve actua-
tors be of a type, or so arranged, that they
will permit interrvption of the power supply
without causing mismeasurement.

D. Weirs Alternatively, the surge tank may be used

Weirs for level determination may be as the prover tank, if the following described
either internal or external to the tank. In conditions can be met. A suitable portion of
either case, the lip of the weir should be hori- the surge tank should be equipped with sight
zontal and sufficiently long to allow reasona- glasses, graduated scales, and thermometers.
bly quick draindown to the fixed level. For The surge-tank portion to be so used should
external weirs, the top of the opening from be calibrated by water displacement or other
the tank should be just above the weir edge methods yielding equivalent accuracy. The
for maximum utilization of the tank-opening minimum surge-tank capacity so used is es-
area and for assurance that syphoning or tablished by two factors. First, the diameter
vapor lock will not occur. The weirs should should be sufficieni to provide the required

be firmly fixed to the shell of the tank and
adequately braced, so that the vertical dis-
tance beiween the upper and lower weirs
remains constant.,

volume within limits fixed by the second fac-
tor; namely, that the value of the maximum
gage-glass reading error, when expressed as
a percentage of error by volume ratio in
terms of depth of surge tank so used, shall

E. Counting Devices not exceed 0.05 per cent by volume, thus es-

Particular attention must be given to the tablishing the minimum depth of surge tank

. methods used for recording the number of required. (In general, it is suggested that
o dnmps fram measuring tanke, so that folso the minimum surge-tank capacity so used
counts will not result from interruptions in should be not less than ten times the maxi-

power. It is recommended that at least two mum rated volume delivered per minute by

independent methods for counting dumps be the largest meter to be proved. It is also sug-

utilized. A pressure-recording instrument gested that if the surge tank is to he cali-

»
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b_rated by field-strapping methods, the por-
_tlon of the surge tank used should be free
insofar as possible from appreciable changes
In volume per increment, caused by items
such as manhole boxes, significant interme-
diate deadwood displacement, ete.)

The suggested frequency of calibration
should be such that a deviation of meter fac-
tor of 0.05 per cent will be detected.

The calibration record for each meter
should be kept on file as long as is the run
ticket on which it applies. A copy of each
official calibration record should be supplied
by the meter owner to each party concerned.

To insure satisfactory accuracy in the me-
tered measurement of liquid hydrocarbons,
it is essential that associated meter-operating
procedures and interparty understandings
and relationships in connection with metered
transactions be understood and accepted by
all concerned.

The degree of accuracy desired in each in-
stallation is the governing factor in determin-
ing the extent of operation control. As used
in connection with lease automatic-custody-

transfer service, the greatest degree of meter
accuracy should be sought. For successful
meter operation, the proving system shall
provide good flexibility, and in all cases the
proving of meters shall, as nearly as possible,
simulate actual operating conditions.

The accurate operation of meters necessi-
tates very careful handling of the various
phases of metering which are affected by
temperature. Obviously, precision tempera-
ture measurement is a prerequisite of pre-
cision metering, whether the temperature is
determined by an independent thermometer
or indirectly by means of an automatic tem-
perature compensator. Providing a reliable
automatic temperature-compensating device
can be procured for the meter used, this
method of obtaining volumes at the base tem-
perature of 60 F is more desirable than using
some temperature-indicating or recording de-
vice, and then mathematically reducing indi
cated volumes to 60 F.

In either case, the coefficient of expansion
used must be consistent with agreements
maintained between the parties concerned.

V—FAIL-SAFE FEATURES

Fail-safe features and interlocks should be
included in the design of an automatic-cus-
tody-transfer installation to provide reasona-
ble assurance against mismeasurement.

Insofar as any possible mismeasurement is
concerned, the producer must install fail-safe
features as requested by the purchaser or
his agent. The producer can also install,
upon mutual agreement with the purchaser
or his agent, other fail-safe devices which he
considers necessary to prevent mismeasure-
ment,

A. Suggested Fail-Safe Features

1. Sequence of operation of méasuring‘cycle
should be retained in event of power inter-
ruption,

2. The valves and control system should be
interlocked with the inlet valve and float con-
trols so that it is impossible to open the inlet
valve on a fank at any {ime when this wonld
interfere with accurate measurements,

B. Optional Fail-Safe Features

The producer may install other fail-safe
features which he deems necessary to the
automatic operation of the lease, provided
they do not interfere with accurate measure-
ment, such as:

1. An overilow line above the horinai upper-
fill height in the measuring tank to provide
for overflow of oil into an overflow tank in
the event of failure of the upper-level control
device.

2. An overflow tank arranged so that oil can-
not flow from this tank through an open line
into a measuring tank.

3. An upper float in the overflow tank or the
measuring tank to initiate lease shutdown
controls and actuate an alarm in the event oil
reaches the level of the float switch.

4. Manually operated valves may be installed
in the discharge line on the downstream side
of the discharge valve on the metering tank
or tanks. Such valves should be sealed in the
open position and used oniy in case of emer-
gency.
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VI—EQUIPMENT ENCLOSURES AND SECURITY

Control cquipment should be housed and
locked or sealed, if necessary. Automatie
valves shall be of such design and so con-
nected that operation can only be accom-
plished through locked or scaled control
equipment,

The producer must install such enclosures
and tamperproof devices as required by the
purchaser or his agent. In addition to these
devices, he may install other tamperproof
devices, provided that they do not interfere
with accurate measurement.

VH—QUALITY MONITORING

A. Protection agninst Excessive Water
AR

. R
YTV YIVII ]

Deliveries from an automatic-custody-
transfer installation are made on an un-
attended basis, and the samples taken for
determination of gravity and BS&W con-
tent are not analyzed until the run has been
made. For this reason, where there is any
reasonable probability that eacessive water
might be run, e.g., as a result of failure or
faulty operation of the dehydration facilities,
it is considered advisable to install special
equipment to guard against admission of
such excessive water into the pipeline.

The type and amount of equipment or pro-
cedures selected to provide adequate protec-
tion are subject to mutual agreement between
the parties concerned, and are generally de-
pendent upon the likelihood of occurrence of
objectionable quantities of water, and the
limit of BS&W content specified by contract.

B. Protection against Running Bad Oil

The following are suggested methods, pro-
cedures, and equipment which can be used
singly or in combination to afford protection
against running bad oil:

1. A water-cut instrument (dielectric moni-
tor) based on measurement of dielectric con-
stant of the measured stream can be installed
in the line to the measuring tank or meter
and/or to the pipeline, and used either ‘o
divert oil containing excessive water . _. to
the dehydration system for further treating,
and/or to stop the flow of oil to the measur-
ing tank or meter or to the pipeline.

2. On tank-measuring systems a dielectric
monitor can be installed to monitor a stream
taken from a point 4 in. below the pipeline
outlet prior to the running of the tank; and
the monitor can be set to prevent running if
ihe water content is above a preset limit.

3. On tank-measuring systems where oil is
extracted from the measuring tank and cir-
culated past an automatic sampler, a dielec-

Inatzlcd L6 Giwiinor the
oil so extracted and can be set to prevent
running and, if desired, to recirculate the oil
in the tank if the water content is above the
preset limit.

4. To prevent buildup of tank bottoms to an
objectionable level, it is suggested that bot-
toms be circulated back to the dehydration
facilities as required by the rate of buildup.
This can be done manually on a routine basis,
or automatically by recirculation of total bot-
toms or a portion thereof after each dump
or run, or on signal from a bottoms dielectric
Iinor}itor or another suitable bottoms-sensing
evice,

trie maniton ann he

C. Calibration and Recalibration

A dielectric monitor shall consist of a de-
vice or instrument designed to measure the
dielectric constant of the fluid between the
electrodes of a probe mounted in the flowing
stream. It shall be calibrated in units of per
cent BS&W, and shall have a full-scale range
not to exceed 5 per cent of BS&W. Although
the overall field-calibration checks shall be
made against readings of the centrifuge, the
instrument should be equipped to allow sim-
ple field checking of its internal calibration
or operation by switching to one or more self-
contained, standardizing, zero-temperature-
coefficient capacitors for calibration refer-
ence. The instrument shall be of a type
which measures true dielectric constant, in-
dependent of fiuid electrical losses, in order
that the effect of salinity of the water content
shall not affect the instrument reading. Since
the dielectric-constant reading is affected by
the tempernture* of the measured stream as
well as by the per cent of BS&W, suitable
temperature compensation should be used
where stream temperatures are expected to
vary appreciably. The instrument shall not

* Data, to date, indicate that without compensa-
tion, a fluid temperature change of 30 F can be ex-
pected to result in a change of calibration equivalent
to approximately 0.25 per cent of BS&W.



be affected adversely by reasonable or ex-
pected variations in supply voltage or fre-
quency or ambient temperature.

To date, data have shown that readings
taken on oil which is not moving through the
probe tend to drift upward to a false high
reading «ftcr the probe is energized. Caution
should be taken, thelefore, to ensure either
that the oil is moving through the probe, or
that the readinegs are taken immadiatalu afton
the probe has been energized. Movement of
oil through the probe at some velocity may
also serve to keep the probe clean.

The initial instrument calibration shall be
made in conformance with the manufac-
turer’s recommendations, and should be based
on measurement of the base dielectric con-
stant of a clean, fresh sample of the specific
crude to be measured.

Adjustment of the zero-setting for initial
field calibration after installation and for all
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subsequent field vecalibration shall be made
on the basis of meararement of the BS&W
content of the crude by contrifuge, according
to ASTM Method D 96-46. Readjustment of
the span setting, if required, shall be made by
checking against the instirument's reference
capacitors.

Recalibration as described hereinbefore
may be made at mutually agreed intervals

A mans \ v A .-...t,.l 4t any ‘ T Loe 3% oo
- - adie W) Liviiva

party 1f the 1mt1 ument readmgq should de-
viate more than a mutually agreed amount
from the BS&W content measured by the
field-centrifuge method.

Probe materials should be selected to re-
sist corrosion by the measured fluid. The
coaxial cable used to connect the probe and
instrument should conform to the recommen-
dations of the manufacturer and should be
selected for minimum ambient-temperature
error.

VIII—RUN SCHEDULING

A. Scheduling for Pipeline Load

Pipelines must prorate their capacity equi-
tably among all connected leases. Therefore,
in many areas where line-load factors are
high, special care must be exercised in sched-
uling automatic deliveries. There are so
many factors present in this problem that no
attempt will be made to discuss them here.
Any producer contemplating the installation
of an automatic-custody-transfer battery
should confer with representatives of the re-
ceiving carrier. They should work out a sys-
*em of scheduling which would be mutually
agreeable and advantageous to each. Some
considerations are:

1. Determine the periods when line capacity
would be available.

2. Correlate producer’s ability to have oil
ready with line-space availability.

3. Determine how many barrels per hour can
be received by the pipeline.

4. Determine how much time will be required
for each tank dump; determine total time-

cycle sequence from tank empty, to full, to
empty.

It is likely that automatic scheduling
should generaily improve pipeline-load
factors.

B. Stopping at Allowables

Receiving carriers are held responsible by
regulatory bodies for keeping runs from
leases within the allowable, where allowables
are applicable; and, therefore, such carriers
must have assurance that the runs from auto-
matic-custody-transfer batteries do not ex-
ceed the lease allowable. Any accurate and
reliable system may be used, however, should
it meet the following specifications:

1. It must be fail-safe, tamperproof, and
sealable in such a way that neither the pipe-
line’s nor the producer’s representatives
could change the setting without the consent
and knowledge of the others.

2. It must be able to be preset for the number
of tank dumps, or barrels, in the case of PD
meters, that will approach but not exceed the
lease allowable in barrels as measured by the
system (temperature-compensated or not
temperature-compensated).

3. When the preset number of barrels or
tank dumps is reached, the system must pre-
vent any further movement of oil from the
lease.

4. It must be adjustable in order to take care
of allowabhles ehanges. Snech changes chanld
be made only when 101)1esentat1ves of both
parties are present.

5. Counters should be visible so that oil de-
liveries can be checked at any time.
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IX—SAMPLING

Samples for determination of API gravity
and BS&W content shall be obtained by use
of automatic sampling equipment and by pro-
cedures as described and set out in AP{
Standard 2500, Samples may be commingled
during the period of a complete run, provided
that the resulting sampile is truiy representa-
tive of the total volume run,

For systems measuring volume either by
tank or by PD meter, samples may be taken
from the tank just prior to opening the pipe-
line outlet, provided that the variation in vol-
ume measured in consecutive dumps does not
exceed approximately 5 per cent. Such sam-
ples may be commingled for those consecu-
tive dumps constituting a complete run.

Alternatively, for systems measuring vol-
ume either by tank or by PD meter, samples
may be taken from the tank-discharge stream
to the pipelines, provided that the variation

X—~TEMPERATURE

Temperature measurement for correction
of volume measured by tank or un-tempera-
ture-compensated PD meter to standard tem-
perature shall be made in accordance with
API Standard 2500, “Part IV—Automatic
Temperature Devices.” Temperature com-
pensation for temperature-corrected PD me-
ters shall conform with ASME-API Code
1101.

For measurement by tank, the tempera-
tures measured at the same time that the
upper level is measured may be averaged for
consecutive dumps in a computation of the
corrected volume for the complete run, pro-
vided that the variation in uncorrected vol-
ume between any dumps in a run does not
exceed 5 per cent. By mutual agreement,
temperatures of the oil remaining at bottom
gage may be required for bottom-gage tem-
perature correction.

For temperature correction of uncompen-
sated PD-mefer volumes, the temperature

between the rate of sampling and the rate of
tank discharge does not exceed approximately
5 per cent.

‘The number and location of tank-sampling
points will depend upon the tank size and, in
regard to location and dimension, shall con-
form with the requirements of API Standard
2500 for installation of sample cocks. Where
more than one sample tube is located in the
tank, the samples from all tubes (except the
clearance sample or monitor tube 4 in. below
the pipeline outlet) may be commingled, pro-
vided that the sampling equipment is ar-
ranged to withdraw equal sample volumes
from each tube. By mutual agreement, purg-
ing of the sample tubes and sampler will not
be required prior to each dump or run, pro-
vided that the volume contained by these lines
does not exceed 5 per ¢ent of the accumulated
sample volume for the complete run,

MEASUREMENT

may be taken in the tank just prior to open-
ing to the pipeline through the meter and
may be averaged for computation of net vol-
ume for the complete run, provided that the
volumes run through the meter after each
such temperature measurement do not differ
by more than 5 per cent.

Alternatively, the temperature in the line
at the meter may be recorded and averaged
as hereinbefore, provided that the conditions
are the same as those described, and provided
that the rate of delivery does not vary by
more than 5 per cent.

Alternatively, for measurement of varia-
ble rates of flow with PD meter and/or varia-
ble duration or volume of flow for each flow
period, the temperature chart may be driven
by the meter, and the average temperature
integrated with respect to flow.

Temperature charts, in certain cases, may
serve as a secondary check on the count of
the number of dumps made in the run.

XI—PRESENTATION OF MEASURED INFORMATION

The method and procedure for recording
the measurements obtained by the automatic-
enstadv-fransfer system and those measure-
ments taken manually at the end of each
run, the procedure for computing net volume,
and the manner and form for presenting the
resulting information on a suitable run ticket
and for storing any records or charts marle
by the automatic system shall be determined
by mutual agreement and shall comply with
any applicable regulations. In gencral, it is
suggested that the procedures nsed be as sim-

ple as possible, and that they be compatible
with conventional run tickets and usual ac-
counting procedures, There ave several meth-
ods of recording dumps, temperatures, etc.,
now being used in connection with automatic-
custody-transfer installation, and others ave
being developed. Eventually, general prac-
tice will probably resolve many of the differ-
ences; however, until some trend is more
clearly established, it is believed desirable
to continue the use of the conventional run
ticket.
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APPENDIX 1

TYPICAL DESIGNS
Thic saotinn saméal

1his sectien conlains diagrams and de-
scriptions of typical arrangements of equip-
ment for accomplishing automatic custody
@ransfer based on the suggestions outlined
in the preceding sections of this bulletin.
Three typical arrangements are included,
one for each of the basic methods described:
A. Parallel-Tank Measuring System, B. Tan-
dem-Tank Measuring System, and C. Posi-
tive-Displacement Meter System.

These descriptions are intended only to
illustrate the basic methods by providing an
example of each. They are not meant to be
restrictive or to indicate in any way that the
methods shown are preferred to others which
have been, or will be, developed to accomplish
the same basic ends.

The first two of these systems have been
built and are operating satisfactorily, The
third, covering the use of the PD (positive-
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displacement) meter, although it is not in
operation in exactly this form, is an adapta-
tion of crude-oil metering systems which are
operating satisfactorily in similar service.

A. Parallel-Tank Measuring System

A suggested combination of major items of
equipment to provide two parallel, alterna-
tively filled and emptied tanks with weir-
controlled, constant-volume measurement is
shown in Fig. 1. Use of electrically operated
valves and controls does not preclude use
of pneumatically or hydraulically operated
valves and controls, if mutually acceptable.

The typical sequence of operation, as
shown in Fig. 2, is: 1, tank ready to receive
oil; 2, filling; 3, full with incoming oil di-
verted into empty parallel tank, settling of
oil; 4, drawdown of oil over upper weir to
establish exact known top gage, activation of
temperature recorder; 5, opening of dis-
charge valve, starting of delivery, activation
of sampler; 6, oil withdrawn over lower weir
to establish exact known lower gage, closing
of discharge valve, delivery and sampling
completed, tank ready to again receive oil.

Suggested wiring and control equipment
is shown in Fig. 3. Basic control for sequence
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Parallel.-Tank Measuring System with Weir-Con-
trolled Counstant-Volume Measurement; Sequence of
Operation in One Tank.

FIG. 2
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of operation is obtained through use of a
multicam timer (Fig. 4). The function of
each cam and the time in which that cam is
effectively controlling the operation are also
shown.

When the oil in a tank filling reaches the
upper float, the inlet valve is closed on that
tank, and the inlet valve on the opposite tank
is opened. Also, the multicam-timer motor is
started. No. 1 cam controls the length of set-
tling time; No. 2 cam provides drawdown
valve control; and No. 3 cam regulates the
time between opening and closing of the
drawdown valve. At the time that the draw-
down valve closes the discharge valve is
opened and rotation of the temperature-re-
corder chart is started. Cam No. 4 takes over
the controi of the discharge valve, and cam
No. & regulates the operation of the discharge
valve. The timer motor is stopped shortly
after the discharge valve is opened to aliow

for a non-determinable time, such as might
occur in a gravity delivery. The motor is
again started through the action of the float
switch set immediately above the lower weir.
At a predetermined interval after the lower
float switch makes contact, the discharge
valve closes. The measuring cycle being com-
pleted and the tank again ready to receive
oil, cam No. 6 rotates to reset position. If
necessary, a scheduling cloek can be incor-
porated into the system before drawdown
valve control in order to permit scheduling
of deliveries.

The minimum fail-safe features included
in this design are as follows:

1. Valves are of “normally closed” design.
2. Sequence of operation of measuring cycle
is retained in the event of power failure.

3. Interlocking of the valves and control
system with the inlet valve and float switches
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is such that it is impossible to open the inlet
valve on a tank when it is full, when it is
being drawn down, or when the discharge
valve is open. Fig. 3 shows the location of
the interlocks which were used in this system.

Certain optional fail-safe features also in-
cluded in this design, as shown in Fig. 1, are:

1. An overflow line above the upper float in
the measuring tank to provide for overflow
of oil into an overflow tank in event of failure
of the upper float switch.

2. An overflow tank of less height than the
measuring tanks so that oil cannot flow from
this tank through an open line into a measur-
ing tank.

3. An upper float in the overflow tank to
initiate lease shutdown controls and sound an
alarm in the event oil reaches the level of the
float switch.

4. Manually operated valves may be installed
in the discharge line on the downstream side
of the discharge valve on the measuring
tanks. Such valves shonld he sealed in the
open position and used only in case of emer-
gency.

With this system, at mutually agreed inter-

vals the pipeline gager and a representative
of the producer are to meet at the automatie-
custody-transfer battery. The recorded num-
ber of runs for each tank is to be taken off
recording devices operated independently of
the operational controls. The number of runs
from each tank times the constant-volume
measurement per tank is the total gross
oil run per tank during the agreed period.
The temperature-recorder chart is to be re-
maved and the temperature of each run listed
on the chart and averaged. This chart can
also be used as a check of the number of runs.
The sample container is to be disconnected
and replaced with an empty container. BS&W
and gravity of oil in the samplc collected over
the period are to be determined by usual
methods.
A run ticket is then prepaved for each
measuring tank, showing gross oil run, aver-
age temperature and BS&W content, and
average indicated gravity.
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B. Tandem-Tank Measuring System

A suggested combination of major items
of equipment to provide a surge tank (or
tanks) and a single metering tank with weir-
controlled, constant-volume measurement is
shown in Fig. 5. Use of electrically operated
valves and controls does not preclude use
of pneumaztically or hydraulically operated
valves and controls, if mutually acceptable.

The typical sequence of operation, as
shown in Fig. 6, is: 1, tank ready to receive
oil; 2, filling; 3, full with incoming oil pro-
duced into surge tank, settling of oil; 4,
drawdown of oil over upper weir to establish
exact known top gage, activation of tempera-
ture recorder and tank sampler (if used); 5,
opening of discharge valve, starting of deliv-
ery, activation of line sampler (if used); 6,
oil withdrawn over lower weir to establish
exact known lower gage, closing of discharge
valve, delivery and sampling completed, tank
ready to again receive oil. '

The minimum fail-safe features included
with this design are:

1. Valves are of “normally closed” design.

2. Sequence of operation of measuring cycle
is retained in the event of power failure.

3. Mechanical and electrical interlocking of
the valves and control system with the inlet
discharge and drain valves, flocat switches,
and relays is such that it is impossible to

open the inlet valve on a tank when it is full,
when it is being drawn down, or when the
discharge valve is open; it is also impossible
to drain oil from the bottom of tank while
tank is discharging to the pipeline, Three-
way plug valves and mechanical linkages pro-
vide positive, easily sealed and checked inter-
locks, as shown in Fig. 5.

The optional fail-safe features which have
been included in the design shown in Fig. §
are:

1. An emergency float switch located above
the normal top level to stop the transfer
pump should there be a failure of the normal-
level float switch.

2. A surge tank to produce into while the
meter tank is full or on the line in order to
permit uninterrupted production.

3. An upper float in the surge tank to initiate
lease shutdown controls and sound an alarm
in the event oil reaches the level of the float
switch.

4. A manually operated valve installed in
the discharge line on the downstream side of
the discharge valve on the measuring tanks.
This valve should be sealed in the open posi-
tion and used only in case of emergency.

5. A BS&W monitoring system to prevent
the entry of non-merchantable oil into the
meter tank.

6. Periodic pumping-out of tank bottoms to
prevent buildup.

{ | GROUND LEVEL
GAUGE W/SWITCHES

EMERGENCY J
HIGH LEVEL.
SURGE
TANK
FROM
SEPARATORS . | DEHYDRATION | NormaL kigHg 1} |
> FACILITIES | NORMAL LOW73_ 1
L
Il == el
e

Tandem-Tank Measuring System with Weir-Controlled Constant Tank Volume.
FIG. 5
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B.S. & W. MONITOR

. TREATER

i

O ' O j o |
® ® @

READY TO FILL FILLING BAD 0QIL BEING
REROUTED TO TREATER

PIPELINE

°

&

&
®

FULL DRAW -DOWN TO DISCHARGING
TOP WEIR LEVEL TO PIPELINE

TREATER

Iy

oo -
- ‘- -
END OF DELIVERY TO DRAINING READY TO FILL
PIPELINE BOTTOM BOTTOMS
WEIR LEVEL
-NOTE:
DRAIN VAL VF & TANK FIl| ~DISCHARGE 3-WaY VAILVE MECHRANICALLY UINKID TC PREVENT

ACCIDENTALLY OPENING DRAIN VALVE WHILE OIL IS BEING DELIVERED TO THE PIPELINE.

Tandem Measuring and Surge Tanks with Weir-Conlrolled Constant-Yolume Measurement;
Sequence of Operation.

FIG. 6
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7. Predetermined counters te limit the num-
ber of tanks run during any time interval.

With this system, at mutually agreed inter-
vals the pipeline gager and a representative
of the producer are to meet at the automatic-
custody-transfer battery. The reccrded num-
ber of runs for each tank is to be taken off
recording devices operated independently of
the operational controls. The number of runs
from each tank times the constant-volume
measurcment per tank is the total gross oil
run per tank during the agreed period. The
temperature-recorder chart is to be removed
and the temperature of each run listed on the
chart and averaged. This chart can also be
used as a check of the number of runs. The
sample container is to be disconnected and
replaced with an empty container. BS&W
and gravity of oil in the sample collected over
the period is to be determined by usual
methods.

A run ticket is then prepared for each
measuring tank, showing gross oii run, aver-
age temperature and BS&W content, and
average indicated gravity.

C. Positive-Displacement Meter System

A suggested combination of major items of
equipment to provide automatic measurement
by the positive-displacement meter method is
shown in Fig. 7. The sequence of operation
will vary slightly, depending on the type of
pipeline facility connected and the operating
schedule of the pipeline. The typical operat-
ing sequence for two types of automatic
measurement to the pipeline is outlined as
follows:

a. Normal Delivery to « Gravity-Flow
Pipeline—Ncenscheduled Operation: When
the liquid level in the surge tank reaches nor-
mal high-working level: 1, the circulating
pump starts and circulates the liquid from the
surge tank back to the dehydration facilities
for three minutes after the monitor indicates
that the BS&W content is within permissible
limits; 2, the three-way valve opens to the
pipeline, admitting flow through the meter;
3, when the three-way valve reaches its open-
to-pipeline position, the automatic sampler is
energized and begins sampling, as mutually
agreed; 4, under normal conditions, delivery
to the pipeline continues until the liquid level
reaches the normal low-level position; 5, the
three-way valve closes the pipeline outlet and
opens to the return line; 6, the automatic
sampler is de-energized; and, 7, the circulat-
ing pump continues to circulate for five min-
utes, then is shut down.

After delivery to the pipeline has begun,
should non-merchantable oil flow for two
minutes continuously past the BS&W moni-
tor, the delivery shall be automatically inter-
rupted and, 1, the three-way valve shall
switch the flow from the pipeline to the de-
hydration facilities; 2, the antomatic sampler
shall be de-energized ; 3, circulation from the
surge tank to the dehydration facilities shall
continue unti! merchantable oil has flowed
over the BS&W monitor for three minutes;
then, 4, the flow shall be switched back to the
pipeline and the delivery continued, as under
normal conditions.

b. Normal Delivery to a Pressurized Pipe-
line——Nonscheduled Operation: When the
liquid level in the surge tank reaches normal

CALIBRATLD SECTION WiTH

— T DIAL THERMOMETER
ALARM % PIPELINE PUMP
SHUT DOWN Ly O— AS REQUIRED
SURGE AR & GAS ELIMINATOR /
TANK Rk CHECK IN VENT
S, CONTROLLED
am } ol 3-WAY VALVE JRas
NORMA!
—s [PEHYORATION S LEvELS | ssaw MONITOR sheaT i
PRODUCTION FAZILITIES _L —— = O PUMP Mo
FROM LEASE 9 ) ™
T « T -~
v STANDARD PLUG
STRAINER
AUTOMATIC ) COMBINATION CHECK &
CIRCULAT'NG LINE SAMPLER RACK OQC&SIIDE VAL UL
—VL~/}
—-— — TEMPERATIURE COMPENSATED

© METER WITH PRINTER

Positive-Displacement Mecter System.

FIG. 7




Sy T

LEASE AUTOMATIC CUSTODY TRANSFER 19

high-working level: 1, the circulating pump
starts and circulates the liquid from the surge
tank back to the dehydration facilities for
three minutes after the monitor indicates that
the BS&W content is within permissible
limits; 2, the three-way valve opens to the
pipeline, admitting flow to the meters; 3,
when the three-way valve reaches its open-
to-pipeline position, the pipeline pump starts
and the automatic sampler is energized; 4,
under normal conditions, delivery to the pipe-
line continues until the liquid reaches the nor-
mal low-level position; 5, the three-way valve
closes the pipeline outlet and opens to the
return line; 6, the pipeline pump is shut
down and the sampler de-energized; and, 7,
the circulating pump continues to circulate
for five minutes, after which it is shut down.

After the delivery to the pipeline has be-
gun, should non-merchantable oil flow for
two minutes continuously past the BS&W

monitor, the delivery shall be automatically
interrupted and, 1, the three-way valve shall
switch the flow from the pipeline to the wash
tank; 2, the pipeline pump is shut down and
the sampler is de-energized; 3, the circulation
from the surge tank to the wash tank shal!
continue until merchantable oil has flowed
over the BS&W monitor for three minutes;
then, 4, the flow shall be switched back to the
pipeline and the delivery continued, as under
normal conditions.

¢. Normal Delivery to a Pipeline—Sched-
wled Operation: Some pipeline systems are
operated on a schedule whereby it is desirable
to admit delivery only during a certain inter-
val of time. For this condition the operation
sequence shall be the same as for nonsched-
uled delivery, except that a time-interval con-
troller shall be added to the circuit which
overrides the normal high-working-level
control.

APPENDIX 2

MEMBERS OF COMMITTEE ON LEASE AUTOMATIC CUSTODY TRANSFER

Officers
H. L. Shatto (Chairman)............ Shell Oi1 Co.. .o vieien et New York, N. Y.
R. C. Buchan (Vice Chairman)....... Humb'e Oil and Rcfining Co.. .. Houston, Texas
Members
C.E.Curry......ooueviieieninanne. Sohio Pipeline Co............. St. Louis, Mo.
R.A. Hamill........ ... ..ot Service Pipe Line Co.......... Tulsa, Okla.
D.C. McKinley........c.viivnannn Interstate Pipe Line Co........ Shreveport, La.
D.C. Meyers....oovnenennnnennnns Shell Oil Co......o vt Hobbs, N. Mex.
S.H. Pope. ..ottt Gulif OilCorp..ovvvevneennan. Wichita, Kans.
G. A. Smith

(alternate to D. C. Meyers)........ Shel Oil Co.. o e e iiet Tulsa, Okla.
J.W. Tinnin. ... .o oviii i Texas Pipe LineCo............ Wichita Falls, Texas
J. Zaba o e e Stanolind Oil and Gas Co....... Tulsa, Okla.
C. H. Kangas

{member until September 1955) ... .Formerly with
Phillips Petroleum Co....... Bartlesville, Okla.

3IM—Acgust 1956
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CASE NO, 2243 - ORDER NO, R-1959
Form C-106 ACT Pormit NO-..L..CZ__..

NOTICE OF INTENTION

TO UTILIZE AUTOMATIC CUSTODY THANSFER EQUIPMENT

Operator_Cities Service Petroleum Company _Field__ North Justis
Address__ Box_97, Hobbs, New Mexico ... County |eq

Lease(s) to be served by this ACT Unit___] -- Hodges “B"

Pool(s) to be served by this ACT Unit c

location of ACT Syatem: Unit__ Sec 1 Twp__25-5 Rge_ _37-F

Order No. authorizing comuingling btetween leases il more than one lease is to be served by

this systen Date

Order No. authorizing commingling between pools if more than one pool is to be served by

this system PC-43 Date 11-9-61

Authorized transporter of oil from this system Texas-New Mexico Pipeline Co,.

Transporterts address_Box 1510, Midland, Texas

Maximum expeéted daily through-put for this system: initi Bbls/day

If system fails to transfer oil due to malfunction or otherwise, waste by overflow will be

averted by: (Check One)

A, [Xq Automatic shut-down facilities B. [j’\ Alte:native (3) h-2, providing adequate
== as reaquired by Seation (3) h-l ' available capacity to receive prodne-
of Rule 309-A. tion during maximum unattended time of

lease operstion.
If A above is checked, will flowing wells be shut-in at the header manifold or at the

well-head? _Well head Maximm well-head shut-in pressure__750#

If B above is checked, how much storage capacity is available above the normal high working

level of the surge tank? 800 Bbls,

What is the normal maximun unattended time of lease operation? 16 Hon

b
n

Wrat device will be used for measuring oil in this ACT Unit? (Check One)
%}’? Positive displacement meter {“—} Weir-tyve measuring vessel

i 'i Fositive volume metering chanber j'"j Other; Describe
[S—— | S

Remarks: ;4?&? / A £ f/' b //?;~A - ///s”j /// .ff.g“

T hereby certify that the information given above is true and complete to the best of my
knowledge and thit the subject ACT system will be inStalleiD;Sd operated in accordance with
{

Bnle 307-4, (/

>

?;ZZJ‘ éﬂ\éaékZ{;7;£:’ 7it1cAsst, Division Engineer

bate  11=14-61

e e s e s e e s s i e e ot et e

{ a
, - A : . C
Aappr0v7 , 0il ConservatismLomaiasion By

cooeyat of Foro coands does nob, elimicate Lhe necessity U oo apureved C-110 prior to
rosazes &0 el oo pas from Yhis oyotan,
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SECTION PLAT
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HODGES B LEASE

Cities Service Petroleum Company — Operator

FROPOSED A CT |INSTALLATION

COMPONENTS
A pPuMP F PO METER
B 8saw MONITOR G PROVER CONNECTION
C 3 WAY 2 POSITION VALVE H BACK PRESSURE VALVE
D FiLTER | SAMPLER
E DEAERATOR
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CITIES SERVICE PETROLEUM COMPANY P e -
HODGES B LEASE \@ Stock Tank .

4

Schematic Diagram Proposed Commingling | Separator I
- - ] <:> Heater Treater
[ T . .
— i A o LACT - v<§e;}"*6£>m{§>_A_ (:) Meter
! Sampler
( . © s
; E thh  3-way, 2-position valve i

2,5 Lease Shut-in valve

i
I
1 Test Routing Valve

| |
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!
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. . Q Circulating Pump




TEXAS - NEW MEXICO PIPE LINE COMPANY

F. B WHMITAKER, J&. *. 0. SOk W
SVION Manseen November 8, 1961 MIDLAND, TEXAS

New Mexico 011 Conservation Commission
P. 0. Box 871
Senta Pe, New Mexico

Gentlemen:

Cities Service Petroleum Company advises
that they intend to make application to the New Mexico
01l CecnBservation Commission for permission to permanently
install and operate a lease automatic custody transfer
system on their Hodges "B" Lease located in the SW/4 of
Section 1, T-25-3, R-37-E, Lea County, New Mexlco.

i A b AT £ AT P D,

Texas-New Mexico Pipe Line Company gathers
production from this lease and concurs in the operator's
application for permanent approval to install and operate
this LACT unit.

e e e

Yours very truly,

) ' § TEXAS-NEW MEXICO PIPE LINE COMPANY

7,
By ‘?ﬁ& L.*f\;‘A/.Hl(l Z—
F. B, Whitaker, Jr.
; Division Manager

FDW jr-btk

! c¢: Cities Service Petroleum Company
: P. 0. Box G7
! Hobbs, New Mexico
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Srannarn) (i, ComMpaNy oETEXAS;

Drawer "S"
Monalians, Texas
Hareh 1, 1962

reee
L)
2

-

&

New Mexico 0il Conservation Comaission -
P, 0, Box 2045 te
Hobbs, Hew Mexlco

—

Gentlenen:

> a

Standard 0il Compeny of Texas, A Division of California 01l s
requests permission to install an automatic custody transfer unit ¢,
for sale of crude oil from the State 6-3% Lease, Vacuum (Abo) Field,
located in Section 3%, Township 17 South, Range 35 East, Lea County,
New Mexico. In support of this request we are submitting a Form C-106,
area plat, pipeline acceptance letter and schematic of the proposed
system. This system has been designed to confom with specifications
outlined in NMOCC Case 2243, Rule 309-A, and with your approval we
should 1like to begin installatlon as soon as possivle.

The attached diagram of the battery shows a tank Ho. 3, This tank
is presently installed; however, its volume is not included in the
design or in any calculatlons concerning the operation of the auto-
natic custody trsusfer unit. The tank may be removed at some futwre
date.

Texas-New Mexico Pipe Line Company is now gathering the oil from this
lease and will. conbinue to serve as gatherer.

Thank you for your considecation In this matter,
Very truly yours,
SN e e, S

S. J. Mathews, Jre R
District Superintendent

WHA: jd

Attachments




Sragoarn O, GoMeany: of Texas

Drever 8"
Monahens, Texas
March 1, 1962

Bew Mexioco 011 Conserwation Commission
P. O, Box 2085
Hobbs, New Mexico

Gemtlomen;

Standard 011 Coupeaxy of Temms, A Btvision of Califernia C1il Compexy,
regussts to install == o= it custody trensfer unit

for cale of crmde o1) from the Btate 6-3 Lesse, Yacum (Ado) Mela,
loested in Section 3}, Towmship 17 Souvh, Raage 35 East, lLes Cowniy,
New Maxico. In swpport of this request we are sibmitting a Yorm C-106,
area pist, piyeline sceeptance letter end schematic of the proposed
system. This system has been designed to conform with specificatiens
oullined in IMOCC Case 2283, Rule 09-A, and with your apprewal we
shenld liks 0 degin installgtion as soon as possidie.,

The sttached dtazrem of the battery shovs a tank No. 3. This terk

is presexntly installed; however, its volume iz pot included in the

design o in axy caleulations conserning the operetioa of the amto-~
mbtic custody trensfer wnit. 7The tank may De removed at some futwre
dxte.

Texns-Jow Maxieo Pipe Line Company i nov gathering the oil fram this
lease and will contimue tO serve as gatharer,

Thank you for yowr consideratien in thic matter.
Yery trely yours,

S. :o m, k.O(’z.
Dietrict M‘t

WBA: jd

Attachments
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TEXAS-NEW MEXICO PIPE LINE COMPANY

F. B. WHITAKER, JR. P, O. BOX 1810
OIVIBION MANAGER Febr'uar'y 23 1969 MIDLAND, TEXAS
. 2

New Mexico 01l Conservation Commission
P. 0. Box 871
Santa Fe, New Mexico

Gentlemen:

Standard 01l Company of Texas advises that
they intend to make application to the New Mexico 01l
Conservation Commission for permission to permanently
install and operate an automatic custody transfer unit
on thelr State 6-34 Lease located in the Vacuum Abo
Field, Lea County, New Mexico.

Texas-New Mexico Pipe Line Company gathers
production from this lease and concurs in the operator! s
application for permanent approval to install and
operate this ACT unit.

i Yours very truly,

TEXAS~NEW MEXICO PIPE LINE COMPANY

By )ﬁ?\a !\(AA> ({,

F. B. Whitaker, Jr.
Division Manager

FBW Jjr-btk

2 | cc: Standard 0il Company of Texas
2 Monahans, Texas
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Pofel o BIVENTION

TGUTTLRTON I ATIC Oy TRALSHRR LQUIHZUHT

Standaxd 011 Capany of Texas,
Operator_A Diwision of California Oil Campany ... Fi¢ld____ Vacuunm {Abo)
Addx'ess_mm::.&wm,w,w _aeeie | Lea '

Lease(s) to be scrved b7 this ACT Unit,__m State 6-3h

Pool(s) to be served by this 4CT Unit  Vacuum (Abo)

Location of ACT System: Unit K Sec_ 3 ] Twp___ 178 Rge__ 358

Order No. authorizing commingling between leases if more than one lease is to be served by

this systen Date

Order tYo. authorizing commingling between pools if more than one pool is to be served by

this systenm Date

Authorized transporter of oil from this system Texas-New Mexico Pipe LineCompany

Transporter's address__P, O, Box 1027, Lovington, New Mexico
Maximum expected daily through-put for this systen: 500 Bbls/day

=
u’

If system fails to transfer oil due to malfunction or otherwise, waste by ov-brflog will be

t..- .
4 ; averted by: {Check One) e E
3 . ¢ -y
‘ A. D Automatic shut-down facilities B. ’L;‘l Alternative (3) h-2, prov‘fdlng adequate
as reocuired by Section (2) h-1 available capacity to recegve produc—
of Rule 309-A. - tion during maximum unattérfied tdme of
lease operation. - ‘;2,
, o : If A above is checked, will flowing wells be shut-in at the header manifold or &Q\the
well-head? Maximum well-head shut-in pressure

If B above is checked, how much storage capacity is available above the normal high working

level of the surge tank? 400 Bbls.

i;.- ’ ¥What is the normal maximum unattended time of lease operation? 16 Hoursa

What device will be used for measuring oil in this ACT Unit? {(Check One)

"X | Positive displacement meter [ ] Welr-type measuring vessel

} Positive volume metering chamber { | Other; Describe_

Remarks:

I hereby cervify that the information given above is true and complete to the hest of my
knowledze and that the subject ACT system will be installed and crerated in accordance with
2. A

tule 309-4,

| >0 0
provf(d § Cil Conrermf ion Go j By _Ja Ta Rowlnnd (M/ﬂ,\;&&&]
By ‘_77£f*’ £ \ Y /{/// Vo L// ' Title _District Enginoor

/ .
Title ‘__l)aue__w__,;;_/_ Date___areh 1, 3952

%

[

Approvel of Form C-106 does not elimirate the na2cessity of an approved C-110 prior to
runming any ol or ¢as freum this system,

_
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TIDEWATER OILGOM

i

PANY

Box 547
Hobbs, New Mexico
March 7, 1962

New Mexico 0il Conservation Commission
District I

P. 0. Box 2045

Hobbs, New Mexico

Attention: Mr. Joe D. Ramey, Supervisor & Proration Manager

Re: Proposed Automatic “ustody Transfer dyster, State "AN" Lwase.
Unit B, Section 7, Township 18S, Range 35k, Lea County, New Mexico.

Dear “r. Rarey:

Tidewater 0il Company proposes to install a Automatic Custody Transfer System
on the State "AN" Lease., This system will be loacated in Unit B, 750' SNL and
1650* WEL of Sectio>n 7, Township 18S, Range 35E, Lea County, New Mexico,

The ACT System is designed to transfer 40° API sweet crude produced from the
Vacuum-Abo Reef on the State "AN" Lease to Texas-New Mexico Pipe Line Company.

Exhibit A shows the location of the ACT Unit with respect to the other lease
facilities., Ix"ibit B shows the proposed ACT Unit and the component parts. At
the present time, Well #1 is producing pipeline o0il and does not require treat-
ing facilities. Tenative plans are to install a B.S.%W, monitoring system in
conjunction with treating facilities when required at a latcr date,

Attached please find a letter from Texas-New Mexico Pipe Line (ompany concuzing
with Tidewater's application for permanent approval to install and operate the
ACT system. Also attached is the 0il Conservation Commission Form C-106 "Notice
of Intention to Utilize Automatic Custody Transfer Lquipment,"

We respectfully request that administrative approval be granted to the proposed
ACT System to be installed on the State "AN" Lease,

Respectfully,
TIDEWATER OQIL COMPANY
&k e

C., L. Wade,
Area Superintendent

ARS :ow
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TEXAS-NEW MEXICO PIPE LINE COMPANY

F. B. WHITAKER, JR. P. 0. BOX 1210
CIVIBION MANAGER March 2 , 1962 MIDLAND, TEXAS

New Mexico 011 Conservation Commission
P. 0. Box 871
Santa Fe, New Mexico

Gentlemen:

Tidewater 011 Company advises that they intend to
make application to the New Mexico 0il Conservation Commission
for permission to permanently install and operate an automatic
custody transfer unit on thelr State "AN" Lease loecated in

o

Section 7, T-18-S, R-35-E, Lea County, New Mexico.

Texas-New Mexico Plpe Line Company gathers pro-
duction from this lease and concurs in the operator's appli-

cation for permanent approval to install and operate this -
ACT unit.

Yours very truly,

: TEXAS-NEW MEXICO PIPE LINE COMPANY

« . -7 7
T . . By /24?;;{. * '»/\»-‘- ‘ﬁ"/'\. f("x- /-,
24 , F. B. Whitaker, Jr.
F. : Division Manager

%,

FBWiJr-btk

ce: Tidewater 011 Company
P. O. Box 547
Hobbs, New Mexico



CASE NO. 2243 - ORDER NO, R-1959

Form C;106 ACT Permit Mo, £/
3 - O(C NOTICE OF INTENTION

1 - Houston

1 - Midiand TO UTILIZF AUTCMATIC CUSTODY TRANSFER EQUIPMENT

1 - File

Operator Tidewzter 0il Company Field Undesignated (Vacuum Abo)
Address____Box 547, Hobbs, N. Mcxe County Lea

Lease(#) to be served by this ACT Unit State “AN"

Pool(#) tc be served by this ACT Unit___ Undesignated (Vacijtm .ibo)
location of ACT Syatem: Unit_ B Sec 7 Twp 18S Rge 358

Order No. authorizing commingling between leases if more than one lease is to be served by

this system Date

Order No. authorizing commingling between pools if more than one pool is to be served by

this system Date

Authorized transporter of oil from this system__ Texas-New Mexico Pipelipe Company
Transporter's address_pgox 1510, Midliand, Texa

Maximum expected daily through-put for this system: 600 Bbls/day

If system fails to transfer oil due to malfunction or otherwise, waste by overflow will be

averted by: (Check One)

A, [:] Automatic shut-down facilities B. [j;] Alternative (3) h-2, providing adequate
as required by Section (3) h-1 — available capacity to receive produc-
of Rule 309-A. tion during maximum unattended time of

lease operation.
If A above is checked, will flowing wells be shut-in at the header manifold or at the

well-head? Maximum well-head shut-in pressure

If B above is checked, how much storage capz~ity is available above the normal high working

level of the surge tank? 900 Bbls,

s o ? 23

¥hat 31s the normal maximmm nnattended time of lez reration? 3 Hours

Wrat device will be used for measuring oil in this ACT Unit? {(Check Dne)

{”i] Positive displacement meter ["‘] Welr-type measuring vessel

[M} Positive volume metering chamber ['"1 Other; Describe

2" A, Smith S~13 w/ ATC, Large Numeral Counter, and Safety Switch

Remarks:

I hereby certify that the information given above is true and complete to the best of my
knowledge and that the subject ACT system will be installed 2nd operated in accordance with
Rule 307-4,

Apprév*d, Oi;k?9pserva§16§)00mmission By L. z%%?xﬂ{A
By ",ojigt::i (/i ;}(}z;vvli,y/ Title Area Supt,
. “ ,/ / 7
‘Fitigiﬁ_ _W“M_;;,_,“_N_Dat?‘ii_ﬂ___~*,_ Date. B february 27, 1962
l;;:;vni of Pop 1004 does nol. elimirate the necessity =7 on appreved C-110 prior to

roanieg ar el o par fren this system,




P08M. A-202

HuMBLE O1L & REFINING COMPANY
HUMBLE DIVISION

T MmN
i T
0 e b -

pnea BT 2 i I Zﬁbbs, New Mexico
e March 16, 1962

Re:  Proposed ACT Unit
New Mexico State WEM" Lease
North Justis Pools
Lea County, New Mexico
File: 22-2

Mr,. Joe Ramey

New Mexico Qil Conservation Commission
P. O. Box 2045

Hobbs, New Mexico

Humble 0il and Befining Company respectfully requests adminis-

trative approval to utilize automatic custody transfer equip-
ment on its New Mexico State "EM" Lease comprising the E/% of
i the SE/L of Section 2, T-25-S, R-37-E. This lease is located
‘ in the North Justis Pools, Lea County, New Mexico,

Commission Form C~106 and related plats and schematic drawings
! are enclosed,

Your approval of this proposed ACT will be appreciated,
Yours truly,
T, HUMBLE OIL AND REFINING COMPANY

R. Re Alworth

ARB/mcb




~——

CASE NO. 2243 - ORDER NO. R-1959 T

Form C-106 ACT Permit No. - JC /

NOTICE OF INTENTION

TO UTILIZE AUTOMATIC CUSTODY TRANSFER EQUIWENT

Operator Humble Oil and Refining Company Field North Justis

Address_ Box 2347, Bobbs, New Mexico County Lea

Lease(s) to be served by this ACT Unit___ New Mexico State “EM"
Pool(s) to be served by this ACT UnitEllenburger, Waddell, McKee, Fusselman, Drinkard & Hlin

Location of ACT System: Unit___ _J Sec 2 Twp 258 Rge 378

Order No. authorizing comningling between leases if more than one lease is t»:%be s’gf;rved by
this system Date 3 ;

Order No. authorizing commingling between pools if more than one pool is to be \servea:by
this system__ Application applied for /() /g Date March 1, 1962 “x 14.:;’
Authorized transporter of oil from this system_ Texas-New Mexico Pipeline Gcnpg? <
Transporter'!s address Box 1510,Mid] andg Texas w

Maximum expected daily through-put for this system: 15008 Bbls/day

If system fails to transfer oil due to malfunction or otherwise, waste by overflow will be

averted by: (Check Cne)

A, r] Automatic shut-down facilities B. Ex] Alternative (3) h-2, providing adequate
- as required by Section (3) h-l available capacity to receive produc-
of Rule 309-A. tion during maximum unattended time of

lease operation.
If A above is checked, will flowing wells be shut-in at the header manifold or at the

viell-head? Maximum well-head shut-in pressure

If B above is checked, how much storage capacity is available above the normal high working

level of the surge tank? 1,000 Bbls,

vhat is the normal maximum wnattended time of leasc speration? 3¢ Hours

Wrat device will be used for measuring oil in this ACT Unit? (Check One)

li‘x'} Positive displacement meter [”‘} Welr-type measuring vessel

| | Positive volume metering chamber [ ] Other; Describe

Remarks: Vz/ 74%7 ﬁmtl/ ﬁ{’ ()Z[///,/'//ll 41///0/ o, //14/ // éﬁ

( G s %é/

I hereby certify that the information given above is trues and complete to the best of my
¥noviedge and that the subject ACT system will be installed and operated in accordance with
Pula 309-A,

' . G
fsppl‘ia‘ 4, 01l "on*em?nfﬁﬂn»am By Lorep? i ///c///’i/
By { / Ti/ u /. Title Agent
A o bate _‘__m__,_ bate March 16, 1962
- o ) ARB/meb )
' wyrioof Pore foi05 does noh elimicate the recessity o7 n approved C-110 prior to

LA

. - ~ 2 . Frvr AR IR . 4o,
ronnieg 2o ol o gd frem thls syoton,

— e . me esms pramam————




TEXAS-NEW MEXICO PIPE LINE COMPANY

F. B. WHITAKER, JR. P.O. 30X 1810
DIVISION MANAGER March lu, 1962 MIDLAND, TEXAS

New Mexico 011 Conservation Commission
P. 0. Box 871
Santa Fe, New Mexico

Gentlemen:

Humble 011 & Refining Company advises that they
intend to make application to the New Mexico 011 Conservation
Commission for permisslion to permanently install and operate
an automatic custody transfer system on thelr New Mexlco
State "BM" Lease located in Section 2, T-25-S, R-37-E, Lea
County, New Mexico, in the North Justls Pools.

Texas-New Mexico Fipe Line Company gathers pro-

DACUiui Lauill i dveme ol Anmenns dn tha nnann‘l’-nn'c onrll
cation for permanent approval to install and operate this
ACT unit.

Yours very truly,

TEXAS-NEW MEXICO PIPE LINE COMPANY

. ;’i F. B. Whitaker, Jr.
T o ’ Division Manager

FEd Jr-btk

cc: Humble 0il & Refining Company
i : Hobbs, New Mexico
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CASE NG, o0 - ORLEIC NG, R-1953¢ T : \

" e e vy N
Torm C-106 ) P LUCR0T Pormdl '-\"U'.w[' #/

..

TO UTILIZE AUTCHATIC CUSTODY TRANSFLR EQUINALRY

Oprrator_ SOCONY MOBIL OIL COMPANY, INC. Field__Vacuum Abo

Address___ _Box 2406, Hobbs, New Mexico County ILea

Lease(s) to be seorved by this ACT Unit  State "M" Lease

Pool(s) ¢~ be servad by this ACT Unit  Yacurnm Abo

Locatiun of ACT Syatem: Unit_SW/4 Scc_ 34 Twp 17s Rge  35@

Order lo. eauihorizing commingling between leases if more than one lease is to be scrved by

this systen ~__N/A ate

Order llo. authorizing cormingling between pools if more than one poel is to be served by
[&]

this system N/A __Date -
Authorizoed transporter of oil from this system_Texas-New Mexico Pipe Line Co, -
Transporter's address__Box 1027, Lovington, New Mexico
Maximun expected daily throupgh-put for this system: 325 Bhls/day
If systen faiis to transfer oll due to malfunciion or otherwise, waste by overflow will be
averted by: (Chechk One)
A. [:j Automut?c shut-down facilities B. Eij} Alternative (3) h-2, providing adequate
23 reauired by Section {3) h-l available capacity to receive produc-
of Rule 309-A. Lion during maximum unatiended time of

lease operation.
If A above i checked, will flowing weils ve shwt-in ut the heador manifold or at the

well-hoad? Maximun well-head shut-in pressure

ITf 5 above i1s checked, how much storage capacity 1s avallable above the normal high working

level of the surge tark? 550 - Bbls.
Whet is the normal naximusm uwnattended time of lease overation? 40 surs

What device will be used for mecasuring ol in this ACT Unit? {Check Onaj

TEXQ Positive displacement wmeter {71 Velr-type measuring vesscl
{'; tosivive volume wmetering chamber i"} Other; Lezeribe
Femarks: .

above is true and complete to the hest of my
se installed and operated in accordance with

“aeren

s _Producing._Superiniendent

sreval of Fore J-074 tee e el e sl rer e ity 7 oreeved U=110 prier Yo
ing any ol or oo fro oo oo
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Sheet No.
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ODEX ENGINEERING COMPANY

1110 N. GRANT P. O. Box 1586 Phone FE 1-3566
ODESSA, TEXAS
TO:_ T I Date_ &/
i . . ) Dwg. No. . e
o RN SN e e
At S R PR U ‘._f\,\ Quote By (; h e
ie. ‘ T_ __‘_,i,: RGNS AATIEE AU INCA TS RE iCj.‘-‘
. I{cmarks“_ —--
T _i;:.xt:":zrv‘ DESCRIPTION UNIT PRICE ———-C—”:‘S‘ON
P i 2L LN E=200U VIRING TOTARY CIAR FUVP VITH ]
b -“qu 310 BHTERNAL RSL?CF VALVE, MICH '“ICPL
B SRAL, ufSZ, V=LELT CRIVE, TELT CRARD AND 5 H.P.
1755 a0, 220/850 VOLT, 3 FRASE, 60 CYCLE
QXPLOa!“”““RCOF FAIRZANSS SORSE ELLCTRIC MOTCR.
: FLAY Iy SIZED TO FLCGW 35 Gt AGAINST 75 PSIG
4
N 2 1 ODEY TR Lo nw LaNi Dy DL LMPERATURE CC“
: PINSATED, FAILSAFE BS7W ’“WITOA, RANGE 0-353,
‘ 20 €5C7IDS TIME DELAY, WITRH 307, TYPE RG/D2U
: LOA XL CAGLE
i
i3 } 2" MOOCL CX-205-200 33P INSTRUENTS, INC. BS&W
{ PROTE, ERTERVALLY COATED WITH EPON RESIN,
; FLAKNDED COMIECTICNS COHPLETE WiTH EXPLOSION=-
; PROOF COMDULET ASSEMELY.
. I 2% Cnoy MOBCL R=200-AF 3 VAY 2 POSITION BAD OIL
: DIVIRTER VALYVE, S.S. "Rln, CCAPLOTe WiTH
! EXPLOSICN-PROOF SOLENOID CRERATOR.  VALVE 1S
‘ WORVALLY CLOSED TO °IFCLI?\r 1IN THE EVENT OF
; PCUER CR CGAS FAJTLULRE
% 5 | MGDEL RIEX YZ EMNGIMNEZERS AUTCUATIC CRUDE OIL
a PIPZLING SAVPLER CF‘DLETE VI TH 20 CALLON PRESSUREFR
; TICHT SAMPLE CONTAINIR, MIXER, SICGHT GLASS,
{ HAND FURGE PUP ARD SaPLE PROZE VITH 45° MITER.
L5 i 2" LRTDIE MOLEL D=3 OO *I“’TI,H STRADEZR-AIR
CLAINECATCR, WiTH 20 MESH STAINLESS STEEL
STRAINIR BASKET.
(CONT RIS CN PACL 2) TOTAL PRICE
Delivery ODEX ENGINEERING COMPANY o
‘ Terms By
Please examine this quotation cavefully, as we agree to furnish only items ov services herein described at the prices listed. Prices sub-
jeet 10 change without notice,
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ODEX ENGINEERING COMPANY

1410 N. GRANT

P. O. Box 1585
ODESSA, TEXAS
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t
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(conTi

Delivery
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Please examine this quotation carefully, as we agree fo furnish only items or services herein deseribed at the prices lsted. Prices sub-
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ODEX ENGINEERING COMPANY

Quote No. ’

1410 N. GRANT P. O. Box 1586 Phone FPE 7-3566
ODESSA, TEXAS
TO:__ G _ji_ 4t Col Date_ 2/>/02
et D T LT Dwg. No._
AN I YAS

Aftn, sty Quote By ¢ TTLL

Be.__ ton L 4T T ETINS, 2TV ITIGLD
: Remarks
‘ ToM iQUANTITYi DESCRIPTION UNIT PRICE VXTENSION
i T 12 cont'o
:
; Al S,:'?L,“«”-:E o= NEMAT WLATRHERPRCOE CK\CLOS\J.\L N

4 QAUGE EMAMILED STEEL Sil NGLE CCx
: PIRTAINT.
i 5. LG FLON CETECTION CIRCUIT.
; C. SIZE I STARTER WITH THACE OVERLOAD RELAYS.
; B. 0.0 KVA 450/11D VOLT ORY TYPI TRANSFORME
Le @~ ALLuchichLL wusiors, ) vl , 19D
VOLT A.C.
F‘

A vt et e e a8

RARD=CFE AUTCUATIC SWITCH.
MISCELLANECGUS CC 7l TS LUDI\""

DISPLAY LAMPS \‘I'{H SULTS, 4 KRPHIAG
POTTER=-DRL: !LLD ELAYS, \HTH MCUNT ING
SOCKETS, f v.oLqu 25, FUSE, LAMP TEST SWITCH
AND ""“TER SWHTCH.

-

=T

H. SAFETY DOCOR INYERLCCK SWITCH.
. 30 AwP,60D VOLI FUSIOLE DISCOMNECT SWITCH,
3 POLE WITH THREZ FUSES.
B i LASCR AND MATERIALS TO FABRICATE SKID.
12 ; LOT MISCELLARECUS FITTINIS, LALOR TO ASSEMILE
COMPONINTS, ARND FREIGHT TO LOCATION.
: TOTAL PRICE 5
| CRTICHAL 1TEMS
i ! CLECTRICAL LAROR 43D MATERIALS TO PREWIRE
ELECTRICAL COMPONTIT S T5 COMTROL FANIL MIUNTED
Cri 5K fD.
[, U, S .{t [
(CONTIINED On PAGT H) TOTAL PRICE

D'clivcry_'

ODEX ENGINEERING COMPANY

Terms

By

|

Please cxamine this quotation carefully, as we agree to furnish only items or services herein described at the prices liste

ject to change without notice,
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Sheet No.

ODEX ENGINEERING COMPANY

1416 N. GRANT P. O. Box 1586

ODESSA, TEXAS

Plone FE 7-3566

™~ 13 ~ -~ o~ [ ' - - -~
TO: Sl mpl Tmome Date_ /200
G, oy, o Ian Dwg. No.
.y "~ TN A
- - -_.L..._. PO A 3 ———— e . e
Atn. L AL D s Quote By C{';"F‘ A
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Remarks

|QUI\NTiTY ! | DESCRIPTION

EXTILNSION

UNIT PRICLE

§- IRTICUAL 4TOM conT'D
§ ——
ol | SULL VTTER AMD TRANSPARCNT COVER FCR MCDCL
; 2300 HERM MONITOR. v
VD OWILL EE ABLE TO START COMSTRUCTION IN THREE
WECKS FROM RICEIPT OF ORDCR AMD CAN DELIVER THE
UNST IN FOUR WEEKS.

1
i
i;
;
! i
|
i
:
yoTII I l |-
TOTAL PRICE

Delivery__ - 5 318 ODEX ENGINEERING COMPANY )

— / P
Terms_mi ;_1»»_33 By ST p )

. & 1R
Please examine this quotation cavefully, as we agree to furnish ¢nly items or ser\r”(:é hg\'f;l
ject to change without notice. :

ST
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PLEASE examine this quotation carefnlly, as we agree to furnish only items or scervices herein described at the prices ls
subject to change without notice.

Delivery "




TEXAS -NEW MEXICO PIPE LINE COMPANY

F. B. WHITAKER, JR. P. 0. BOX 1510
DIVISION MANAGER larch 22 » 19 Ho MIDLAND, TEXAS

New Mexico 011 Conservation Commission
P. 0. Box 871
Santa Fe, New Mexlco

Gentlemen:

Mobil 01l Company advises that they intend
to make application to the New Mexlco 0il Conservation
Commission for permission to permanently lnstall and
operate an automatic custody transfer system on their
State "M" Lease located in the SW/4 of Section 34, T-17-S,
R-35-E, Lea County, New Mexico.

Texas-New lMexico Plpe Line Company gathers pro-
duction from this lease and concurs in the operator's

application tror permanent approval to install and operate
this ACT unit.

Yours very truly,

TEXAS-NEW MEXICO PIPE LINE COMPANY
~ p s ,./ /’/

By /A A L

L. P. Schraub
Assistant Divislion Manager

LPS-btk

ce: Mobil 01l Company
P. 0. Box 2406
s 7 Fobbs, New Mexico
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\jﬁi// April 25, 1961

I?b@ﬂ BEFORE THE OIL CONSERVATION COMMISSION

\

OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING
) CALLED BY THE OIL CONSERVATION
et A”VX?/ COMMISSION UF NEW MEXICO FOKR
/’// Lt ,/; /THE PURPOSE OF CONSIDERING:

2
Q -V CASE No. 2243

e Order No. R- SIS 7

APPLICATION OF GULF OIL CORPORATION
FOR AN AMENDMENT OF RULE 309 (a).

g

ORDER OF THE COMMISSION

BY THE COMMISSION:

Hobbs,
. This cause camegfon for hearing at 9 o‘clock a.m. on '
§ April 13 , 1961, at New Mexico, before the 0il Conser-
NE vation Commission of New Mexico, hereinafter referred to as the
: "Commission."”
NOW, on this day of April . 1961, the Commission,

a quorum being present, having considered the testimony presented
and the exhibits received at said hearing, and being fully advised
in the premises,

FINDS:

(1) That due public notice having been given as requfred by
law, the Commission has jusrlsdiction of this cause and the subject
matter thereof.

(2) That Rule 309 (a) shonld be revised in order to facili-

tate the administration of requests for approval of automatic

custody transfer systems.

(3) That Form C-106, attached to this order as Exhibit A,
should be adopted, el AN fule 703 shocss Lo
Dmended Fo snc/ude J‘dxl/;fo/*m,
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IT IS THEREFORE ORDERED:

(1) That Rule 309 (a) is hereby revised to read in its

entirety as follows:

woI2 Bdd qodw 03 stesmros gote-3se Y0 sbsm od jewwy motakvoxd - (B I
RULE 309-A. CENTRAL TANK BATTERIES

0il shall not be transported from a lease until it has been received
and measured in a facility of an approved design located on the lease.
Such facilities shall permit the testing of sach well al reasovnable inier-
vals and may be comprised of manually gauged closed stock tanks for which
proper strapping tables have been prepared, with a maximum of sixteen
proration units producing into said tanks, or of automatic custody trans-
fer (ACT) equipment. The use of such automatic custody transfer equipment
shall be permitted only after compliance with the following:

1. The operator shall file with the Commission Form C-106, Notice of
Intention to Utilize Automatic Custody Transfer Equipment, and shall
receive approval thereof prior to transferring 0il through the ACT
system. The carrier shall not accept delivery of oil through the ACT
system until Form C-106 has been approved.

2. Form C-106 shall be submitted in gquadruplicate to the appropriate
District Office of the Commission and shall be accompanied (in quadru-
plicate) by the following:

(2} Plat of the lease showing thereon all wells which will be
produced into the ACT system.

(b) Schematic diagram of the ACT equipment, showing thereon all
major components such as surge tanks and their capacity, extra
‘storage tanks and their capacity, transfer pumps, monitors, re-~
route valves, treaters, samplers, strainers, air and gas eliminators,
back pressure valves, metering device (indicating type and capacity,
i.e., whether automatic measuring tank, positive volume metering
chamber, weir-type measuring vessel, or positive displacement meter).
Schematic diagram shall also show means employed to prove accuracy
of measuring device.

FEP = — A
o)  ILetter from t

{ Yansporier agreeiny to utilization of ACY system
as shown on schematic diagram.

3. Form C-106 will nct be approved by the Commission unless the ACT
system 1is to be irnstalled anrd operated in compliance with the following:

(@) Provision must be made for accurate determination and record-
ing of uncorrected volume and applicable temperature, or of temper-
ature corrected volume. The cverall accuracy of the system shall
equal or surpass manual methods.

(v) Provision must be made for representative sampling of the
0il %ransferred for determination of API gravity and BS&W content.

(c) Provision must be made if required by either the producer or
the transporter of the oil %o give adeguate assurance that oniv
merchantable oil is run by the ACT system,
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(d) Provision must be made for set-stop countsrs to stop the flow
cf oll through the ACT system at or prior to the time the allowable
has been run. All counters shall provide non-reset totalizers
which shali be visible for inspection at all times.

(e) All necessary controls and equipment must be enclosed and
sealed, or otherwise be so arranged as to provide assurance
against, or evidence of, accidental or purposeful mismeasurement
resulting from tampering.

(£) All components of the ACT system shall be properly sized to
ensure operation within the range of their established ratings.
All components of the system which require periodic calibration
and/or inspection for proof of continued accuracy must be readily
accessible. The frequency and methods of such calibration and/or
inspection shall be as set forth in Rule 209%-A, 4-c.

(g) The control and recording system must include adequate fail-
safe features which will provide assurance against mismeasurement
in the event of power failure, or the failure of the ACT system's
component parts.

(h) 1. The ACT system and allied facilities shall include such
fail-safe equipment as may be necessary, including high level
switches in the surge tank or overflow storage tank which, in
the event of power failure or malfunction of the ACT or other
egquipment, will shut dowa all artifically lifted wells con-
nected to the ACT sysilem and will shut~in all flowing wells
at the well-head or at ithe header manifold, in which latter
ca3se all flowlines shall be pressure tested to at least 1%
times the maximum well-head shut-in pressure prior to initial
wse of the ACT system and emer eachYyearsthereafter.

Ywo
2. As an alternative to *he requirements of paragraph (h) 1
above, the producer shali provide and shall at all times main-
tain a minimum of available storage capacity above the normal
nigh working level of Zhe surge tank to receive and hold the
amount of o©il which may be produced during maximum unattended
time of lease operation,

{3) 1In all ACT systems employirg automatic measuring tanks, weir-
type measuring vessels, positive volume metering chambers, or any
other volume measuring container, the container and allied compo-
nents shall be properly ralibrated prior to initial use and shall
be operated. maintained. and inspented as necessary to ensure
against increostatlon. charnges in ~lirgage factors, valve leakage
or other leakage, and improps: action of floats, level detectors,
etc.

() TIn all ACT systems employinyg positive displacement meters,
the meter(s) and allied compnrents shall be properly calibrated
prior *c initial wuse a~d shzil be operated, maintained, and

inspecrted as necessary 1C ensure against mismeasurement of oil,
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/Meters ,,,‘“7 be f:ro/ed
<» £ rcent.
5/,00 ot one W

(¢) The measuring and r4dbrd1 devices of all ACT systems shall
be checked for accuracy legZtcnce €ach wontn unless exception

to such determination s begh obtained from the Secretary-Director
of the Commission. A Stahdard 1101, "“Measurement of Petroleum
Liguid Hydrocarbons Yy P itlve Displacement Meter, " shall be used
where applicable. ! against Master Meters,
Portalile Prover Tankss or Prover Tanks permanently installed on the
lease. If permaneng/ly installed Prover Tanks are used, the distance
between the openi and closing levels and the provision for deter-
mining the openirg and closing readings shall be sufficient to detect
variations of Reports of determinations shall be filed on the
Commission Form entitled "Meter Test Report," or on another accept-
able form and shall be submitted in duplicate to the appropriate
District Office of the Commission.

(d} To obtain exception to the requirement of paragraph (c) above
that all measuring and recording devices be checked for accuracy
once each month, either the producer or transporter may file such

a request with the Secretary-Director of the Commission setting
forth all facts pertinent to such exception. The application shall
include a history of the average factors previously obtained, both
tabulated and plotted on a graph of factors versus time, showing
that the particular installation has experienced no erratic drifu.
The applicant shall also furnish evidence that the other interested
party has agreed to such exception. The Secretary-Director may then
set the frequency for determination of the system'’s accuracy at the
interval which he deems prudent.

R SRS TR

5. Failure to operate an automatic austody transfer system in compiiance
- ' with this rule snail subject the apprcval thereof to revocation by the
E - ' ‘o : Commission.

{2) That Form C-106, attached to this order as Exhibit A,

is hereby adopted, <ind that Rule (103 is hereby amended +o

- //yc/ua/e solie/ fofm
~ {3) 4what the effective date of this order shall be May 1,

1961.

DONE at Santa Fe, New Mexico, on the day and year herein-
above designated.




