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ULTmATS OIL RECOVER! iSTlhAtaS 

PetUgr©w-T>cito Field 

Rio Arriba Count/, Now Mexico 

Factors used for evaluating Pettigrew-Tocito Pool 

(1) Upper Portion (2) Lower Portion 
Tocito Sand Tocito Sand 

Connate Water taxation, ' 23.00 1*5.00 

Average Foro4.it/, i 13*90 11.00 

Formation Volume 1-actor 1.52 1.52 

Estimated recovery factor, % 25.00 10.00 

Stock tanx o i l in place per acre ft . ,bbls. 5k6,QO 311.00 

Recoverable a i l , Bbls .Acre F t . 137.00 31.00 

(1) ni-ea considered represented by isopach map 
of net Tocito tiand. 

(2) irea considered represents 160 acres, com­
prising N/2, n/2, Section 9, T 26% R 6w, 
Rio Arriba County, New Mexico. 
Sand thickness 11 f t . average - 1?60 acre f t . 

Present Concept of Pettigrew-Tocltp Pool 

Upper Portion 
Lower Portion 

Upper Portion 
Lower Portion 

Proven Area 

920 
160 

Proven Area 

11,810 
1,760 

No. Productive acres 
i>emi-Proven Area Total 

1615 

Net acre Feet of Tocito iiand 

2535 
160 

Semi-Proven Area 

12,100 

Total 

23,910 
1,760 



Stock Tank Oil In Place/ Bbls. 
Proven "iiraa''"'" " 'Sei^^rovon Area Total 

Upper Portion 
Lower Portion 

Totali 

6,1*43,260 
51i7,360 

6,606,600 13*054,860 
5«7,360 

6,995,620 6,606,600 13,602,220 

Upper Portion 
Lower Portion 

Totals 1 

Ultimate 311 Recovery / Bbls, 
Proven Area Semi-Proven Area 

1,617,970 
5k»560 

1,617,970 

1,657,700 

1,657,700 

Total 

3,275,670 
5U,560 

3,330,230 

Oil Production, inception through April 30th, 1953» 522,972 barrels 

Remaining Proven oil reserves 1 1,11*9,559 barrels 

Remaining graven and Semi-Proven oil reserves* 2,807,258 barrels 

2 -



aCONOUCS OP B&V&LQM&NT UO - acre PRORATION UNITS 

Pettigrew-Tocito Field - Rio Arriba County, S. M. 

Crude Oil Price 

Less Royalty (1/8 - .3063/bbl.) 

Less Severance Tax (.025$ - .0536/bbl) 

Less Conservation tax (.00125$ - .0027/bbl) 

Less Production tax (.020096$ af 50* Value 
( |.022U/bbl. 

fitamber of Productive Acres 

Average Sand Thickness - Feet 

Lpper Portion 

Lower Portion 

Ultimate Gil Recovery, Barrels 

Ultimate .li. Recovery - Barrels per acrg 

Ultimate Ull Recovery - 1*0 acre, Barrels 

Operating Income - 1*0 acre tract 
(52,560 barrels # *2.07/bbl) 

* . / / 

Total Cost of Drilling and Completing 
Tocito wells 

$ 2.1*500 /bbl. 

2.11*37 

2.0901 

2.0871* 

2.0650 

2,535 

9.1* 

u.o 

3,330,230 

1,311* 

52,560 

#108,799.20 S ' / /, / J D 

$110,609.31* 

Notet No Operating Costs considered in computing Operating Income 



COST OF DRILLING AND COKPUfllB TOCITO OIL WSUS 

Pettigrew-Tocito Field 

Rio Arribe County, New Mexieo 

Intangible Tangible 
Development well 
Cost Equipment Total Cost 

Cost of drilling and completing 
Lowry et a l Operating Account 
Federal 21-1*0-182 $74,872.97 $27,632.32 $102,505.29 

Cost of drilling and completing 
Lowry et a l Operating Account 
Federal 22-45-207 72,702.95 26,907.98 99,610.93 

Cost of installing flow lines, 
separator and tank battery to 
serve Lowry et a l Operating 
Account Federal 21-40-182 and 
Federal 22-45-207 1,684.76 17,418.70 19,103.46 

Total Costs -
Two wells, plus flow lines, 
separator and tank battery $149,260.68 $71,959.00 $221,219.68 

Average Total Cost per well . $ 110,609*34 

Hotel No overhead charges included in above completion costs. 



wlU MO. Federal Doe well 21-40-132 
FULL* Pettigrew-Tocito 
LOCATION M SW Section 10, 26K-6W, Rio Arriba County, 

Now Mexico 

IHTAMSIBLa Dar&LQPMElfl' COST $74,872.97 

Roade It Location 11,221.20 
1. Bulldoser $360.00 
2. Road Grader 30.00 
3* Trucking 480.00 
4. Labor 138.00 
5. Surrey location 153.00 
6. Furnish Aeration 10.20 

Drilling Mud & Cement 3,969.49 

Well Services 4,549.23 
1. Schlumberger 2,503.45 
2. Halliburton 582.68 
3. Core Laboratoriesl,177.50 
4. Oun Perforate 285*60 

Water & Fuel 888.28 
T~. Labor - water 11ns 206.00 
2. Labor - gas line 260.00 
3. Trucking 422.28 

Miscellaneous Brig Material 651.25 

Elding 126.28 

Drilling 63,467.24 
1. Footage 54,680.16 
2. Daywork 8,006.43 
3. Cable Tools 780.65 

TA 10 IB La. w&LL £Q"IpmNT 27,632.32 

1. Surface Staring (plus fr t ) 2,185.42 

2. Production Staring (plus f r t ) 18,433.00 

3. Tubing (plus fr t ) 3,843.88 

4. well head Equipment 3,051.25 

5. Miscellaneous equipment 118.77 

TOTAL T ) COMPUTE ti&LL (less tank battery) $102,505*29 



m i l HQ.t Federal Doe well 22-1*5-20? 
FIALDI Pettigrew-Tocito 
LOCATION S'd Sfi Section 10, 26N-6W, Rio Arriba County, 

New Mexico 

INTANuIbL~» baxUJPWm COST $72,702.95 

Roads & Location $1,087.70 
T. Build oaer 1320.00 
2. Road Urader 80.00 
3. Trucking 360.00 
4. Labor 190.00 
5. Surrey location 127.50 
6. Furnish elevation 10.20 

Drilling Mud Ic Ceaent 2,807.93 

well services 4,476.33 
1. Schlumberger 2,881.01 
2. Halliburton 445.86 
3. Core Lab & Analysis690.46 
4. Diamond Coring equip459.00 

water & Fuel 921.00 
T~. Labor - Water line 236.00 
2. Labor - Gas Una 260.00 
3. Trucking 425.00 

Miscellaneous Prig Material 620.50 

welding 213.40 

Drilling 62,576.09 
1. Footage 54,149.76 
2. Day work 7,155.83 
3. Cable tools 1,270.50 

TAMGIBU WaLL &QDlpm»Mr 26,907.98 

1. Surface String (plus frt ) 1,699.95 

2. ProducUon string (plus f r t ) 18,228.41 

3. Tubing 4,293.47 

4. wellhead equipment 2,374.36 

5. Miscellaneous Equipment i l l . 79 

TOt*.. . i-.PL.TiS WSLL tar* battery) $9*,6lO.S3 





TANK BATTARX FOR A & L NOSI 

FlILPt 

LOCATION } 

Federal Boswell 21-40-182 
Federal Doswell 22-45-20? 

Pettigrew-Tocito 

Section 10, 26M-6* 
Rio Arriba County, New Mexieo 

IQUIFMfcMT k MAT&RIAL 

5 - 4 0 0 bbl 3tel l tanks 

w/walkways & stairways 18,589*67 

1 - faeparator 1,096*53 

1 - Steam generator 1,543*00 

Flow & Gathering lines 

2« Line pipe, 3,142 f t . 1,503.45 

2 3/8" line pipe, 64» 36.48 

3W Une pipe, 428« 404.20 

4" Line pipe, 56' 80.06 

Valree i Misc. F i t t e r s 2,694.13 

Steam Coils, 200• each tank 470.00 

fencing 99.83 

Miscellaneous Material 901.35 

Bulldoser 100.00 

Road Grader 80.00 

Trucking 568.70 

Labor 761.64 

welding 174.42 

#17,418.70 

1,684.76 

TOTAL FOR TANK BATTERY 119,103.46 
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Arcstuts and Yates, Inc. 

May li;, 1953 

Mr. Gail F. Moulton 
Rockefeller Brother::, Inc. 
30 Rockefeller Plaza 
New York 20, N. Y. 

Dear Mr. Moalton: 

The reservoir study of the Pettigrew Tocito Field, 
located i n Township 26North, Range 6 West, Rio Arriba County, 
New Mexico, which you authorized on February 6, 1953, has 
been completed and is submitted herewith. I t includes the 
reservoir performance data to Ap r i l 28, 1953. 

In the preparation of this report a l l of the data 
used i n our previous report on the reservoir, made as of August 
18, 19>2, have been re-examined i n l i g h t of the additional per­
formance history available for this analysis. This report 
supplements the previous one, and although there are some 
minor differences in the figures calculated i n this report, 
i t is interesting to note that there have been no major changes 
in our conclusions and recommendations. This results from the 
fact that the reservoir performance during the interim has been 
substantially as anticipated. 

I f you 30 desire, we w i l l be glad to meet with you 
and the other interested parties at your convenience to discuss 
any aspects of our analysis. 

We have again appreciated the opportunity to be of 
service to you. 

Very truly yours, 

AMSTUTZ AMD YATES, INC. 

/s/ George L. Yates 

George L. Yates 

GLYtam 
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OBJECT 

The purpose of th is engineering report i s as f o l l o w s : 

(a) To attempt to determine the size of the Pettigrew 
Tocito Sand Reservoir, and the amount of stock 
tank o i l o r i g i n a l l y contained there in by mater ia l 
balance ca lcu la t ions . 

(b) To make pre l iminary estimates of the g a s - o i l ra t ios 
and o i l and gas production f o r a two-year per iod 
beginning May 1, 1953, under the proposed f i e l d 
r u l e s . 

(c) To make recommendations regarding the most e f f i c i e n t 
production rates from the standpoint of the u t i l i z a ­
t i o n of reservoir energy. 

CONCLUSIONS AND RECOMMENDATIONS 

(1) I t i s our opinion that the Pettigrew Tocito Sand Reservoir 
o r i g i n a l l y contained approximately 17,000,000 barrels of stock tank 
o i l i n place. This conclusion is based upon the reservoir p e r f o r ­
mance i n the f i e l d from i t s discovery to A p r i l 28, 1953. In view 
of the f a c t that the reservoir i s s t i l l p a r t i a l l y undeveloped, our 
present opinion of i t s magnitude must be considered a pre l iminary 
estimate and may be subject to some rev i s ion when add i t iona l data 
are ava i l ab le . 

(2) The performance of the f i e l d to date indicates a primary 
recovery under the present operations on the order of 15 per cent 
of the stock tank o i l o r i g i n a l l y i n place or 2,600,000 barrels of 
o i l . Approximately 520,000 barrels of t h i s recoverable o i l has been 
produced to May 1 , 1953, leaving a reserve of 2,080,000 b a r r e l s . 

(3) The ant ic ipated ul t imate recovery of casinghead gas from 
the reservoir i s approximately l l i , 000, 000, 000 standard cubic f e e t 
measured at lU<>7 psia and 60° Fahrenheit. Since an estimated 
800,000,000 standard cubic f e e t have been produced to May 1, 1953, 
the indicated reserve at that time was 13.2 b i l l i o n cubic f e e t . 
This gas should be saved and marketed since i t has considerable 
p o t e n t i a l value. 
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(h) The pre l iminary estimate of the gas -o i l r a t ios and d a i l y 
gas production, under present operations f o r a two-year per iod 
beginning May 1 , 1953, is set f o r t h below by six-month averages. 
This estimate i s based on the gas -o i l r a t i o performance to date and 
a d a i l y o i l allowable rate of 150 ba r r e l s , a penalty gas -o i l r a t i o 
of 2,000 cubic f e e t per b a r r e l , and the present number of producing 
w e l l s . 

Estimated 
Allowed Dai ly Production 

Average O i l Gas 
Period Gas/Oil Bbls . MCF * 

5/1/53 - 11/V53 1393 1070 2026 
11/1/53 - 5/1/5U 2357 952 2244 
5/1/54 - n/l/54 27 93 345 2360 
11/1/54 - 5/1/55 3266 772 2521 

Measured at l4«7 psia and 60° F. 

(5) Production tests at various flowing rates should be made 
immediately on a l l wells and at intervals thereafter to determine 
the production rate for each well which w i l l result i n the lowest 
gas-oil r a t i o . Each well should be produced at this rate, i n so 
far as the economics of the situation w i l l allow. 

(6) The increased o i l recovery and economic benefits which 
may be realized through a successful pressure maintenance project 
appear to be greater than normal i n the subject reservoir. I t is 
recommended that a thorough analysis of pressure maintenance by 
gas and/or water injection be made. 

SCOPE OF INVESTIGATION 

This report supplements our previous report entitled "Material 
Balance Analysis of the Tocito Sand Reservoir" as of August 18, 1952, 
and includes the reservoir performance history up to Ap r i l 28, 1953. 
Mr. A. F. Holland of the Lowry Oil Company in Albuquerque, New 
Mexico has furnished us with the basic data used i n our analysis. 
This information consisted of the complete monthly o i l production 
history of each well, a l l gas-oil ratio tests, the i n i t i a l bottom 
hole pressures on each well and four bottom hole pressure surveys 
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of the f i e l d made on May 1, and August 20, 1952, and on January 13, 
and A p r i l 28, 1953, two bottom hole f l u i d sample analyses, core 
analyses on four of the Tocito sand wells, electric logs on a l l of 
the wells d r i l l e d , two productivity tests, interference tests be­
tween some of the wells, a map of the f i e l d , and other pertinent 
data. The basic statistics concerning the performance history of 
the entire Tocito Sand Reservoir are set forth i n Schedule 1, 
which includes the number of producing wells, the o i l and gas pro­
duction histories by months, the average monthly and cumulative 
gas-oil ratios, the areally weighted average bottom hole pressures 
at the various survey dates, the reservoir pressure decline, and 
the o i l production in barrels per pound drop i n reservoir pressure. 
A graphic history of the reservoir pressure and o i l and gas pro­
duction rates versus time is sho*m in Figure No. 1. 

DISCUSSION 

Volumetric Calculation of Oil in Place 

Since our last report, three additional o i l wells have been 
completed i n the Tocito Sand Reservoir making a t o t a l of ten pro­
ducing wells i n the f i e l d . The reservoir has not yet been defined 
to the west and northwest, and i t appears that there may be several 
additional locations i n those directions. In order to areally weight 
the bottom hole pressure surveys to arriva at a more accurate average 
reservoir pressure on each survey date, the isopachous map of the net 
o i l pay sand used in our previous report was revised to include the 
later data developed, and this map is included as Figure No. 6. The 
area within the zero contour is 3,156 acres. The t o t a l number of 
acre feet of net pay sand indicated by the isopachous map is 29,710, 
which gives an average thickness of net pay sand for the entire 
reservoir of 9.4 feet. Figure No. 5 is a structural map using a 
datum on the top of the Tocito sand as indicated from a correlative 
point picked from the electrical logs. 

The Tocito sand section has been diamond cored using an o i l 
emulsion mud i n three wells and a water base mud i n a fourth well. 
These cores were analyzed and the weighted average values as deter­
mined from the analyses are as follows i Porosity of 15 per cent, 
connate water saturation 28 per cent, average permeability 118 
millidarcys. Using these figures and a formation volume factor at 
the original reservoir pressure of 1.545, the stock tank o i l o r i g i ­
nally i n place was calculated to be 542 barrels per acre foot of net 
pay sand. Thus, the volumetric calculations indicate that there were 
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originally 16,100,000 barrels of stock tank o i l i n place in the 
to t a l Tocito Sand Reservoir. 

Material Balance Calculations of Oil i n Place 

Prior to beginning the material balance calculations of the 
o i l in place, a l l of the basic data were carefully reanalyzed. 
Figure No. 3 shows the solubil i t y and shrinkage relationships as 
determined by the two bottom hole f l u i d sample analyses. The 
actual control points taken from the bottom hole samples are i n ­
dicated on the graph and the solid line reveals our estimate of 
the more accurate relationship for each. New isobaric maps 
(Figure Nos. 7 - 10) were constructed for each bottom hole pressure 
survey using the tentative outline of the reservoir, as determined 
from the isopachous map. These maps were planimetered to determine 
the areally weighted average reservoir pressure at the time of the 
four different surveys. The average pressures are shown on the 
isobaric maps, on Figure No. 1, and on Figure No. 2, Figure No. 2 
is a graphical representation of the average reservoir pressure, 
instantaneous and cumulative gas-oil ratios versus the cumulative 
o i l production from the entire reservoir. 

Certain basic conditions are assumed in a l l of the material 
balance calculations. These are: ( l ) The o i l was saturated at tbe 
original reservoir pressure of 2200 pounds per square inch gauge 
(psig), (2) there was no i n i t i a l gas cap present, and (3) there 
has been no water encroachment into the o i l reservoir. 

;i series of ten material balance calculations of the original 
volume of stock tank o i l in place in the entire Tocito Sand Reser­
voir were made. These included: four calculations of the entire 
performance history from original reservoir conditions to each of 
the four pressure surveys; and a l l possible combinations of perfor­
mance increments between the four surveys. The results of these 
calculations are tabulated on the following page. 
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Period Covered 

Tota l Stock Tank O i l 
O r i g i n a l l y i n Place 

(Barrels) 

I n i t i a l to May 1 , 1952 
I n i t i a l to Aug. 20, 1952 
May 1 to Aug. 20, 1952 
I n i t i a l to Jan. 13, 1953 
May 1, 1952 to Jan 13, 1953 
Aug. 20, 1952 to Jan. 13, 1953 
I n i t i a l to A p r i l 28, 1953 
May 1, 1952 to A p r i l 28, 1953 
Aug. 20, 1952 to A p r i l 28, 1953 
Jan 13, to A p r i l 28, 1953 

18,100,000 
19,300,000 
16,000,000 
21,700,000 
16,300,000 
17,200,000 
23,700,000 
17,500,000 
17,700,000 
17,800,000 

The ari thmetic average of a l l ten calculat ions gives a value 
of 18,500,000 barrels of stock tank o i l i n place o r i g i n a l l y i n the 
rese rvo i r . However, i t is believed that some of the calculat ions 
give more accurate resul ts than others, and f o r t h i s reason should, 
be more heavily weighted i n a r r i v i n g at the best estimate of the 
o i l i n p lace . . For example, the four calculat ions involv ing the 
period from the i n i t i a l reservoir conditions to the four bottom 
hole pressure surveys a l l are predicated upon so lu t ion gas -o i l 
ra t ios and formation volume fac tors at the o r i g i n a l reservoir 
conditions which have been extrapolated f o r approximately 150 
pounds. Since mater ia l balance calculat ions are very sensi t ive 
to the formation volume f a c t o r s , i t i s believed that these four 
calculat ions are probably the least accurate of the en t i re group. 
The ar i thmetic average of the s ix incremental calculat ions i s 
17,100,000 b a r r e l s . I t is our opinion, a t th i s t ime, that the most 
r e l i a b l e f i gu re f o r tbe t o t a l volume of stock tank o i l o r i g i n a l l y 
i n place in the Tocito Sand Reservoir i s 17,000,000 ba r r e l s . This 
f i g u r e d i f f e r s by $.6 per cent from the volumetric ca l cu l a t i on , and 
at t h i s stage i n the development of the f i e l d , th i s d i f fe rence i s 
believed to be w e l l w i t h i n the accuracy of the ca lcu la t ions . 

Since the reservoi r is not yet f u l l y developed and the cumula­
t i v e pressure decline i n the reservoir has been only 7«7 per cent 
of the o r i g i n a l reservoir pressure, our estimate must be considered 
as pre l iminary and subject to some correct ion when the f i e l d , i s 
f u l l y developed and more performance h i s to ry i s ava i l ab le . 
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Future Produ c t ion Rates 

Preliminary e s tka te s of the gas -o i l ra t ios and the d a i l y o i l 
and gas production rates were made f o r a two-year per iod beginning 
May 1, 1953* These estimates were made i n increments of s ix months 
and are averages f o r each increment. They are based on the f o l l o w ­
ing assumptions: 

(1) A l l the production w i l l be derived from the ten 
presentl]/- producing w e l l s . 

(2) The basic allowable w i l l be ±$0 barrels per w e l l 
per day. 

(3) The penalty gas -o i l r a t i o w i l l be 2,000 cubic fee t 
per b a r r e l , and no w e l l w i l l be allowed to produce 
i n excess of 300,000 standard cubic f e e t of gas 
per day. 

The above conditions are those included i n the proposed f i e l d rules 
as covered under Mr. Lowry's l e t t e r to the co-owners dated March 2U, 
1953, except f o r the l i m i t a t i o n to the present number of producing 
w e l l s . 

Since there are no r e l a t i v e permeabil i ty r a t i o (Kg/Ko) data 
available on the Pettigrew Tocito Sand, the estimates of the fu tu re 
gas -o i l r a t ios are based upon the gas -o i l r a t i o trends exhibi ted 
by the i n d i v i d u a l wells up to and inc luding the A p r i l 193'3j gas -o i l 
r a t i o t e s t s . The procedure used i n estimating these ra t ios was to 
p l o t the gas -o i l r a t i o tests versus the cumulative production f o r 
each i n d i v i d u a l w e l l and extrapolate these trends. I f the wells 
current r a t i o is less than 2,000 cubic f ee t per b a r r e l , the t o t a l 
cumulative production was f igured at the end of a six-month period 
assuming an o i l production rate of 150 barrels per day. I f th i s 
cumulative f i g u r e , when checked against the extrapolated gas -o i l 
r a t i o t rend, indicated that the w e l l ' s average gas -o i l r a t i o would 
be less than 2,000 cubic f ee t per b a r r e l , the allowed production 
during that period would be 150 barrels per day. The d a i l y gas p ro­
duction was then calculated, by m u l t i p l y i n g the average gas -o i l r a t i o 
by 150. s«hen the r a t i o was i n excess of 2,000 cubic f ee t per b a r r e l , 
a t r i a l and er ror procedure was used to calculate the average a l ­
lowed production and the r e su l t ing average ga s -o i l r a t i o . The 
f igures shown on the fo l l owing page are the summation of the e s t i ­
mated, i n d i v i d u a l w e l l allowed gas and o i l production ra tes . These 
estimates are also p lo t t ed as extrapolations versus time i n Figure 
!!o. 1 and versus cumulative o i l production in. Figure "Ko. 2 . 
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Period 
Average 
Gas/Oil 

Estimat ed 
Allowed Daily Production 

Oil Gas 
Bbls. MCE* 

5/1/53 to 11/1/53 
11/1/53 to 5/1/54 
5/1/54 to n/i/54 
n/i/54 to 5/V55 

1893 
2357 
2793 
3266 

1070 
952 
845 
772 

2026 
2244 
2360 
2521 

-Measured a t 14.7 ps ia and 60° F . 

t rom the foregoing i t i s apparent t ha t , under the proposed 
f i e l d ru les , the present wells w i l l not be allowed to produce the 
1,200 barrels of o i l per day which the co-owners are committed to 
supply to the Malco Ref inery . I t also points out the necessity 
of add i t iona l development to help maintain the desired production 
r a t e . The mater ia l balance calculat ions discussed elsewhere i n 
th i s repor t indicate that the f i e l d is not f u l l y developed and 
that there are two or possibly three semi-proved undeveloped 160-
acre d r i l l s i tes remaining on the co-owner's acreage. Early de­
velopment of these t rac ts i s suggested. The production from the 
add i t iona l wells w i l l increase the estimated d a i l y o i l and gas p ro­
duction and the lower gas -o i l r a t i o s of these wells w i l l decrease 
the average r a t i o of the t o t a l r e se rvo i r . 

Most E f f i c i e n t Production Rates 

so lu t ion gas drive reservoir such as the Pettigrew Tocito 
Reservoir i s less sensi t ive to withdrawal rates than is a water 
drive rese rvo i r . However, the key to the conservation of energy 
i s , of course, the e f f i c i e n t use of the so lu t ion gas. At any given 
time i n the deplet ion h i s to ry of a w e l l there i s a single back 
pressure and i t s corresponding o i l production rate tha t w i l l y i e l d 
the minimum gas -o i l r a t i o and gas product ion. The most e f f i c i e n t 
production rate f o r the pool can only be determined by p r o d u c t i v i t y 
tests of the i n d i v i d u a l w e l l s . The sum of the i n d i v i d u a l w e l l p ro­
duction rates at t h e i r minimum gas -o i l r a t ios w i l ] - give the t o t a l 
pool rate which w i l l r e su l t i n the conservation of the gas and the 
most e f f i c i e n t use of the reservoir energy. In so f a r as i s 
p r a c t i c a l , operating methods and production schedules should be 
made to conform to the most e f f i c i e n t rates thus to be determined 
at reasonable i n t e r v a l s . 
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In our previous report i t was suggested that productivity tests 
should be made on the individual wells to determine their most ef­
f i c i e n t production rate. Since these tests have not been made, i t 
is impossible to determine the current and most efficient production 
rate of the f i e l d . 

Anticipated Primary Recovery 

A calculation of the "apparent" relative permeability ratio 
(Kg/Ko) to tot a l l i q u i d saturation relationship was made for Apri1 
1953, assuming that the t o t a l volume of stock tank o i l originally i n 
place in the reservoir was 17,000,000 barrels. The Kg/Ko ratio ob­
tained was 0.041 and the corresponding average free gas saturation 
in the reservoir at that time was 3.5 per cent of the t o t a l pore 
space. When compared with the published "apparent" permeability 
ratio-liquid saturation data determined from t o t a l reservoir per­
formance, the Pettigrew Tocito f i e l d "apparent" permeability ratio 
is appreciably higher for the free gas saturation calculated than 
any of the other f i e l d s . 

The above mentioned calculation corroborates the preliminary 
conclusion reached in our previous report, that the primary recovery 
to be anticipated is low, i.e., on the order of 15 per cent of the 
original stock tank o i l in place. This is equivalent to an ultimate 
recovery of 2,600,000 barrels of stock tank o i l . 

Pressure Maintenance 

Experience with other solution gas drive reservoirs of this 
type has revealed that the inherently low primary recoveries can 
usually be increased by the application of pressure maintenance 
operations by the injection of gas and/or water. In our previous 
report i t was pointed out that pressure maintenance by gas injection 
did not appear too attractive. This statement was made because of 
the high "apparent" relative permeability ratio of gas to o i l i n ­
ferred by our calculations. As discussed i n the preceding section of 
th i t report, this situation has not changed during the interim but 
has in fact been aggravated. However, a l l such calculations assume 
that the reservoir is i n equilibrium and this is not true in the sub­
ject reservoir as revealed by the recent bottom hole pressure and gas-
o i l ratio surveys. These show a pressure gradient across the reser­
voir of approximately U80 pounds per square inch and a variation i n 
measured gas-oil ratios of from 723 to 3923 cubic feet per barrel. 
The possible economic benefits from pressure maintenance of the 
Pettigrew Tocito Sand Reservoir appear to be greater than normal due 
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to the low primary recovery ant ic ipa ted , and no possible method of 
increasing the primary o i l recovery should be ignored i n any analy­
sis of pressure maintenance operations. When the reservoir i s more 
completely defined by add i t iona l development and the r e l a t i v e 
permeabi l i ty data are ava i lab le , a de ta i led analysis of pressure 
maintenance by gas and/or water i n j e c t i o n should be made and pos­
s i b l y a p i l o t i n j e c t i o n program should be attempted p r i o r to making 
any commitment f o r a p a r t i c u l a r program f o r the en t i re f i e l d . 

Calculations were made to determine the volume of gas or 
water required to f u l l y maintain the current reservoir pressure, 
assuming a d a i l y o i l production rate of 1,200 ba r r e l s . These calcu -
la t ions revealed that 3,100 barrels of reservoir space would be 
voided d a i l y . Therefore, to completely maintain the pressure would 
require the i n j e c t i o n of approximately 3,100 barrels of water or 
2,500,000 standard cubic f e e t of gas per day. These i n j e c t i o n r e ­
quirements w i l l vary wi th the reservoir pressure and gas -o i l r a t i o , 
and spec i f i c f igures are included here merely to give some idea of 
the t o t a l volume of gas or o i l required. Further analysis of the 
problem may reveal that i t would be undesirable to maintain the 
pressure f u l l y . 

I t is probable that two or more i n j e c t i o n wells would be 
necessary to i n j e c t gas or water at the da i l y rate required . Well 
No.w 134 and 109 should be considered f o r th i s purpose since they 
are located i n the low pressure area of the reservoir where a gas 
cap has already formed, and the current production l o s t by convert­
ing them would be only 90 barrels per day. The i n j e c t i v i t y character­
i s t i c s of Well Mo. 134 i n i t s present condi t ion must be very poor. 
A procedure f o r improving the p r o d u c t i v i t y and i n j e c t i v i t y of th i s 
w e l l Is proposed in another section of th is r epor t . 

I f the Tocito Sand Reservoir extends over in to the Meade-Scott 
and Ralph Johnston - Rincon U n i t , i t may be advisable, or necessary, 
to un i t i z e the en t i re f i e l d p r i o r to the inauguration of any pres­
sure maintenance program. 

Remedial work on Well No. 1-134 

One of the operational problems invo lv ing the Tocito Sand 
Reservoir i s the pecul iar behavior of Well No. 1-134. This w e l l 
was o r i g i n a l l y completed as a small gas w e l l i n a deeper formation 
during the summer of 1950. I t apparently produced from th is forma­
t i o n or remained shut i n u n t i l September l?5l> a t which time i t was 
plugged back to the Tocito formation and tested f i v e barrels of o i l 
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per hour from this zone after the casing was perforated. The well 
was then acidized with 500 gallons of mud acid with apparently no 
improvement in i t s performance. Rotary tools were moved in and the 
seven inch casing was milled out from 6728 to 6770 feet. A six-hour 
d r i l l stem test from this zone, after milling out the casing, re­
covered gas to the surface i n 16 minutes and 1620 feet of gas cut mud 
with a very small show of o i l . Rotary tools were then moved out 
during December 1951, and cable tools moved i n . On February h, 1952, 
the hole was shot with 120 quarts, the results of which are not 
known to the writer. In March 1952, i t was acidized with 2,000 
ga]Ions of mud acid, and under the results is noted "no recovery". 
On April 27, 1952, 1000 barrels of d i s t i l l a t e and 1000 barrels of 
o i l were pumped into the formation after which tubing was run and 
the well put on production. The test recorded on August 21, 1952, 
indicated that the well flowed 38 barrels of o i l i n 55 minutes. 
However, the production history reveals that the well has never pro­
duced over 66h barrels of o i l in any one month, an average of 22 
barrels per day. The cumulative production from the well to 
April 28, 1953, was 5,166 barrels. This well is currently producing 
approximately 10 barrels of o i l per day. On each bottom hole pres­
sure survey i t has had the lowest pressure of any well in the f i e l d , 
and i t s pressure had decreased to 1721 psig on A p r i l 28, 1953« 
During 1953, threw gas-oil ratio tests have been made on the well 
and the results of these tests varied from 2867 cubic feet per 
barrel to 3U60 cubic feet per barrel. 

The. bottom hole pressure map of the April 1953, survey (Figure 7) 
and the April 1953, gas-oil ratio map (Figure U) indicate that the 
well Is in a portion of the f i e l d where the depletion has been con­
siderably greater than the remainder of the reservoir. Since i t con­
tributes very l i t t l e to the current f i e l d production and since i t is 
in a low pressure area, i t would be logical to use Well No. ±3h as 
an injection well i f a p i l o t pressure maintenance project were to be 
started. However, i t is evident that the formation surrounding the 
well has been blocked possibly by d r i l l i n g mud, water, or by an 
emulsion. I t would be necessary to remedy this situation, because 
the present i n j e c t i v i t y characteristics of the well to gas or water 
are undoubtedly so low that no appreciable volumes of these fluids 
could be pumped into the reservoir. I t is our opinion that the re­
sults obtained under similar conditions by Halliburton's "mud clean-
out agent" are such that a treatment with this chemical on a t r i a l 
basis is warranted here. We therefore recommend that a 500-gallon 
treatment of the "mud clean-out agent" be made, and i f any mud or 
water are recovered from the well and any improvement is noted in 
i t s performance after this treatment, a second treatment using the 
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same amount of chemical might be t r i e d . The t o t a l cost of one t r e a t ­
ment would be approximately $330, and i t would not be necessary to 
move a r i g over the hole f o r the j o b . I f the foregoing procedure 
does not grea t ly increase the capacity of the w e l l , i t i s suggested 
thai, a sand-oi l formation f rac ture job be performed. This procedure, 
although not as desirable i n our opinion as the chemical treatment 
f i r s t recommended, should f r ac tu re the formation surrounding the 
w e l l a s u f f i c i e n t distance from the bore hole to break through the 
ex i s t i ng mechanical block. The cost of the sand-oi l f r ac tu re job 
would be approximately •' 750. The resul ts achieved by one or both 
of the above mentioned procedures should ipiprove the p roduc t i v i t y 
and the i n j e c t i v i t y character is t ics of the w e l l . 

AFSTUTZ AND YATES, INC. 

By / s / George L . Yates 

George L . Yates 

Data Signed; Kay l U , 1953 
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