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Graphs and Maps 

1. Graph showing composite Cumulative Production-Pressure 

Decline curve for all wells of the Cities Service 

Gas Companies in the Amarillo Field. 

2. Map of a part of the Amarillo Field, showing Cities Ser­

vice Gas Companies' leaseholds and pressure loss from 

January, 1932, to June, 1934 (in pocket). 

3. Graph showing cumulative gas withdrawals from the Amarillo 

Field to 1934, with indication of the amounts taken 

by pipe lines, used in manufacture of carbon black, 

and n blown to ai rn • 

4. Map showing Cities Service pipe lines and main gas fields 

of Texas, Oklahoma and Kansas, in 1934. 

5. Pressure contour map of the Amarillo Field, June, 1934 

( in p ooket) • 

6. Map of' the Amarillo Field showing pressure loss from 

January, 1932, to June, 1934 (in pocket). 

7. Graph showing estimated gas reserves of the Amarillo Field 

based on Cumulative Production-Pressure Decline data. 

a. Graph showing estimated life of the Amarillo Field. 

9. Map of developed part of the Hugoton gil.s field showing 

rook pressures, June, 1934. 



Average~~ reguirement 2.£ ~ (8-ounce ~) 

for years ending June 30 

1930 ----------- 186,294 MCF 

1931 ----------- 169,389 MCF 

1932 ----------- 133,681 MCF 

1933 ----------- 133,272 J\iC F 

1934 ----------- 148,684 MCF 

Average -------- 154,264 MCF 

A summary of the leaseholds of the Cities Service Gas 

Comp~ies and of estimated reserves as of June 30, 1934, 

follows. 



( 1) 

( 2) 

(3) 

(4) 

(1) 

(2) 

Proved 
acreage 

Summary of Leaseholds 2.£. ~ Citi~ Service ~ Companies 

with statement of estir:i.ated reserves as 2£_ ~ ~, ~, 

~ HCF (8-ounce base) 

I(an s as Oklahoma 
(exoept (except Hugoton 
Huvoton) HUF"Oton) field 

Texas 

operated 6,828. 3,373.33 22,220.5 - I 
Proved unoper-

so,s29.1;f ated acreage -- - 86,857.62 

Prob able a.ere- I 
I 

age - -- 20,500. 2,396. 

I Prospective I 
acreage 516,481,53 256,987.46 - 7,752.75' 

Totals 523,309.53 260,360.79 107,357.62 113,208. 

Estimated re- I 
serves proved 

I 
operated acreage 10,546,000 13,068,000 579,904,913 

Estimated re-
serves proved un- d/ 

Total 

32,430.83 

167,687.37 

22,896. 

b, 
783,455.74 

( -1,006,469.94 

603,518,913 

l operated acreage ,772,469,712 2,492,066,286 13,264,535,998 
• 

( 3) Estimated re- ! I ! 
serves probable I 
acreage 91,158.149 41,075,686 I 132.233.835 

Totals 10,546,000 13,068,000 863,627,861 3,113,046,885 4,ooo,2ss,11a 

a./ Includes 8149 acres in "sour as 1, roved area Amarillo field. 
b/ 

g 
Includes 2,234 acres in Eissouri. 

c/ Doe s n in c 1 u de 2 , 6 7 3 , 0 6 a c r e s II de ad and u nu s e d " • 
-,,. I -. 

p 



Gas Available from Company Leases 

The acreage covered by leases of the Cities Service Gas 

Companies has been classified by us in four parts, as follows: 

(1) Proved operated acreage, which is defined to include the area 

in a lease lying within one-half mile of a producing gas well, 

provided that in Texas areas in the usour gas" producing area 

are excluded. In applying this definition, a square of 640 

acres with the producing gas well at its center is laid out and 

the part of the lease included within this 640-acre tract is re­

garded as proved operated. (2) Proved unoperated acreage, which 

is defined to include the area in a lease regarded as proved 

gas productive but having no producing gas well on the lease or 

lying more than one-half mile from a producing gas well on the 

lease. Included in this class but not to be regarded as a 

source of supply for pipe-line gas without special treating of 

the gas is acreage in the "sour gas" area of the Amarillo field. 

This "sour gas" acreage is separately designated in following 

tabulations. (3) Probable unoperated acreage, which includes 

those leases or parts of leases that are regarded as likely to 

be productive of sweet gas but not proved. (4) Prospective un­

operated acreage, includes all other acreage which the Companies 

hold under lease. For convenience and brevity the designation 

"unoperated" may be omitted in classes 3 and 4. 



GAS SUPPLIES AVAILABLE TO THE CITIES SERVICE GAS COMPANIES 

Summary of Gas Available~ Company 

Leases and Purchase Contracts 

The following table shows totals of estimated gas available 

daily from Company leases and purchase contracts, as of June 30, 

1934. 

Summary of~ Available Daily to~ Cities Service 

Gas Companies (8-ounce base) 

State Gas available daily, MCF 

Company leases Purchase contracts Total 

Missouri 151.3 151.3 -
Kansas 13,889 130,768.2 144,657.2 

Oklahoma 57,415 361,695.8 419,110.8 

Texas 310,361 - 310,361. 

381,665 492,615.3 874,280.3 

The peak load for the Companies' distributing system for a 

24-hour period in the year ending June 30 7 1934, is reported to 

be 336,600 MCF (8-ounce base), on Feb. 26, 1934. The averar,e 

daily requirement of gas as indicated by total volume of gas 

sales reported by the companies for the period from 1930 to 

1934, inclusive, are as follows. 

,, l 



Proved operated acreage 

The following table shows by states a summary of the 

operated acreage, producing wells of the Cities Service Gas Com­

panies, total open flow as of June 30, 1934, daily quantity of 

gas available figured as one-fourth of the open flow, and esti­

mated reserves of acreage classed as proved operated. The quan­

tities of gas are computed on an 8-ounce base. 

Summary of Gas Available from Operated Acreage 

Produc- Acres Total Gas avail- Estimated 
Operated able serves 

re 

State ing per open flow daily 
acreage wells well M.C.F. M.C.F. June 30,1934 

M.c.F. 

Missouri - - --- -
Kansas 6,828 56 121.9 55,557 13,889 10,546,000 

Oklahoma 3,373.33 30 112.4 229,661 57,415 13,osa,000 

Texas 22,229.5 63 352.8 1,241,447 310,361 579,904,913 

Total 32,430.83 149 217.7 1,s26,665 381,665 603,518,913 

The figures in this table do not include the Hugoton Field be­

cause there is no developed Company acreage as yet in this area. 

The estimated reserve of developed acrea'e in Texas is based on an 

original per acre estimated reserve of 34,287,719 M. c. F. on 8-

ounce base (33,074,589 M.c.F. on 2-pound base), determined from 

production-pressure decline data, figured to abandonment pressure 

of 25 pounds, with subtraction of total production from Company 

wells on this developed acreage to June 30, 1934, amounting to 

182,293,936 M.C.F. This figure for estimated reserves of 



developed leaseholds of the Companies in the Amarillo Field is 

much smaller than 2,217,706,064 M.C.F., which is based on pro­

duction-pressure decline data for the Companies' wells as given 

elsewhere in this report. The probable reason for the larger 

reserve as figured from production-pressure decline is that 

average acre-yield figures for the field ·as a whole rather than 

that for certain more productive parts of the field have been 

used in making this estimate of the reserves of Cities Service 

operated acreage. The size of open flow of wells is probably but 

not necessarily an indication of greater productivity (that is 

quantity of reserves) of acreage adjacent to the wells, and this 

indicates that the Cities Service operated acreage in the Amarillo 

field is above the average in estimated reserves per acre. The 

figure for reserves as indicated by pressure decline data is be­

lieved to represent actual reserves of this part of the field 

more accurately. 

A table showing the distribution of developed leaseholds 

of the Cities Service Gas Companies as of June 30, 1934, with 

statement of estimated reserves follows: 



Proved Operated Acreage 2I.. ~ Cities Service~ Companies, with State­

ment of Total Production and Estimated Reserves~ 

Fields~~!£,~ (8-ounoe base). 

Abandon• Estimated Production Estimated 
Proved ment total to June 30, reserve 

Field Lease numbers operated pres sur~ reserve 1934 June 30, Notes 
acreage lbs• M.C.F. M.C • F. 1934, M. C .! 

B 
.KA.N SAS I 

utler County 
Augusta 945, 1153, 947, 

1145, 1621, and 
3583. 926 40 32,492,475 31,792,475 100,000 

El Dorado 1903, 1716, 2095, ·tease Nos. in 
1749, 1974, 1992, parentheses, tota . 
1993, 1996, (17121 ling 1845 acres, 
1760, 1754, 1758, are also listed a 
2081 and 1755) 4,285 40 19,359,018 17,359,018 2,000,000 storage leases. 

' 
Cowley County 

Cambridge 14!1¥4 10 150 401,814 341,814 60,000 

Chase County 
Elmdale 15684 and 15688 320 40 597,396 547,396 50,000 Wells No. 5 and 7 

on lease 15684 no 
practically dead. 

Chautausua County 
Chautauqua 7892, 12938, 2013 

2011, and 2026 563 40 14,943,640 11,943,640 3,000,000 

Elk County 
Shrader 20492 120 40 256,083 86,083 110,000 

Franklin County 
Pomona 15263 244 25 102,305 86,305 16,000 

l 

s 

w 
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I Abandon- Estimated Production Estimated 
Proved ment total to June 30 reserve 

Field Lease numbers operated pressure reserve 1934 June 30, Notes 
acrea~e lbs. M.C.J?. M.c.F. 1934- M.c.F.' 

Marion County 
Marion 15765 80 200 1,298,368 498,368 aoo,ooo 

Reno County 
---ifaury 20180 120 300 4,631,205 881,205 3,1so,ooo 

Johnson Counti 
Craig 19567 and 19564 160 

Total Kansas 6,828 74,082,304 63,536,304 10,546,000 

OKLAHOMA 

Osa~e County 
Osage 13005 2,480 40 19,559,261 14,659,261 4,900,000 

Creek Count;t 
Depew 15760 80 100 10,99a,029 9,113,029 1,885,000 

Grady County 
Chickasha 14042 40 80 431,533 351,533 ao,ooo 

Hughes County 
Veager 16875 53.33 200 1,1ss,11s 1,458,775 300,000 

Misc. 15769 40 100 1,298,219 868,219 430,000 

~ County 
Dilworth 13960, 13963, 

13966, and 2 39•~ 560 40 33,897,041 30,297,041 3,soo,000 

Noble Counti 
Perry 16825 80 100 2,29a,sso 438,860 1,8so,ooo 

Nowata County 
Nowata 19260 40 25 26,427 13,427 13,000 

r. Total Oklahoma 3,373.33 10,2sa,14s 57,200,145 13,068,000 



• 
! 

Abandon• Estimated Production Estimated 
Proved ment total to June 30, reserve Notes 

Field Lease numbers operate.d pressure reserve 1934 .June 30, 
acreage lbs• M.c.F. M.C.F. 11954, M.c.F. 

TEXAS 

~ 
C 
ra and Carson 
ounties . J 

Amarillo ,See table show-
ing developed· 
D.eases in Amarill 
Pield) 22,229.5 25 765,627,621 182,293,936 579,904,913 

Total Kansas, 
Ok lahoma, and Texas 32,430.83 9ID9,978,070 303,030,38f 603,518,913 



In the Amarillo field only certain parts of some leases 

are here classified as "proved operated acreage". The acreage 

between Company wells less than a mile apart is divided equally 

between the wells according to di~tance. The classification 

of proved operated acreage in this field is indicated by leases 

in the following table. 

Proved operated acreage in~ Amarillo Field, .£_l leases, 

showing portions 2!., certain leases classed 

as proved unoperated 

Proved Proved Total 
Lease ope rated unoperatec:l lease No. Well 

acreage acreage acreage ,, wells numbers 

6822-Burnett Est. 11,095 51,985a; 6 3 aao-£.' 
' 

20 la to l&inc.; 

7 

6 

6 

7 

7 

7 

7 

7 

7 

323-Burnett Est. 160 160 

823-Eurnett Est. 520 400 

835-Burnett Est. 360 1,000 

610-Burnett Est• 640 1,920 

611-Burnett Est. 240 1,040 

681-Burnett Est. 160 160 

053-Fields (½ Int.) 360 280 

754-G. W. Deahl 560 7,920 

7 53-Fuqua. 2,5so 1,940 

Includes 320 acres "sour gas" acreage 

320 1 

920 1 

1,360 1 

2,560 1 

1,2ao 1 

320 1 

640 1 

a,4ao 2 
0/ 

s,1ao- 4 

Includes 320 acres probable and 480 acres prospective 

~/ Includes 1 280 t· , acres prospeo ive 

16a to 19a inc 
21a, 22a, 25a, 
26a, 27a, 29a. 

13 

11 

12 

14 

15 

24 

1 

1, 2 

1, 2, 3, 4 

. ; 
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Proved Proved Total 
Lease oJ1erated unoperated lease No. Well 

acreage acreage acreage wells numbers 

7755-c. E. Deahl 1,400 680 2,oao 3 1, 2, 3 

7914-Bennett 240 735 975 1 1 

7845-Burnett Est. 80 80 1 20 

7839-Burnett Est. 80 80 1 23 

1776-Lane 320 320 2 1, 2 

7338-Dover 160 160 1 1 

1729 160 160 1 1 

7143-White Deer 160 160 1 1 

7188-lfoel 160 160 1 1 

7130-Crutchf'ield 160 160 1 1 ,, 
7916-Poling 162.5 162.5 1 1 

7220-Pope 160 160 1 1 

7221-Sherida.n 160 160 1 1 

7066-Hexter 320 320 2 1, 2 

7144-Barrett 160 160 1 

7080-Dover 160 160 1 lA 

7321-Brown 160 160 1 1 

8049-Mongole 160 160 1 1 

7142-Ca.se 160 160 1 1 

7103-Bell 160 160 l 1 

6420-Meers 120 120 1 1 

2566-Hughey 160 160 l 1 

7219-Holmes 160 160 1 l 

2639-Cobb 132 132 1 1 

6360-Wall 160 160 1 1 

6361-We.ll 160 160 1 2 

22,229.s) sa,220 92,529.5 63 11 



A summary of the Companies' operated acreage showing the 

number of wells, average rock pressure and total open flow, by 

fields, as of June 30, 1931 (reported by Ralph Davis), and 

June 30, 1934, is given in the following table. An interesting 

feature here indicated is the reported increase of average rock 

pressure and of open flow in certain fields. This is interpreted 

to be due to withdrawal of gas at a lesser rate than addition 

of gas to producing parts of the reservoir through advance of 

edge water which constricts the space occupied by gas and in• 

creases gas pressure. For example, in the Dilworth Field, 

Oklahoma, although open flow shows a decline, the record of pro­

duction and rock pressure from 1924 to 1934 shows a gradual 

rise instead of a fall during this period--a"decline curve in 

reverse". The production-pressure decline curves for the 

Augusta and El Dorado, Kansas, fields, similarly, show repeated 

"build-ups" that produce a nearly horizontal curve. Although 

production of more than 3 billion cubic feet of gas is reported 

from the El Dorado Field in the period from 1924 to 1934, the 

average rock pressure in this field was 27 pounds higher in 

1934 than in 1924. 

1 
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Summary 2,!. ~Pressures~ Open !'.!2.! 2.£ Wells 

.2.£. the Cities Service~ Companies, EX Fields 

6-30-31 6-30-34 

Field County Total 
No. Average open No. Average 

wells pressure f1t'\w wells pres sure 
KANSAS lbs. M.C.F. lbs. 

Augusta, Butler 15 88 955 12 80 

ElDorado, Butler 30 106 3,165 25 100.4 

Cambridge, Cowley 1 230 559 1 241 

Lips, Chase 4 134 217 3 67 

Chautauqua Co. 8 319 4,096 6 268 

Shrader, Elk 3 490 s,263 3 494 

Pomona, Franklin 2 130 1,034 1 118 

Centropolis, " 2 378 ? 2 403 

Marion County 2 780 4,432 2 630 

Haury, Reno l 1,195 24,290 1 1,045 
C 

Tot al Kansas 68 44,011 56 

OKLAHOMA 

Meter No.205, Osage 8 597 39,250 7 203 

Meter No.207,0sage 3 725 2,916 2 307.5 

Depew, Creek 3 498 92,500 3 415 

Dilworth, Kay 12 233 18,481 11 234 

Chickasha, Grady l 510 2,724 l 170 

Perry, Noble 2 1,212 31,700 2 1,120 

Nowata County 2 100 2 100 

Misc., Hughes 450 4,159 1 450 

Yeager, Hughes 2 667 36,000 1 500 

Tot al Oklahoma 33 2~7, 832 30 

Total 
open 
flow 

M.c.F. 

884 

3,768 

550 

324 

2,523 

6,337 

1,140 

s,154 

2,696 

26,500 

50,476 

a,294 

587 

119,500 

9,141 

2,124 

47,100 

150 

4,159 

11,000 

208,655 

1 
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6•30-31 6-30-34 
Field County No. Average Total No. Average Total 

wells pressure open wellf pressure open 
flow flow 

fEXAS 

Amarillo Field 60 401 1,536,625 63 376 1,121,900 

Tot al, Kansas, 
Oklait"oma and 
Texas 161 1,aoa,468 149 1,sa1,031 



Drilling operations since September 1, 1931.--According 

to records furnished by the Companies only three gas wells have 

been added to the inventory since September 1, 1931. These 

are the Hughey No. 1, Poling No. land the Fields No. 1, all 

in the Amarillo Field, Texas. One-half interest in the Fields 

No. 1 well is owned by the Cities Service Gas Company. 

No dry holes have been drilled by the Cities Service Gas 

Companies during the period from September 1, 1931, to June 30, 

1934. 

Unoperated Acreage 

Estimate of gas available to the Cities Service Gas Com­

panies from wells drilled by them in future on present acquired 

leaseholds, calls for consideration of reserves assignable to 

various classes of unoperated leased acreage. These classes 

include (2) Proved unoperated acreage, (3) Probable gas-productive 

acreage, and (4) Prospective gas-productive acreage. The follow­

ing table shows in summary a classification of the unoperated 

acreage of the Cities Service Gas Companies with statement of 

estimated reserves. 

15 



Un operated- Acreage of the Giti es Service Gas Compani ~ 

I.IC F (l3_-ounc e base) 

-
Proved 

Prob-
Prospeo-able 

State unoperated Estimated acre- Estimated tive 
acreage reserves ag- e reserves acreage 

a/ 
Kansas -- - 516,481.53 

a/ 
OklahorJ.a -- 256,987.46 

Hugoton 
(Kansas 

and 
Oklahoma) , 86,857.62 772,469,712 ;20, 500 91,158,149 -1/ £. 

Texas so,a29.75 2,492,066,286 2,396 11,075,686 7,752.75 

Missouri -- -- 2,234. 

-·-
Tot al s 167,687.37 3,264,535,998 22,896 132,_233,835 783,~55.74 

, ·- -··-a; 1~xcep1j .iugo-i:;on 

.!/Includes 8,149 acres in "sour ga.s 11 proved area, Amarillo Field 
~/Does not include reserves from a,149 acres "'sour e;as 11

• 

Total l un-
ope rated i acreage 

516,481.53 

256,987,46 
I 

l 
i 

.l I 

107,357.62 

90,978.50 

2,234. 

974,039.11 I 

Total estimated 
reserves 

863,627,861 

2,533,141,972 

3,396,769,833 



No acreage belonging to the Companies in Kansas and Oklahoma, 

excepting the Hugoton Field, is classed as proved unoperated. 

In the Hugoton Field, acreage classed as proved is estimated 

to have a reserve of a,893,478 cu. ft. per acre, figured on an 

8-ounce base to abandonment pressure of 25 pounds. Acreage in 

this field classed as probable is estimated to have a reserve of 

4,446,739 cu. ft. per acre, figured similarly. 

Acreage of the Companies in the Amarillo Field that is classed 

as proved unoperated includes all leaseholds or parts of lease­

holds in the "proven sweet gas area" that are not classed as de­

veloped. A small amount of acreage along the south edge of the 

"proven sweet gas area" is olass~d as probable. The estimated 

reserves on this acreage are computed on the basis of average 

per acre reserves determined from production-pressure decline 

curves for the Amarillo Field. The original per acre reserve, 

figured on an 8-ounce base to abandonment pressure of 25 pounds, 

is estimated to be 34,287,727 M.c.F. for proved acreage and 

17,143,859 M.C.F. for probable acreage. No value as to reserves 

is assigned acreage in the sour gas area or acreage classed as 

prospective. 

Since parts of certain.leases in the Amarillo Field are 

differently classified, a tabulation of these leases showing 

acreage classed as proved unoperated, probable and prospective 

is given below. 

17 



Classification of Unoperated Acreage of Cities Service 

~Companies~~ Amarillo Field 

Lease No. Proved Probable !Prospective 
(Svreet) (Sour) 

i 

Moore County ' 

8024 520 

8073 320 

8177 320 

7981 160 

8149 160 

7971 240 

7982 80 80 

6901 100 60 

8168 640 

6778 160 

6516 60 100 

6882 160 

6852 160 

6888 160 

7337 80 

6812 80 

6850 160 

6893 160 

Hutchinson co. - -
868 320 

6445 40 

6450 40 

Total 

520 

320 

320 

160 

160 

240 

160 

160 

640 

160 

160 

160 

160 

160 

I 80 

80 

160 

160 

320 

40 

40 
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Lease :No. Proved Probable Prospective Total 
(Sweet) (sour) 

Hutchinson Co. 

874 280 280 

7934 320 320 

Gray~~ 

6400 220 220 

7087 160 160 

2549 160 160 

6389 80 80 

6356 80 80 

6387 40 40 

9164 2 2 

6342 218 218 

9032 80 80 

6355 100 100 

6354 80 80 

6351 160 160 

6353 320 320 

6359 80 80 

6358 129 129 

6401 160 160 

8305 320 320 

6418 120 120 

6402 80 80 - 6369 80 80 

6385 40 40 

8779 48 48 

1! 
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Lease No. Pro; ed Probable Prospective Total 
(~WAAr.) (Snnr) 

Gray County 

2575 160 480 640 

8420 160 160 

2586 160 160 

7271 240 240 

8178 320 320 

8183 160 160 

8189 160 160 

8191 160 160 

8215 160 160 

8195 80 88 

8186 160 160 
Carson Counti 

6405 40 40 80 

7023 960 960 1920 -

7169 400 400' 

7721 160 160 

7615 320 320 

7719 320 320 

7011 320 320 
6964 320 320 
7343 80 100 180 

7634 40 40 240 320 

7015 160 ' 160 

7057 80 80 160 

6984 160 160 

6965 160 •. 313.3 473 

7065 116 I 116 

7017 160 160 
90 



Lease No. Proved Probable PI'.ospeotive Total 
(Sweet) (Sour) 

~-a-.~ 0~ C O'tl.11 ty 

8800 80 80 

8797 40 40 80 

8789 80 80 

7081 640 640 

8418 352.76 352. 75 

9260 320 320 

1701A-C 720 160 880 

6419 320 320 

6425 80 80 

6822 51,665 320 320 480 5a,1a5 

7323 160 160 

6823A-B 400 400 

6835 1,000 1,000 

7618 1,920 a,920 

7611 1,040 1,040 

7681 160 160 

7754 7,920 7,920 

7753 1,940 
\ 

1,2so 3,220 

7755 680 680 

7914 735 735 

7053 280 280 

7881 240 240 
I 

7015 160 160 

7081 640 640 

7870 1,120 1,120 

9.1 
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Lease Noe Proved Probalb1h Prospective Total 
(Sweet) (Sour) 

Carson County 

8433 320 320 

8737 160 160 

8738 320 320 

73,800.75 s,140 1,836 7,593.3 91,370. 05 

,' 

22 



Gas Available from Purchase Contracts 

The following tabulation .shows in summaries by states and 

fields data on gas purchase contracts, indicating total open 

flow of wells and estimating as available daily supply one-fourth 

of the amount of the open flow. The figures for pu-chase con­

tract No. 8217 with the Panhandle Eastern Pipeline Company are 

not included in the totals because this calls for purchase of ex­

cess merchantable gas from various fields where gas is gathered 

and di st.r ibut ed by the Panhandle Company• At times of peak de­

mand it is possible that no gas may be available to the Cities 

Service Gas Companies under this contract. In any case, this only 

amounts to 250 MCF daily estimated available delivery. 

Summari 2.£ ~Available~ Purchase Contracts (2-pound base) 

Amount of gas 
State Producing Acreage Total open available daily, 

wells flow .. 1.F.CF MCF 

Missouri 8 80 550 1:u.s, 

Kansas 470 45,450 475,233 11a,aoa.s 

Oklahoma 227 100,oso 1,313,910 328,476.4 

Total 605 745,590 1,789,693 447,424.2 

Additional available gas from gasoline plant residue con­

tracts is not included above. 

A tabulation of data on gas available from purchase con­

tracts classified according to states and fields is given below. 
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• Gas Available from Purchase Contracts 

Amount of 
Total open gas avail-

Acres Wells Roe~ flow able daily, 
pressure :MCF MCF 

Kansas -
Butler Co. 120 3 110 3,287 821.7 

Wilson Co. 1,000 15 PLD 601 150.2 

200 5 PLD 250 62.s 

Anderson Co. 
Welda field 1,a80 40 26 .4 4, ,3t_ 1,159.2 

Chautauqua Co. 
Berlin field 2,oao 24 158 a,054 2,013.5 

Cowley Co. 
New Salem 1,160 14 107 806 201.s 

West Burden 240 3 318 1,469 367.2 

Wyandotte co. 
Fairfax 200 10 PLD 500 125 

Bethel 10,626 114 80 13,932 3,483 

Welborn 1,oss 5 72 286 71.5 

Bonner Springi 1,210 4 110 108 21 

Douglas Co. 40 l 138 512 128 

Neosho Co. 1,a-00 10 PLD 1,153 288.2 

Elk 
Denton 880 11 93 1,104 426 

Elco 1,360 15 170 4,2!11 1,054 

Heck 240 2 ? 269 67.2 

Franklin Co. 
s. Ottawa s,338 48 687 1,492 373 

Pomona 520 1 160 1,160 290 

Gardner s,ooo• 469• PLD 21,300• s,325• 

Labette Co. 3,000 33 PLD 2,933 733.2 

3,600 48 
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Total open .A.mount of 
gas avail-

Acres Wells Roe, flow ab le daily, pressure MCF Mr.F 

Montgomery 1,000 20 PLD 1,569 392.2 

Reno 2,000 20 PLD 62,000 15,500 
Burrton 5,120 11 1,oss 353,127 88,431.7 

Sumner 
Padgett 160 1 325 2,382 595.5 

Chase 
Lips 480 5 82 524 131 

Marion 80 l 320 363 90.7 

45,450 470 475,233 118,807.T 

Missouri 
Jackson Co. 3,000• 20• PLD 1,000• 280* 

Jackson co. 8.0 8 PLD 550 137.5 

Oklahoma 

Craig and Nowat a 10,000 12 45 750 187.5 

Creek 
Depew 460 9 404 112,soo 28;125 

Garfield 
Garber 160 3 1,soo so,ooo 20,000 

Hughes 
Yeager 240 2 685 40,700 10,115 

Logan 
Lovell 80 1 1,360 s,4eo 1,s20 

Crescent 160 1 2,475 27,900 s,915 

Kay 
Dilworth 80 4 90 3,346 836.5 

Noble 
Perry 640 9 1,120 191,500 47,875 

Nowata 
Verdigris 2,640 50 PLD 1,000 250 

Okfuskee 
Okemah 40 l 500 1,490 3 1 2.s 

Paden 80 2 1,490 30,894 1,122.5 



-3-

Amount of 
Aores Wells Rock Total open gas avail-

pressuz, flow a.b le. daily, 
MCF MCF 

Weleetka 200 5 1,oss 165,900 41,475 

Oklahoma 
Oklahoma I 

City 440 11 1,450 560,300 140, 01·5 

Osage 684,840 105 201 90,547 22,636.7 

Washington 
Bynum 70 12 PLD 603 150.7 

100,130 235 1,314,460 328,613.9 

Residue 101,240 ? 
447.421.6 Total 

* Omitted from totals. 
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Burrton Field.--In the case of the Burrton Field, in Reno 

County, Kansas, the size of the field and its importance in 

relation to supplies of nearby towns, has made desirable a study 

of prospective future yield of gas from this source. 

The most important recent development of new gas supplies 

available to the Cities Service Gas Companies' transmission 

line is that in the Burrton Field in Reno County, Kansas. This 

' field is only 10 miles from Hutchinson and 30 miles from Wichita. 

The Company's Haury well in the Burrton field was completed 

in October, 1930, with an initial production of over 23 million 

cubic feet per day. In addition, the company has made available 

from this field, under purchase contract, the production from 

s,120 acres or leases, which cover more tha:µ half of the pro­

ductive area and three-fourths of the ohoice gas acreage in the 

field. 

The field is not now fully defined, and the development to 

date has been directed mainly toward the production of oil. 

Oil is produced both from the Mississippian (chat) horizon, 

from which the gas is also produced, and from .the deeper Hunton 

"lime" horizon. 

The company l~nes are connected to 17 wells .in the field, 

six of which are dry gas wells and 11 are combination oil Ell d gas 

wells. 

Production and pressure data, which are tabulated below, 

indicate a very large amount of gas in the field. 



Pressure 

Original reservoir pressure 

Pressure on June 30, 1934 

Le>s s .-. 

1,1ao pounds 

1 1.ess pounds 

115 pounds 

Withdrawals~~~ !E.! Burrton Field(! lb.~) 

Pipe Line Production to June 30, 1934 

Cities Service Co. 3,210,935 MCF 

Drillers Gas co. 686,561 

Fuel for wells 900,000 

Blown to air 11,000,000 

Total withdrawals 21,797,497 MCF 

Calculation 

Production per lb. loss= 21 2797 2497 = 189,543 MCF 
115 

Original field reserve (2 lb. base) 189,543 M x 1180 • 

22s,sso,140 M 

Original reserve to 150 lbs. 189,543 M x 1030 • 195,229,290 

Withdra,rn. to June 30, 1934 21 2 797 1 497 

Field reserve to 150 lbs. on June 30, 1934 

Assuming that the company will secure the same proportion of 

future withdrawals as in the past, the gas available to them under 

their purchase contracts would be: 

321 
2179 X 173,431,793 - 25,549,153 MCF 

Converting to 8 oz. base = 28,121,214 MCF 
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GAS SUPPLIES AVAILABLE TO ,THE CITIES SERVICE GAS COMPANIES 

IN THE AMARILLO FIELD 

Production 2.!.. ~ Cities Servioe Gas Companies,!!! 

the Amarillo Field 

The Cities Service Gas Companies began to produce gas in 

the Amarillo Field in January, 1928. The volume of' gas produced 

by the Cities Service Gas Companies in the Amarillo Field accord­

ing to yea.rs ending June 30, is shown in the following table. 

Year 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

Total 

Volume of~ Produced in Texas~ Years 

ending June 30 (8-ounce base) 

Production 
MCF 

3,592,533 

20,sas,213 

29,068,053 

29,538,813 

30,993,583 

32,788,770 

39.86J.274 

186,437,339 

a/. 
Daily a.verage­

MCF 

28,341 

72,586 

75,028 

81,677 

83,381 

101,292 

114,261 

~/By calendar years. 
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Open Flow .£f. Company Wells~ the Amarillo Field 

The open flow from 63 wells reported by the Companies, taken 

on dates within a short time prior to June 30, 1934, was 1 7 127,900 

MCF on 2-pound base (equals 1,241,446 MCF oonverted to 8-ounoe 

base), as compared with 1,532,625 MCF (2-pound base) on July 1, 

1931, from 60 producing wells. 

The peak load of withdrawal from .Amarillo wells occurred 

during February, 1934, when an average of 125,571,036 cubic feet 

(8-ounoe base) were withdrawn daily. This is 10.11 per cent of 

the open flow on June 30 7 1934. 
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Decline~ Roo! Pressure lfith Comparison ,2! Production~ 

Estimate of,Future Yield for Leaseholds ot the Cities -
Service Gas Companies.:!!!,•~ Amarillo Field 

Chart :l shows the weighted average rock pressure for three 

dates covering leases of the Cities Service Gas Companies in the 

Amarillo Field, plotted against the cumulative production of the 

leases for these dates. These p~ints define the slope of a 

decline curve .from which estimate of the total available pro­

duction from the leases, disregarding drainage to or from ad­

joining acreage, may be derived. .This shows a. total original 

reserve of 2,sao,600,000 MCF (8 o,~"base) for the acreage drained 

by existing Cities Service Gas Company wells in the Amarillo 

Field, figuring -to z,ro presaur;i. Subtracting 182,293,936 MCF 

produced to date leJ\,'!&.~J' a':l ~~•v:•loP•4· reserve as ot. June. so, 

1934, of 2,377,706,064 MCF • .A.t an abandonment pressure of 25 

pounds the original reserve is computed to be 2,400,000,000 MCF 
' 

and the available reserve a.a of Jun~e so, 1934, is 2,217,706,064 

MCF. 

It is pertinent to note here that in comparing the relation 

of tock pressure decline to production of gas in a field that is 

reasonably well outlined as to productive area but that is par­

tially and unequally developed, determination of average rook 

pressure weighted according to area is much more significant 

than a mathematical average ot rock pressures. This ici due 

to the fact that the recorded rook pressures show conditions 

only at or in the vicinity or the wells measured. If wells are 
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uniformly spaced over an entire field a mathematical average of' 

their pressures may be accepted as representing average pres-

sure conditions in the reservoir, subject only to correction 

of' unequalized higher pressures in inter-well areas, as dis­

cuased elsewhere in this report in treating the subject of' re­

serves of' the Amarillo Field. On the other hand, it is clear that 

a mathematical average of' well pressures t.hat are ~,Qt thus dis­

tributed areally may give an entirely erroneous pi.,ture ot:aver­

age actual pressures in the reservoir. For instance, the low 

pressures of 20 wells grouped in one part of a field in which 

withdrawals are relatively large or in which the reservoir rook 

is less permeable, when mathematically averaged with the high 

pressures of 20 wells widely distributed in little developed 

parts or a field indicate an. average rock pressure that is cer­

tainly much below the true average pressure in the reservoir as 

a whole. A weighted· average rook pressure takes account of this 

relation to area of pressure distribution by contouring the 

measured pressures in a field and i;n weighting .each group ot 

similar .pressures according to the productive area·over which 

they prev-.il. Thus, areas that are as yet little developed and 

that have relatively high rook pre•,ures are e.s,igned proper 

weight as against areas that are more heavily drained and that 

have relatively low pressures. 

A map of a pa.rt of the Amarillo Field showing Cities Ser­

vice Gas Companies• leaseholds and indioating by contours the 

pressure loss from January, 1932, to June, 193• {Chart I), is 

included in thit$ report. The determined weighted average rook 
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pressure of Company wells as of January 1, 1932, was 412 pounds 

and as of June 30, 1934, it was 397.5 pounds •. This indicates 

a weighted average decline of 14.5 pounds during this 2.5 year 

period. A similar determination of weighted average rook pres­

sure of Company wells as of January 1, 1930, gives the figure 

of 417 pounds. 

A mathematical average of rook pressures of Company wells 

for June 30, 1931, is 395 pounds (as compared with 409 pounds 

weighted average pressure for this date, determined by inter­

polation trom other figures given), and the mathematical average 

rock pressure of Company wells for June 30, 1934, is 376 pounds. 

This indicates a decline of 19 pounds in two years. 

The explanation that may be given for the higher value of 

weighted average rock pressures in this case is that the wells 

operated by the Company and by other producers in this part of 

the Amarillo Field have as yet not appreciably affected the 

pressures, except in certain areas of chief withdrawal of gas. 

For the same reason, the decline of weighted average rock pres­

sure, which reflects as accurately as possible the actual value 

and distribution of pressures in the reservoir, is much less 

than the decline indicated by mathematical average of pressures 

measured at the wells. 

The relation of these figures on pressure decline to es­

timated future yield may be illustrated by the following com­

putations. (1) Weighted average pressure decline June 30, 1932, 

to June so, 1934, amounting to 11.5 pounds (409 pounds, June, 

1932, less 397 pounds, June, 1934) is 11.5/384 of the decline 
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to abandonment pressure of' 25 pounds, which amounts to 384 pounds 

(409 less 25). During this period 72 7 655,044 MCF were with­

drawn from Company wells. Since this production corresponds 

to a pressure decline of 11.5/384 of the expected total de­

cline, the estimated available reserves of these wells amounts 

to 72,655,044 times 384/11.s, which equals 2,426,024 7 574 MCF. 

(2) Mathematical average pressure decline from June 30, 1932, to 

June 30 7 1934, amounting to 19 pounds (395 pounds, June, 1932,. 

less 376 pounds, June, 1934) is 19/370 of the decline to abandon­

ment pressure of 25 pounds, which amounts to 370 pounds (395 

less 25) • ·The estimated available reserves may be computed on 

this basis as 72,655 7 044 times 370/19 which amounts to 1,414,811,672 

MCF. 

• 
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S. Graph showing composite Cumulative Production­

Pressure De~line Curve for all wells ot the Cities 

Service Gas Companies in the Amarillo Field. 
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2. Map of a part of the Amarillo Field, showing 

Cities Service Gas Companies• leaseholds and pressure 

loss from January, 1932, to June, 1934 (in pocket). 
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General Conditions.!!. the .Amarillo Field Bearing~!!!.! 

Supplies Available :!:2, .!!!.!. Cities Service Gas Companies 

Present Production Conditions 

Records obtained from the books of the Texas. Railroad Com­

mission an«3. ... ~:ther sources show that fJ?r the first .balf o;f the 

year 1934 a total o:r ·349,100,a41 MCF (2•po\t.~d base) of natural.. 

gas was withdrawn from the Amarillo Field, distributed as 

follows, 74,189,341 MCF to pipe lines, 81,186,800 MCF to car­

bon black plant,, and 194,324;50_0 ·MCF to g~isol,b1e stripping 

plants, field use, etc. The production by years, showing dis• 

tribution, is given in the following table. These figures are 

derived in part from records of the Texas Railroad Commission, 

.from Company records and in part from engineers who are most 

familiar with operations in the field. Especially for later 

years the figures a.re reasonably accurate but for some, such as 

the gas blown to the air during drilling and gas wasted in the 

early development ~f the tield, the figures give~ are merely 

the best available estimate. The data for the years 1926 to 

1931 are drawn mainly from Victor Cotner and H. E. Crum (Am. 

Assoc. Petroleum Geologists, Bull., vol. 17, PP• 892, 899, 

1933). 
., 

The column of the table headed •Blown to Air, etc." in-

eludes oasinghead and bradenhead gas treated for gasoline and 

blown to a~r, oasinghead gas not treated and blown to air, gas 

treated by gasoline stripping plants and blown to air, gas blown 

to air during drilling in oil and gas wells, and also a relative­

ly small q~antity of gas used in the field. 



Gas Withdrawals from ia! Amfi.rillo 'Field, 

EL years_ (2--pou.nd base). 

Year Pipe lines Carbon black 
MCF MCF 

1926• 15,725,533 1,890f000 
1927 s,s2s,s9a 11,2ao,ooo . 
1928 39,978,176 43,020,000 
1929 84,767,509 136,374,000 
1830 81,175,878 11e,104,ooo 
1931 86,538,708 120,3a1,ooo 
1932 97,087,290 111,013,553 
1933 109,179,977 140,866,141 
1934** 74,189,341 e1,1as,aoo 

Totals 597,468,010 a20,121,494 

• Includes previo-s years 
** First six monthi 

Blo,wn to air, 
? etc. 

.MCF 

229,s10,ooo 
4as,120,ooo 
450,980,000 
404;536,0&0 
367,292,000 
292,168,000 
200,090,480 
231,138,425 
194,324,500 

2,855,459,405 

Total,~ 
MCF 

247,425,533 
506,22.S,598 
533,978,176 
625,677,509 
616,571,878 
499,093,708 
414,l91,323 
481,184,543 
349, n>o:,:641 

,,213,048,909 

That the annual ,rate of produc.tion in the Amari lto field 

has varied comparatively little is well shown by the accompanying 

Char.t J which indicates "Cumulative Gas Withdrawals from the 

Amarillo Field•. Inspection of this graph emphasizes how .closely 

the reported total withdrawals from the field approximate a 

straight line curve. The mean annual withdrawal amounts to 

502,711,630 MCF (2-pound base). On this chart the quantities 

of gas run to pipe lines and used for manuf'acture of carbon 

black are also shown cumulatively, and it appears that the pro-­

port ion of tot al withdrawals use4 by these has remained approx-­

imat ely constant. From the beginning of production in the 

Amarillo field, a much larger quantity of gas has been "blown 

to air" than the combined total of pipe line and carbon black 

gas. In the early days of Amarillo Field development a huge· 

quantity of' gas was blown into the air in order to relieve gas. 

' 
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3. Graph showing cumulative gas withdrawals 

from the Amarill~ Field to 1934, with indication of 

the amounts taken by pipe lines, used in manufacture 

of carbon black, and ubl'9'1m to air". 
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pressure and aid production of oil. Much gas was also wasted 

in bringingin wells. In later years, especially in 1933 and 

1934, there has been a rapid increase in the amount of gas 

used by gasoline stripping plants, and it appears from the 

chart that this expansion of gas used in stripping takes the 

place of gas that was wasted~in early developments. The 

chart includes under the designation "Blown to air" some gas 

that is used in the field. 

In June, 1934, average daily withdrawals from the Amarillo 

Field amounted to 2,os7,069 MCF (2-pound base) of which pipe 
I 

lines used 347,964 MHF, or 16.9 per cent. For the first six 

months of 1934 7 average daily withdrawals from the Amarillo 

Field amounted to 1,921,432 MCF (2-pound base), of which 

pipe lines used 407,633 MCF, or 21.2 percent. Corresponding 

figures for 1933 aret Average daily withdrawals 1,318,314 

MCF, average daily pipe line runs 299,123 MCF, which is 22.6 

per cent of the daily withdrawals. 

The annual quantity of natural gas taken by pipe lines 

from the Amarillo Field has increased from 39,978,176 MCF 

(2-pound base) in 1928 to an estimated total of 148,378,682 

MCF in 1934 (the latter half-year being estimated as equal to 

the first six months). The increase has been gradual except 

for relatively rapid increases in 1929 and 1934. The quantity 

of gas ta.ken by the Cities Service pipe line has shown an in­

crease each year. It appears, however, that the rate of in­

crease of Cities Service pipe line runs is not so great as 



that of total pipe line runs. From the year 1928 to 1934 

pipe lines have increased their percentages of takes from 

about 7.5 per cent to slig~tly over 21 per cent of the total 

withdrawals from the field, and in spite of an actual con­

siderable increase of pipe line runs from 1932 to 1934 there 

has been a decline in ~ercentage of total withdrawals from 

~3.4 per cent in 1932 to 21~2 pe~ cent in 1934 (assuming that 

the records for the second six months are the same as for the 

first six months). The percentage of takes by the Cities Ser­

vice pipe line has increased staadily with exception of a de­

cline in 1934. The conclusion may be drawn that the pipe 

lines are now taking about the same percentage of the total 

withdrawals as in recent years and a materially larger per­

centage than three or four years ago. 

In January, 1933, there were 703 gas wells in the 

Amarillo Field with a combined initial ope·n flow of' _18,836,000 

MCF per day, or an ave~~ge 0£ 26.8 million cubic f'eet per 

day per well. The open flow of individual wells is reported 

to range f'rom 2 million c.ubic feet in a few small wells to 

more than 100 million cubic feet in some large wells. 

The producing area of the Amarillo Field is estimated 

to include about 1,367,000 acres. The part of the gas pro­

ducing area in which wells with an initial volume of 10 mil­

lion cubic feet open flow or larger may be expected consists of 

approximately 896,500 acres. 
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According to information supplied by the Texas Railroad 

Commission as of October 1, 1934, there were 923 gas wells in 

the Amarillo Field and in addition 2,098 oil wells producing 

casinghead and bradenhead gas. A classification of these wells 

with notation of open- flow ang daily withdrawals is shown in 

the following table. 

~ Producing Well.s !!!, t~e Amarillo Field !.!. 2.!_ Oetober .!,, 

~, with Statement 21. Open !1.2:! and Daily Withdrawals 

... 
Daily with- Percent daily 

Type of wells Number Open flow drawal withdrawal 
MC.F MCF- of open flow 

Gas. wells oonnect-
ed to ptpe lines 476 12,54(),500 s12,9ai 2.97 

. i 
.·• 

:;, . 

Gas ·wells· "Connect- •" 

ed to gasoline 
plants 328 5,714-,350 1,191,211 20.84 

Gas wells uncon-
neoted (eeti-
mated} 120 1,200,000 0 0. 

/ 

Bradenhead wells 
connected.to 
gasoline plants 65 ,466, ~44 93,230 20.42 

Casinghead wells 
connected to gas• 
oline plants 1246 635;516 615,580 81.12 

Casinghead wells 
unconnected, gas 
blown to air 
(estimated) 787 92,000 92,000 100. 

Used in field for 
fuel 24,000 

Totals 3,021 20,638,710 2,2aa,9a2 11.09 
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In the"period from January 1, 1934, to October 1, 1934; 

it is reported that new and rec~nnected gas wells furnishing 

output to pipe lines number 6 wells, and_
1
to gasoline plants. 

209 wells. 

Classification of the 'volume ot open flow f'rom wells as 

to "sweet" and •sour 11 gas, as of'· Oct.ob er 1, 1984·, is given 

in the t~llowing table. 

Dai'lt Open Flow 2.£_ Swee·t ~· and S·our ~ !!!, ~ 

Amarillo Field, .!.!. of _2otober 1,, ~, ~ MCF 

Gas wells connected 

· ~pen f'low Percent 
Sweet gas or total 

to pipe lines 12,140,ooc 100 

Gas wells connected 
to gasoline . 
plants 2,148,774 31.6 

Gas wells uncon-
nected (estimated) 616,600 51.4 

Bradenhead wells 
connected to gas-
oline plants 96,830 21.2 

Casinghead wells con• 
nected to gasoline 
plants 396,643 62 .4 

Casinghead wells un­
connected (esti-
mated) 32t000 34.7 

Totals 15,831 7 347
1 

76.8 

Open flow 
Sour gas 

0 

583,¾00 

359,514 

so,ooo 

4,ao1,3.s3 

Percent 
of.total 

o-

78.8 
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The reported amount of gas dai'iy blown to the air by 

ga:a'Oline plants on June, 19'-54,•,,ras' 859 7 935 MCF. The daily 

average in July was 896,806 MCF. ,, In., se·ptember the amount 

inoreased to 958,928 MCF and in Ootober to 1,069,838 MCF. 

,A comparison of ~he quantities of gas daily blown to air 

by gasoline plants, according to data,trom t.he T•xas Rail­

road Com.mi1;Jsion, shows in September, 1932, an· average of 

213,282 MCF, in September, 1933 7 an average of 403 7 594 7 and 

in September, 1934, an average of 958,'928 MCF. Additional 

gas daily blown to the air from unconnected casinghead wells 
C 

in 1934 amounts to a.bout 92,000 MeF. 
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SweetyProven Area and Present Outline of the Producing 

Area in the Amarillo Field 

' The Amarillo Field extends from southeastern Wheeler County 

to the east edge of Hartley County in the Panhand,le of Texas, 

a distance of about 125 miles in a straight line trending east 

southeast to west northwest. The distance across the field at 

right angles to this trend ranges from about 10 to 35 ·miles. 

No major changes· in the indicated sweet proven area of 'the 

Amarillo Field have ta.ken place during the last three years.· 

The most important changes were in Moore County where several 

sulphur gas wells were completed within the are.a considered 

sulphur-tree, and one sulphur-free well was completed in the 

area considered sour. The indicated s~lphur line is shifted 

one to two miles as a result of these completions, but the 

areas compensate ao that there is no important effect on the 

proved sweet acreage. 

The present outline of the i:roducing' area is 1-.rger th.an 

in June, 1931. The most important addi~ions have been made 

in southeastern Carson 'county (approxima.te,ly 9,ooo acres) and 

in southeastern Gray County (approximately 32,000 acres). 1'he 

total producing area of the field as of July, 1S34, is 

1,367,748 acres. This area is in close agreement with that 

indicated on a map showj.ng the west portion of the field fur­

nished by the company, 1md is also in agreement with a map 

for the entire field by geologists .for the Texoma Natural Gas 

Company. 
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The a.ooompe.nying. regional map (Ch'a.rt I) indicates the 

probable northeast extension of the Moore County po-rtion of 

the field to in~lude a large acreage in Sherman and Hansford 

counties, to join the Hugoton Field in Texas County, Oklahoma. 

Geologists a.re generally in agreement on the probability of 

this extension, which would add (see dotted area on map) 

approximately 628 7 680 acres to the producing area.• in Texas. 
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4. Map showing Cities Service pipe lines and 

main gas fields or Texas, Oklahom, and Kans~s, in 



Estimated Reserve of the Amarillo Field 

There are two principal methods of computing the esti­

mated reserve of a natural gas field such as Amarillo, both 

methods being based on the well-known generalization in physics 

that is called Boyle's law. Thia law states that the quantity 

of a gas in a given space is directly proportional tot he pres• 

sure. One method of applying this law to estimation of reserves 

in a gas field ia to determine as exactly as possible the vol­

ume of the reservoir, and when this has been done the amount 

of gas originally present sin the reservoir can be computed 

readily by multiplying by the observed rock pressura. !his is 

a very unsatisfactory ·method, at best, because of uncertainties 

as to thickness of the reservoir and as to the porosity of the 

reservoir rock. It is employed commonly only when other methods 

are not possible, as in the early stage of development of a 

field when production records are unavailable. Application of 

this method to estimates of reserves in the Amarillo Field have 

given results ranging from about 12 to 18 trillion MCF. Several 

geologists who have worked in the Amarillo Field regard 16 

trillion MCF as the preferred figure on original reserve of 

' the field. • 
Another method of computing the reserves in a gas field, 

also depending on Boyle '-s la.w, is the Production-Pressure De­

cline method which provides tor direct plotting of quantities 

of gas produced against decline in rock pressure resulting from 

this production. Th,is met4od is reoogn'fz-ed as greatly superior 



to the other because it is unnecessary to make assumptions as 

to the volume of' the underground reservoir from which the gas 

is produced. If sufficient data on production a.nd pressure 

decline are available a curve can be constructed that involves 

no subjective element, and it has been demonstrated by ex­

perience in many fields that such a curve is the most accurate 

mem s of determining the original and the remaining quantities 

of gas in a given field. 

In our study of reserves in t~e Amarillo Field we now 

have available records of withdrawals covering a period of 

several years and records or decline in rook pressure from 

wells located in practically all par~s of the field. Although 

the records of total withdrawals are not completely satis­

factory, since they necessarily include estimates of gas blown 

to the air in the early period of development and include also 

some other factors that are not precisely determined, infor­

mation is sufficient ,to make desirable an att.empt to apply the 

Production-Pressure Decline method. Records of rock pressure 

have been taken at intervals on a maj.ority of the wells, es­

pecially in the 11 sweet gas 11 area, and furnish a reasonalbly ade­

quate basis for measurement of the decline in rook pressure 

that accompanies production. It is true that pressure data for 

parts of the Amarillo Field are very inadequate, but it appears 

that a much more reliable estimate of reserves, indicating at 

least the order of magnitude of the true figures, can be had 

from this type of investigation than from any other. 
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ln deriving figures for decline in rock,Preesure several 

features are to be noted. In the first place, as previously 

. noted, it is evident that a mathematical average of all avail­

able records of rock pressure for a given data does not express 

the true average rock pressure in a gas field such as Amarillo, 

because the wells are not. uniformly distributed over the area. 

Thus, a concentrated. group of low-pressure wells in an area 

of intensive production would be given disproportionate value 

i':f' averaged mathematically with, scattered high.:.pre s sure wells 

in little developed parts oft l)e field. In order t;o determine 

more exactly the pressure conditione in the parillo Field, 

a pressure conto.ur map may be constructed which indicates areas 

of similar pressure conditions. Meaeurem.ent of the areas be-

tween the pressure c,ontours then provides a means of weighting 

the various pressure, according to the area they represent, and 

from the combined data a weighted average pressure can be derived 

that expresses moro accurately the mee.n pressure in the entire 

reservoir. 

It is well known to geologists and production engineers 

that the pressure recorded at a gas well does not represent 

the actual pressure in the gas reservoir at some distance away 

from the well. The pressure of areas between wells are higher 

than in the immediate vicinity ot the well bottom, and it is 

this that causes movement of t.he gas from the surrounding reser­

voir into the gas well. The steepness of gradient of the pres-

sure cone surrounding a producing gas well depends mainly on the 

volume of gas drawn from the well and the permeability of the 
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reservoir rock. When a well is shut in, ·as is done before 

measuring rook pressure, the pressures around.the well are 

gradually equalized, but it is almost certain that excepting 

wells in extremely permeable reservoir rock a:nd prolonged shut­

in periods, the pressure cone surrounding a well does not dis­

appear. Observations in the Ama~illo and other fields indi-

oate that pressure gradients of sever-.1 ten., of pounds per mile 

may exist for considerable periods. Attention is called to 

this undoubted existence or ·pressure cones surrounding gas 

wells and the occurrence of' inter-1relL. rook pre,ssures that are 

higher than pressures r,oorded at the weils. It is evident 
'.. .. . ' .· ' .. 

-that by -whatever amount these higher pt"'.fllssure_s exist, they in­

crease the weighted average pressure as determined f'rom con­

toured well pressures, and accordingly i.f no accou~t is taken 

ot the higher inter-well pressures the. contouring of well pres­

sures gives results that ar.e somewhat too conservative. In 

order to show how mueh .dif'te,rence this factor may m~e under 

certain oondi ti on s, a study wa.s made of a part of the Burnett 

Lease in Carson Cou:i1,tt• The June, 1934,, .. :P~e,sur.es on wells 

in this area were fi;rat contoured a,nd, .. a weighted average rook 

pressure determined as amou~ting to 404 •. 28 pounds. Using the 

same data, the area wa.s contoured again on the assumption that 

a p,ressure gradient of 10 pounds per mile ~xt.onds outward .from 

ea.ch well to points w~•~~ interference by draine1.ge from other 

wells is encountered. ·· The assumed mean pressure gradient is be­

lieved to be conservative. Comp.uta.tion shows that a. weighted 



average rock pressure of 415.15 pounds exists if pressures 

are distributed as indicated. The determined loss in pres .. 

sure according to the first method of contouring is 73.2 per 

cent greater than that figured according to the second method. 

In the present study of average rock pres1:1ures in the Amarillo 

Field no account has been taken of the facto.r of higher inter-

well pressures. 

Determination of the estimated reserve of the Amarillo 

Field has been undertaken by two independent studies in which 

it may be anticipated that the results of the one should check 

the other .• 

First calculation. Utilizing all available data, rock 

pressures in the .A11larillo Field as of June, 1934, were con-

tou.red and a weighted average rock pressure of 389,3832 pounds 

was derived for the field. This pr•ssure map is shown in 

Chart &. According to the most complete and reliable informa­

tion obtainable the total withdrawals of gas from the Amarillo 

Field to the end of June, 1934, amount to 4,273,048,909 MCF 

(2-pound base). If a decline in mean rock pressure from 430 

to 389.38 pounds, or 40.62 pounds, has accompanied this pro­

duction of 4,273,048,909 MCF, 1~ is apparent that the produc­

tion per pound of pressure decline amounts to 1os,203,970 MCF. 
~'. . 

Multiplying this figure by 430 we obt.ain 45,237,707,100 MCF 

as representing the original reserve o:f.' the Amarillo Field. 

This c~loulation is expres:.•ed grl&Phica.lly on .the accompanying 

Chart ri>. The ·total proved area used in t~is• o~m_putation ot 
. '. ' . . " .' .. ' 't ' ,' ., '. '. ',:~:/~+· ~ 

weighted .rock pressure is 1,367,748 acres. Prdduction per acre 
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· per pound decline in pressure is tigure'd at 76,917 cubic teet, 

and the original reserve per a.ore a.mounts to 33,074;589 cubic 

teet according to this computation. 

It may be pointed out that tho computed otigine.-i re-serve 

per a.ore according to thia ci.ist1l•tion is an average figure. 

If account is talc&n of variation in the productivity .of acre• 

age in different parts of the r;e1d, this :will modify the 

figures for original reserve per acre in the respective desig­

nated classes of acreage 'but will not affect the total com ... 

puted original reserve of the field. Let it be aasumed that 

896,500 a.ores, which a.re estimated to yield wells with initial 

open flow of 10 million cubic feet or more, have twice the 

original reserve per acre of the remaining 471,248 acr.e~s. 

Given a tot,i.l produo_tion of 4,27S,048,909 MCF from the field 

as a whole to June 30, 1934, and a mean rook pressure decline 

of 40.62 pounds, the 471,248 acres are computed to yield $.n 

average of 1,sa1,1e2 MCF per _aor-e and_ the 89'6,500 acres, twice 
,.\ -:l-~ , , ; 

this amount or 3,111,364 MP~.per &ore. These figures, divided 

by 40 .• 62, ind!,ca.te respectively 46,463 M0F and 92,926 MCF 

per pound of pr~s1U~•- lofa, ·and multiplying ,bY 430 the a.mounts 

of' 1'9,979,128 "MCF ang .39,958:,~5'6 MCF per ac,re a,re -d"$rived tor 

the original reserve. 

19,979,128 :x: 471,248 • 9,415,124,112 ¥CF 

39,958,256 x 896,500 •35,822,576,604 MCF 

Total 
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s. Pressure contour map of the Amarillo Field, 

June, 1934 (in pocket). 



• 

Second calculation. Since reoords for recent years are 

much better than for the early part ot the field's develop-

ment, study was made ot the 'decline in pressure and the corres­

ponding gas withdrawals during the period from January 1, 1932, 

to June 30 7 1934, amounting to 30 months. F,or this period a 

weighted average pressure decline of 10.3068 pounds was deter­

mined. The map showing contoured pressure loss for this period 

is shown in the accompanying Chart e. '.l'he total gas withdrawn 

in these 30 months is reported to be ]~245,076 7 507 MCF (2-pound 

base). Dividing thi~ figure by the pressure loss indicates a 

production of 120,ao1,460 MCF per pound of pressu.re decline, 

which multiplied by 430 gives. 51 7 944 7 6271 ,SOO MCF .. f'or the original 

reserve of the field. This calculation is graphically repre­

sented in the accompanying 6hart ~ '• According to this compu­

tation the production per pound per acre amounts to 88 7 321 

cubic feet, and the original reserve per acre 37 7 918,214 cubic 

feet. It may be noted that the figure tor original reserve 

of' the Amarillo field obtained in the first calculation is 22 .9 

per cent smaller than that here computed, bu_t it is apparent 
. 

that both figures are very much larger than the 16 trillion 

estimate based on figures relating to aver1ge porosity and.thick­

ness or the reservoir rock~ The one Produotion-Pressure Decline 

reserve estimate is a little less than three times as great 

as the 16 trillion figure, and the other is a little more than 

three times as great. A poaaible reason for the greater pro­

duction per pound of pressure decline according to the second 
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• calculation may lie in the elimination to a large extent of 

the factor of pressure coning around wells einoe this study 

takes account only of differences in pressure between two dates, 

on each of which coning was presumably established. Since, 

also, the records are more accurate for this period than for 

the early part of field development, it may be concluded that 

the second calculation is probably better than the first. In 

spite or this conclusion as to superiority_of the second calcu­

lation, we have used the smaller figure of 33,074 7 589 cu. ft. 

per acre obtained in· the first calculation in making computations 

of reserves, because this figure is more conservative. Concern­

ing both calculations it may be pointed out that the figures 

for weighted average pressure necessarily involve consideration 

of area classed as proved, and if the area so classed is too 

large it would operate to decrease somewhat the production per 

pound of pressure decline but to increase the figure for orig­

inal reserve. It appears, however, that no considerable change 

tending to reduce the ~stimated original reserve is likely 

from this source, and it is to be emphasized that excepting 

:for relatively unimportant possible variation in the contouring 

of pressures and in the outlining of the proved gas araa, which 

is fairly well agreed, the methods of computing reserves do 

not involve subje~tive elements. 
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s. Map 0£ the Amarillo Field showing pressure 

loss £rom January, 1932, to June, 1934 (in pooket). 
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7. Graph showing estimated gas reserves of 

the Amarillo Field based on Cumulative Production­

Pressure D&cline data • 
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Estimated Life qf' the .Amarillo Field 

Estimates of the life of a gas field must be based first 

on computations of the amount ot · gas in the ground at a given 

time and second on estimates of mean annua.l withdrawals that 

may be expected. Ordinarily not all of the gas that is calcu­

lated to be present in the underground reserv~ir is figured as 

available f'or commercial use because most fields are abandoned 

before the rock pressure declines to zero. The selected aban­

donment pres sure may therefore affect oomputat ions of the life 

of a field more or leas importantly. Finally, it may be noted 

that the beginning and closing stages in the development history 

of a typical £iel,d invariably show production rates that are 

muotr below' the peak of production rate and a.ls o below the annual 

average during active operation of the field. Therefore, life 

during which some gas is produced, stated in years, should ex­

ceed the computed life of the field baaed on figures for annual 

average production during normal active operation. Also, the 

period during which it is possible to make lfithdrawala at an 

annual rate that is equal to the present rate is somewhat less 

than the number of' year .. s obtained by dividing the determined re­

serve to abandonment pressure by the amount of present annual 

withdrawals. This is du~ to the effect of declining open flow 

and pressure which require: .a longer :perlod for withdrawal of' a 

given amount of gas than when open flow and pressure are high. 

In the Amarillo Field estimates of original reserves based 

on cumulative production-preasure decline curves indicate totals 

ranging from about 45 trillioJl to 52 trillion cubic feet. These 
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figures are approximately three times as great as the pre­

viously rather generally accepted estimate of 16 trillion 

cubic feet based on assumed porosity and pay thickness factors. 

It is apparent that the estimate of reserves is much the most 

important f~ctor in estimating the life of the Amarillo Field. 

We believe that the production-pressure decline method of com­

puting the reserves indicates much more accurately the order 

of magnitude of the reserves than the estimates of volume of 

the underground reservoir. It i~ signif'ioant that the two in­

dependent studies of reserves which we have made using produc­

tion and pressure decline data are reasonably accordant. 

It appears from inspection of records of production that 

the mean annual withdrawals of gfl.s from the Amarillo Field close­

ly approximate a straight line curve. This me ans that the 

proportionally large amount of gas now used f'or manufacture 

of car1fon black' and for gasoline strlpping roughly balances 

the large amounts of {!;as wasted 1;o the air during early oper­

ations of' the field. The accompanying Chart 18 shows a pro­

jection of this straight line curve which intersects the line 

for 45 trillion cubic feet at about the year 2010. T_he graph 

showing Amarillo Field estimated reserves indicates that with 

an abandonment pressure of 25 pounds the computed available re­

serves on the two computed curves are respectively 42.7 tril­

lion and 48.9 trillion cubic feet. Using these figures and 

assuming that 502 billion cubic feet of gas are annually with­

drawn from the field, this indicates that the field would be 

exhausted in the year 2002 (68 years) or 2016 (82 years). 
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At the rate of 502 billion cubic feet per year, 16 trillion 

cubic feet will have been produced by the year 1956 (22 years). 

Attention may again be directed to the stated qualification of 

f'actors entering into this computation. It the figure for es­

timated reserve is reliable and if gas is extracted at· the 

rate specified, statement of life of the field is very simply 

indicated by divisioF of th~ ,first item by the second. Actual­

ly, a variation in the rate. or· annual withdrawals is to be ex­

pected. For purposes of the present study, however, it may be 

point&d out that if the average annual withdrawal.a from the 

Amarillo Field were d·oubled the expected lif'e of the field 

would exceed 25 years. 
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a. Graph showing estimated life of the 

Amarillo Field. 
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The Price of Gas in the .Amarillo Field 

The price for ga,s in the .ul'arilJo Field is so variable as 

to make a determination of the average or mean prioe paid im-

possible• 

The prioe per MCF at the w:i1 for~ al~ gas processed ,in 
i( ' .. · ·,, ' 

casing-head plant·s is ba.2fed on the &f,1t<)lini9 content and the 

price of ca.sing-head gasoline. In-general· the producer (well 

owner) receives 25 per cent of the valu.e of the gasoline, which 

in 1;he sweet gas areas will average about one-fourth of a cent 

per M, and of this one-eighth is pa.id to t:tie landowner as royal­

ty, a.mounting 'tl>''Ol'i&.:.ta.irty·1 ••cond or Gfl.l',.ife'.flt ::-pti~ !"JICF. 

The price paid by gas pipe line companies, wllo produce 

practically all the gas they transport, is variable. In Wheeler 

County the Lone Star Gas.Company pays indeprendent producers 

and royalty owners 2 cents per Mat the well, as does also the 

Consolidated Gas Utilities Company in this portion of the field. 

In Carson, Hutchinson, Moore, and Potter counties a major­

ity of the production taken by the gas pipe line companies from 

their ow wells or wells of their associated companies is at 

4 oents per M, based on royalty p$.yments as indicated by di­

vision orders on .reoord. This rate (4 cents) is now paid by 

the Cities Service Company on their Burnett lease, and it 

continues until 1938 at this rate. The Texoma have a number 

of division orders now in effect at 3½ cents, to be increased 

to 4 cents on January 1, 1935, to 4½ cents on January 1, 1940, 

and to 5 cents on January 1, 1945. 
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.Some early contracts made by the Canadiall.River Gas Com• 

pany and the Northern Natural Gas Company applying to royalty 
' ~, , '. lif . 

in the case of the former company, and. to residue gas in the 

case of the latter, are reported to be on a basis of 6 cents 

and 8 oent s. 
,,, 

In general the pipe-line price .for gas 'c,an<~be eonsidered 
' ' 

as 2 cents in lfhe~ler County and 4 cents.in th~western part 

of the field. 

Per cent of Open Flow that may be Safely Taken 

It ii, agreed by geologists and production eagine•l's 

familiar with conditions in the Amarillo 'Fie•ld that no damage 

to wells may be anticipated from the taking of any desired 

traction or the daily open flow cape.city. This is beQause 

or the absence of bottom water in the gas wells. 

Regulations Affecting Production 

The Railway Commission of Texas has issued orders through 

the Pampa office which are intended to provide for proper con­

servation of gas in the Amarillo Field by specification of 

gas-oil ratio in eombine.tion oil and gas wells and py prohib­

iting_ blowing of gas to the air except as necessary in dril­

ling in, making open flow measurements and the like. These 

regulations, however, have been ~de ineffeotive by the passage 

iZ"~'ife.v of the so-called.··· .. _ gas act by the Texas Legislatur•• This 
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law permits unrestricted use of gas in the Amarillo Field up 

to 25 per cent of the open flow of wells for manufaot'ure or 

gasoline, carbon black or other commercial uses where a light 

and fuel or pipe-line market is not available. Thia has led 

to a large expansion in gas withdrawn, especially for manu­

facture or gasoline, and, includes a considerable qu~ntity of 

gas taken from the sweet gas area. A large amount of residue 

gas is blown into the air and no revenue is reoeived~hererrom. 

Such gas is available for purchase. 

Acquisition of Leaseholds 

There has been very little activity by the gas pipe 

lines in acquiring additional gas acreage in the Amarillo 

Field during the last four years. Leases were and are now 

available at low bonus cost, but the companies have not en­

larged their holdings and have been generally inactive, ex­

cept in some cases where expiring leases were renewed or ex­

tended. 

A survey was made in July, 1934, for the purpose of de­

termining the distribution of choice sweet gas acreage, with 

the following results. 
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Lease holdings . ..!!! ~ ;ea.rt 2.!. proven sweet .1!!,. ~ 

2!... ~ Amarillo Field, July 31, 1934 

(nearest available data.) 

Gas pipe lines and affiliated 
companies ". 565,960 79.18 per cent -----------~-~--~ acres 

Independ~nt producers and oil 
comJanie s ----~---------~~- 71,980 acres 10.91 per cent 

Unleased ~----------------~"!"••-- 10,740. a.ores 9.89 :per cent 

Total --·----- 714,680 a.ores 99.98 per cent 

The passage or the stripper law in 1933 had no apparent et.feet 

on acquisition of leases or bonuses paid. Thia was due to the 

fa.ct that there were already a large number of' shut-in wells in 

the £ield and a larger numbei- of' eubsisting leases in the proved 

area. already held by operators without pipe"!"line outlet and with 

·little prospect of their being dril,led before their expiration 

date. The greatest expense of stripping is in. plant and gather­

ing system construction, and,·of course, drillin~ of the wells. 

Uncertainties ooncerni~g the. continuation of' 1~.g~l aanotion 

f'or stripping •a.ke the risk too high to enoour•ge new plant 

·. construction, and it is doubtful whether an ino_rease· in strip­

ping will ever be a i'a.ctor ot importance in the gas lease sit-

uation. 
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Company acquiring lease 

Amarillo Oil Company 

Texoma Nat. Gas Company 

Stanley Marsh 

Shell Petroleum 

Texoma Nat. Gas Company 

Lone Star Gas Company 

Phillips Petroleum Co. 

Te.xom.a Nat• Gas Company· · 

Phillips Petroleum Co. 

Texas Company 

Description Price .t!!. 

All of sec. 15 ex. 71 
acres, NW.¼ SE.¼ 17, 

1 . .J,. . W. I aE. 4 18, 839 
acres, Blke s, G. and· 

Acre 

M. Survey $2.38 

SE. ¼ NW. ¼ se.o. 2, Blk. 
4, L. and G. N. 40 
acres 12.50 

N.½ sec. 44, s.½ and NW. 
¼ sec. 46, SE.¼ sec. 45, 
Elk. 4,. I. and G. N. !/ 
N.¼ of SE.¼, s.¼ of NE.¼ 
sec. 22, Blk. 4, I. and 
G. N. 80 acres 

B.½ sw.t, w.½ SE.¼ sec. 
· ~ 1 1 20; NE.4, NW.~, and sw.l 

sec. 25; 75 acres in w.~ 
sec. 21, Blk. 4, I• and 

a.oo 

G. N. 715 acres. 10.00 

NE.¼ sec. 40, Blke 25, 
H. and G. lf • 160 acres 

?•½ sec •. ;.!.4, Blk. B-~, 
ne and G. N. 520 acre·s 

NE.¼, Ne½ S.E•¼ seD• 189, 
Blk. B-2, H. and G. N. 
240 acres 

N.¼ sec. 9, SE.¼ sec. 10, 
Eet sec. 12, Blke 24, H. 
and G. N. 800 a.ores. 

sw.¼ sec. 39, Blk. 17, 
H. and G. N. 160 acres. 

a.oo 

25.00 

6.25 

6.25 

10.00 

7.50 

Map 
desig­
nation 

B 

C 

D 

E 

F 

G 

H 

I 

J 

x· 

L 

"};./ 
Reported there was no cash consideration, the lessee agreeing 
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Texas Company sw.t seo. 59, Blk. 11, 
H. and G. N • 160 acres M 

Texas Company NE.¼ sec. 42, Blk. 17, 
H. and G. N. 160 aores 12.50 N 

Texas Company 

North Texas Utilities 

SW.! sec. 48, Blk. 13, 
H. and Ge N. 160 acres 

~ 

10.00 0 

20.00 p 

5716 acres Weighted average cost per acre (oil and gas righta) 
$9.03 

The tracts above which are designated on the map by letters 

K to P inclusive, in Wheeler County, are recently active in oil 

development and the cons1;deration paid was· largely for the oil 

prospect. The same is true of ~he lease designated H abov.-, 

located in extreme eastern Gray County. 

The voluntary surrender of' numerou·" leases in the sweet 

gas area in Moore County is thought to have an important bear­

ing on the availability of'- leases in this county, and to some 

extent in the entire field. These surrendered leases were in 

some cases near large -gas wells and were very desirable f'rom 

a gas production standpoint, yet the owners voluntarily relin­

quiahed them rather than pay $1.00 per acre annual rental. 

Some of the lease• could .have been held by rental payments un­

til 1940. More than 1,000 acres have been voluntarily re­

leased in the proved sweet gas area o_f Moore County, some by 

the major gas pipe line companies. Many of these leases were· 

acquired during 1929-30 at prices ot $10 to $40 per acre, and 

their voluntary relinquishment at this time is an indication 

of the trend during recent years. 
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Partial~ of Leases Voluntarily Surrendered 

Moore County 

Company 

Canadian River Gas Co.·, 

Gulf Production Company 

Empire Gas and Fuel Co. 

Shamroc~ Oil and Gas Co. 

Shamroik Oil and ~as Co. 

Shamrock Oil and Gas Co. 

Prairie and Texoma 

Description 

sw.¼ sec. 74! N.½ NW.~ sec. 
233, s.½ sw.4 sec. 233, NW. 
¼ sec. 22a, Blk. 44, H. and 
T. c. 

s.½ sec. 12, s.½ sec. 73; 
Blke 44, H. and T. c. 

:J.. .l. J.. E. 2 , N. 2 NW •• sec. 153, N. 
½ E.½ SE.¼ sec. 142, sw.t, 
W.½ SE.¼ sec. 100, sw.¼ 
sec. 10, Blk. 44, H. and 
T. C • 

w.~ sec. 1, s.½ and NE.¼ 
sec. 51, N.½ sec. 100, E. 
½ SW.¼ sec. 228, Blke 44, 
H. and T. Ce R. R. 

sw.¼ sec• Pt w.½ NW.¼ and 
E.½ NE.¼ sec. 1, Blk. 2, 
G. and M. 

N.~ sec. a, J. Poitevent 

Acres 

480 

640 

1200 

1200 

640 

320 

320 

The most important transaction of blocked leases was the 

purchase by. the Phillips Petroleum. Company of the J. L. Williams 

ranch in Hut chin son and Moore counties on pecember 14, 1933. 

This tract is designated on the accompanying map as A, is out­

lined in red, and consists of 6628~ acres. The consideration 

paid for the oil and gas rights, after d'educting the value or 

a producing well, was $11~46 per acre. This tract is located 

near the o 11 fields and 1't, is estimated more than half of the 

consideration pa.id attaches to the oil rights. It is also· in 
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·• 

good gas territory, app:ro'ximately ~wo ... thirds of tp.e tract being 

in the sweet gas area. Three sweet gas wells have been drilled 

within one-half mile of the tract, one having been completed 

with an initial volume of 80 million cubic feet per day. 
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GAS SUPPLIES AVAILABLE TO THE CITIES SERVICE GAS COMPANIES 

IN THE HUG OT ON FIELD 

Development EX~ Cities Service Gas Companies 

_!!:~Hugoton Field 

Leaseholds Acquired by the Companies in t.he Hugoton Field 

The leaseholds acquired by the Companies in the Hugoton 

Field are as follows: 

Texas County, Oklahoma 

Stevens County, Kansas 

Proved 

79,475.4 

7,382.22 

as,ss1,s2 

Probable Total 

18,260 97,735.4 

2,240 9,622.22 

These leases are all in what might be termed proved area, 

the so-called probable acreage being located near the indicated 

border of the field and in areas where the yields are expected 

to be less than average. 

The Cities Service leaseholds in the Hugoton Field are not 

readily available as a reserve as they are 90 miles removed from 

the present Cities Service line to the Amarillo Field. This 

line of 20 inch diameter and a daily capacity of 125 million 

cubic feet has been operating at or near capacity for eighteen 

months. This line has a supply in the Amarillo Field which is 

definitely adequate for a period ot more than twenty years at 

full-line capacity. Therefore, the reserves contained in the 

Companies' 107,357.62 acres in Hugoton are not available to 
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the'i'r markets/ even with th~·· oc>nstl"uctfon of a 90-mile pipe 

line, except in so tar as they w~uld displace the presently 

used supplies at Amarillo. In this light it appears that the 

Hugoton reserves will only be made available to the Companies' 

lines at·Wiohita, Kansas, or Dilworth, Oklahoma, a distance 

o-r-more than 200 miles. 

Development of Companies' Leases in the .Hugoton Field 

The Companies' leases in Hugoton have had no development. 

Some ot the leases are within a mile or producing wells, and 

most of' them a.re in the areas between producing wells, but none 

a.re o.f:f'set to production. No drainage of the leases has been 

effected, nor is any threatened at this time. 
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General Conditions _!!! ~ Hugoton Field Bearing ~ !!:,! 
[ 

Supplies Available ~ !!!:!. Cities Service Companies 

Pres:ent Production Cond.itiona 

Prod11ction from the Hugoton Field now amounts to a.bout 

1,161,000 MCF per m.onth {2-pow:J.d ba.sei), or .a ~.aily a.vera.ge for 

the f'irst six months of 193~ amounting,.\o 40,:164 M9F per day • 

1928 

1929 

1930 

1931 

1932 

1933 

1934• 

* Six 

. Prod'llCtion 2!.. !!:.!. ~ Husoton. Field, Kansas 

~ Oklahoma., ~ MCF (2-i>ound base). 

Cim.,rron Argus-Western Panha.n.d le , 

65,187 

174,593 

228,596-,. 751,570 

249, SfH 2,430,577 l,843., 763 

243,384 1,a12,sos 2,713,319 

173,367 12,os2,240 3,946,501 

84,604 5,168,924 1,976,299 

203,902 

341,766 

347,412 

183,540 

1,219,615 27,474;246 11,237,452 1,01s,s20 

months. 

At the present time there are 151 wells in the field, ot 

which number 14 a.re not connected to pipe lines. All of the 

gas produced i.s transported by- pipe lines for use as f'uel in 

nearby cities and in pa.rt in distant cities through the lines 

of the Panhandle Eastern and Nox-the rn Gas com.panie s • The re are 

no carbon black plants or gasoline stripping plants in the 
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field, although a permit has been issued by the Okl~homa Corp­

oration Commission for construction of a carbon black. plant 

near Guymon, Oklahoma. The Argus Gas Company, with which the 

Western ~roduoti on Company is now merged, a subsidiary of the 

Northern Gas and Pipe Line Company, has 90 wells in the 

f'ield. The .Texas Interstate Pipe Line Company, a subsidiary 

of the Panhandle Eastern Pipe Line Company, has 35 wells, of 

which 13 fu.rnish gas in the Argus pipe lines• Three wells 

in the northern pa.rt of the field furnish gas for a line to 

Le.mar, Colorado, and tour wells are connected to a line of the 

· Liberal Pipe Line Collpany which supplies Liberal, Kansas. 

It is ei3timat.ed that 1,833,000 MCF of gas has been with­

drawn f'ro;in the Hugoton Field for use a.a fuel during drilling 

or wells and b.lown to the air during drilling in of wells. 
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• Change of Outline in ~roven Gas Area in Hugoton Field 

There has been only one important change in the indicated 

producing area at Hugoton since the first hearing in 1931. 

This change is due to the completion of a gas well in the 

1 . 
center of the SW. 4 sec. 16, T. 25 s., R. 34 w., in December, 

1932. This well, known as Brown No. 1, had an initial open 

flow of Q½ million cubic feet and the producing horizon and 

pressure were the same a.sin wells in the Hugoton Field. This 

new well is 12 miles southwest of Gacden City and about 32 

miles north of the nearest producing well in the Hugoton 

Field, the Trees et al. No. 1 Warner in the cent·er of t-he 

.l. . 
SE. 4 sec. 29, T. 30 s., R. 34 w., in the southwestern part 

of Haskell County. 

The Brown well in Finney Count·y is considered as extend­

ing the Hugoton Field approximately 30 miles to the northeast, 

and thus enlarging the proved area by approximately 12 town­

ships or 276,480 acres. 
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Estimated Reserve of the Hugoton.Field 

The developme~t ot the Hugoton Field is yet too little 

advanced to give data necessary for reliable estimates of re­

serves. Drilling and prod~otion up to the present time are 

concentrated in a relatively small part of' the field, and the 

records on this development contain inaccuracies and are incom­

plete. It is certain that the area that will yield commercial 

gas wells is vastly greater than the area now partly developed, 

but there is room tor much doubt as to exact location of the 

boundaries of gas-pr~ductive territory. Est1mates of reserves 

are necessarily based in large pa.rt on conclusions as to the quan­

tity of' gas-prod_uctive acreage. Hence, the ind:efiniteness of' 

the outlines or the field introduces corresponding possible 

variation in estimates or reserves. 

Reservoir volume method. The method of estimating re­

serves that bases computation on fig~res f'or volume of the 

underground gas reservoir and on measured mean rock pressures 

is little more than a soientif'ic guess because it is impossible 

to secure satisfactory reUiable data concerning the thickness 

and porosity of the reservoir throughout the field, or for that 

matter, even in part of' the field. T~is method has been em­

ployed by us and by others, however. Using 45 feet as etsi­

mated average thickness of the pay and a mean porosity of 20 

per cent, we made an estimate in 1951 (Report to Kansas Corp­

oration Commission) showing 10,859•508 MCF per acre original 

reserve in the Hugoton field, computed on a 2-pound base. At 
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that time the proved area was regarded as containing 651,000 
• ' I 

acres, and accordingly a total original reserve of 7,069,539,708 

MCF was derived for the field. This may be compared with the 

estimate of Cotner and Crum (Am. Assoc. Petroleum Geologists, 

Bull., vol. 17, P• 903, 1933), who use factors of 50 feet for 

average thickness of pay and 12 per cent for porosity and esti­

mate a reserve of a,ooo MCF per acre. For the area of 388,000 

acres that is regarded by them as proved, this gives an original 

reserve of s,124,000,000 McF, and for an additional 678,000 acres 

classed as probable gas-bearing territory thia acre-yield figure 

would indicate 5,424,000,000 UCF, making a total of a,548,000,000 

:MCF. Although these estimates are roughly accordant, they are 

not at all satistactory. 

Production-Pressure Decline Method. The method of calou-

la.ting reserves by plotting production ot gas against decline 

in rock press~re is much more accurate than the ~ethod of attempt­

ing to determine the voluae of the gas reservoir. Effort to 

apply th• produoti~n-preisure decline ~etho4 to the H~goton 
'/ 

Field encounters chiet difficulty in the lack of reliable 

reoord·s of original rock p·~~ssures, and determination of de­

cline in rock pressure properly weighted acco~ding to area. 

Total recorded production, also, amounts to less than 39,000,000 

MCF and this with added estimated quantity of 1,833,000 MCF 

blown to air is an insufficient amount to determine satisfac­

torily the pitch of the decline curve. Three calculations 

that were made give results as follows .. 



(l) E!~!~ ~!!~~!!~!~1.!• The ox-iginalx-ock pressure was 

assumed to be 440 pounds, as com:rnonl:-7 accepted for this tield. 
. . 

Ten out of 35 wells drillid byithe Texas Interst•te Pipe Line 

Company he.ve reported initial rock pressures of 440 pounds, 

the other 25 wells having lower reported initial pressures. 

The h~ghest initial l"Ock pressure of 90 wells dx-il"led by the 

A.rg·us Pipe Line Company is 458 pounds, and this· pressure is re­

corded in only t'wo wells. A weighted average rock pressure as 

or June, 1934, was dete:rlliined :for the developed part of the 

.field near Hugoton, compr.ising an outlined area of 249,600 

acres. In making this determination pressures were contoured 

on the basis of ·a gradient or 10 pounds per mile increasing out­

ward from ,rel ls ( see map). This preaJture gradient is based on 

the observed rate· of' ,pressure change between the Trees well in 

the NW. ¼ sec. 2, T. 35 s., R. 39 _w., :W:hich hae been shut in 

since completion, and a neighboring well a mile to the south, 
. . 

produced at an average rate. Pressures 011 both wells wel"e 

available. The indicated pressure cone gradients seem conserva­

tive end in e.n area_ of a:uch widely s oattered wells and limited 

production it i: s re.a.son ably certain that territory with prac­

tically. virgin pressures lie between some of the producing 

wells. The weighted average rook pre,sur• for June 30, 1934, 

thus determined for 249,600 acres of the Hugoton !ield is 431.66 

pound1t. This figure subtracted from 440 pou;p,ds indicates an 

average pressure loss of 8.34 pounds. Total withdrawals of gas 

in this area, 40,544,698_MCF, divided by 8.34 indicates a pro­

duction of 4,859,726 MCF per pound of pressure decline. Dividing 
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• 

the la.st figure by 249,600 and multiplying by 440 indicates a.n 

original reaerve per acre or 8,566,800 cu. rt. (2-pound base). 

Converting this figure to 8-ounce base, the indicated acre re­

serve is 9,429,230 cu. rt. The per acre reserve to an a.bandon­

ment pressure of 25 pounds amounts to a,893,478 cu. ft. (8•ounoe 

base}. 

) 

itial rock pressure.of' 90 wells of the Argus Pipe Line Company 

is 430.87 pounds, a 111ea.n or the pressures on these wells measured 

by engineers for Brokaw, Dixon, Garner and McKee. in November, 

1931, is 437.4 pounds. An average of the initial rock pr.essure 

of' 35 -wells of' the Texas Interstate Pipe Line Company is 436.5. 

Making calculations as in the first case, but using an assumed 

initial rock pres sure of' 438 poun,ds, the indi o ated original re­

serve per -ore in this ~art ot the Hugoton Field is 10,?80 

MC.F (2-pound base). 

the figur~ tor the original rook pressure gives the computed 

original reserve of 13,263 MCF per acre (2-pound base). 

The first ot the calculations reported is the most con­

servative, but it i.s not, as a consequence, more reliable. If'· 

this figure is used the following tabulation of estimated re­

serves in the Hugoton Field is obtained • 
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Estimated Original Reeerves !!:, ~ Hugoton Field 

Proved 

Kansae 981,120 acres------••---- s,725,569,135 MCF 

Oklahoma 302,oao acres------------ 2,686,541,834 MCF 

Total --------11,412,110,969 MCF 

Probable 

Kansas 275,000 acres-----------• 1,222,853,225 MCF 

Oklaho•a 496,640 acres------------ 2,220,842,845 MCF 

Total-------- 3,443,696,070 MCF 

Total------------------~-------~----• 14,855,807,030 MCF 

Many geologists regard ~he territory lying between the 

southern part of the Hugoton Field. m d the northwestern ex­

tremity of the Amarillo Field, as now outlined, as probable 

gas-producing territ.ory. This area is structurally high and 

the geologic con'di,.tions are similar to those in the Hugoton 

Field. The recent drilling or a 100-million cubic foot gas well 

by the Phillips Company (SE. core sec. 179, Blk. 3 T, T and No 

RR) in northeastern Moor.e County near the northwest border or 

the Amarillo Field "boundary" strengthens this oonolusiou. If 

an area of 628,679 acres in Texas between the Amarillo and 

Hugoton fields, here classed as probable gas-producing terri­

tory, is calculated to have an acre-yield of a,sss.e MCF, this 

amounts to 5,385,767,257 MCF • 
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9. Map of developed part of the Hugoton gas 

field showing rock pressures, June, 1934. ( P..n f"c4.,.),~) 

81 



Price of Gas in the Hugoton Field 

The prevailing price for gas in the Hugoton Field is 5 

cents per Mat the well, 2 pound base, 60° F., assuming 14.4 

pounds as atmospheric pressure. This price is based on the 

paym_erits for royalty gas by -Argus Gas Company and Te:x:as Inter­

state. These companies produce over 95 per cent of the gas 

now taken from the field. 

Per Cent of Open Flow Safely Taken 

The Argus Gas Company owns 90 wells in the Hugoton Field 

and their wells are all opened into the line and produce accord­

ing to their ability ~o put gas into the line against the work­

ing pressure. However, the company has made tests on various 

wells from which they conclude that any volume up to 100 per 

cent of capacity can safely be ta..k.en from Hugoton wells with­

out danger of coning water or otherwise damaging the well. 

Regulations Affecting Production 

There are no regulations affecting the produotio~ of 

gas from Hugoton wells at this time. 
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Acquisition of Leaseholds 

The Cities Seririoe Gas Companies have recently been active 

in the a.oquis iti on of leaseholds :in the Texas County, Oklahoma., 

portion of the Hµgoton Field. The terms of these leases will 

permit the company to validate or perpetuate leaseholds under 
. 

nine sections with the drilling of one well. No other. i:mpor-

pa.nt lease acquisitions have taken place in this portion of the 

Hugoton Field. 

In the northeastern part of the Hugoton Field a. block of 

35,000 to 40,t,00 acres has recently been acquired by individuals 

from Pittsburgh, Pennsylvania (leases taken in the name of Alden 

w. Foster). The o.onsidera.tion paid to the landowners was $60 

per quarter seet.!<>n· or 37¼ cents per acre. This bl0,ok is re­

ported to cover a~ •rea including parts of Stevens, Seward, 

Haskell and GrfU1t•9ounties, Kansas. 

The supply or·~roved leases in the Hugoton Field exceeds 

the· demand 'by so· wiae a margin that the proved. area is more than 

· half open or unleased. The Argus Gas Company a.lone has sur­

rendered lease,s. on 575,000 acres, most of it in the proved 

area. They ba.ve retained a.bout 75,000 acres, on which they 

now have. 90 producing wells. 

With more than half or the proved acreage open and with 

no active demand for leases, it is possible to secure leases 

in almost any part o.f the field for 50 cents per a.ere, with 

a similar annual reij~a.l paym•nt. 
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GAS SUPPLIES AVAILABLE TO THE CITIES SERVICE GAS COMPANIES 

FROM FIELDS IN KANSAS, OKLAHOMA, A.ND MISSOURI (EXCEPT HUGOTON) 

Wells Drilled .EX Cities Service~ ComEanies 

The Cities Service Gas Companies have drilled no wells 

on their leases in Kansas, Oklahoma, and Missouri during the 

period from June, 1931, to June, 1934. 

Production 2.!_ Gas from Companies' Wells 

Production from Cities Service Gas Companies' wells in 

·Kansas, Oklahoma, and Missouri f'or the twelve-month periods 

ending as shown are here tabulated. 

Production in MCF, a-ounce base 

. June 2 1931 June 1 1932 June 2 1933 June 2 1934 Totals 

Oklahoma. 2,019,456 l,4sa,~36 1,414,417 990,123 s,922,as2 

Kansas 1,045,974 724,109 602,595 636,182 3,ooa,aso 

Missouri 92148 72475 lz092 17 2715 

3,134,578 2,110,420 2,01a,104 1,626,305 a,949,407 

During the last three years the rate of withdrawal from the 

Companies' wells in Kansas, Oklahoma, and Missouri has been re• 

duced by one-half, while during this period the rate of with­

drawal from the Companies' Amarillo wells has been increased 

by one-third. The producing wells in Missouri have been abandoned, 

and all leaseholds in Missouri have been relinquished. 
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~ !!2! .£.!. Companies' Wells ~ Kansas and Oklahoma 

The open flow of the Companies' wells in Kansas and Okla­

homa on June 30, 1934, is reported as 259,131,000 cu. rt. per 

day (2-pound base) f'rom 86 wells. In July, 1931, the open 

flow of these wells (including Missouri) totalled 2sa,as1,ooo 

cu. ft. per day from 136 wells. It is therefore noted that, 

although no new wells have been drilled, the open flow on 

June so, 1934, from the Companies' producing wells outside 

of Amarillo is slightly more than from the same wells on 

June 30 7 1931, though 50 more wells were producing at the 

earlier date. This unusual condition can only b\, explained 

by the fact that withdrawals have been diminished to a point 

where the pressure and open flow in the wells are gradually 

building up, probably due to a.dvan.9e of. edge water in the pro­

ducing horizons. 

!!!.!, !!_!: ~ 2!. Open Fl?w Safely Taken 

The per cent of open flow safely taken from wells owned 

by the Cities Service Gas Companies in Kansas and Oklahoma is 

generally considered from 20 to 25 per cent. Using 25 per cent, 

the withdrawal available from the Companies' 86 wells in Kansas 

and Oklahoma is 71,304 MCF daily. 
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Estimated Future Supplies 

Reserves from the Companies' operated leaseholds in 

Kansas and Oklahoma are relatively unimportant, and their 

possibilities for future development practically exhausted. 

The reserves in these leases were calculated as 33,424,000 

MCF (8-ounce base) on July 1, 1931. Since then 5,819,529 MCF 

have been withdrawn. The present reserves are estimated as 

the difference between these amounts, or 27,604,500 MCF. 
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