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Introductory Note

This report contains data prepared at the request
of the Kansas Corporation Commission and covers part of
an extended investigation of the leaseholds and gas

supplies available to the Cities Service Gas Companies.

Raymond C. HMoore
State Geologisty

December 15, 1934.



CONTENTS

Paze
Gas Supplies Available to the Cities Service Gas Compenies -~1

Summary of gas available from Company leases and purchase

contracts =-w-==meowo-o—-- s e o e e o -1
Gas available from Company leases =-==mmo-ww-ceoc—-oc- - 4
Proved operated acreage =-=-==== e ———————— —mmem= 5

- Unoperated acreage =—=w=w-- e e —————— wem= 15

Gas avallable from purchase contracts =-—=mcwccovcwc—- - 23

Gas Supplies Aveilable to the Cities Service Gas Companies
in the Amarillo Field ~wvw-ccwceaa et m e - ———— 29
Production of the Cities Service Gas Companies in the
Amarillo Field ==mevccmeccemomccncccce e - - - 29
Open flow of company wells in the Amarillo Field =-=-- 30
Decline in rock pressure with comparison of pro=-
duction and estimate of future yield -ww-w=a- - ——— 31
General conditions in the Amarillo Field bearing on
gas supplies available to the Cities Service Gas
Companies =wmuccm—ca-a - e = i e o = o o e = 37
Present production conditions =-c-emmcomcmecvmuaa 37
Swedt proven area and present outline of the
producing area in the Amarillo Field eww=~w-wwen- 45
Estimated reserve of the Amarillo Field =w-w-=w= - 48
Estimated life of the Amarillo Field ~=w-r-w-- --- 59

The price of gas in the Amarillo Field ~--==-- —eww-= 63



Per cent of open flow that may be

safely taken =ww-ww-mw--- - —— -
Regulations affecting production =~-w—-eww-
Acguisition of leaseholds =~wevremecme—cw- -

Gas Supplies Available to the Cities Service Gas

Companies in the Hugoton Field eewecem-ceccencanan- -
Development by the Cities Service Gas Companies
in the Hugoton Field --m-cm-cccmuccrmrenmmnan

Leaseholds acquired by the Companies in
the Hupgoton Field ==~cvuca-cecwwm-o -

Development of Companies' leases in the
Hugoton Field -wemwemccceccccmccncnnn—-
General donditions in the Hugoton Field bearing

on gas supplies available to the Cities Ser=-
vice CoOmMpPanies =wecemccacrcuccemmmencacmnee-—"
Present production conditions =eweweweccea-wca

Change of outline in proven gas area in

Hugoton Field m=mmemcoacemmcmccmmecancmne= -
Estimated reserve of the Hugoton Field ---
Price of gas in the Hugoton Field =wwewwm-- -

Per cent of open flow that may be safely
takon eeccmmcam e mm e c e - ——— -
Regulations affecting production =w-www==w=

Acquisition of leaseholds ==wwewwa-- -

64

64

65

71

71

71

72

73

73

75

76

82



Gas Supplies Available to the Cities Service Gas

Compenies from Fields in Kansas, Oklahoma, and

Missouri (Except Hugoton) me-=--= - ————
Wells drilled by Cities Service Gas Companies
Production of gas from Companies' wells wwww--

Open flow of Comppnies! wells in Kansas and

Page

84

84



1.

2.

e

5

6

7

8e

e

Graphs and Maps

Graph showing composite Cumulative Production-Pressure
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(in pocket).
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January, 1932, to June, 1934 (in pocket).

Graph showing estimated gas reserves of the Amarillo Field
based on Cumulative Preduction-Pressure Decline data.

Graph showing estimated life of the Amarillo Field.

Map of developed part of the Hugoton gis field showing

rock pressures, June, 1934,



Averege daily requirement of gas (8-ounce base)

for years ending June 30

1930 ==c-mmmmome 186,294 MCF
1981 =mmmcmcmen- 169,389 MCF
1932 mmmcmemm——- 133,681 MCF
1835 m-mcm-memm- 133,272 MCF
1934 =—ecmmmmmnn 148,684 MCF
Average «-=-ec-w- 154,264 MCF

A summery of the leaseholds of the Cities Service Gas
Companies and of estimated reserves as of June 30, 1934,

followse



Summary of Leaseholds of the Cities Service Gas Companies

with statement of estimated reserves as of June 30, 1934,
in MCF (8-ounce base)
Kansas Oklahoma
(except (except Hugoton Texas Total
Hugoton) Hugoton ) field
(1) Proved operated 6,828, 3,373.,33 22,220.5 32,430483
acreage
(2) Proved unoper=- a
ated acreage N — 86,857,462 80,829.75 167,687437
(3) Probable acre-
age —_— — 20,4500, 2,396, 22,896,
(4) Prospective b,
acreage 516,481.53 256,987.46 74752475 783,455.7Z
t
Totals 623,309453 260,360.79 107,357.62 113,208, 1,Q06,469.94~
(1) Estimated re-
serves proved
operated acreage | 10,546,000 13,068,000 579,904,913 603,518,913
(2) Estimated re-
serves proved un= d/
operated acreage 772,469,712 12,492,066,286 {5,264,535,998
(3) Estinated re-
serves probable
acreage ———— [ 91,168,149 41,075,686 132,233,835
Totals 10,546,000 13,068,000 863,627,86113,113,046,885 4,000,2838,746

E7 Includes 8149 acres in "sour gas" proved area,

b/

g

Includes 2,234 acres in lMissouri.
include 2,673406 acres "dead and unused".

Does n °
_ .

Amarillo field,

ty



Gas Available from Company Leases

The acreage covered by leases of the Gities Service Cas

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 "sour 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
leases Included in this class but not to be regarded as a
source of supply for pipe-line gas without special £reating 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 screage, 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 from Company

Leases and Purchase Contracté

The following table shows totels of estimated gas available
daily from Compeny leases and purchase contracts, as of June 30,

1934

Summary of Gas Available Daily to the Cities Service

Gas Companies (8~ounce base)

State Gas available daily, MCF
Company leases Purchase contracts Total
fissouri — 151,43 151.3
Kanses 13,889 130,768.2 144,657.2
Oklahonsa 574415 361,695.8 419,110,8
Texas 310,361 — 310,361,
381,665 492,6154,3 874428043

The peak load for the Companies' distributing system for a
24-hour period in the year ending June 30, 1934, is reported to
be 336,600 MCF (8-ounce base), on Feb. 26, 1934, The average
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.



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 §perated. The quan=

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

Summery of Gas Aveilable from Operated Acreage

Produc=-] Acres Total Gas avail- | Estimated re-

State Operated ing per |open flow| able daily serves
acreage | yolls | well | M,C.F. MeCoF, | June 30,1934

M.CoFe

Missouri —— — e —

Kansas 6,828 56 121.9 55,557 15,889 10,546,000
Oklehoma 3,373.33 30 112.4 229,661 57,415 13,068,000
Texas 22,229.5 | 63 352.8 |1,241,447 | 310,361 | 579,904,913
Total |32,430.83 |149 217.7 |1,526,665| 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 acrease 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.CeF. 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.CeFe This figure for estimated reserves of




developed leaseholds of the Companies in the Amarillo Fiéld is
much smaller then 2,217,706,064 MeC.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
évepage acre-yield figures for the field as a whole father than
that for certain more productive parts of the field have been
used in making this estimate of the reserves of Cities Service
operated sacreage. 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
iﬁdicates that the Cities Service operated acreage in the Amarillo
field is above the average in estimated reserves per acre. The
figure for reserves as indicatéd 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 of the Cities Service Gas Companies, with State~

ment 3£ Total Production and Estimated Reserves Bz

Fields on June 30, 1934 (8-ounce base).

Abandon4 Estimated | Production|Estimated
Proved ment total to June 30, reserve
Field LLease numbers operated| pressurq reserve 1934 June 30, Notes
acreage 1lbs. MeCoFeo MeCoFo 1934, M.CJH
KANSAS -
Butler County
Augusta 945, 1153, 947,
1145, 1621, and
3583, 926 40 32,492,475 181,792,475 700,000
El Dorado 1903, 1716, 2095, ‘Lease Nos. in
1749, 1974, 1992, parentheses, total
1993, 1996, (171 ling 1845 acres,
1760, 1754, 1758, ' are also listed as
2081 and 1755) 4,285 40 19,359,018 |17,359,018]2,000,000 | storage leases.
Cowley County
Cambridge 14774 10 150 401,814 341,814 60,000
Chase County
Elmdele 15684 and 15688 320 40 597,396 547,396 50,000 | Wells No. 5 and 7
: on lease 15684 now
practically dead.
Chautauqua 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 86,083 170,000
Franklin County
Pomona 15263 244 25 102,305 86,305 16,000




-2-
Abandon=-{ Estimated | Productionj Estimated
Proved ment total to June 30} reserve
Field Lease numbers operated {pressure reserve 1934 June 30, Notes
acreage leQ I\E_'C.F' M:_LCLFQ 934’ M!Q‘F._
Marion County ‘
Marion 15765 80 200 1,298,368 498,368 800,000
Reno County , ]
Haury 20180 120 300 4,631,205 881,205 3,760,000
Johnson County
Craig 19867 and 19564 160
Total Kenssas 6,828 74,082,304 |63,536,304 | 10,546,000
OKLAHOMA
Osage County
Osage 13%05 2,480 40 19,559,261 14,659,261 4,900,000
Creek County
Depew 15760 80 100 10,998,029} 9,113,029 1,885,000
Grady County
Chickasha 14042 40 80 431,533 351,533 80,000
Hughes County
Veager 16875 53433 200 1,758,775} 1,458,775 300,000
Misce 15769 40 100 1,298,219 868,219 430,000
Kay County
Dilworth 13960, 13963, ,
13966, and 2394 560 40 33,897,041130,297,041 3,600,000
Noble County .
Perry 16825 80 100 2,298,860 438,860 1,860,000
Nowata County
Nowata . 19260 40 25 264427 13,427 13,000
Total Oklahoma 34373433 70,268,145157,200,145} 13,068,000

[
¢
N
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Abandon+ Estimated Production | Estimated
L b Proved ment total to June 30,| reserve Notes
Field ease numbers operated pressurel] reserve 1934 .June 30,
acreage lbs. MeCoFo MeCoeFe [1934, MeCeFo
TEXAS
Gray and Carson
Counties
Amarillo (See table show=
ing developed’
leases in Amsari
Pield) 22422945 25 765,627,621 |182,293,93]579,904,913
Total Kansas, _
Oklehoma, and Texafs 32,430483 909,978,070 | 303,030,385603,518,913




In the Amarillo field only certain parts of some leases
are here classified as "proved operated acreage®™, The acreage
between Company wells less thanva mile apart is divided equally
between the wells according to distence. The classification
of proved operated sacreage in this field is indicated by leases

in the following table,

Proved operated acreage in the Amarillo Field, by leases,

showing portions of certain leases clessed

as proved unoperated

Proved Proved Total
Lease operated| unoperate lease Noe. Well
acreage acreage | acreage| wells| numbers
' 4 5,
6822-Burnett Est. |11,095 | 51,985> | 63,880~] 20 |1a to leainc.;
16a to 19a ince;
2la, 222, 25a,
26ea, 27a, 29a.
7323~Burnett Est. 160 160 320 1 13
6823~Burnett Est, 520 400 920 1 11
6835-Burnett Est. 360 1,000 1,360 1 12
7610-Burnett Est., 640 1,920 2,560 1 14
7611-Burnett Est. 240 1,040 1,280 1 15
768l1-Burnett Est. 160 160 320 1 24
7053-Fields (% Int.) 360 280 640 1 1
7754-G. W. Deahl 560 7,920 8,480 2 1, 2
‘ c
7753~Fuqua 2,560 1,940 5,780 4 1, 2, 3, 4

&/ Includes 320 acres "sour gas" acreage
E/ Includes 320 acres probable and 480 acres prospective

o/

Includes 14280 acres prospective

1



Proved Proved Total
Lease opereted| unoperated lease Nos Well
acreage acreage acreage wells‘numbers
7755-C+. Ees Deahl 1,400 680 2,080 3 1, 2, 3
7914-Bennett 240 735 975 1 1
7846-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~Noel 160 160 1 1
7130-Crutechfield 166 160 1 1
7916-Poling 162.5 ‘&62.5 1 1
7220-Pope 160 160 1 1
7221~-Sheridean 160 160‘ 1 1
7066-Hexter 320 320 2 1, 2
7l44~Barrett 160 160 1
7080~Dover 160 160 1 1A
7321=-Brown 160 160 1 1
8049-longole 160 160 1 1
7142-Case 160 160 1 1
7103-Bell 160 160 1 1
6420-Meers 120 120 1 1
2666~Hughey 160 160 1 1
7219~Holmes 160 160 1 1
2639=Cobd 132 132 1 1
6360-Wall 160 160 1 1
6361-Weall 160 160 1 2
22,229,5] 684220 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
feéture here indicated is the reported increase of average rock
pressure and of open flow in certain fieldse. This is interpreted
to be dug to withdrawel 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 ine
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 dnd 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 E1l Dorado Field in the period from 1824 to 1934, the

average rock pressure in this field was 27 pounds higher in

1934 thean in 1924,



Summary of Rock Pressu}es and Open Flow of Wells

of the Cities Service Gas Companies, by Fields

€6=-30=-31 6=30=-34

Field County Total iTotal

Noe. Average open Noe Averag open
wells | pressure flow ||wells|pressur flow _.

KANSAS lbs. MeCoFe lbse | MeCuFo
Augusta, Butler 15 88 955 12 80 884
ElDorado, Butler 30 106 3,165 25 100.4 3,768
Cembridge, Cowley 1 230 559 1 241 550
Lips, Chase 4 134 217 3 67 324
Chautauqua Co,. 8 319 4,096 6 268 2,523
Shrader, Elk 3 490 5,263 3 494 6,337
Pomona, Franklin 2 130 1,034 1 118 1,140
Centropolis, " 2 378 ? 2 403 5,754
Marion County 2 780 4,432 2 630 2,696
Haury, Reno 1 1,195 24,290 1 1,045 26,500
Total Kensas 68 44,011 || s6 | 50,476

OKLAHOMA

Meter No0.205,0sage 8 597 39,250 7 203 84294
Meter Noe207,0sage 3 725 2,916 2 30745 587
Depew, Creek 3 498 92,500 3 415 119,500
Dilworth, Kay 12 233 18,488 11 234 9,141
Chickasha, Grady 1 510 2,724 1 170 2,724
Perry, Noble 2 1,272 31,700 2 1,120 47,100
Noweta County 2 100 2 100 150
Misce., Hughes 450 4,159 1 450 4,159
Yeager, Hughes 2 667 36,000 1 500 17,000
Total Oklahoma | 33 237,832 30 208,655

&



-2

6=30-31 6~30=-34
Field County No. Average| Total No. Average Total
wells| pressure open welld pressure open
flow : flow
LEXAS
Amerillo Field 60 401 1,536,625 63 376 1,127,900
Total, Kansas,
Oklakoma and :
Texas 161 1,808,468 149 1,387,031

14



Drilling operations since September 1, 193l.--According

to records furnished by the Companies only three gas wells have
been added to the inventory since September 1, 1931l. These
are the Hughey No. 1, Poling Nos 1 and the Fields No. 1, all
in the Amarillo Field, Texase. One-half interest in the Fields
Noe 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 acreages 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>unoper&ted
acreage of the Cities Service Gas Companies with statement of

estimated reserves.



Unoperated Acregge of the Cities Service Gas Companies

e i et i

as of June

30, 1934, showing Estimated Reserves

1ICF (8-ounce base)

) Prob=-
Froved able Prospec- Total un=
State unoperated Estimated acre~ Estimated tive operated Total estimated
acreage reserves ace reserves acreage acreage reserves
&/
lansas —_— _— —— |516,481.53] 516,431.53
a ‘
Oklehona N — — |256,987,46] 256,987,446
Hugoton I
(Kensas
and
Oklehoma)} 86,857.62/ 772,469,712/20,500 91,158,149 1074357462 863,627,861
1 2] : ,
Texas 80,829.75 |2,492,066,286| 2,396 41,075,686 7,752475 904978450 2,533,141,972
Missouri —m — R 24234, 2,234
Totals 167,687.37 |3,264,555,998) 22,896 132,233,835/783,455.74 974,039,.11 34396,769,833
—e 5 N
8/ ExXcept Hugocod

l/Includes 84149 acres in "sour gas"” proved area, .marillo Field

E/Does not include reserves from 8,149 acres "sour gas".

| ¢



No acreage belonging to the Companies in Kansas end 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 8,893,478 cues 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 cue fts per acre, figured similarlye.

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=-
veioped.v A small amount of acreage along the south edge of the
"proven sweet gas area" is classed 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 Fiéld. The original per acre feserve,
figured on an 8=-ounce base to abandonment pressure of 25 pounds,
is estimated to be 34,287,727 MeCoeFe for proved acreage and
17,143,859 M.CoF, 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.

1



Classification of Unoperated Acreage of Cities Service

Gas Companies in the Amarillo Field

Lease Nos Proved Probable | Prospective Total
(Sweet) (Sour)
Moore County :
8024 520 520
8073 320 320
8177 320 320
7981 160 160
8149 160 160
7971 240 240
7982 80 80 160
6901 100 60 160
8168 640 646
6778 160 160
6516 60 100 160
6882 160 160
6852 160 160
6888 160 160
7337 80 80
6812 80 80
6850 160 160
6893 160 160
Hutchinson Co.
368 320 320
6445 40 40
6450 40 40




2=

Lease No. Proved Probable { Prospective Total
(Sweet) (sour)
Hutehinson Co.
874 280 280
7934 320 320
Gray County
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 180 160
8305 320 320
6418 120 120
6402 80 80
6369 80 80
6385 40 40
8779 48 48




Lease Noe Proyed Probable Prospective] Total
(Sweet) (Sour)
Gray County
2575 160 480 640
8420 160 150
2586 160 160
7271 240 240
8178 320 320
| 8183 160 180
8189 160 160
8191 160 160
8215 160 160
8195 80 86
Car:iEGCountX 160 160
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 3201
7015 160 160
7067 80 80 160
6984 160 160
6965 160, 3133 475.5
7065 116 116
7017 160 160

20



-de-

Lease Nos Proved Probable Prospective Total
(Sweet) (Sour)
Earson County '

8800 80 80
8797 40 40 80
8789 80 80
7081 640 640
8418 352.7p 352475
9260 320 320
17014A-C 720 160 880
6419 320 320
6425 80 80
6822 51,665 320 320 480 52,785
7323 160 160
6823A-B 400 400
6835 1,000 1,000
7610 1,920 2,920
7611 1,040 1,040
7681 160 160
7754 74920 7,920
7753 1,940 ' 1,280 3,220
7755 680 680
7914 735 735
7053 280 280
7881 240 240
7015 160 \ 160
7081 640 640
7870 1,120 1,120

21
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Lease Noe

Proved

Probabhle { Prospective Total
(sweet) - (Sour)
Carson County
8433 320 320
8737 160 160
8738 320 320
73,800,75 8,140 1,836 7,593,3 91,370,056




Gas Aveilable from Purchase Contracts

The folléwing tabulation‘;hows in summeries by states and
fields data on 'gas purchase cont¥ac%s, iﬁdicating total open
flow of wells and estimating as available daily supply one-fourth
of the amount of the opeﬁ flows The figures for pwchase con-
tract Noe 8217 with the Panhandle Eastern Pipeline Company are
not included in the totals because this calls for pursghase of ex~
cess merchantable gas from various fields where gas is gathered
and distributed 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 ocontracte In any case, this only

amounts to 250 MCF daily estimated available delivery.

Summarz of Gas Available from Purchase Contracts (2-pound base)

Amount of gas
Stete Producing | Acreage Total open available daily,
wells flow, IMCF MCF
Missouri 8 80 550 13745.
Kensas 470 | 45,450 475,233 118,808,3
Oklahome 2217 700,060 | 1,313,910 328,47644
Total 605 745,590 | 1,789,693 447,42442

Additional available gas from gesoline 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.

23



Gas Available

from Purchase Contracts

Amount of

Total open gas avail-
Acres |[Wells Rock flow able daily,
pressure MCF MCF
Kansas
Butler Co. 120 3 110 3,287 82147
Wilson Co. 1,000 15 PLD 601 150,2
200 5 PLD 250 6245
Anderson Cos
Welda field 1,880 40 264 4,631\ 1,159.2
Chautauqua Coe.
Berlin field 2,080 24 158 8,054 2,013.5
Cowley Co. ,
New Salem 1,760 14 107 806 20145
West Burden 240 3 318 1,469 36742
Wyandotte Co.
Feirfax 200 10 PLD 500 125
Bethel 10,626 | 114 80 13,932 34483
Welborn 1,056 5 72 286 7le5
Bonner Springd 1,270 | 4 110 108 27
Douglas Co, 40 1 138 512 128
Neosho Cos 1,800 10 PLD 1,153 288,2
Elk g
Denton 880 11 93 1,704 426
Elco 1,360 15 170 4,228 1,054
Heck 240 n 2 ? 269 67.2
Franklin Coe o i
S. Ottawa 5,338 48 687 1,492 373
Pomona 520 1 160 1,160 290
Gardner 5,000%| 469« PLD 21,300% 5,3205%
Labette Co, 3,000 33 PLD 2,933 73342
3,600 48 74,299 1,82447
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‘ Total open gﬁzugzagi-
Acres Wells Eo:k J gé;w eble daily,
pressur MGF
Montgomery 1,000 20 PLD 1,569 392,2
Reno 2,000 20 PLD 62,000 15,500
Burrton 5,120 17 1,065 368,727 88,431.7
Sumner '
Padgett 160 1 325 2,382 595.,58
Chase
Lips 480 5 82 524 131
farion 80 11 820" 363 90,7
45,450 470 475,233 | 118,807.7
Missouri
Jackson Co,. 3,000# 20% PLD 1,000% 280%
Jackson Coe 80 8 PLD 550 13745
Oklahoma
Craig and Nowatl 10,000 12 45 750 187,.5
Creek :
Depew 460 9 404 112,500 284125
Garfield
Garber 160 311,500 80,000 20,000
Hughes
Yeager 240 2 6856 40,700 104175
Logan
Lovell 80 111,360 6,480 1,620
Crescent 160 112,475 27,4900 64975
Kay
Dilworth 80 4 90 54346 83645
Noble
Perry 640 911,120 191,500 47,875
Nowata
Verdigris 2,640 50 PLD 1,000 250
Okfuskes .
Okemah 40 1 500 1,490 37 245
Paden 80 2| 1,490 30,894 7972245

2



Amount of
Acres Wells Rock | Total open |gas ava?l-
pressuz\ﬁ flow able daily,
MCF MCF
Weleetka 200 5 1,085 165,900 41,475
Oklahoms
Oklahoma ) , o }
City 440 11 1,450 560,300 140,075
Osage 684,840 105 201 90,547 22,63647
Washington . :
Bynum 70 12 PLD 603 15067
700,130 235 1,314,460 328461349
Residue 101,240 ?
447,421.6 Total

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

County, Kaensas, the size of the field and its importence in
relation‘towsupplies'of nearby towns, has made desirable a study
of prospective future yield. of gaswfrom this source.

The most importent recent development of new gas supplies
available to the Cities Service Gas Companies' transmission
line is that in the Burrtom Field in Reno County, Kensas. 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 daye. In addition, the compeny has made available
from this field, under purchase contract, the production from
5,120 acres of leases, which cover more than half of the pro-
ductive ares and three-fourths of the ochoice 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.
0il is produced both from the Mississippian (chat) horizon,
from which the g#s is also produced, and from the deeper Hunton
"lime™ horizon. |

The compeny lines are connected to 17 wells in the field,
8ix of which are dry gaé wells and 11 are combination'oil md gas
wells,

Production and pressure data, which are tabulatedlbalow,

indicate a very large amount of gas in the field.
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Pressure

Original reservoir pressure 1,180 pounds
Pressure on June 30, 1934 1,065 pounds
Léssk 115 pounds

Withdrawals of Gas from the Burrton Field (2 lb. base)

Pipe Line Production to June 30, 1934
Cities Service Coe
Drillers Gas Co.
Fuel for wells

Blown to alr

3,210,936
686,561
900,000

17,000,000

MCF

Total withdrawsals

Calcdlation

Production per 1lb, loss = 21,797,497
115

Original field reserve (2 1lb. base)

22346604740 M

21,797,497

= 189,543

189,543 i

Original reserve to 150 lbs. 189,543 ¥ x 1030

Withdrawn to June 30, 1934

Field reserve to 150 lbs. on June 30,

1034

MCF

MCF

x 1180 =

= 195,229,290

21,797,497

173,431,793 M

Assuming that the compeny will secure the seame proportion of

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

their purchase contracts would be:

321

—17g * 173,431,793 - 25,549,153 MCF

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

IN THE AMARILLO FIELD

Production of the Cities Service Gas Companies in

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 years ending June 30, is shown in the following tables

Volume of Gas Produced in Texas by Years

ending June 30 (8-ocunce base)

Year Production Daily averageﬁ/
MCF MCF
1928 3,592,533 28,341
1929 20,589,213 72,586
1930 29,068,053 | 75,028
1931 29,538,813 81,677
1932 30,993,583 83,381
1933 32,788,770 101,292
1934 39,866,274 114,261
Total 186,437,339

3/By calendar yearse



Open Flow of Company Wells in the Amarillo Field

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

on deates within a short time prior to June 30, 1954, was 1,127,900
MCF on 2~pound base (equals 1,241,446 MCF converted fo 8=ounce
bese), 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 125,671,036 cubic feet
(8-ocunce base) were withdrawn deilye. This~i§ 10,11 per cent of

the open flow on June 30, 1934,
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Decline in Roekf?resaure:wihh7Ge§perieon of Production and

Eetimate gszuture Yield fo}fLeeeeholds of fhe‘Cities

Service Gas Companies §g~the Amarillo Field

Chart I shows the weighted everage rock pressure for tﬁree
dates covering leasee of tﬁe.ciiiee SerficesGas Companiee in the
Amarillo Field, plette& againsf*the'cumulafive production of the
leases for these dates. These points define the slope of &
decline curve from which estimate of the total available pro=-
duction from the leases, dlsregardzng drainage to or from ad-
jeining acreage,“may be derived. ;Ihis;showe a total original
rese‘rve of »z,seo,'oo_o,ooo MCF (8 oz 'b,gge) for the acreage drained
byvexisting'Citiea Service Gas Coﬁpany wells in the Amarillo
Field, flguring to zero preesure. Snbﬁreéting 182‘293'986 MCF
produced to &a&e leavee an uhdevelope¢ reserve as of June. 50,
1934, of 2,377, 706 064 MCF. A% an abandonment pressure of 25
pounds the originsal reserve is eomputed to be 2, 400 000 000 MCF
~and the available reserve as of June 30, 1954, is 2 217,706,064
MCF.,

It is pertinent to note here that in comparing the relation
of rock pressure deoline to produetion of gas in a ;1eld that is
reaaonably well outlined as’to productive area but that is par-
tially and uneqﬁaily developed, determinetion of average':ock
_ pressure weiéhted according to area is-mucﬁ ﬁore'signifioant
than abmathematieal everage.ef;roek preaeuree; This 14 due
to the fact that the recofded rock presaﬁfea show conditions

‘only at or in the vicinity of the wells measured. If wells are
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uniformly spaced over an entire?field a‘mathematical‘average of
their pressurés may‘be accepted as representing aveiage Pres-'
sure conditions in the reservoir, subject only to\@grrection

of unequalized higher pressures in intér-well areqs; as dis=
cuxsed elséwhere in this repofﬁ in treating the‘subjgct of re-

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

a mathematical average of well pressures thab are;ﬁ
tributed areally may give an entirely:erroneous pigt;ré of . aver=
age actual pressures in the reservoir. For instaﬁce, the low
pressures of 20 wells grouped in one part of a field in which
withdrawals are relatively large or’ in which the reservoir rock
ig less permeable5 when mathematioally averaged with the high
preséurés of 20 wells widely distributed in little defeloped
parts of & field indicate an gve;ago rock pressure thet is cer-
tainly much below the true average pressure in the reservoir as
a whole. A weighted avérage rock pressure takes account of this
relation to aresa of pressure distributlon by oontourlng the'
measured pressures in a field and in weighting each group of
similar pressures according to the productive area over which
they prevail. Thus, areas that aro as yet little developed and
that have relatively high rock preagprgs are aaaigned proper
weight as against areas that are mQré‘ﬁeavilyAdrained and that
have relatively’low pressures. » |

A map of a éart of the Amarillo‘Fiéld showing Cities Ser-
vice Gas Cempanies' leasoeholds and indicating by contours the
pressure loss from January, 1952, to June, 1934 (Chart &), is

1ncluded'in thig 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

e woighted average decline of 1445 pounds during this 2,5 year
period. A similar determination of weighted aver#ge rock prés;
sure of Company wells eas of January 1, 1930, gives the figure
of 417 pounds.

A mathematical average of rock pressures of Company wells
for June 30, 1931, is 395 pounds (as compared with 409 pounds
woighted average pressure for this date, determined byviﬁter-
polation from 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:§ounds in two'ngrs. |

The explanatio# that may be given for the higher value of
weighted average rock pressures in this case is that the wells
operated by the Compﬁny and by other producers in this part of
the Amarillo Field h;ve és yét not aééreqiahly affected the
pressures, except in certain areas of ohief 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 degline 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 ocon-
putations. (1) Weighted average pressure decline June 30, 1932,
to June 30, 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 72,655,044 MCF were with-
drawn from Company wells. Since this production corresponds

to a pressure decline of 11.5/384 of the expected total de=
cliney the estimated available reserves of these wells amounts

to 72,655,044 times 384/11.53 which equals 2,426,024,574 MCF.

(2) Mathematical average pressure decline from June 30, 1932, to
June 30, 1934, amounting to 19 pounds (395 poﬁnds, 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 beé computed on
this basis as 72,655,044 times 370/19 which amounts to 1,414;811,672

MCFe.
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Lo Graph‘showing\composite Cumulative Production-
Pressure Decline'Curve for all wells of the Cities

Service Gas Companies in the Amarillo Field.

o



2. Map of a part of the Amaerillo Field, showing

Cities Service Gas Companies!

leaseholds and pressure

loss from Jenuary, 1932, to June, 1934 (in pocket).
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General Conditions in the Amarillo Field Bearing on Gas
" — g EJ y

Suppliés-Avnilablevzg the Cities Service Gas Companies

Present Production Conditions

Records obtained from the books of the Texas Railroad Com-
m1351on and.. other sources show that for the first half of the
year 1934 a: total of 349, 700 641 MCF (z-pound base) of natural_-
gas was withdrawn from the Amarillo Field, diatrlbuted as‘
follows: 74,189,341 MCF to pipe lines, 81,186,300 MCF to car-
bon black ﬁlants, and 194,524,50§fMC? ﬁbhg%aoi#ie stripping
plents, field use, etoc. The produétion by years, showing dis-
tribution, isigiven.in the following table. These figures are
derived in'partkfrom_reﬁordé of the Texas Railroad Commission,
.from Cohpany records and ih part from engilneers yho are most
familiar with operitions_in the fields ESpediaily for later
years the figures are reasonab1y>aecurate but fd:;somo, such as
the gas blown to the air during drilling and ga; wﬁgt?d in the
early development of the field, the figﬁréé giveh\are‘meréiy
the best avaiiﬁble estimates The data for the yeafs 1926 to
1931 are drawn meinly from Victor Cotner ﬁnd He Eoe Crum (Am.
Assocs Petroleum Geologisfs, Bull., vol. 17, pp. 892, 899,
1933)e The column of the table headed "Blown to Aﬁr, etc." in-
cludes ocasinghead and bradenhead gas treated for gasoline and
blown to air, casinghead gas not treated and blown to air, gas
treated by gasoline str;pping plants and blown to air, gas blown
to air during drilling in oil and'gas wells, and glso a relative-

ly small quantity of gas used in the field,



Gas Withdrawals from the Amerillo Field,

by yearé (2-pound'bgse).

o
g

o Blown to air,
Year Pipe lines Carbon black | =@ etc. Total,
MCF . MCF MCF MCF

1926% 15,725,583 . 1,8905000 229,810,000 | 247,425,533
1927 8,825,598 11,280,000 485,120,000 506,225,598
1928 | 39,978,176 43,020,000 ‘ 450 980 000 533,978,176
1929 84,767,509 1364374,000 | . 404 556 40060 625,677,509
1880 81 175 878 168,104,000 .367 e9z, 000 616,571,878
1931 86 538 708 ‘120 387 000 292 168 000 499,093,708
1932 97 087 290 117 013 553 200 090 480 414,191,323
1933 109,179,977 140 866 141 231 138 425 481,184,543
1934*%'| 74,189,341 81,186,800 194 324 500 349,7005641
Totals |597,468,010 820,121,494 | 2,855,459,405 §,273,048,909

* TIncludes previous yeéraf'
** First six months

That the annual,raté of production in the Amarillo Field
has veried comparatively little is well shown by the accompanying
Chart '8 which indicates "Cumulative Gas Withdrawals from the
‘Amarillo Field". 1Inspection of this‘graph emphasizes how closely
the reported total wlthdrawals from ‘the field approximate a
‘straight line curve. The mean annual withdrawal amounts to
502,711,630 MGF (2-pound base). On this chart the quantities.
of gas run to pipe lines and used for manufacture of carbon
black aré alao’shown cunmulatively, and it appears that the pro-
portion of total withdrawals uéed by these has remained approx-
imately constant. From the beginning of production in the
Amarillo field, a much larger quantity of gas has been "blown
to air" than ﬁhé combined total of pipe line and oarbon?black
In the early days of Amarillo Figld.development a‘huge<

gas.,

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



3¢ OGraph showing cumulative gas withdrawals
from the Amarillé Field to 1934, with indication of
the amounts taken by pipe lines, used in manufacture

of carbon black, end "blewn to air®™,
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pressure and aid production of oil. Much gas was also wasted
in bringingin wvlls. In later years, especially in 1933 and
1934, there has been avrapid‘increaéé in the amount of geas
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 dévélopments. 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 2,657,069 MCF (2=pound base) of which/pipe
linés used 347,964 MCF, or 1649 per cente. For fhe first six
months of 1934, 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 2l.2 percent. Corresponding
figures for 1933 are: Average daily withdrawals 1,318,314
MCF, average daily pipe line runs 299,123 MCF, which is 226
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)e The increasg has been gradual except
for relatively rapid increases in 1929 and 1934, The quantity
of gas taken by the Cities Service pipe line has shown an in=-
crease esach year, It appears, however, that the rate of in-

crease of Cities Service pipe line runs is not so great as
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that of total pipe line runss From the year 1928 to 1934
pipe lines have increased their percentgges of takes from
about 7.5 permcent to’slightly over 21 per cént of the total
withdrawals from the fieid, end in épite of an actual con-
siderable incregse of pipe line runs from 1932 to 1934 thsere
has been a decline in percentage of total withdrawals from
23.4 per cent in 1932 to 21,2 pechént 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 piée line has increased steadily 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 open flow of‘18,836;000
MCF per day, or an avergge of 2648 millién cubic feet per
day per welle The ope& flow of individual wells is‘reported
to range from 2 million cubic feet in a few émail wells to
more than 100’million cubic feet in some large wells.

The produciﬁg_a}ea of the Amerillo Field is estimated
to include about 1,367,000 acres. The part of the gas pro-
ducing area in whiéh wells with an initial volume of 10 mile
lion cubic feet open flow or larger may be expected consists of

approximately 896,500 acress
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According to informetion supplied by the Texas Railroad

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

the Amarillo Field and in addition 2,098 0il wells producing

casinghead and bradeﬁhead gas. A classification of these wells

with notation of opeg~flow ang dailvaifhdraWals‘is shown in

the following table.

 Gas Producing Wells in the Amarillo Field as gﬁ_actober 1,

1934, with Statement of Opén‘Flow aﬁd Deily Withdrawals

Paily with-

Percent daily

Type of iells Number fépen fidwﬁv'drawal withdrawal
MCF MCF of open flow

Gas wells ¢onnect=-| - PR IR ‘ :

ed to pipe lines| 476 |12,540,600} 372,961 2497
Gas wells connect- ‘ ke

ed to gasoline ' R }

plants 328 5,714,350 | 1,191,211 20,84
Gas wells uncon- . |
" nected (esti-

mated) : 120 1,200,000} - 0 0.
Bradenhead wells

connected. to. ; : .
. gasoline plants 85 456,344 93,230 20,42
Casinghead wells

connected to gasd ‘ -

oline plants 1246 635,516 515,580 8l.12
Casinghead wells ‘ |

unconnected, gas

blown to air ' : L

(estimated) ' 787 192,000 92,000 100,
Used in field for

Fuel 24,000

Totals 3,021 | 20,638,710 | 2,288,982 11.09

2



In the'period from;J#nuary i, 1934, to‘Octbber'i, 1934,
iﬁ is reported that new and recqnnectedtgﬁs’weli? furnishing
dutput to pipe lines,number 6.wells, andgto'gasdline plaﬁts
209>we11§. | o

‘Clagsifiéatioﬁ‘éf th;ﬁvbluma o£ open flow.from wells as
to "sweet" and “sour® gas, as of Gctober 1, 1934, is given

1n the following table.

Daily Open Flow of Sweet Gas and Sour Gas " in the

Amarillo Field, as Gf October 1, 1954 in MCF

penfflow Percent |Open flow Percent
Sweet gas Jof total [Sour gas of total
Gas wells connected o | e S S :
to pipe lines 12,840,000 100 o - | o-
Gas wells connected
to gasoline . ’ )
plants 2,148,774 3746 | 3,565,576 62.4
Gas wells uncon- o o : |
nected (estimated) 616,600 5144 | 583,400 4846
Bradenhead wells
connected to gas- L e S
oline plants ‘ 96,830 2.2 359,514 7848
Casinghead wells con-
nected to gasoline o S o
plants 3964643} 62.4 - 2384873 3746
Casinghead wells un-
connected (esti- | - : & : |
mated) - , - 32,0004 347 60,000 6543
Totals 15,831,347, 7648 | 4,807,363 | 23.2

43



The reported amount of gas déily blown to the air by
ga%@lin; p1ant§ on June, 1954,@was€859;§55_M0F;' The deily
avar‘&gé in Julvaa‘s esé 1806 MCFe In"“'s"e'péember ’the amount
increased to 958, 928 MCF and in October to 1, 069 838 MCF.
-& comparison of the quantlties of gas daily blown to air
by gasoline.plants, accordlng to data“from the Toxas~Rail-_
road Commission, shows in September, 1932, an avorage of
218,282 MCF, in September, 1935, en a.vera.ge of 403,594, and

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

gas daily blown to the eir from uhconnectéd casinghead wells

in 1934 amounts to about 92,000 M8F.
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Sweet Proven Area and Present Outline‘ofkthe Producing

Area in the Amarilio Fieid‘

The Amarillo Field extends f}om soﬁthaastdfn Hhée1er County
to the east edge of Hartley County in the Panhandle of Texas,
8 distance of about 125 miles in a atraight 1ine trending east
southeast to west northwest. The distance across the field at
right angles to this trend ranges from abont 10 to 35 miles.

No maaor changes-in the indicated sweet proven aresa. of the
Amarillo Field have taken Place during the last three‘years.'

" The most importantibhangos were iﬁpMoore‘Oountvahere several
‘sulphur gas wells wérg completod within the area considered
suiphur-rree, and oﬁeisulphur~freebwell wa# completed in the
area considered sour. The indicated sulphur line is shiffed
one to two miles as & result of thoseve§mpletion§,bbut the
areas compensate so that\thefg,is no importeant effect on the
proved sweet acreage.l | | |

The present outline of the producing afea is larger than
in June, 1931, The most important additions have been mede
in southeastern Carson County (approxzmately 9 000 acres) and
in southeastern Gray County (approximatelyISQ,OOO acres)e The
total producing area df the field-as of July, 1954, is
1,367, 748 acres, This area is in close agrooment with thatr |
Aindioated on s map showing the west portion of the field fur-
nished by the ocompany, end is also in agraement with a meap
for the entire field by‘gqologlsts.for the Texoma Natural Gas

Companye.



The accompanying regional map‘(CHarﬁ §) indicates the
probable northeast‘extehéipn«bf‘the Moore Ccﬁnty‘portién of.
the field to include a«largé'acreagé in Sherman,and Hansfoid
counties, to join the Hugoton Field in Texdsigoﬁnty; Oklahoma.
Geologists are generally in agraément on %he~ﬁrobability of
tﬁis extension, which would addk(see déttod area on maﬁ)

approximately 628,680 acres to the produciné area-in Texas.
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4e Map showing Cities Service pipe lines and
main gas fields of Texasy Oklehom, and Kansas, in

1834, g
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Estimated Reserve of the Amarillo Field

There are two prineipal methods of computing the esti-
meted 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 iaw. This law states that the quentity
of a gas in a glven space is,directly pfoportional to the pres-
sure, One method of applying this law to estimation of reserves
'in a gas field is to determine as exactly as possible the vol-
ume of the reservoir, ahd when this has been done the amoupt
of gas originally present.in the reservoir can be computed
readily bf multiplying by the observed rock pressure. This is
a fery unsatisf&ctéry'ﬁethod, at best, because of uncertainties
as tobthickness of the reservoir aﬁd as to the porosity of the
reservoir rock. it is employed commonly only when other methods
are not possible, as in the early stége of development of a
field when production records are ungfailable.‘ Application of
this method to estimates of reservés in the Amarillo Field have
given results ranging from about 12 to 18 trillion HCF., Several
geologists who have worked in the Amarillo Field reggrd 16
trillion MCF as the preferred figure on original reserve of
the fiei&. - . .

vAnother method of computing the reserves in = gas field,
also depending on Boyle's law, is the ?roduction-Pressure De~
cline method which provides for direct plotting of guantities
of gas produced again;t decline in rock preséure resulting from

thiéiprodudtion. This method is'recogﬁfted aé“greafly superior




to the othef because it is unnecosséry to make-assumptions as
to the volume of the undefground.réaefvoir from which the gas
is produced. If sufficient datea on production aﬁd pressure
d?cling are available a curve can be constructed that involves
no subjeoctive element, and it has been demonstrated by e x=
perience in many fields that such'a cﬁrve is the most accurate
mem 8 of determining the original»aﬁdvfhe remeining quantities
of gas in a given field.

In our study of reserves in the Amarillo Field we now
have available records of withdrawals covering a period of
several years and records.of decline in rock pressure from
wells located in practically all parts of the field. Although
the reoords of total withdrawals are not completely satis-
factory, since they necessarily include estim#tes of gas blown
to the air in the early period of development and include also
some other factors that are ﬁot precisely determined, infor-

A mation is sufficient to make desirable an attempt to apply the
Production-Pressure Decline method. ’Records of rock pressure
have beep4taken at intervals on a majgrity of the wells, es~-
pecially in the "sweet gas" area, and furnish a reasonably ade-

quate basis for measurement of the decline in rock 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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In deriving figures for decline in rookbreésure several
fgatures are to be notedes In the first plaée, as_previously
4no£ed, it is evident thet a matﬁematical,average of all avail=
able records of rock pressure for a given,datq does not express
the true average rock pfeasute‘in-a gﬁs field such as Amafillo,
because the wells are not.uniformly distributed over the areas
Thus,va conéentrated,gfouf 6f‘lowbpressure»wglls in an area
of inténsive production would b; giveﬁ diséroportionate vel ue
ffauvcragcagmathematically with@ségt?érgd high;prééSure wells
in ‘.li_:'b'tl‘e::}':"gi_éveloppd parts of f._};e‘ fields 'In order to determine
more‘éxadtly the pressure conditions in the Amarillo Field, |
& pressure contour map may be constructed which indicates areas
of similar pressure conditionse Measurement of'thé‘greas‘bo-
tweén the éressuro cpntours then'pfbvidesja‘meané‘of weighting'
the various pressures aécqrding'to the aresa they represent, and
from the combined data a weighted average pressdre can be derived
that expresses more accurately the mean fresaure_in the entire |
resérvoir’

It is well known to geologiéts and production engineers
that the pressurevrecorded at a g#s well does not represent
the actual pressure in the gas re;Qrvoir‘at some distancé away
from the wells The pressure‘of_areas between wells are higher
than in the immediate vicinity of the well bottom, and it is
this that causes movement of the gas from the surrounding reser-
voir into the gas well, The,steopnesa of gradient of the pres-
sure cone su;rounding a‘producing'gas_well depends mainly on the

volume of gas drawn from the well and the permeability of the

A}
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reservoir rocks When*a:fell is shﬁt 1n,“as isvdone before
measuring rock fressure, the pressures around the well are
gradually egqualized, but it is almost certa:n that excepting
wells in extremely pergeable reservoir rock and prolonged shut-
in periods, the pressure cone surrouﬁding a/iell does not dis-
appears Observations_in the Amsrillo end other fields indi-
cate that pressure gredients of several tens ef,poﬁnds per mile
may exist for conegidersble perioda;~*ht£entidn iercalied to
this undoubted exiaf?gee'ofVPreesure.ecnes eurrounding gas
wells and the oecurrence of inﬁer-ielljroek éressures that are
higher than pressures recorded at therwelle. ﬂit is evident
that by whateVer amount these higher pressures exlst, they in-'
’orease the weighted average pressure as determined from con-
teured well pressuree,_and.aecordinglyl;f noﬁeccount is taken
of the higher igter-yell'presaﬁres the_centouring of well pres-
sures glves results that arewsomewhatffoé;eeneervative. In
order to show how muoﬁ difference‘thie;facfor:ﬁay meke-under
certain conditions, a study was made of a pert of the Burnett
Lease in Carson County.~ The June,vlsaéygpreeeures on télls

in this area were first contouredyand\a weighred average rock
pressure determined as amountzng to 404.28 pounds. Using the
seme data, the area’ was contoured again on the assumption that
a preseure gradient oi:lo.peunde per mile extendekqutward from
each well to points‘igg??'interference byvdrainege from other
wells is.encountered.;ffhe esaﬁmed meean preeeurevgrad;ent is be=

lieved to be conservative. Computatioh shows that & weighted

\
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average roek pressure of 41656, 15 pounds‘exists 1f pressures
are dietributed as 1nd1cated. The determined lees 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 preeent study of average rock pressurea in the Amarlllo
Field no account hae been taken of the faotor of hlgher inter-
well preseures., |

Determination of the estimated reeerve of the Amarillo
Field has been undertaken by two 1ndependent studies in which
it may be antleipated that the results of the one should check
the other.

‘First oaleulation. Utilizing all avallable data, rock

pressures in the Amarillo Field as of June, 1934, jere con-
toured and a weighted average rock pressure of 38943832 pounde
was derived for the'field; This preseure mep is shown in
Chart 8. Aocording to the most complete and reliable informa-
tion obtainable the total withdrewala of gas from the Amarillo
Field te the end of June, 1934, amount to 4, 273 048 909 MCF
(2-pound base). If a decline in ‘mean rook pressure from 430
to 389,38 pounds, or 40 62 pounds, hes eecompanled this pro-
duotion of 4 273,048,909 MCF, it is apparent that the produc-
tion per pound of pressure deoline amounts to 105 203 970 MCF,
Multiplying thie figure by 430 LLE obtain 45,237, 707 100 MCF

as representing the original reserve of the Amarillo Field.

This calouletion is expreseed gr%phieally ‘on the eeeompanying

7. '
Chart IO. The total proved area used in this o ?ptation”of

weighted,reck pressure is 1,367,748 acres, Producfion per acre



‘per poﬁﬁd decline'iﬁ'pressure is'figuer @t.§6'917~éubicifoet,
and the original reserve per acre amounts to 33 074, 589 oubic
feet according to this oomputatlon. | |

It may be p01nted out that the computed otigin;l roservo
per acre aocording to this ciiaalation is an average figure.
If account is tqken:of varlgtion in thg prqductivityiof‘acro~
age in diffé?ent‘ﬁarts of the field, this will modify the
figures for original reserve per acre in the reﬁpectivefdesig-
ﬁated‘clasaes‘cf acreage but‘iill'not affect-the»totai com-

‘puted‘origipﬁl reserve of the field."LQt it befassﬁ@ad'that

. 896,500 acres, which are ostimated to yield‘iells‘wifhvinitial
open flow of 10 million cubic feet or mdre, have twice the
original reserve per acre of the remaining 471,248%acres.

Given a total production of 4,273,048,909 MCF from the field
as a.wholo to June 30, 1934,‘and a mean rock. preésure'éécline

of 40.62 pounds, the 471, 248 aores are computod to yield an

average of 1 887,182 MCF per acre and the 896 500 acres twieo

i‘m

this amount or 3, 774 364 MCFaper aore. These figures, divided

by 40462, indicate respectlvely 46,463 MCF and 92 926 MCF
per: pound of presauwo loaa, and multiplylng by 430 the amounts
;Mof 19, 979 128 MCF ‘end 39, 958 256 MCF per acre &re derlved for

e

the original reserves

19,979,128 x 471,248 = 9,415,124,112 MCF

39,958,256 x 896,500 «35,822,576,504 MCF

Totel  45,237,700,616 MCF

a3



5 Pressure contour map of the Amarillo Field,

June, 1934 (in pocket).



Second calculation. Since records for recent years are

much better than for‘the eérly part'bffthe-fiéld's develop-y
ment, study wes made of the ‘decline in pressure and the corres-
ponding gas withdrawals duriné the period from January 1, 1932,
to June'305 1934, amounting to 30 ménthss - For tﬁis period a
weighted average pressure declipe 6f 10.3068 pbundslwas defef-
mineds The map showing contoured pressure logs fof thié period
is shown in the accompanying Chart 8. The‘tothlvgas withdrawn
in these 30 months is reported to be ;,245,076,507 MCF (2-pound
base).l'D%viding this figure by the preésure loss indicates a
production of 120,801,460 MCF per‘pbuﬁd:of ?ré?su;e,decline,
whioh multiplied by 430 vgives- 51,944,627,800 MCF for the original
reserve of the field. This calculation is graphically repre-
sented in the accompanying 6Ghart 17, Accbrding to this céﬁpu-'
tation the production pér pound per.acre amounts to 88,321

cubic feet, and the original reserve per acre 37,948,214 ocubic
feete It may be noted fhat‘the figure for'original reserve

of the Amarillo ffeld obtained in the first calculation is 22,9
per cent smaller thén that here computed, but it is apparent
that both figures are very much larger than the 16 trillion
estimate based on figureswrelating to avergge porosity and. thicke-
ness of the reservoir rock. The one Production~Pressure Decline
reserve estimate is a little less than three times as great

as the 16 trillion figure, and thé other is & little more than
three.times as great.v A poéxiblo reason for the greater pro-

duction per pound of pressure decline according to the second



calculation may lie in the elimination to a large extent o:

the factor of pressure coning around wells since this study
takes account only of differences in pressure between two_éates,
on each of which coning was presumably established. Since,
also, the récords are more accurate rof this period than for

the eafly part of,fiqld development,’it may be concluded that
the second‘oaiculafion is probably better than the first. In-
spite of this concluaion as ﬁo superiority of the second calcu=~
lation, we have used the smaller figure of 33,074,589 cue. fto.
per acre obtained in the first calculation in making computations
of reserves, because this figure is more conservative, Concern-
ing both caleculations it may be{poiﬁted out that the figures

for weighted average pressure necessarily involve consideration
of area classed as prove&i»and if the area so cl#ssed‘is too
large it'wduld operate»to‘decreasa somewhat the production per
pound of pressure deoliﬁe but to increase the figure for orig-
inal reserve, It appegré, however, that no considerable change
tending to reduce the~eéfimatgd original resefve is likely

from this source,'and it is to be empha;ized that excepting

for relatively unimportént possible fariation in the contouring
of pressures and in phe out1inihg of the proved gas erea, which
is fairly well agreed, the methods of computing reserves do

not involve subjective elements.:
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6 Map of the Ammrillo Field showing pressure

loss from January, 1932, to June, 1934 (in pooket).

5 P“l



7¢ Graph showing estimated gas reserves of
the Amarillo Field based on Cumulative Production~-

Pressure Dsocline data.
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Estimated Life of the Amarillo Field

Estimates of the life of a gas field mustybe based first
on computations of’the<amounf.of»gas in.the'ground st a given
time and second on estimates qf»m§€h annual wifhdrawals that
may be expected. 0£diﬁariiy hofwéii'of the gas that is calcu-
lated to be present in the underground reservoir is figured as
available for commercial use because most fields are abandoned
before the rock pressure declines‘to'zqro. _Thevselgctéd aban-
donment pressure may therefore affgéfeomﬁufations of the life
of a field more or less importantly. Fiﬁﬁily; it may be noted
that thé begihning and closing‘stages in tﬁe‘development history
of a typicaiifield invariably ahoi‘énoduqtisn rates that are
muck below the peek of productionvrato-and‘also_beloﬁ‘the'annual
average during active operation of the fiéid;  fherafore, life
during which soﬁe-gas,is.produced, sfated in years, should ex~-
ceed the computed 1life of the field ‘based on figures for annual
average production during normal active operation. Also, the
period during which it is possible to make’withdrawals:at an
annual rate that is equal‘to the present rate is somewhat less
than the number of yéégs obtained by dividing the determined re-
serve to abandonment Piessure by tﬁe amount of present annual
withdrawals. This is due to the effect of declining open flow
e.nd pressure which require a longer period 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-prétéure decline curves indicate totals

ranging from about 45 triilion to 52 trillion cubic feet. These
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figures are Approximately three times as great as the pre-
viously rather generally accapted‘estimate of 16*trillion
cubic feet based on assumed porosity and pay thicknéssifactors.
If is apparent that the estimate of reserves is much thq ﬁost
important factor in estimeting the life‘of the Amarillo Field.
We believe that the pro&ucfioﬁ-pressure decline method of com~
puting thé reéerves indi§ates much more accurately the order
qu magnitude of the reservés than ﬁhe estimates of wvolume of
thé underground reservoire. .It7i§ significant that the two in-
dependent studies of reservea.whiéh we have made uéihg produc~-
tion and pressure decline data=dre reasonably accordant,

It appears from inspection of records of production that
the mean annual withdrawals °f,5§§ from the Amarillo Field close-
ly approximate a straight 1in9 curfe; This meéns that the
proportionally large amount 6f gas now used for mﬁnufncture
of cafﬂbn black and for gasoline»stfipping roughlf bélaﬁoes
the large amouﬁts’of'gas wasted tbbthéAair during early oper-
ations of the fields The sccompanying Chart i shows & pro-
Jection of this straight line curve which intersects the line
for 45 trillion cubic feet at about the year 2010. The graph
showing Amarillo Field éstimatéd~reserves indicates'that with
an abandonment pressure of 25>pbunda the computed available re=-
serves on the two computed curves are respectively 4247 tril-
lion and 48.9 trillion cubic feet, Using‘these figures and
assuming that 502 billiqn 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
cubio feet will have been produced by the year 1956 (22 years).
Attention may again be directed to the stated qualificatlon of
factors entering into this computatione If 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 divisioﬁﬁqf’thnﬁfirst item by the second. Actual-b

ly, a variation in thc’rata‘of'annual withdrawals is to be ex-
pecteds For purposes of the present study, however, it may Dbe
pointed out that if the a§erage annudl withdrawals from the
' Amerillo Field were doubled the exp’ected- 1ife of the field

would exceed 25 years.
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The Price of Gas in the amerillo Field

The price for gas in the Aﬁﬁfillo F1eidfi§vs6 variable as
to make a determination of the average or mean price paid im-

possible.

The prlce per MCF at the woll f;fMQII gag précesaed in
casing—hpad“plantS»is based on'the ggsaline content and the
price of casing-head gasoline, In’generdl[the producerv(well
owner) receives 25 pef cént_of_thé*valﬁ§\of,the gasoline, which
in the sweet gas areas will‘aierago‘gbout,oﬁe¥£qurth of‘a cent
per M, andfof-this one-eighth is paid toffhe-1andowner aé réyai-
ty,'amguntiﬁg ta%oné&t&irtjdsaéon& ofﬁaﬂi;ntrpEﬁFHCF.

The price paid by gas pipe linekééﬁﬁanies, jhd produce
prectically all the gas théy transportéais varigble. In Wheeler
County the Loné Star Gas. Company bays'iﬁdepandent producers
and royalty owners 2 cents per M at the well, as does also the
Consolidated Gas Utlllties Company’ in this portion of the field.

In Carson, Hutchinson, Moore, gnd Potter counties a major-
ity of the production takenib} the gas pipe line companies from
their own wells or wells of their>as§ociated companies is at
4 cents per M, based on royéify payﬁbnté as indicated by di-
vision orders on reﬁofd;g'rhis rate (4 cents) is now paid by

the Cities Service Companygon their Burnett lease, and it

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

of division orders now in»effect at 5% cents, to be increased
to 4 cents on January»l, 1935, to 4% cents on January 1, 1940,

and to 5 cents on January 1, 1945.
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‘Some early contracts made by the Canadian River Gas Com-
pany and the Northern Natural Gas Company applylng to royalty
in the case of the former company, and»to resldue-gas in the
case of the lattar, are reported to be on . a basis of 6 cents
and 8 cents. L

In general the pipe-llne price‘for gas can be oonsidered
T as 2 eents in Wheeler County and 4 oents in the western part

of the field.

Per cent of Opem Flow that may be Safdly Taken

It 15 agreéd by geologists and production enginelns
familiar with conditions in the Amarillo Field that no damage
kyto wells may be anticipated from the taking pf any desired
| fraction of the daily open flow capacitye ,This is'be§ause

of the absence of bottom wéter iﬁ»the g#s wailso

Regulations Affecting Production

The Railway Commission of Texas has issued orders through
the Pampa office which are intendeaytd‘prdvide for proper con-
servation of gaé in the Amarillo Field by specificétion of
gaa-oil ratio in oomblnatlon oil and gas wells and by prohib-
iting blowing of gas to the. air except as necessary in dril-

ling in, mak ing open flow measurements and the like. These

regulations, however, have been made ineffeotive by the~pa33age

of the so-called 3225rgas act by the Texas Leg1slatura.‘ This

¥
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law permits unrestricted use of gas in tﬁe Amarillo Field up
‘to 25 per cent of the open flow of wells for manufaqﬁﬁre of
gasoline, carbon black or other commercial uses where a iight
and fuel or pipe-line markét is not avaideble. This has led
to a large expgnsibn in gas‘withdrawn, eéppcialiy for manu-~
facture of gasoline, and includes a cdnsiderable qugntity of
gas taken from the sweet gas area. A large:amouﬁt of residue
gas is blown into the air and no revénuo‘iﬁ receiveakherefrom.

Such gas is available for purchase.

Acquisition of Leaseholds

There has been very 1ittle activity by the gas pipe
lines in acQuiring additional'gas acreage in theiAmarillo
Field during the last four years. Leases were and are now.
available at low bonus cost, but the companiés have not en-
larged their holdings an& have been generally inactivé, ex-
cept in some cases where éxpiring leases were rengwed or ex-
tended. |

A survey was made in July, 1934, for the pﬁrpose of de-
termining the distribution of choice sweet gas acreage, with

the following results.
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Lease holdings in best part of proven eweet 5 -area

of the Amarillo Field, July 31, 1934

(neerest avellable data)
Gas pipe lines and affiliated |
: companies smrmeemerccccee--e 565,960 acres 79.18 per cent

Independent producers and oil , , o
.~ companies =-mwersmccwcewnmwes 77,980 acres 10,91 per cent

Unleased —-------—-4~4-~-é15~--? 79;74Q‘eares 9.89 per cent

Total meec—c-- 714,6801aeree t99.98 per cent

The passage of the stripper law in 1933 had no epparent effect
en?aequisition of leases or bonuses paid.. Thle wes due to the
\fact‘thetﬂthere were alreedfveylarge‘nﬁmber of ehut-in wells in
the field and a larger number of gubsisting leeses in the proved
area already held by operators without plpe—line outlet end with
1ittle prospeet of their heing drilled before their expiration
“ﬂdate; The - greatest expense of stripping is in plant and gather-
ing system eonstruetion, and, of course, drilling of the wells.
Uncertainties cencern;ng the continuatlon of legal uanction
. for strlpping ‘make the riek too high to encourage new plant
=~eonstruotion, and zt is doubtful whether an inerease in strip-‘
ping will ever be a faetor of importence in the gas lease sit-
uation. | | ‘

Reoent lease acquisitione are llated in the followigg

tab 1..? *
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Compeny acquiring lease

Amarillo 0il Company

Texoma KNat. Gas Company .

Stanley Maréh

Shell Petroleum

4

Texoma Nat, Gas Company

Lone Star Gas Company

Phillips Petroleum Co.

Texoma Nat, Gas Company

. Texoma Nat, Gaa;Company;'

Phillips Petroleum Coe.

Texas Company

to develop at onces

a8Cresgs

3NE¢4 890. 40

Desériptien

Price per

Map
desig=

Acre

nation

A1l of sec. 15 ex. 71

- acres, EW. % SE. % 17,

W. & SE. % 18, 839

acres, Blk., 3, G. and-
M. Survey ' $2.38
SE. ¥ NW. % sec. 2, Blk.
4, L. and G N. 40 .
acres : 12.50

Nog S58Ce 44, o% and NWe. .

% sec. 46, SEeg sece 45,

Blk. 4, I. and G. No 1/

No% Of'SEo%, SO% of NE.%
S6Ce 22, Blk. 4’10 and
Ge No 80 acres

Bok sW.k , w.% SEe: seoce

20; NE.3, NWe, and SW.3
secs 25; 75 aeres in W.%
SecC, 21’B1k0 4, Te a.nd .
Ge No 715 acres. 10,00
SU;%'sec. 235, 8 «5 and
Wen Nwog ‘FOC 219 all
of 8seo. 234, Nok SE.%
and NW.% and N.3 NE.
% sec., 233, Blk. B-2,
He and Go N. 1,522

~ 8400

He and G.. N’, 160 acres 25,00
w32 BQO. 174

Ho and Go Ro* 

Blk. B-Z

320 acres’ 6425

;HE.%, Nog SE.* 806.~189,
. Blk.

B—Z Ho
240 acres"

and Go Ne.

Ne: sec. 9, SE,% sec, 10,

"Es 8S6Ce 12, Blk. 24’ H,.

and Go Ne 800 acrese. 10,00

'8W.3 sec. 39, Blk. 17,

He and G. N.. 160 acrese. 7650

Reported there was no cash consideration, the lessee agreeing

ey
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Texas Company SW.% sec. 59, Blke 17,

"H. and Go No 160 acres $10,00 M

Texas Company  NE.} sec. 42, Blk. 17,
' o ~ He and Go W. 160 acres 12,50 N

Texas Company SW.% secs 48,'B1k.'135 '

He and G;_Ns. 160 acres 10,00 o]
North Texas Utilities 'SE.& and s.g S.& NE.}

seoc, 71, NW.7 secs 70,

Blks. 13, Ho and Go Ns )

360 acres 20,00 P
5716 acres Weighted average cost per sacre (011 and gas rights)

39.05

The tracts above which are designated on the map by letters

K to P inclusive, in Wheeler County, are reoently actzve in oi
ﬁevelopment and the consideration paid wes largely for the o0il
prospect, The same is true of the 1ease designated H above,
iécated in extreme easteranra& County.

The voluntary shrronder of‘numo¥ou§vleases in the sweet
gas area in Mooré Cbﬁnty ié thqught‘to hgvéfan‘impgrtant bear=-
ing on the availability ofllgases‘in this Qounty,.and to some
extent in fhe entire fieid. These Burrﬁﬁdered leases were in
some cases near-lgrge geas Welis~and ypre very desirable from
a gas production sfandpoint, &et the:ownérs voiﬁntarily relin-
quizhed then rather than pay $1. 00 per acre annual rental.
Some of the leases could have been ‘held by rental payments un-
til 1940, More than T, 000 acres have been voluntarlly re=
leased 1n the proved sweet gas area of Moore County, some by
the magor gas pipe 11ne companies; Many of these loases were’
acquired during 1929-30 at prices of 310 to $40 per acre, and

their voluntary relinquishment at this time is an indication

of the trend during recent yearss

1
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Partial List of Leases Voluntarily Surrendered

Moore County.

Compen y , v Description Acres
Canadian River Gas Co.”  SW.% sec. 74 .% NW.%3 sec.

233, SQE'SW;4 sece 235, Nw.
i sec. 228, Blk. 44, H. and
Te. Co 480

Gulf Production Company S.5 secs 72, S.3 secs 73,
- | ‘Blke 44, H, and T. Ce 640
Empire Gas and Fuel Co. E.%, Ne% NW.% sec. 153, No
: ' '%‘ E.‘%‘ SE04 S§6C.e 142, SW.%,
W.: SE.3 sec. 100, SWe3
sec. 70, Blk. 44, H. and
" Te:-Ce , 1200
Shamrock O0il and Gas Coe w.g s9c. 7, 8 o3 and NE.3
: sec. 51, NeZ sece 100, E.
% SWeg sec. 228, Blke 44,
H,. and Te Co Ro Re . 1200
Shamrock 0il and Gas Co. NW.3 sece 9, NW.4 sec. 13,
: S ‘ % W.% sec. 32,.Blk. P, Mc, E.
L. and Ro Re Rv 640
Shamrock 0il and Gas Co., SW.Q sece 5, We NW,% end
Eei NE.} secs 7, Blke 2,
G. and M, ] 320

Prairie and Texoma o Ned Bec, 8,‘J5'Poitevent 320

The most impérﬁant transaction of blocked leases was the
purchase by.the Phillips Petrbleum.Comggny of the J. L. Williams
~ranch in Hutchingbn_and,Moorg counties én,Pecember 14, 1933.
This tract is;designdtod on the'accompaﬁying map as A, is out-
.lined in red, and consiSts_of 6628%vaeres. The consideration
paid for the o0il and gds rights, after déducfing the value of
a producing well, was 311;46‘per écre._ This tract is ;ocated
neer thé 0il fields and it is éstimatad‘mqré then half of the

consideration paid attaches to the oil rights., It is also in
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good gas territory, apprdximgtely:§i0fthirds of the tract being
in the sweet gas area, Three sweet gas wellé'ﬁave been drilled
within Qneéhalf mile'ofyfhe:tracﬁi»one having been completed

with an'initial volume of So'ﬁilliénfcubic fégt~per daye
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GAS SUPPLIES AVAILABLE TO THE CITIES'SERVICE GAS COMPANIES

IN THE HUGOTON FIELD

Development by the Cities Service Gas Compeanies

in the Hugoton Field
Leaseholds Acquired by the Companies in the Hugoton Field

The leaseholds acquired by the Companies in the Hugoton

Field are as follows:

Proved Probable Total
Texas County, Oklahoma 79447544 18,4260 97,735.4
Stevens County, Keansas . 74382.22 2,240 9,622.22

86,857462 204500 107,357.62

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 ére expected
to be less than average. |

The Cities Service leaseholds in the Hﬁgoton Field are not
readily available as a reserve as they are 90 miles removed from’
the present Cities Service line to the Agarillo Fieid. This
line of 20 inch diameter and a daily capacity of 125 million
cubic feet has been operating at or near capacity for eighteen
monthse This line has a supply in the Amarillo Field which is
definitely adequate fér a periodvof 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



thelr markété",&*"*‘even with tl'r’e""“c&ﬁs%’rﬁé}:f'sﬁ.""-of‘;;;' 9‘01:31”:1;19 pipe |
line, except in so far as they would displaoa the presently
used supplies at Amarillo.’ In this light 1t appears that the
Hugotoqueservesfwill only be mgdo aygilablo to.thq Companies'
lines‘at‘Wichita, Kansaé, or~Dilworth, Oklahoma, & distance

of more than 200 miles.

DevelqpﬁQntiof Companies' Leases in the Hugoton Field

Th§ COmﬁagies' leases in Hugobon have héd no development.
séme of the leases are withih’a mile of produeing wells, and
most of them;gfg in the areas between producing wells, but none
are offset td productioﬁ. ﬁo drainage of the leases has been

'effected, nor’ 13 any threatened at this time.
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General Conditions 1n the goton Field Bearing on Gas

Supplies Available to the Cities Service companles

Preobnt‘Produotion'Cbhditiona

Produotion from the. Hugoton Field now amounts to about
1,151,000 MCF per month (2-pound base), or a d&lly average for

the firat 8ix months of 1934 amounting to 40,164 MCF per day.

- Production of Gas from Hugoton'Field,‘Konsas '

angd . Oklahoma, in MCF (Z-Eound base)

Cimarron‘ Argus-ﬂbstern Panhandle{; - Lemar

1928 65,187 I
1929 174,593 o |
1930 'gés,sesa RN o 759,57011 |
1931 249,884 2,430,577 “j/=1;845,7631,' 203,902
1932 243,384 7,812,505 - 2,713,319 341,766
1933 173,367 12,062,240 3,946,501 347,412
1934+ ,' 84,604 5,168,924 1,976,399 _163,540

‘-1,21é,615‘ 27,474,246 11,237,452 1,076,620

* Six months.‘

At the present timo there are 151 wells in the field, of
which number 14 are not oonnected to pipo 1ines. All of the
gas produced is transported by plpo linos for uso as fuel in
nearby- oities and in part in dlstant citios through the llnes
of the Panhandle Eastorn and.Northern,Gas oompanloo.‘ There are

no carbon black plants or gasoline st:ipping plants in the
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field;,nlthough,a pefmit has been‘issﬁed by:thejakighoma Corp=-
oration Commissiop‘f§r ebnstruction of»a'carbon black. plant
near Guymon,;Okiahoma. The Argus Gas Company, with which the
Western Produotion Cbmpany‘is now merge&, a subsidiary of the
Northe:ﬁ Gas and Pipe Line Company,;has‘QO‘wolls in the
field.‘vrﬁe Texas Interstate fipe Lihe C6mpany, a subsidiary
‘éf the Panhandle Eqsfern Pipe Line’Company;’hgs 35 weils, of
which 13 furnish gas in the Argus pipe,linéa.. Three wells
in the»no?thern part of the field furﬁish gas for a line to
Lamar, Colorado,vand four wells are connected to a line of the
"Liberal Plpe Line Company which supplies Libersal , Kansas.

It is et#imgted that 1,833,000 MCF of gas has been with-
drawn from the Hugoton Field for use as fuel during drilling

of wells and blown to the air during drilling in of wells,
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Change of Outline in Proven 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,
Thls change is due to the completioﬁ of a gés well in the
center of the SW. & sec. 16y To 25 S., Re 34 We, in December,
1932. This well, known as Brown No. l, had an initial open
flow of 5% million cubic feet and the producing horizon and
pressure were the same as in wells in the Hugoton Field. This
new well 13 12 miles southwest of Gerden City and about 32
miles north of the nearest produclng well in the Hugoton
Field, the Trees ‘et ale No. 1 Warner in the center of the
SE. % sece 29, T.»SO Se, Re 34 Wey in the southwestern part
of Haskell County.

The Brown well in Finney County is éonsidered'asiextend-
ing the Hugoton Field approximately 30 miles to the northeast,
and thus enlarging thé provedfarea by epproximately 12 towne-

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

The development of the Hugoton Field is yet too little
advanced to give data neceessary for relieble estimates of re~
~serves.- Drllling and prodqotion up te the‘preeent time are
cooceﬁtrated in a reletivelj small part of the field, and the
records on thisrdevelopmentVGOntain inacouraciee aﬁd are incom-
pleﬁe. If is certain that the area that will yield commercial
gas wells le vaetly greater fhah the area now partly oeVeloped,v
but‘there/is room for much doubt as to exact location of the
boundaries of gae—produciive’%erritorYa' Estimetes of reserves
are neeessarily based in large part on conclusions as to the gquan-
tity of gas-productive acreages Henoe, the 1ndefin1teneee of
the outlines of the field 1ntroduces eorresponding possible
variation in estimates of reservea.*ri |

Reservoir volume method. The method of eetimatlng re-

serves that bases computation on figures for volume of the
undefground gas feeervoir and on meeeured mean rock pressures
is little more than a soienﬁificvguese because it is impossible
to secure satisfactory reliable data concerning the thickness
and porosity of the reservoir throughout the field, or for that
metter, even in part ofrtherfielda' This‘method has been em-
ployed by us and by othefs; however, Using 45 feet as etsi-
mated averege thickness of the iey_and a mean porosity of 20
peé cent, we made an estimate in 1931 (Reportnbo Kensas Corp-
oration Commieeioh) showing 10,859,508 &CF per ‘ecre original

reserve in the Hugoton field, computed on a 2-pound base. At

R



that time the proved area was regarded:asiogntaining 6§1,q00
acres, and accordingly a total originalﬂresenve of 7,069,539,708
MCF was derived for the fielde This may be compared with the
estimate of Cotner and Crum (Am. Assoc; Petroleum Geologists,
Bulle, vole 17, p. 903, 1933), who use factors of 50 feet for
average thickness of pay and 12 per cent for poroaity and esti-
mate a reserve of 8,000‘MCF ber agre,: Eor the area of 388,000
acres thaf is regarded by them as préfed, this gives an original
reserve of 3,124,000,000:MCF,~and for&ﬁn additional 678,000 acres
classed as probable gas-bearing ter;ifory ﬁhia acre-yield figure
would indicate 5,424, 000,000 MCF, ﬁaking a total of 8,548,000,000
MCF. Although these estimates are roughly aecordant they are
not at a11 satisfactory.

Production-Pressure Decline Method, The method of calcu=-

lating reserves by plotting production of gas against decline
'in roeck pressura is muoh more accurate than the method of attempt-
,ing to detarmine the volunn of the gas reserv01r. Effort to
apply the production-pressure decline”method-to the Hﬁgoton
Field encounters chief difficulty in the lack of reliable
records of originalvfogk §§?§surés, andrdﬁterminqtion of de~
cline in rock pressure.piéperly wﬁighted according to area.
Total recorded production, also, aﬁountg to'1;s§ then 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‘oalcﬁlations

that were made give results as follows.



_(I) First calc g}ggggg. The'drigina1 rock p#QSsure wa.s

assuméd té be 440‘pounds, as‘commbniy accéptéd for fhis field.'
Ten out of 35 wells drillod by’ the Texas Interstnto Pipe L1ne
Company havo reported 1nit1a1 rock pressures of 440 pounds,

the other 25 wells having 1ower reported initial pressures.

The highest initiel roek pressure of 90 wells drilled by the
Argus Pipe Line Company is 438 pounds, end this- pressure "is re-
corded in only two wells. A weighted average rock pressure as
of June, 1934, was determined for the developed part of the
field near Hugoton, compriging an outlinqd,area of 249,600
acres. Ih makinéﬁthis;dpterminatibn pressurés were contoured
.on the basis,ofjabgradiehtvof’10 p6ﬁhds ﬁerﬂmile increaaing out~
~ward from wells (see map). This pressure gradient is based on
the observed fate'efrwressure change‘hitwoen the Trees well in
the NW, %+ soo.‘Z; Te 35”5;5 R.'SQ,W.; ;ﬁieh has been shut in
sinoe comp1etion, and a neigﬁboringlieil a mile to the south,
produoed‘ﬁﬁraﬁzaveragé rate. Preésuféiyon both fells_were
available, rThé'indicatéd pressure conéﬂgradienfs seemAconserva-
‘tive end in an anea_§f such widely scgtterod wells and limited
prdduction’it‘isirea§onab1y.cerfain that territory with prac-
tigaily,virgin preésures lie betweén some 6f the producing
wells, The weighted average rockvpressurg-fof June 30, 1934,
thus detgrminqd for 249,600 acres of thebﬂdgoton rielﬁ is 431.66
poundss This figure subtracted from 440 pounds indicates an
average pressure ioss of 8;84 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 deecline, Dividing



the last figure by 249 600 and multiplylng by 440 indicates an
original reserve per acrefof 8 566,800 ocu. ft.g(z-pound base)e
Converting this flgure to 8-ounce base, the indicated acre re-
serve isg 9 429 230 cu. ft. The per acre reserve to an abandon-

ment pressure of 25 pounds amounts to 8, 895 478 ou. ft.~(8-ounoe

_base),

(2) Second ggg_.gg;g:c,;_ « Although the reported average inw

itial rock pressure of 90 wells of the Argﬁs Pipe Line Company

is 430, 87 pounds, & mean of the pressures on these wells measured

by englneers for Brokaw, Dixon, Garner and McKee in November,
1931, is 437.4 pounds. An average of the initial rock pressure
of 35~wals of the Texas Interstate Pipe Line Company is 436.5.
Méking ca;cﬁlations’as in thé first gan, buf using an éséumeg
initial réck-pressuré of 438 pounds, the indicated original re=
serve per acre in this part of the Hugoton F1e1d is 10,780

MCF (2-pound baae).»

(3) Th:rd calcglggion.“sﬁb;titntion of>456.5 pou#ds.as
thé figure«for the original :6ck pressﬁre‘gives the coméuted
original reserve of 13,253 MCF.pef,icréb(2—pound‘base).

The first of tﬁe calculatioﬁs reported is the most con-
servative, but it is 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 Reserves in the Hugoton Field

Proved
Kansas 981,120 acres =-==~==-o=-< 8,726,569,135 MCF
Oklshoma 302,080 acres =-=---=- -eew-= 2,686,541,834 MCF
Total -f------11,412,110,969‘MCF'
Probable.
Kansas 275,000 acres ==----=-- --- 1,222,853,225 MCF
Oklahome 496,640 acres ------------‘2,220,842,845 MCF
Total -----=-==- 3,443,696,070 MCF
Total =--memme=esc-ce=-msmemm=--==-=c= 14,855,807,030 MCF

Many geolbgiS£s }egard the territor&llying between the
soﬁthern'part of the Hugoton Field md the northwestern ex-
tremity of the Amarillo field, as now ouflined, as probable
gas-producing territory. This area is structurally high and
the geologic donf@iitions are similar to those in the Hugoton
Field. The‘recent drilling of a 100-million cubic foot gas well
by the Phillips COmpan&“(SE. core sec. 179, Blk., 3 T, T and No
RR) in northeasfgrn Moor§‘County near the northwest border of
the Amarillo Field "boundary" strengtﬁens this conclusiones If S
an area of 628,679 acreéjin Texas between the Amarillo and
Bugoton fields, here claéséd as frobable gas-producing terri-
tory, is calculated to have an acre-yield of 8,556.8 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. &}r\ ’Z.woc/!u/‘r)
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Price of Gas in the Hugoton Field

The preiailing price for gas in the Hugoton Field is §
cents per M at the well, 2 pound base, 60° F., agsuming 14.4
pounds as étmospheri;kpressuréoa This price is based on the
~‘paymeﬂté‘for royalty gas by -Argus Gas Company and Texas Inter-
states Thdse 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 to put gas into the line against the work-
ing pressure. However, the compény has made tests on various
wells from which they conclﬁde tﬁat any volume up to 100 per
cent of capacity can safely be taken from Hugoton wells with=-

out daenger of coning water or otherwise damaging the well,

Regulations Affecting Production

There are no regulations kffeoting the production of

gas frém Hugoton wells at this time,.
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'ﬂ“Acquisition 6f Lpaseholds _‘

The CitiesVService Gas Companies have:reéently béen acfive
~in the acquisltion of leaseholds in the Texas County, Oklahoma,
portion of the Hugoton Field. The terms of these leases will
perﬁit the_coméany to validatefor perpetuate leas§holds_under
nine sections with the drilling of‘one welle. No other_imporr
panf 1eas§‘aéquisi£iqns‘have tékeﬁ place in this portion of ﬁha
Hugotoﬁ field. : |
- In the porfheast;rn paftipf‘the Hugoton Fiqld‘a bloek of
35,000‘to 40;900:éefe§ihas recently been acquired by individuals
from'fiﬁtsburgh,'Pénnsylvania'fiéases taken in the name of Alden
| W. Fost;r).,'Theﬁconﬁidération paid to the landowners was $60
per quarter seetion or 37% conta per acre. This blook-is re~
Haskell sand Grant oounties, Kansas.
The supply of provad 1eases in the Hugoton Field exceeds
the'demand.by»so‘wiﬂa‘a margin that the proved ares 1; more than
1ha1f open or unleased. The Argus Gas‘Company'albne.has sur-
“ rendered leasea on 575 000 acres, most of it in the proved
area.. They have retained about 75, OOO aores, on which they
now have 90 producing wells. A
With more. than half of the proved acreage open and with
no active demand for leases, it is passible'tovsecure leases
in elmost any*partuqf the field‘fér 50 cents per acre; with o

a similar annual rental payment
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. GAS SUPPLIES AVAILABLE TO THE CITIES SERVICE GAS COMPANIES

FROM FIELDS IN KANSAS, OKLAHOMA, AND MISSOURI (EXCEPT HUGOTON)

Wells Drilled by Cities Service Gas Compaenies

The Cities Service Gas Compeanies have drilled no wells
on their leases in Kansas, Oklshoma, end Missouri during the

period from June, 1931, to June, 1934.

Production of Gas from Companies' Wells

Production from Cities Service Gas Companies' wells in
‘Kansas, Oklahoma, end Missouri for the twelve-month periods

ending as shown are here tabulatedes

Production in MCF, 8-ounce base

~June, 1931 June, 1932 ' June, 1933 June, 1934 Totals

Oklahoma 2,079,456 1,438,836 1,414,417 990,123 5,922,832
Kensas . 1,045,974 724,109 602,595 636,182 3,008,860

Missouri 9,148 . T4475 1,092 17,7156

3,134,578 2,170,420 2,018,104 1,626,305 8,949,407

During the last three years the rate of withdrawal from the
Companies' wells in Kansas, Oklashoma, and Missouri has been re-
duced by one-half, while during this period the rate of withe
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 relingquisheds.
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Open Flow of Companies' Wells in Kansas and QOklahoma

The open flow of the Companies® wells in Kansas and Okla-
homea on June 30, 1934, is reported as 259,131,000 cu. ft. per
day (2-pound base) from 86 wells. In July, 1931, the open
flow of these wells (including Missouri) totalled’258,857,000
cue fto. per day from 136 wells. It is therefore noted that,
although no new wells have been drilled, the open flow on
June 30, ‘1934, from the Companies' producing wells outside
of Amarillo is slightly more than from the same wells on .

June 30, 1931, though 50 more wells were‘prqducing at the
earlier date, Thislunusﬁal conditionlcan only be explained
by the fact thaf withdrawals have been diminished to a point
where the pressure and open flow in the wells are gradually
building up, probably due to gdvange of!edge water in the pro=

ducing horizons.

The Per cent of Open Flow Safely Taken

The per cent of open flow safely taken from wells owned

by the Cities Service Gas Companies in Kagnsas end 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 unimportent, and their
possibilities for future development practically exhausted.
The reservé# 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 withdréwn. The present reserves are estimated as

the difference between these amounts, or 27,604,500 MCF.
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