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To the Committee on 80-acre spacing - Case 407: 

M r . H a r r y Leonard, Chairman 
M r . R. S. Chris t ie 
M r . Wm. E. McKel l a r , J r . 
Judge E . H . Foster 
M r . G. T . Hanners 
M r . Jack Danglade 

Ge ntlemen: 

The Commission has chosen you to advise them on cer ta in 
questions re la t ing to Case 407, namely, 

1. At what depth should the order be effect ive; 
2. How many wells should be d r i l l e d before 

the hearing is called; 
3. Should there be a t ime l i m i t f o r the date of 

the hearing* 
and such other questions as the Committee may desire to repor t on. 

The Committee may select anyone they choose to represent 
them as an alternate. 

We appoint M r . H a r r y Leonard as Chairman to organize the 
Committee and set a date fo r i ts meeting. 

Ve ry t r u l y yours , 

R. R. Spurr ie r 
RRS:lh 
One o r ig ina l copy mai led 
to each member of the above 
mentioned Committee and 
carbon copy to M r . Glenn Staley. 



NEW MEXICO SCHOOL OF MINES 
Socorro, New Mexico 

Petroleum bngirjee r i ng Department 

11 December 1952 

Mr. R i chard R. S p u r r i e r 
State Geologist 
Santa , Itew Mexico 

Dear Dick : 

I waa g r e a t l y in te res ted i n tiae a r t i c l e , 
which appeared i n t h i s morning's ' J o u r n a l ' , quot ing 
from a communication addressed.to-you by c e r t a i n New 
Mexico ' e d u c a t o r s ' , concerning o i l and gas w e l l spac­
ing i n the s t a t e . -

The law which e s t ab l i shed the Conservation 
Commission f i n d s i t s only l e g a l basis i n the 'Preven­
t i o n o f was te ' . This waste can be measured i n - d c i l a r s 
as w e l l as i n - ba r re l s of o i l . 

I agree tha t o i l and £ as w e l l spacing de­
pends on such f a c t o r s as p o r o s i t y , p e r m o a b i l i t y , e t c . 
but i t also depends on the cost of d r i l l i n g and produc­
ing the w e l l s . I can see how the cost of two wel ls 
m l 0 h t exceed the value of the o i l obtained f rom them, 
whereas the same amount o f c i l could be obtained f r o a 
one w e l l a t a p r o f i t . Ce r t a in ly we cannot expect people 
to develops o i l and gas pools unless they can reasonably 
expect a r e t u r n on the investment. This i s p a r t i c u l a r l y 
t rue in the case of deep wel l s which may cost as much as 
a m i l l i o n d o l l a r s each, dur ing t h e i r product ive l i f . 

I am not , and never have been, convinced t h a t 
a un i fo rm spacing was tbe best approach to conserva t ion . 
I t i a e n t i r e l y possible t h a t the area drained oy a s ing le 
w e l l might be as small as one acre or as great as 600. 
This drainage area, f c r a p a r t i c u l a r p o o l , can only be de­
termined a f t e r c e r t a i n parameters such as p o r o s i t y , perm­
e a b i l i t y , s a t u r a t i o n , v i s c o s i t y , water conten t , th ickness , 
i n c l i n a t i o n , s t r u c t u r e , u n i f o r m i t y , w e l l d r i l l i n g cos ts , 
w e l l producing costs , and crude o i l pr ices are es tab l i shed 



f o r the p a r t i c u l a r f i e l d . Unfor tuna te ly these are not 
f u l l y determined u n t i l l a te i n the l i f e of the p c o l . 

I t i s l o g i c a l tha t we should devolope a 
new o i l or gas pool s l owly , and on a wide spacing, un­
t i l we can e s t a b l i s h the optimum spacing and l o c a t i o n 
of w e l l s f o r tha t p o o l . I do not bel ieve t h a t l o c a t i n g 
w e l l s i n the center o f l e g a l land sub-d iv i s ions has any 
v a l i d i t y . In a domal type of t r a p , w i t h an ac t ive water 
d r i v e , the w e l l s should be located along concen t r i c , sub­
sur face , s t r u c t u r a l contours, f o r the greates t u l t ima te 
recovery. 

I r e a l i z e , however, t h a t the l e g a l p ro fess ion 
I s not s u f f i c i e n t l y advanced tc appreciate t h i s l i n e o f 
reasoning and tha t we w i l l have to continue to adhere to 
present p rac t i ce u n t i l the doc t r ine o f u n i t operat ion o f 
o i l and gas pools can be subs t i t u t ed f o r the present tenet 
o f ' c o r r e l a t i v e r i g h t s ' . 

The r u l i n g i n question i s , i n my o p i n i o n , a 
grea t step forward In the technique of o i l f i e l d develop­
ment and I hope l t w i l l receive your we l l considered sup­
p o r t . 

The educators should be brought to r e a l i z e 
tha t they w i l l receive any tax money from we l l s which 
are not d r i l l e d . I f the establishment of temporary, wide, 
spacing w i l l accelerate development of our resources then 
the answer i s obvious, 

I know tha t you have considered these matters 
but I want you to know t h a t ycu can count on my support 
and assistance at any t ime . 

Best regards, 

f£>w?h 
Clarence 3 0 i ^ l s o m , J r 
Head of Jep t . 



R . W. T E S C H 
P E T R O L E U M E N G I N E E R AND G E O L O G I S T 

C O N T I N E N T A L L I F E B U I L D I N G 

FORT W O R T H , TEXAS 

January 6, 1953 

RWT - Fi le 241 - S3 

Mr. G. T. Hanners 
Stan* ell Bldg. 
Lovington., New Mexico 

Mr. Harry Leonard 
Box $72 
Roswell, New Mexico 

Mr. Jack Danglade 
Lovington, New Mexico 

Gentlemen: 

You have aeked me to iavestigate and advise you In regard to the proposed 
state-wide order for New Mexico providing for 80-acre development for 
wells below ten thousand feet in depth. 

I have investigated this matter and have come to the conclusion that such 
an order would be ill-advised, and that it would not be to the interests of 
many operators and royalty owners for such a rule to be passed by the 
Conservation Commission. On the contrary, it is ray opinion that such 
an order could cause irreparable damage. In support of this general 
conclusion, I am attaching nine detailed conclusions, which I have developed 
as a result of my investigation. 

It is my recommendation that you advise the Commission that you do not 
favor the proposed rule, aad that you further advise them that it is your 
opinion that each field should be judged on its own particular conditions. 

If I can be of further assistance to you in regard to this matter, kindly 
advise. 

Yours very truly, 

a . W. Teach 

&WT:bab 

Enc. 



BEFORE THE OIL CONSERVATION COMMISSION, SANTA PE, NEW MEXICO 

IN THE MATTER OF THE COMMISSION'S 
MOTION FOR EXTENSION OF SECTION G 
(OIL PRORATION AND ALLOCATION) TO 
PROVIDE FOR.ADDITIONAL RULE 508, Case No. KOJ 
ESTABLISHING OF TEMPORARY 80-ACRE 
PRORATION UNITS 

REPORT OF COMMITTEE 

The l e t t e r appointing this committee directed i t to 
report on three features of a proposed spacing rule and also 
to report on such other questions as the committee might desire. 
Wisdom of the proposed rule not being apparent, and the Phillips, 
Amerada and Magnolia members of the committee having advocated 
such a rule, the Chairman Harry Leonard, Acting Chairman G. T. 
Hanners and Committee Member F. J. Danglade f e l t that an indepen­
dent, disinterested petroleum engineer should be consulted as to 
the questions and problems necessarily connected with the proposed 
rule before any attempt be made to report on the three specific 
features of the proposed rule. 

After consultation with R. W. Tesch, an independent 
and disinterested petroleum engineer and geologist, of Ft. Worth, 
and after thorough study of the proposed rule, i t is the con­
sidered opinion of the undersigned chairman and committee members 
that the features of i t are so foreign to the orderly development 
of the o i l pools of this state that no further consideration 
should be given to any of the features of the proposed rule, and 
that the proposed rule, i n i t s entirety, should be rejected. Not 
only would the adoption of the proposed rule hamper the orderly 
development of any fields , but i t would tend to the reduction of 
the ultimate recovery of o i l , and, thereby, to the creation of 
waste. 

We, therefore, recommend that the proposed rule be 
rejected for the following general reasons: 

1. The adoption of such a spacing rule for new fields , 
i n advance of their discovery, necessarily assumes 
that a l l fields w i l l be identical and that one well 
w i l l always adequately and e f f i c i e n t l y drain and 
develop 80 acres, which experience i n New Mexico 
fields has shown not to be true. 



2. Each new field, after discovery, should be judged 
on its own particular conditions. And i f peculiar 
conditions warrant an exception from normal rules, 
the same should be considered after the establish­
ment of facts to warrant i t , but the adoption in 
advance of exceptions is necessarily based on a 
false premise. 

3. The public policy of New Mexico, as expressed in 
the recent session of the Legislature, is for the 
Commission, in establishing proration units, to 
consider, among other things, the rights of royalty 
owners and the reduced recovery, and physical 
waste, which might result from the drilling of too 
few wellsj and the adoption of the proposed rule, 
in advance of the discovery of the field or any 
technical data or knowledge about i t , would thwart 
the expressed Intent of the Legislature. 

4. Although the proposed rule Is disguised as a tem­
porary one, practical experience in such matters 
convince impartial observers that the actual 
effect of i t would be to shift the burden of 
proof to the royalty owners, and that the rights 
of royalty owners, including the beneficiaries 
of our State lands, could be jeopardized. 

5. That the orderly development of oil fields would 
be hampered by the adoption of any rule that 
sanctioned the drilling of fewer wells than reason­
ably necessary to efficiently and adequately drain 
and develop the field and that waste of natural 
resources would thereby be created. 

A copy of the report of R. W. Tesch, petroleum engineer 
and geologist, setting forth his conclusions in more detail and 
in more technical manner, after study of the proposed rule and 
questions and problems necessarily connected with i t , is attached 
to this committee report as Exhibit wAtt. Mr. Tesch is personally 
present, prepared to testify in support of his conclusions and in 
support of this committee report. 

We respectfully recommend that the proposed rule, in 
its entirety, be rejected. 



R. W. T E S C H 
P E T R O L E U M E N G I N E E R AND G E O L O G I S T 

C O N T I N E N T A L L I F E B U I L D I N G 

F O R T W O R T H , T E X A S 

January 6, 1953 

aWT - File 241 - 53 

CONCLUSIONS IN ilEGA&D TO 80-ACRE PROBATION UNITS 
AS A STATS-WIDE ORDER IN NEW MEXICO 

1. Many oi the deeper structures have revealed steeply dipping Hanks and 
complex faulting, thus staggered 40-acre spacing with 80-acre proration 
units eouid result in one operator forcing another operator to drill at a 
location which might be dry or located at aa inferio. structure position. 

2. SO-acre development will result in less oil being recovered than with 
closer development. 

3. Rule 505 of the Conservation Commission provides for higher allowables 
with depth and is based upon economic considerations so that an operator 
recovers bis investment in approximately the same time for different 
depths. (Note; If there are unusual economic conditions in any particular 
field, then i,uie 505 should be revised for that field.) 

4. High concentrated withdrawals for dispersed wells could conceivably 
result in large quantities being trapped off by uneven encroachment or 
coning oi water. 

5. No outproducing state has ordered state-wide 80-acre spacing for oil wells. 

6. Nearly ail oil-producing states inaugurate individual field rules after 
sufficient evidence has been obtained to determine the most applicable rules. 

?. Ia the case ol the Crossroads Field* the New Mexieo Commission found 
that 80-acre development was improper and revised the rules for that 
field back to 40-acre development. 

8. The proposed 80-acre role is only a device to force the Commission to 
assume responsibility for acts by operators that are contrary to their lease 
contracts and obligations, and thus places the royalty owner (which includes 
the public schools, state aad federal governments) in the position of being 
forced to sue the Commission for any illegal acts of an operator. 

9. There are four fields in Mew Mexico in which tae Commission has found that 
30-acre development is proper, thus proving that there is no necessity for 
a state-wide rule providing for 80-acre development below ten thousand feet. 



COPY 
MAGNOLIA PETROLEUM COMPANY 

P. 0. Box 900, Dallas 1, Texas 

LEGAL DEPARTMENT 

September 29, 1952 

M °« 1- ,952 "W 
Mr. Harry Leonard Ml- /V? 
Roswell, Hew Mexico BU«^3Tb'inT"tC3 li'li 

In re: Hew Mexieo Oil Conservation 
Coaajealon Caae Ho. 1̂07 

Dear Mr. Leonard: 

I have thia date received a letter from Hr. R. R. 
Spurrier* advising that I have been chosen to serve on a 
Committee with you, aa Chairman, to study and advise the 
Commission relative to the above matter. I will be greatly 
pleased to serve with you and the other members of the 
Committee. 

Inasmuch aa the Coamission has testatlvely set 
this matter for the October 15th hearing, I t la my thought 
that i f the Committee ia to make substantial and worthwhile 
recommendations that we should meet several daya previoua 
to the Comalsaion hearing. Personally, I would prefer a 
meeting date sometime during the week of Oetober 5th. A 
meeting during this week would afford an opportunity to dis­
cuss the issues, formulate some definite recommendations and 
suggestions, and would afford an opportunity for Committee 
members to clear these recommendations with the management 
of their respective companies or with their respective client 
before the Commission hearing. I will be glad to meet you 
and your Committee members at Roswell or at any other place 
convenient to you and your Committee members. 

I would appreciate hearing from you relative to 
thia matter. 

Yours very truly, 

WEMcK:ee W. E. McKellar, Jr. 

cc - Mr. R. R. Spurrier 
State Geologist 
Santa Fe, Hew Mexico 



G . T . H A N N E R S 
A T T O R N E Y - A T - L A W 

S T A N S E L L . B U I L D I N G 

LOVINGTON,XEW MEXICO 

September 29, 1952 

Mr. R. R. Spurrier 
Secretary-Director 
Oil Conservation Commission 
Santa Pe, New Mexico 

Proposed 80-Acre Spacing 
Dear Mr. Spurrier: Case No„ 407 

I w i l l be glad to serve on the committee to advise 
with the Commission on the proposed spacing rule i n Case 407 
as mentioned i n your l e t t e r of September 24th, and I w i l l be 
glad to meet such date as Mrc Leonard, the chairman, may sug­
gest f o r a meeting of the committee. 

Yours very t r u l y , 

GTHtmb 

CC: 

Mr. Harry Leonard 
J.P. White Building 
Roswell, New Mexico 

Mr. C. G. Staley 
Oi l Conservation Commission 
Hobbs, New Mexico 



O I L C O N S E R V A T I O N COMMISSION 
P. O . B O X 871 

SANTA F E , NEW MEXICO 

TO Ittf. APViSOi lT C O M i r t T T S E -

An—t to t Mr. B»rty. « C a m l w w i 

C««*ioca«4u 

Mr. » r . E . Mcfc«U*r, Sw*. A * » tartttoM« M* ro#t |»»lU« 
t« t Comcfeiatttett to «**ftl« MM «*«ui»fttt«* «f «th«r «***•« wit* 
tao M*gaeU« F o t r e U w * C o c * * * * ? . 

* • ft*** titU »i>#<rtm«ity to • * * o»i>r««i*tio» «t 
• i» ft** • o r v i c * •»« %* s i * • * * • « • • . 

Mr. £ . 1. it.o#4«r of 
%M r««4*c« U t , Megf l l t r . 

«<: 
Mr. ft. » . Carttt t* 
Mr. w«i». i . Mt Setter. I*. 

4wit* *• M -
Mr. C. T. »•*••*» 
Mr. .?•«* D**$h*A* 
Mr. 1 M M Mteftte 
Govomwr E^wtai i~. M*che*» 
L W d C « m i i U « i O M I K . f . V * J k # r 

Mr. J L. fir**, Jr. 

V#r4f trslk. fwmrn^^ 

ft. fe. &£*rt*j»jK 

LLEGIBLE 



O I L C O N S E R V A T I O N C O M M I S S I O N 
P. O . B O X 871 

SANTA F E , NEW MEXICO 

CAS*: 407: / 
\ 
K_ ^Temporary 80-acr* proration units ar* bereby est* 

eblished i»r wildcat walls* as defined ia Aula 104-A, 
completed ae ell wells with a aaal depth range el 
10,000 feet er more, determined te accerdaac* with -
Rule 565-a; 

1. After the effective date of this order, ao owner of a 
produciag well soeapletod as a wildcat with a pool 
depth range ef 16* 990 feet er a*ore shall ha required 
to drill more tbaa one well to each 80 acres ia order 
to secure his proportionate part of the production; 

3. Upon the eeaapletten of five w*Ua to the same pro * 
ducing formation within a radius ef two miles of such 
wildcat well, the pro ration unit aaall be established 
at 40 acres, unless the operator ena establish by 
clear and convincing evident* that one well will 
efficiently and economically drain tae 86 acres 
assigned to tha well* 

and such ether previsions aa may properly be included therein ae supported 
by proper testimony aaal evidence adduced at said hearing. 

NOTE: The above was submitted by Governor Mechem. 

ILLEGIBLE 



O I L C O N S E R V A T I O N C O M M I S S I O N 
P. O. BOX 871 

SANTA F E , NEW MEXICO 

t f thm Advisory Conwprjltea tlM at ?i J 

Mr. Marry Leoanra* €&a4ranaa 
Mr. a. a. C r rUtta 
Mr. c. M«,&eliajN i r , 
Jt*£g« k,. is. i «tt«r 
Mr. C». 1. HMMri 
*&r. Jack &aas>*4« 

G*at* •&*«•: 

• to tMi iUaee* af Mr*. Teec*. Mr. Tesca will b« 
*aaala ta aitea* tha C+mmi**i*m aeariaf, of Daeawifca* 14. i f §1 a* 
an «a>srt witness. 

i *m t <*a<a>i*si«a will tkerclera ask coatla^aaea *f Caaa 
4§? to the rageiar Jaaoary IS. iHMMriag. 

vt«w af . tt will aat be aa«««*ary lar emanr 
C<»» mittes a t a l t w ta %»riag expert v i n t i i t * to taa Beeaaaeer 
It , l<t%h\ hearing. 

Trusting the* tM* will meet wtsfc taa *#ere*al ol all 

Very traly yaar* . 

eei 
Go erear &ewia Meeker 
Laad Cott>«Ma»i*aar Gay •saaaad 
Mr. F s. Walker 
Mr. J . a-. Bark 
Mr. iaaaa Keliahia 



STATE OF NEW MEXICO 

OFFICE OF STATE GEOLOGIST 
SANTA FE, NEW MEXICO 

January 19, 1959 

Mt. V* 1. KoSollar. Jr. 
Magnolia Petroleua Company 
legal Deparfceent 
Boot 900 

Dallas l f Taxaa 

Dear Mr. MoKallari 
Vt regretfully accept your resignation fron the Caap 407 

Ve are writing this to let you know bow soon we appreciate 
your aeaiataao* and to wish the best suoeess possible in 
the nev job. 

Advisory Comnittee, 

Sincerely, 

RRStlh 
R. R. Sperrier 
Secretary • Dlreetor 



MAGNOLIA PETROLEUM COMPAQ 
A SOCONY-VACUUM COMPANY 

L E G A L D E P A R T M E N T 

DALLAS 1. TEXAS 

R O ' C _EC3ETTER 

f v O ' . D M. M CEP 3 
CHAS.; W.A_ACE 
R W'MNSCH -R 
ERAfiK c . BOTTOM, JR 
J."C< v Ck'REy 
EAf-/ H. -iE^C 
ROSE fv" A DOLE 
FLOYD B. H TTS 
vV'. E. M C K E - . A . P . JP. 

December 30, 1952 

JAN 2 195̂  

Committee on New nservation 
Commission Case No; 14.07 / 

Mr. R. R. Spurrier 
New Mexico O i l Conservation Commission 
Santa Fe, New Mexico 

Dear Dick: 

E f f e c t i v e January 1, 1953* 1 w i l l no longer 
be a s s i c i a t e d w i t h the Legal Department of Magnolia 
Petroleum Company. I t i 3 necessary therefore t h a t 
I tender my re s i g n a t i o n on the above Committee. 

I have sin c e r e l y enjoyed working w i t h you 
and the other members of the New Mexico Commission 
and i t i s w i t h h e a r t f e l t regret t h a t I tender t h i s 
r e s i g n a t i o n . 

Sincerely yours, 

V/. aj. McKellar, J r . 

'.•Jr>civ: ec 



O I L CONSERVATION COMMISSION 
P. O . B O X 871 

SANTA F E , NEW MEXICO 

December 16, 1952 

Mr. J . L . Burke, J r . 
Superintendent of Schools 
Jal , New Mexico 

Dear Mr. Burke: 

Thank you for your letter of identification, 
however, I knew all the time who you were but my 
secretary didn't. 

I am glad to know you are serving on the 
Committee and will be looking forward to seeing you 
in January. 

Very truly yours, 

lh 
R. R. Spurrier 
Secretary - Director 



JAL PUBLIC SCHOOLS 
JAL, NEW MEXICO 

December 9, 1952 

Mr. R. R. Spurrier, Secretary-Director 
Oi l Conservation Commission 
P. 0. Box 871 
Santa Fe, New Mexico 

Dear Mr. Spurrier: 

So that you w i l l know to whom you are directing copies of your cor­

respondence, the J. 5. Burk on your l i s t i3 none other than yours t r u l y , 

J. L. Burke. 

W i l l t r y to see you i n January. 

Cordially yours, 

JLB/pk 



We have received numerous communications from school people over the state 
expressing concern over the Case $U07 "before the O i l Conservation Commis­
sion. A hearing covering t h i s case was held i n Lovington on November 17, 
at which time, according to our information, no agreement was reached. 

The school people are interested because so much school revenue accrues 
from leases of public lands. They want us to present t h e i r point of view 
to the commission. We fe e l that t h i s point of view r e a l l y coincides with 
the point of view of the members of the commission, and that the commis­
sion members w i l l appreciate the interest of the members of the teaching 
profession. 

The primary point of conservation i s to assure to the public, the taxpay­
ers and the royalty holders, that when o i l is discovered the pool i s tho­
roughly explored, that production w i l l be steady over a long period of 
years, and when the pool is eventually abandoned i t w i l l he because the 
pool has been exhausted of a l l available o i l . 

The primary interest of school authorities i s that the income from o i l 
lands w i l l be steady, and over a long period of years, rather than a rapid 
expansion and exhaustion over a short period of time. Ten m i l l i o n dollars 
per year for ten years would not be near as attr a c t i v e as fiv e millions 
per year for twenty years, i n terms of steady school support. 

I t seems en t i r e l y within reason to assume that k wells on 80 acre spacings 
would not be as e f f i c i e n t i n releasing o i l as 8 wells on kO acre spacings. 
The variation i n porosity is such that i n many cases deep wells on the 
wider spacings would l i k e l y be abandoned before the maximum amount of o i l 
had been released. The allocation of production to wells on 80 acre spac­
ings would be much larger than on ko acre spacings, thus encouraging the 
forcing of a wel l and thus r i s k i n g spoilage by water or exhaustion of sand 
at a more rapid rate than the underground drainage could supply. 

J O H N P. B T E I N E R 
EXECUTIVE SECRETARY 

C H A S . H. WOOD 
F I E L D SERVICE SECRETARY 

M I N N I Q G I L L I L A N D 
ASST. EDITOR S C H O O L REVIEW 



Governor Edwin L. Mechem - Page 2 

The fact that a l l producers entered the state with the understanding that 
1*0 acre spacings were the rule i n New Mexico and the fact that leases and 
royalties were sold on the 'basis of forty acres, indicates that to change 
now to 80 acre spacings would involve endless l i t i g a t i o n over royalties 
and rights. A good deal of unfairness to small producers who may hold 
adjacent d r i l l i n g rights could result. Being forced to d r i l l i n the cen­
ter of an 80 acre offset might well place the well on the edge of the 
pool, whereas, a kO acre offset could more nearly insure good production. 
I t is well known that o i l pools i n New Mexico are long and narrow. 

Big producers might consider i t an advantage to be relieved of the respon­
s i b i l i t y of d r i l l i n g on kO acre offsets, being willing to take a good pro­
f i t on a well, and therefore, willing to risk efficiency i n to t a l and f i n a l 
drainage. This, however, is not conserving the mineral resources and is 
therefore not in the interest of taxpayers, the recipients of tax funds, 
or the public at large. 

We doubt that any lease holders w i l l be willing to s e l l their d r i l l i n g 
rights because they must d r i l l on ho acre spacings. I f such a condition 
should eventuate, and buyers could not be found, the problem could then 
be given further consideration. 

It is for these reasons that we hope the commission will deny the rights 
asked for in Case fkOJ. 

Very truly yours, 



SUGGESTED STATEWIDE RULE 

NEW MEXICO OIL GONSaVlTION COMMISSION 

CASS LOl 

\ - After the effective date of this order, no operator in 
a new reservoir eatabliahed aa a result of the completion 
of a wildcat well at a depth range of 10.000 faat or more 
shall drill more than one wall to each 6*0 acres. 

2. The location of the discovery wall ahall aat the pattern 
for the location of additional walla drilled while the 
temporary BO acre proration units are ln effect. [Jubeequent 
walla drilling to the sane reaerroir shall ba located" within 
150 feet of the center of a quarter auarter section of 
identical description tp that quarter quarter aaetion in 
which the discovery well was drilled, or within 150 feet of , 
the center of a qunjrter quarter section diagonal to such 
auarter quarter section,] Each quarter aection shall ba V/ 
divided int© two probation unite, running either North and ^ 
South or East and Want. 

3. Unless within not mora than 18 Mentha after completion data 
of the discovery wall ar within 60 days after completion of 
the 5th well to the same producing formation within a radius 
of 2 miles of such wildest well, whichever date occurs first, 
one or more of the oparators of said walla files an application 
for a hearing to determine the permanent spacing pattern for 
aaid reservoir, auch spacing pattern ahall revert to kQ acres 
and upon such hearing tha burden shall be upon auch operator 
or operators to show that one well will efficiently and 
economically drain fO acres, failing which, aueh spacing 
pattern ahall revert to 40 acres. 

It. Certified plat a of proration units ahall be filed with the 
Commission. 

and such other provisions as may properly be included therein, as 
supported by proper testimony and evidence adduced at aaid hearing. 



SUGGESTED STATEWIDE RULE 

HEW MEXICO OIL CONSERVATION COMMISSION 

CASE 407 

1. After the effective date of thie order, no operator in 
a new reaervoir eatabliahed aa a result of tha completion 
of a wildcat well at a depth range of 10,000 faat or more 
shall drill more than one wall to each 80 acres, 

2. The location of the discovery wall ahall aat tha pattern 
for the location of additional walla drilled while tha 

walla drilling to tha same reaervoir ahall ba located within -
150 feat of tha canter of a auarter quarter section of 
Identical description tp that auarter quarter section in 
which the discovery well was drilled er within 150 feet of 
the center of a quarter quarter section diagonal to such, 

Suarter quarter sectiazp Each quarter section shall ba 
ivided into two proration units, running either North and 
South or East and Waat* 

3. Unless within not mora than 18 months after completion date 
of tha discovery wall or within 60 days after completion of 
the 5th wall to tha aaaa producing formation within a radius 
of 2 miles of such wildcat wall, whichever data occurs first, 
ona or more of tha operators of aaid walla files an application 
for a hearing to determine tha permanent spacing pattern for 
aaid reservoir, aueh spaaing pattern shall revert to 40 acraa 
and upon auch hearing tha burden ahall ba upon such operator 
or operators to shew that ona wall will efficiently and 
economically drain 80 acraa, failing which, such spacing 
pattern ahall revert to 40 acraa. 

4. Certified plats of proration units shall be filed with the 
Commission. 

and auch other provisions aa may properly be included therein, aa 
supported by proper testimony and evidence adduced at said hearing. 

temi 



January 6, 1953 

R V T - F l l # 2 a - 5 3 

Mr. G. T. Banners 
fttaiMTS11 Bldg. 
t>riagton. Sew Mexico 

HP. Berry Leonard 
Box 872 
Roswell, Hev tbsdeo 

Hr. Jaek Denglede 
lovington, Bew Hsxloo 

Geatlemeat 

Toa have asked ae to investigate aad advise you in regard to tbe moaned 
statewide order for lev Mexieo providing for 30-eore development far 
walla belev ten thoasaad feel in depth* 

X have investigated this natter end have aone to tha ooneluslon that suoh 
an order vould bs ill^dvised, end that It would not be to the interests of 
many operators and royalty owners for saah a rule to bs passed by- the 
Conservation Commission. Oa tha contrary, i t is ay opinion that sueh an 
order oould cause Irreparable damage. In support of this general 
oomluslon, X am attenhiag nine detailed ooaalusiona, vhioh X have deve­
loped an a result of ny investigation. 

It ls my reeemmendatien that yea advise the Commlaeiea that you do not 
favor the proposed rule* and that you farther advise them that It is your 
opinion that eaah field should be Judged on its ova particular conditions. 

If I aaa be of further assistance to you in regard to this natter, kindly 
advise. 

Tours very truly. 

R, W. Teach 

R V Tsbab 

enc* 
(Cosy) 
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STANOLIND OIL AND GAS COMPANY ~7< 
O I L A N D GAS B U I L D I N G 

FORT WORTH, TEXAS 
C. F. BEDFORD 

DIVISION PRODUCTION SUPERINTENDENT 

^ 7 / 0 October 20, 1952 

I / ^ ^ ^ - J ^ ^ ^ ^ T T ? / ' ^ F H e s RGH-5241-175 

• .• ; A j-t (..; W MEXICjO. ' 

|; OCT 23 1952 ). 

. L J V ^ U U U lis Hi 

Subject: Nev/ Mexico Oil Conservation 
Commission Case 407» 80~Acre 

To The Committee on 80-Acre Spacing, New Mexico Oil Conservation 
Commission Case 407 

y ' 

Mr. H^rry Leonard, Chairman Mr, E^/H. Foster 
MryR. S, Christie K r . X I . Banners 
Kn< W. Ey McKellar, Jr. Mp< J ack/£_nglade 

Gentlemen: 

Since you have been appointed as a committee by the New Mexico 
Oil Conservation Commission to advise then on Case 407 pertaining to 
the adoption of 80-acre spacing, we believe i t is appropriate that 
our thoughts on this matter be conveyed to you for consideration in 
preparing recommendations to the Commission. 

In general, the Stanolind Oil and Gas Company is very much in 
favor of the adoption of a rule of this type. We believe i t is a 
desirable, progressive step which w i l l result in the prevention of 
waste by eliminating the d r i l l i n g of unnecessary wells. I t w i l l 
encourage deeper exploration and, by more quickly defining subsur­
face structures, such a rule w i l l enable the operators to obtain 
more conclusive data on which to establish the most suitable spac­
ing pattern. 

In order to make this rule more effective, however, we recom­
mend that consideration be given to the following additional points: 

1. The rule should remain i n effect u n t i l five wells have been 
completed. A hearing should then be held to determine the f i n a l 
spacing pattern and this rule should continue in effect u n t i l a for­
mal order has been issued. This procedure should enable the opera­
tors to acquire the minimum necessary data to support an application 
for appropriate f i e l d rules. Since development of deeper horizons 
normally proceeds at a relatively slow rate, we do not believe a 
time l i m i t should be placed on this rule. Limiting the period of 
time during which the order is effective might preclude the acquisi­
tion of sufficient reservoir data to determine the optimum spacing 
pattern. 



8C-Acre Spacing Committee, 
NMOCC 

October 20, 1952 

2. This rule should apply to any newly discovered horizon in 
which a l l or any part of the producing interval is encountered below 
10,000 feet. I t is v i r t u a l l y impossible on i n i t i a l d r i l l i n g to 
determine the relative position of a well on a subsurface structure, 
and we believe that such a provision is necessary to give the rule 
desirable f l e x i b i l i t y , since our experience has indicated that many 
deep structures have steeply dipping flanks with relatively high 
closure and may reveal complex faulting,, 

3. Provision should be made in the rule for controlling the 
locations of the f i r s t five wells drilled in order to assure uniform 
and orderly development should 80-acre proration units eventually be 
adopted i n the f i e l d on a permanent basis. For the five i n i t i a l 
wells, this would require development on an alternate 2,0-acre spac­
ing pattern. Contingent upon the outcome of the hearing, then, i t 
would be a simple matter to continue on uniform "80-acre spacing" 
or d r i l l the necessary wells to increase the density to 40-acre 
spacing ana proration units. 

Yours very t r u l y 

RGH:dhs 
cc: New Mexico Oil Conservation Commission 

Box 871 
Santa Fe, Nev/ Mexico 
Attention: Mr, R. H, Spurrier, Secretary 



R. W. TESCH 
Petroleum Engineer and Geologist 

Continental Life Building 
Fort Worth, Texas 

January 6, 1953 

RWT-File 241-53 

CONCLUSIONS IN REGARD TO 80-ACRE PRORATION 
UNITS AS A STATS-WIPE ORDER IN NEW MEXICO. 

1. Many of the deeper structures have revealed steeply dipping flanks and 
complex faulting, tens staggered 40-acre spacing with 80-acre proration 
units could result in one operator forcing another operator to drill at a 
location which might be dry or located at an inferior structure position. 

2. 80-acre development will resulyin less oil being recovered than with 
closer development. 

3. Rule 505 of the Conservation Commission provides for higher allowables 
with depth and is based upon economic considerations so that an operator 
recovers his investment in approximately the same time for different 
depths. (Note: If there are unusual economic conditions in any particular 
field, then Rule 505 should be revised for that field.) 

4. High concentrated withdrawals for dispersed wells could conceivably 
result in large quantities being trapped off by uneven encroachment or 
coning of water. 

5. No oil-producing state has ordered state-wide 80-acre spacing for oil 
wells. 

6. Nearly all oil-producing states inaugurate individual field rules after 
sufficient evidence has been obtained to determine the most applicable 
rules. 

7. In the case of the Crossroads Field, the New Mexico Commission found 
that 80-acre development was improper and revised the rules for that 
field back to 40-acre development. 

8. The proposed 80-acre rule is only a device to force the Commission to 
assume responsibility for acts by operators that are contrary to their 
lease contracts and obligations, and thus places the royalty owner 
(which includes the public schools, state and federal governments) in 
the position of being forced to sue the Commission for any illegal acts 
of an operator. 

9. There are four fields in New Mexico in which the Commission has found 
that 80-acre development is proper, thus proving that there is no 
necessity for a state-wide rule providing for 80-acre development below 
ten thousand feet. 

Copy 



BEFORE THE OIL CONSERVATION COMMISSION 
SANTA F E , NEW MEXICO 

IN THE MATTER OF THE COMMISSION'S 
MOTION FOR EXTENSION OF SECTION G 
(OIL PRORATION AND ALLOCATION) TO 
PROVIDE FOR ADDITIONAL RULE 508, 
ESTABLISHING OF TEMPORARY 80-ACRE 
PRORATION UNITS. CASE NO. 407 

REPORT OF COMMITTEE 

The letter appointing this committee directed it to report on three 
features of a proposed spacing rule and also to report on such other questions 
as the committee might desire. Wisdom of the proposed rule not being 
apparent, and the Phillips, Amerada and Magnolia members of the Com­
mittee having advocated such a rule, the Chairman Harry Leonard, Acting 
Chairman G. T. Hanners and Committee Member F . J . Danglade felt that 
an independent, disinterested petroleum engineer should be consulted as to 
the questions and problems necessarily connected with the proposed rule 
before any attempt be made to report on the three specific features of the 
proposed rule. 

After consultation with R. W. Tesch, an independent and disinter­
ested petroleum engineer and geologist, of Ft. Worth, and after thorough 
study of the proposed rule, it is the considered opinion of the undersigned 
chairman and committee members that die features of it are so foreign to 
the orderly development of the oil pools of this state that no further considera­
tion should be given to any of the features of the proposed rule, and that the 
proposed rule, in its entirety, should be rejected. Not only would the 
adoption of the proposed rule hamper the orderly development of any fields, 
but it would tend to the reduction of the ultimate recovery of oil, and, there­
by, to the creation of waste. 

We, therefore, recommend that the proposed rule be rejected for 
the following general reasons: 

1. The adoption of such a spacing rule for new fields, 
in advance of their discovery, necessarily assumes 
that all fields will be identical and that one well will 
always adequately and efficiently drain and develop 
80 acres, which experience in New Mexico fields has 
shown not to be true. 

2. Each new field, after discovery, should be Judged on 
its own particular conditions. And if peculiar conditions 
warrant an exception from normal rules, the same 
should be considered after the establishment of facts 
to warrant it, but the adoption in advance of exceptions 
is necessarily baaed on a false premise. 

3. The public policy of New Mexico, as expressed in 
the recent session of the Legislature, is for the Com­
mission, in establishing proration units, to consider, 
among ether things, tbe rights of royalty owners and 
the reduced recovery, and phyaieal waste, which might 
result from the drilling ef tee few wells; and the adoption 
of the proposed rule, in advance of the discovery of the 
field or any technical data or knowledge about it, would 
thwart the expressed intent of the Legislature. 
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4. Although tho proposed rule is disguised as a tem­
porary one, practical experience in such matters 
convince impartial observers that the actual effect 
of it would be to shift the burden of proof to the 
royalty owner a, and that the rights of royalty 
owners, Including the beneficiaries of our State 
lands, could be jeopardised. 

5. That the orderly development of oil fields would be 
hampered by the adoption of any rule that sanctioned 
the drilling of fewer wells than reasonably necessary 
to efficiently and adequately drain and develop the field 
and that waste of natural resources would thereby be 
created. 

A copy of the report of R. W. Teach, petroleum engineer and 
geologist, setting forth his conclusions in more detail and in more technical 
manner, after study of the proposed rule and questions and problems 
necessarily connected with it, is attached to this c ommittee report as Exhibit 
"A". Mr. Tesch is personally present, prepared to testify in support of his 
conclusions and in support of this committee report. 

We respectfully recommend that the proposed rule, in its entirety, 
be rejected. 

/ » / Harry Leonard 
Chairman 

l%( G. T. Hanners 
Acting Chairman 

/ • / F . J . Danglade 
Member 

4-16-53 

(Copy) 



O I L CONSERVATION COMMISSION 
P. O . B O X 871 

SANTA F E , NEW MEXICO 

Oetebe*2S, 1952 

c 
Mr. Berry A-eoasr<S 
JT. P. Watte Building 
Ro swell. Hew Meadce 

Doer Mr. I senard: 

I save y*ur totter ef Oststsr fe, 1952, reietlea: te Case #t?. 

I We west yes to tmmm tbat we greatly appreciate yaar aeeniiatlea ed 
Ckeireneatblp el tbie CeaaaMttee. 

According te thm tie-tee, the Cemnaissien coefttaued taa has tint ta 
Caae 407 frost October 19 te Kevembet 20, 19*2. ase* Ha ewe neetfteau 

I appreciate tee iaeleetea of tae United States OeeUgieal Survey aad 
educational taetitetteaa ef H*m ifeadee. 

I earaeeUy suggest taa* pee coaelder a seeetiag af tae Cesnaiittee 
before Ke*ea»ber 20, eo teat teceg meeyiatioee anay be laaladad ta tea 
reeerd ea tbat date. Wsile tea fiaeJ 4eter» ieattrms ef this ease may take 
time, I believe test the matter should be kept alive aaal the Cecacaleeiee 
sheeld be pre seated with rcieaaeneai'iHl.iiii er a aaotJam oe Wevesnber titk. 

cc: air. tl . S. Cftrtette 
Mr. f n , E . Mr Keller, I r . 
Judge E . H. Fester 
Mr. O. T. Kaaaers 
Mr. Jack Daaflade 
Governor Ededa L . Mecaem 
Cefr.mieaieaar CKty Shepard 

P 

Sincerely, 



October 6, 1952 

(0 ! ~ ; < - j ;.M£x<co. 

M 0 C T /952 V 
Nev; Mexico Oil Conservation Commission ii'lr /'lift 
P. 0. Box 371 ^ &d 'Q 'i}^M 
Santa Fe, New Mexico 

ATTENTION: Mr. P.. R. Spurrier, Secretary-Director 

Dear Mr. Spurrier: 

I have your letter of September 24th, appointing me 
Chairman of a Committee to advise the Commission on certain 
questions relating to Case 407. I consider this a very im­
portant case, i n which the schools of New Mexico, through the 
Commissioner of Public Lands, are v i t a l l y interested since 
they are the largest royalty owners; i n addition to their 
l/Sth interest under a l l State o i l and gas leases, they have 
a 37-1/2% interest i n Federal o i l and gas leases administered 
by the United States Geological Survey. 

In view of the proximity of the Holiday Season and 
the fact that a nev; Commissioner of : :ublic Lands w i l l assume 
office January 1, 1953, I suggest the Commission hold in 
obeyance the consideration of Case 4-07, which I understand 
is set for October 16th. 

I propose to have representatives of New Mexico 
Educational Institutions and the United States Geological 
Survey s i t i n with our Committee, with a view of furnishing 
the Commission with our recommendations early in the New 
Year. In the meantime, the Commission w i l l be kept advised 
of progress being made by the Committee. 

Very truly yours, 

HL/o Harry Leonard 

cc: Governor Edwin L. Mechem Mr. Vim. E. McKellar, Jr. 
Mr. Guy Shepard Judge E. H. Foster 
Mr. Glenn Staley Mr. G. T. Hanners 
Mr. R. 3. Christie Mr. Jack Danglade 



BEFORE THE OIL COISERVATION C0lr*KISSIOK 

OF NEW MEXICO 

IH THB MATTER Of THE APPLICATION QF 
TFTE OIL COFSKHTATTOF COM/ISSTOE UPOH 
ITS OWN MOTIOK F0H AE 011088 ETPSBBTRO 
SECTIOK 0, OIL PRORATION AKD ALLOCATION Case Eo. 407 
TO P30VID2 FOR THE ADDITIQR OF SOLE 
508 , S3TABLISHM1KT OF T&fPORABY EIGHTY 
ACHE PKORATIGK DKITB 

REPOSE OF Gomrmz 

I n response tc the letters of the Coauaiaalon of Sept. 24, 1952, 

the undersigned, meabars of the ooaaittee appointed hy the Commission 

to report on the following questions: 

1. At what depths should the proposed order establishing teav 

porary 80-acre proration units be effective, and 

2. low many wells should be dri l led before a hearing i a cal led, 

and 

3. Should there be a time limit for the data of the hearing, and 

4. Such other questions as the committee stay desire to report on, 

having oet in Santa Fe, Naw Mexico on June 15, 1958, desire to 

report as follows: 

1. It Is the recooaendation of your coesittee that the order 

should specify a well depth of 10,000 feet and below* 

2. It is the recommendation of your coomittee that five walla 

be drilled before a hearing is called, or 

3. I t is the recoaeiendation of your eocumittee that a time 

Unit of 18 montha be set for a hearing data, aniens within that 

tiae five wells have been drilled as reocouaended in Number 2, hereof, 

and. 

4. After the effective data of tha temporary order so operator 

ln a new reservior established aa the result of the completion of 

a wild eat well at a depth of 10,000 feet or sore shall drill more 

than one well to each 80 aeres, with the location of the discovery 

well setting the pattern for the location of additional walls drilled 

while temporary 60 aere proration units are In effect. Subsequent 
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veils drilling to the same reservior ahall ba located within 150 feet 

of the center of a quarter quarter section of identioal description 

to that quarter quarter seetion in which the discovery wall was 

drilled or within ISO feet of the denter of a quarter quarter saetlon 

diagonal to suoh quarter quarter section. Each quarter saetlon shall 

be divided Into two proration unite, running either North and South 

or ^aat and West. 

5. Tour committee also recommends that all fields on temporary 

80 acre proration units shall revert to 40 acres permanent proration 

units, unless within not more than 18 months after the completion date 

of the discovery well or within 60 days after completion of the fifth 

well to the same producing formation, whleh ever date occurs first, 

one or more of the operators of said walla files an application for 

a hearing to determine the permanent spacing pattern for the reser­

vior. Upon such hearing the burden shall be upon the operator or 

operators to show that one well will efficiently and economically 

darin 80 acres, failing which such spacing pattern shall revert to 

40 acres. 

6. Your committee further recommends that certified plats cf 

proration units ahall be filed with the commission. 

Respectfully submitted, 

E. H. Foster, "ember 

1* Keeler, Fember 



of 





EARL A. BROWN 
GENERAL COUNSEL 

ROY C. LEDBETTER 
RAYMOND M. MYERS A l l * H & l l 
CHAS. B. WALLACE ' —————— 
R.T.WILKINSON. JR. 
FRANK C. BOLTON. JR. 
JACK VICKREY 
SAM H. FIELD 
ROSS MADOLE 
FLOYD B. PITTS 
W. E. McKELLAR. JR. 

ASSISTANTS 

A S O C O N Y - V A C U U M C O M P A N Y 

D A L L A S 1, T E X A S 

October 20, 19^2 

In re; Casey No. h07 

Mr. K. R. Spurrier, Director 
Oil Conservation Commission 
P. 0. Box 871 
Santa Pe, New Mexico 

Dear Dick: 

Messrs. E. H. Poster and R. S. Christie met with the 
undersigned October 15>th and discussed the p o s s i b i l i t y of a 
committee meeting regarding the above case. I t i s imperative 
that such a meeting be held before the November hearing i f the 
committee i s to f u l f i l l the purpose f o r which i t was appointed. 

Realizing that you were going to n o t i f y Mr. Leonard of 
the Commission's intention to hear t h i s matter on November 20th, 
the above mentioned members requested that I write s o l i c i t i n g 
your assistance i n requesting Mr. Leonard to c a l l a committee 
meeting as soon a f t e r the November ij.th election as practicable. 
Mr. R. S. Christie w i l l not be available November 10th through 
the lf>th because of previous engagements, but advised that he 
would send an alternate should the committee meeting be called 
during that time. I n my opinion, the meeting should be held some 
days before the Commission hearing to afford representatives an 
opportunity to clear the committee's f i n a l recommendation with 
t h e i r respective c l i e n t s and management. However, any date and 
place acceptable to Mr. Leonard w i l l be satisfactory. 

I sincerely appreciate your assistance i n th i s matter, 
and surely hope that by the time you receive t h i s l e t t e r you 
w i l l have returned to your adobe and the Mrs. w i l l be busy 
b r o i l i n g elk steaks. 

Yours very truly, 

WEMck:ec W. E. McKellar, Jr. (] cc - Mr. E. H. Poster 
cc - Mr. R. S. Christie 



SUGGESTED STATEWIDE RULE 

* C O P Y 

3iA fcco-. 

NEW MEXICO OIL CONSERVATION COMMISSION 

CASE 407 

1. A f t e r the effect ive date of this order , no operator i n a new re se rvo i r 
established as a resul t of the completion of a wildcat w e l l at a depth 
range of 10,000 feet or more shall d r i l l more than one w e l l to each 
80 acres . 

2. The locat ion of the discovery we l l shall set the pat tern f o r the locat ion 
of additional wells d r i l l e d while the t empora ry 80 acre p r o r a t i o n units 
are i n ef fect . Subsequent wel ls d r i l l i n g to the same rese rvo i r shall be 
located wi th in 150 feet of the center of a quarter quarter section of 
identical descr ip t ion to that quarter quarter section i n which the d i s ­
covery we l l was d r i l l e d o r wi th in 150 feet of the center of a quarter 
quarter section diagonal to such quarter quarter section. Each quarter 
section shall be divided into two p ro ra t ion units , running either Nor th 
and South-or East and West. 

3. Upon the completion of f ive wel ls to the same producing f o r m a t i o n w i t h ­
in a radius of two mi les of such wildcat w e l l o r w i t h i n eighteen months 
a f te r the complet ion date of the discovery w e l l , whichever shall occur 
f i r s t , a hearing shall be set f o r the purpose of determining whether or 
not 80 acre spacing should be continued i n ef fect . 

4. C e r t i f i e d plats of p ro ra t ion units shall be f i l e d w i t h the Commiss ion 

and such other provis ions as may proper ly be included there in , as supported 
by proper test imony and evidence adduced at said hearing. 

* The above submitted by m a j o r o i l companies at November 20th, 1952 hearing. 

(Copied November 25, 1952.) 



I I <t E A S T M A R C V S T R B B T 

sftnTfl FE • neujmexieo 
December 8, 1952 

Mr. R. R. Spurrier. Member 
Oi l Conservation Commission 
Santa Fe. New Mexico 

Dear Mr. Spurrier: 

We have received numerous communications from school people over the state 
expressing concern over the Case ifUO'J before the O i l Conservation Commis­
sion. A hearing covering t h i s case was held i n Lovington on November 17, 
at which time, according to our information, no agreement was reached. 

The school people are interested because so much school revenue accrues 
from leases of public lands. They want us to present t h e i r point of view 
to the commission. We f e e l that t h i s point of view r e a l l y coincides with 
the point of view of the members of the commission, and that the commission 
members w i l l appreciate the interest of the members of the teaching profes­
sion. 

The primary point of conservation is to assure to the public, the taxpayers 
and the royalty holders, that when o i l i s discovered the pool is thoroughly 
explored, that production w i l l be steady over a long period of years, and 
when the pool i s eventually abandoned i t w i l l be because the pool has been 
exhausted of a l l available o i l . 

The primary interest of school authorities i s that the income from o i l 
lands w i l l he steady, and over a long period of years, rather than a rapid 
expansion and exhaustion over a short period of time. Ten m i l l i o n dollars 
per year for ten years would not be near as attr a c t i v e as fiv e millions per 
year f o r twenty years i n terms of steady school support. 

I t seems e n t i r e l y within reason to assume that h wells on 80 acre spacings 
would not be as e f f i c i e n t i n releasing o i l as 8 wells on kO acre spacings. 
The variation i n porosity i s such that i n many cases deep wells on the wider 
spacings would l i k e l y be abandoned before the maximum amount of o i l had been 
released. The allocation of production to wells on 80 acre spacings would 
be much larger than on ho acre spacings, thus encouraging the forcing of a 
well and thus r i s k i n g spoilage by water or exhausting the sand at a more 
rapid rate than the underground drainage could supply. 

J O H N P. S T E I N E R 
EXECUTIVE SECRETARY 

C H A S . H. WOOD 
F I E L D SERVICE SECRETARY 

M I N N I O G I L L I L A N D 
ASST. EDITOR S C H O O L REVIEW 



Mr. R. R. Spurrier - Page 2 

The fact that a l l producers entered the state with the understanding that 
Uo acre spacings were the rule i n New Mexico and the fact that leases and 
royalties were sold on the basis of f o r t y acres, indicates that to change 
now to 80 acre spacings would involve endless l i t i g a t i o n over royalties 
and r i g h t s . A good deal of unfairness to small producers who may hold 
adjacent d r i l l i n g rights could re s u l t . Being forced to d r i l l i n the cen­
ter of an 80 acre offset might well place the well on the edge of the 
pool, whereas, a kG acre offset could more nearly insure good production. 
I t i s well known that o i l pools i n New Mexico are long and narrow. 

Big producers might consider i t an advantage to be relieved of the respon­
s i b i l i t y of d r i l l i n g on ko acre offsets, being w i l l i n g to take a good pro­
f i t on a well, and therefore, w i l l i n g to r i s k efficiency i n t o t a l and f i n a l 
drainage. This, however, i s not conserving the mineral resources and i s 
therefore not i n the interest of taxpayers, the recipients of tax funds, 
or the public at large. 

V<e doubt that any lease holders w i l l be w i l l i n g to s e l l t h e i r d r i l l i n g 
rights because they must d r i l l on kO acre spacings. I f such a condition 
should eventuate, and buyers could not be found, the problem could then 
be given further consideration. 

I t i s for these reasons that we hope the'commission w i l l deny the rights 
asked for i n Case 7r^0T-

Very t r u l y yours, 

Tom Wiley ( / 
Supt. of Public Instruction 

JPS:em 



O I L CONSERVATION COMMISSION 

^ VJLA><>ttA>e->. SANTA F E , NEW MEXICO 
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CASE 407: 

1. Temporary 80-acre proration units ara hereby eat­
abliahed fbr wildcat wells, aa defined in Rule 104-A, 
completed aa oil walla with a pool depth range of 
10,000 feet or more, determined in accordance with 

Rule 505-a; 

2. After the effective date of this order, no owner of a 
producing well completed aa a wildcat with a pool 
depth range of 10,000 feet or more ahall he required 
to drill more than one well to each 80 eerea in order 
to secure his proportionate part of the production; 

3. Upon the completion of five wells to the same pro­
ducing formation within a radius of two miles of such 
wildcat well, the proration unit ahall be eatabliahed 
at 40 acres, unless the operator can establish by 
clear and convincing evidence that one well will 
efficiently and economically drain the 80 acres 
assigned te the well. 

and sucb other provisions as may properly be included therein as supported 
by proper testimony and evidence adduced at said hearing. 
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November 2h» 1952 

Hr. Harry Leonard 
J. P. *hlte Building 
Koswell, New Mexieo 

©It wvn rc ̂5-.'- n i p IrO 

U HOV 26 1952 

Dear Ur. Leonard! 

In accordance with the wishes of your committee on 8Q-acre spacing 
in New Mexico, representatives of Magnolia Petroleua Company, Phillips Petro­
leua Company and the undersigned set and drafted a proposed rale for 80-eere 
spacing in New Mexico, a copy of which la attached. 

Copies of the proposed rale were circulated for eoneent anong the 
operators attending the statewide hearing in Santa Fe on lovenber 20th, which 
net with majority approval. I t was specifically pointed oat that the proposed 
rule waa not a committee report. 

It is the opinion of the three above-naeed representatives that the 
proposed rale is sinple and workable and will take care of the majority of 80-
acre spacing locations. Any exceptions to the rule, and we think there will 
be very few, can be disposed of by special hearings* 

Since there are a number of deep wells being drilled in New Mexieo, 
and since the Conservation Coamission proposed such a rale on its own initiative 
and therefore I assume are desireea of having such a rale, an 8Q-eere spacing 
rale should, in my opinion, be adopted with aa little delay aa possible. 

therefore, may I suggest that your coaadttee reconvene as soon as con­
venient and if possible not later titan ten to fourteen days prior to the next 
statewide hearing, December 16, 1°!>2, and make another effort to agree en a pro­
posed 80-acre spacing rale for the Cdemission's consideration, fhe Magnolia 
and Phillips* representatives concur in this suggestion. 

You have no doubt been advised that the Commission continued Case 
U07 until December 16, 1952, at which tiae l t again will be heard. 



Mr. Harry Leonard - 2 - November 2l*» 1$$Z 

A copy of tha proposed rule is being sailed to each member of the 
mittee. 

Sincerely yours, 

R. S. Christie 

RSC/mw 

Enclosure 

cei Mr. Ws. McKellar, Jr., 
Magnolia Petroleum Company 
P. 0. Box 900 
Dallas, Texas 

Judge £. H. Foster 
Phillips Petroleum Company 
Amarillo, Texas 

Mr. Q. T. Manners 
Stansell Building 
Lovington, Mew Mexico 

Mr. Jack Danglade 
Lovington, Mew Mexieo 

Mr. J. L. Burke 
Superintendent of Schools 
Jal, Mew Mexico 
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NEW MEXICO OIL CONSERVATION COMMISSION 

SUGGESTED STATEWIDE RULE 

CASE If07 

1. After the effective date of this order, no operator i n 
a nev reservoir established as a result of the completion 
of a wildcat v;ell at a depth range of 10,000 feet or more 
shall d r i l l more than one well to each 80 acres. 

2. The location of the discovery well shall set the pattern 
for the location of additional wells dr i l l e d while the 
temporary 80 acre proration units are i n effect. Subsequent 
wells d r i l l i n g to the same reservoir shall be located with­
i n 150 feet of the center of a quarter quarter section of 
identical description to that quarter quarter section i n 
which the discovery.well was d r i l l e d or within 150 feet of 
the center of a quarter quarter section diagonal to such 
quarter quarter section. Each quarter section shall be 
divided into two proration units, running either North and 
South or East and West. 

3. Upon the completion of five wells to the same producing forma­
tion within a radius of two miles of such wildcat well or 
within eighteen months after the completion date of ths dis­
covery well, whichever shall occur f i r s t , a hearing shall be 
set for the purpose of determining whether or not 80 acre 
spacing should be continued in effect. 

h. Certified plats of proration units shall be f i l e d with the 
Commission 

and such other provisions as may properly be included therein, as sup­
ported by proper testimony and evidence adduced at said hearing. 



O I L C O N S E R V A T I O N COMMISSION 
P. O . B O X 8 7 1 

SANTA F E , NEW MEXICO 

September 24, 1952 

To the Committee on 88-acre spacing - Case 407; 

Mr. Harry Leonard, Chairman 
Mr. R. S. Christie 
Mr. Wm. E . McKellar, J r . 
Judge E . H. Foster 
Mr. G. T . Hanners 
Mr. Jack Danglade 

Gc ntlemen: 

The Commission has chosen you to advise them on certain 
questions relating to Case 407, namely, 

1. At what depth should the order be effective; 
2. How many wells should be drilled before 

the hearing is called; 
3. Should there be a time limit for the date of 

the hearing. 
and such other quest ions as the Committee may desire to report on. 

The Committee may select anyone they choose to represent 
them as an alternate. 

We appoint Mr. Harry Leonard as Chairman te organise the 
Committee and set a date for its meeting. 

Very truly yours. 

R. R. Spurrier 
RRS:lh Secretary - DirecjSfrr 
One original copy mailed 
to each member of the above 
mentioned Committee aad 
carbon copy to Mr. Glenn Staley. 



Mcvvuf aQ.e.crnand 

Soveafenr 12, 1952 

;

 H 0 V 14 1952 - : | 

ib%To»*ley j V f e ^ u ^ 
State Supa^taedtawi of Sdaentiea 
3aata Fes «es# ?iwt'.o 

l;«cr Mr, Alleys 

Qaeer date of September 14, 1$32» tae r,ev Mexieo OU 
CouserTfttloE Ooasiesioa appointed the following Ceem$ttee or, 
^Aera 3a*«4nf, Caae Ko. 49? i 

Barry Leonard, Cbsisnan* 
r-. 5. Christ!*, &strad& t̂aee&eas Corp., falaa» OI&Aean, 
WBJ. E* ifeSetter, j r . , tibial fa Petroleua Co., Dallas, fan**, 
JfcdgeS. II. cater, .liilllpa ?etroleaa Co,, Aaarlllo, fanna, 
0, f. Fusnaer.-?, Uwlajfton, Maw Meslee, 
Jsek Dene lade, hmriLnzlaa, law Ileal es, 

to advise the Ocaedaaion regaxein$ C*»* 8e» 4$?* ens to report 
oa seek other questions as the Coaelttee eight desire, at the 
hearing before the Cceoiaalon ea November 20th* 

The educational iaetiitttioas of Saw Msalee, beiag the 
largeet royalty owners ia the .̂ tate. are vitally eenseraed «ith 
•O-eare ©pacing aai aamy ether §aettleas bains presented' to tbe 

C^l Conversation CMsiTu lou. ta view ef tbe fctportsnce ef this 
ewe, we believe i t eeelrable tbat a l l Interests, particularly 
the eduetitiemi issiitatioag f fee iaifite4 te ait in at our 
Cosa&ttes Hasting te as held ia the offioe ef Hr. Jaek danglade, 
Jeminften, Sev Mexico, at IOICG o'clock A. rt.. en Su rente1' l̂ tls.. 
ie feejis yon 'dll be able te attend. 

fery truly yeta-a. 

;?L/e 
Kerry Leonard 

Above letter sent tat ILLFniRl F 
Mr, Jonany Valkenu gilvw City, K. M, 
Hr. H. Cr Panami£ Loviajften, H. H, 
Mr* J . l* Andersen, U. s, G. s. i^easll, M* 
I4r. fan *lley, State a^paiistendetft ef â asaMen 

li?. O. J , Holder, Bureau af aanacts. v*. w «-.• 



November 12, 19§£ 

•To Tbe Committee OB 30- Aero Spacing, No* Maxioo Oil 
OmmTTttim CmaXmim Case 407 , 

Mr, K, S. Christie 
Mr, \M. McKaliai*, Jr, 
Judge E„ K Foster 
Mr. u ?• Kaoaers 
Hr. -Jack Denglaa© 

GeBtri nnwni» 

A seating of the above named ooactittee will be 
held in tbe offlea ef Mr. Jaek Danglade, Loringtoja, Ism: 
Maocieo, at lOsOC o'clock A, M,, November 17th. 

fhe purpcae of this Meeting is to consider 
Case 407, which ia eet for hearing before th© Oil 
uoaaervation Ckssaiaaion on lievember 20th, ass to discuss 
such other questiese as the coaevittee may desire to report 
on. 

Very truly yotsra, 

J U J / O 

Barry Leonard 
ChslraaH 

ao; Governor Edvin L. Meohem 
Mr. Gay J&opari 
'•tr li. R. Sparrier*-'-'"' 
MEr. Olezaa Staler ILLEGIBLE 
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3. 

Aftor the off active data of this order, so operator in 
a nev reservoir estab lished as a rosnlt of tas ooaroleticc 
of a wildcat veil at a depth range of 10*000 faat or acre 
shall dri l l sore than one well to each 8© acres. 

Tm& location of tha (ftssorary well shall set tin pattern 
for the location of additional veils drilled while the 
tetter ary 80 acre proration units are in effect. Subsequent 
vails drilling to the saaa reservoir shall bo located vith­
in 150 foot of the center of a quarter quarter section of 
identical desorintion to that q arter quarter section in 
vhieh the discovery wall waa drilled or tdthin 150 feet of 
the eentar of a quarter quartor section ***tffTrt to each 
quarter quarter section* Saeh quarter section shall te 
divided Into two proration units f running either Rorth and 
South or East and West* 

Upon the co/r lotion of five veils to tho mm nrodaeini' foraa-
tion vithin a radius of two nilea of suoh wildcat veil or 
vithte eighteen souths after ths cor pla tion date of t?s dis­
covery veil , uhlchevw ahall occur f i rs t , a hearing shall be 
set for tho tmrpose of detern&n ng whether or not 80 acre 
spacing should be continued in effect. 

Certified plats of roratton units shall be filed with the 
Conrisslon 

h other iapo»isions as nay nroperlr be included therein, aa sup-
by rrorer teJ*ti?»>ony and srtdenee adduced at said hearing. 



O I L C O N S E R V A T I O N C O M M I S S I O N 
P. O . B O X 871 

S A N T A F E , N E W M E X I C O 

TC T m AOVjjOjtT CQMIijgf Ty K CAtjg 

AtteMi-se: Harr? s f W ^ - Clartraeam 

thm Coeamieeieei eel* tlte seme^eJa* eeerieg * * £e>ee «tT 
at «Mc* Mr, «aae>e**e MMpMi ef tteveem*** I t , t f t l a * * ree4 
Tee a/ere" ^ ?eaet»ft»i*«ly *»*# #%|este4 to ey C i i i i l i i iiiiteafrers 
Me&ellar. Seileate (attiiaalt aeeaeeeai aaa Christie at A a lemrtma. 
9tae* aatf taa C*e*e*ittae e a * met sraeaat, tee C«s>.wrteatea e.<etlai.iei* 
tt*e ease to tlte regular »et«w*er U H f f aem?ka*> 

ll *ae #u§*es*e4 ey i « « t *5*erat»»# that tf Ma €*enerttiee 
fatea4e te asm fe* fs*»**e* c«etMwae*e, teat all efe^aeats Bale art! eg to 
testify be aetiAe4 fe*#e?re aea4 ee aa «Bece»*a*r trip t» saate f e meat 
t»e e»aMe*. 

T^o €es»eMee*em) art*! emyeei a ret^tt free* «e«e C #a»a*ittee 
at t .« *«*t eearte# erne* if tamt art li *** e« p**»i»ie. fleaae e-r>iee taw, 

v fetr tpsif yeste 

e « j 

Mr, ». S. CHrtetle 
Me. Wen. 7. Me&eitar U 
J»«f« t \ ft, Faster 
Me. 6. T ffaeaev 
Me. lack De»$ie4« 
Me. Jasea Bellas ia 
Oevereer £. i . Me#*es» 
l e a * Cos»«©i*«*eaer tier Sfceeee*' 
Mv. J . S . »<*** 
Me. E . «. Wmfaer 

Secretary - 5tfe*tr*f 

ILLEGIBLE 



New Mexico 
OIL CONSERVATION COMMISSION 

GOVERNOR EDWIN L M E C H E M 
C H A I R M A N 

L A N D COMMISSIONER GUY SHEPARD 
M E M B E R 

STATE GEOLOGIST R. R SPURRIER 
S E C R E T A R Y A N D D I R E C T O R 

P. O. BOX S7I 

SANTA FE, NEW MEXICO 

November 25, 1952 

TO THE ADVISORY COMMITTEE - CASE 407: 

M r . H a r r y Leonard, Chairman 

Gentlemen: 

The Commission held the scheduled hearing on Case 407 
at which M r . Hanner's te legram of November 18, 1952, was read. 
The word "unanimously" was objected to by Committee members 
M c K e l l a r , Kel lahin (alternate member) and Chr is t ie at the hear ing, 
n ty ing t l ^ t frhpy did n"t w i ' i 1 ' t h a "HT? tf? hr i - T i t i n n i ^ Since half the 
Committee was not present, the Commission did* continue^the case to 
the regular December 16, 1952 hearing. 

It was suggested by some operators that i f the Committee xx&ezk 
intends to ask fo r fu r the r continuance, that a l l operators intending to 
t e s t i fy be not i f ied before hand so an unnecessary t r i p to Santa Fe may 
be avoided. 

The Commission w i l l expect a repor t f r o m your Committee 
at the next hearing and i f that w i l l not be possible, please advise soon. 

W r y T r u l y yours , 

R. R. Spur r ie r 
RRS:lh Secretary - D i r ec to r 
c c : — ~>. 

M r . R. S. Chris t ie 
MR. Wm. E. M c K e l l a r , J r . 
Judge E . H . Foster 
M r . G. T . Hanners 
M r . Jack Danglade 
M r . Jason Kel lah in 
Governor E . L . Mechem 
Land Commissioner Guy Shepard 

M r . J . S. B u r k 
M r . E . S. Walker 



S T A T E O F NEW M E X I C O 
E X E C U T I V E O F F I C E 

S A N T A F E y EDWIN L . M E C H E M 

G O V E R N O R June 17th, 1953 

Memo to: Messrs. E. S. Walker 
and 

R. Spurrier 
Oil Conservation Commissioners 

From: E. L. Mechem, Governor 

The 40/80 has offered nothing new. 

We have the same situation we had before. I t i s cheaper 
to d r i l l on an 80 pattern than on a 40 pattern. As a 
matter of f a c t , we were offered the t h i n l y - v e i l e d threat 
that i f we were too severe, P h i l l i p s would p u l l out. One 
other company mentioned t h i s also. 

Tesch t e s t i f i e d that the more wells d r i l l e d the more o i l 
recovered; which I believe i s the correct s i t u a t i o n . 

Balancing t h i s i s the economic factor which we must also 
consider and i t i s important. The only opposition to 
Tesch's statement was Callaway's explanation of Cutler rs 
Rule or something. In each of his examples the spacing 
pattern was extremely close and there were more wells 
clustered i n one area than i n others. How the h e l l could 
anything else happen but a migration of o i l to heavily-
d r i l l e d areas from t h i n l y - d r i l l e d areas? This i s not our 
situation - everything i s d r i l l e d on a uniform pattern. 
Callaway did t e s t i f y that close spacing produced more o i l 
per acre and wide spacing produced more o i l per w e l l . 
This should be "hornbook", but where i n h e l l does Cutler's 
Rule come into the picture? A l l those b s ever t r y 
to do i s to confuse the commission - which ain't hard from 
my standpoint! 

Absolutely no evidence was offered about a comparison of 
40/80. What one w i l l do as compared to the others. 
Buckley said that he had considered 40, 80, and larger, 
but they did not show us what happened under such circum­
stances, and not where 40/80 came i n . 



Messrs. Walker & Spurrier 
Page #2 6-17-53 

The only correct statement made from a purely technical 
standpoint was that each reservoir must relax on i t s 
own bottom. However, we must establish and maintain a 
spacing pattern of some sort. I t would be fine to heave 
spacing to the winds but the commission would then be i n 
session 30 hours a day, 400 days a year. In establishing 
a pattern we must assume of necessity that we are being 
a r b i t r a r y . There i s no other choice, regardless of what 
the spacing pattern i s . 

New Mexico has a wide spacing compared to many other states -
we have been extremely l i b e r a l i n many respects; we have 
given extra allowables f o r deep wells, etc. As a matter of 
fac t , we are considered by most to be the most l i b e r a l of 
states where regulation of waste i s vested i n a conservation 
commission. New Mexico has even been referred to as the 
Happ3/ Hunting Ground. 

We have no evidence - other than economic - to j u s t i f y a 
change to 80 acres, unless reservoir structure d e f i n i t e l y 
j u s t i f i e s i t . We have to balance between economics as 
applied to producer and economics as applied to the State 
and royalty owners. I think we have i t now. I f we could 
so proceed that we would not be bothered with requests f o r 
80 acres anymore unless the request was j u s t i f i e d and the 
applicant knew i t , we would be doing ourselves and the 
State a favor. 



STATE LAND OFFICE 

E. S. WALKER 
COMMISSIONER OF PUBLIC LANDS 

(KI WOBNrWn* COMMISSI!* 
: ;*ITA FE, .-.'tV.- M'XICO. 

'•' MUG 6 1953 
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August 6, 1953 

M r . Richard R. Spurr ie r 
O i l Conservation Commiss ion 
Santa Fe, New Mexico 

Dear M r . Spurr ier : 

In regard t o ^ a s e No, 407,yOrder No. R-346, I have r e ­
ceived a copyTSf the™peTitTon fo r re-hearing submitted by-
Jason W. Kel lahin fo r Ph i l l ips Petroleum Company, and 
Ross Madole fo r the Magnolia Petroleum Company. 

I notice on the t ransmi t t a l sl ip attached, you make the 
statement " I say - what do you say?". I don't know what 
you say, because you didn' t say; but I say "yes". As fa r 
as I am concerned, that is part of the duties of the O i l 
Conservation Commission. I am w i l l i n g to sit and l i s ten 
as long as they are w i l l i n g to stand and talk. I maintain 
that i f we didn' t give them a f a i r hearing and are wrong 
in our decision, and they request a re-hearing on the 
basis they have given; then the least we can do is re-hear 
i t . Of course, I real ize i t is up to you and the Governor, 
but any way, I vote yes. 

Sincerely 

E . (S. WALKER ^ 
Commissioner of Public Lands 



OIL CONSERVATION COMMISSI 
SANTA FE. NEW MEXICO. 

BEFORE THE OIL CONSERVATION C 

OF NEW MEXICO 

IN TEE MATTER OF THE APPLICATION 
OF TEE OIL CONSERVATION COMMISSION 
UPON ITS OWE MOTION FOR AN ORDER Case No. 407 
EXTENDING SECTION G, OIL PRORATION Order No. R-346 
AND ALLOCATION, TO PROVIDE FOR THE 
ADDITION OF RULE 508, ESTABLXSBM3NT 
OF TEMPORARY 80-ACRE PRORATION UNITS 

PETITION FOR RE-HSARING 

Cone now P h i l l i p s Petroleum Company and Magnolia Petroleum 

Company, and respectfully p e t i t i o n the Oil Conservation Com­

mission of New Mexico for a re-hearing i n the above captioned 

matter, and i n support thereof would show: 

1. That Petitioners are engaged i n the exploration f o r , 

development and production of o i l and gas, holding interests i n 

the State of New Mexico, and are, and w i l l be i n the fut u r e , 

engaged i n the d r i l l i n g of exploratory wells below the depth of 

10T000 feet, a l l as i s f u l l y disclosed by records of well loca­

tions, v/ell completions, and other data and information on f i l e 

with the Commission. 

2. That Petitioners are affected by the order of the Com­

mission i n t h i s cause and make th i s p e t i t i o n under the provisions 

of Sec. 69-223, New Mexico Statutes, 1941 Annotated (1949 Sup­

plement ). 

3. That the Commission erred i n entering i t s order i n this 

cause, the same being Order No. R-346, and that said order i s 

unlawful i n that i t i s unreasonable, ar b i t r a r y and capricious 

i n the following respects: 

(a) . The order i s not supported by the evidence offered 

i n t h i s cause, and there i s no substantial evidence to support 

said order. 

(b) . That the testimony adduced and exhibits offered 

at the hearings i n this cause clearly show that temporary state­

wide 80-acre proration units f o r pools 10,000 feet and deeper, 

on the basis of the proposed order i n this cause, would be highly 

advantageous to the State of New Mexico and i t s residents, and to 

operatofis operating i n the State of New Mexico. 

- 1 -



(c). That the testimony and exhibits offered at the 

hearings i n this cause clearly show that the temporary 80-acre 

proration units proposed herein would result i n a prevention of 

waste, as defined by law, and that correlative rights would be 

protected by such order,, 

tive rights of the operators, including the correlative rights 

of Petitioners herein. 

(e)<> That the order w i l l result i n waste as defined 

by law, as shown by the evidence offered at said hearings. 

WHEREFORE, Petitioners respectfully pray that the Com­

mission enter i t s order granting a re-hearing i n this cause, and 

that upon such rehearing, the Commission rescind i t s order No. 

R-346, and enter i n lieu thereof i t s order establishing tem­

porary 80-acre proration units, as proposed i n this cause, and 

As supported by the evidence and testimony herein. 

Respectfully submitted. 

(d). That the order does not recognize the correla-

Jason W. Kellahin 
Attorney at Law 
Laughlin Bldg., Santa Fe, N.M. 

For: Phillips Petroleum Company. 

Ross Madole «yrjwrr; 
P. 0. Box 900 
Dallas, Texas 

For: Magnolia Petroleum Company 



EXECUTIVE OFFICE 
S A N T A F E , N E W M E X I C O 

12 /11 /52 , 195 

Respectfully referred to 

Mr. Dick Spurrier 

for such action and report as in his opinion 

may seem necessary. 

ELM 
GOVERNOR 

MAGNOLIA PETROLEUM CORP EXHIBIT #1 

PRESENTED AT HEARING JUNE 16 1953 

CASE -407 
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PETROLEUM-ENGINEERING STUDY 

OF HEALDTON OIL FIELD, CARTER COUNTY. OKLA. 

BY C. H. RIGGS, JOHN E. WEY, EDWARD SANABRIA, JR., 
PAUL MEADOWS, WILLIAM C. SMITH, AND JAMES A. WEST 

• * * * * # # * * Report of Investigations 4917 

UNITED STATES DEPARTMENT OF THE INTERIOR 

Douglas McKay, Secretary 

BUREAU OF MINES 

J. J. Forbes, Director 

Work on manuscript completed August 1952. The Bureau of Mines will welcome reprinting 

of this paper, provided the following footnote acknowledgment is made: "Reprinted from 

Bureau of Mines Report of Investigations 4917." 

The work upon which this report is based was done under a cooperative agreement between 

the Bureau of Mines, United States Department of the Interior, and the State of Oklahoma. 

February 1953 
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TABLE 1. - Field and reservoir data, Healdton sands, 
Healdton o i l f i e l d , Carter County, Okla. 

GENERAL 

Date of discovery Aug. i k , 1913 
Depth of wells f t . 700 to 1,1+00 
Total productive area acres 7,1̂ 2 
Total wells drill e d to Nov. 1, 1951 2,590 
Wells producing as of Nov. 1, 1951 ' 1,863 
Stock tank gravity of o i l jV.P.I.o 26 to 35 
Viscosity of typical stock-tank o i l of 31° A LP.I., at 80° F Cps. 13.3 

RESERVOIR DATA 

72 
21.6 

330 
18.2 

Average o r i g i n a l reservoir pressure ( e s t . ) . . . . 270 
80 

Gas i n solut ion i n reservoir o i l per ba r re l of stock tank o i l 
85 

1.01+4 
1+22,000,000 

Total stock tank o i l o r i g i n a l l y i n rese rvo i r . . 67I+, 195,000 

PRODUCTION DATA 

Average i n i t i a l o i l production between 1913 and 1917, per well per 
day bbl. 270 

Maximum yearly o i l production, 1917 do. 22,036,000 
Yearly o i l production, 1950 do. 2,263,000 
Average daily o i l production, 1950 do. 6,200 
Average daily water production, 1950 do. ~" ll+,600 
Average specific gravity of produced gas (est.) 0.88 
Gasoline content of produced gas as of Jan. 1, 1951, per M cf . . . g a l . 0.31 to 3.95 

RECOVERY 

Cumulative o i l production to Jan. 1, 1951 bbl. 211,179,000 
Oil recovery to Jan. 1, 1951, f i e l d average per acre do. 29,570 
Oil recovery to Jan. 1, 1951, f i e l d average barrels per acre foot 1+10 

In this study the Healdton sands are considered to belong to four zones, the 
uppermost of which is termed the "first-sand zone" and the lowermost, the fourth-sand 
zone." The f i r s t sand, the most nearly depleted, is the thickest and most extensive 
and should lend i t s e l f best to water-flood development. The character of this sand 
and the proposed methods of water-flood development are described in the sections on 
Reservoir Conditions and Water Flooding. The second and third sands are extremely, 
lenticular, with alternating beds of sand and limestone of high and low permeability. 
The fourth sand covers a relatively smaller area and is more uniform in character, but 
i t differs from the other sands in that natural water drive is the important produc­
tion mechanism. The history of the natural water drive in the fourth sand for the 
f i e l d and for certain representative leases is discussed under Production Mechanisms. 
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INTRODUCTION AND SUMMARY 

This petroleum-engineering study of the Healdton o i l f i e l d in Carter County, 
Okla., describes the geology and production history of that f i e l d and estimates the 
o i l reserves that could be produced by efficient secondary-recovery methods. 

The Healdton f i e l d , i n western Carter County approximately 20 miles west of 
Ardmore, Okla., was discovered in 1913 and was one of the early important oil-produc­
ing areas in the State. Although the volume of o i l recovered from the Healdton sands 
has been comparatively high, studies show that a large reserve remains i n the pres­
sure-depleted sand, which can be recovered by efficient water-flood operations. 

In making this study of the Healdton-sand reservoir, the writers utilized many 
data already available i n company and Government offices. Most of the f l u i d samples 
were collected by Bureau of Mines personnel and analyzed i n the Bureau's laboratories 
at Bartlesville, Okla.; but other data, including logs, core analyses, and production 
records, were obtained from outside sources. These data were examined c r i t i c a l l y but 
were not verified, and possible errors in the original data may be reflected in the 
conclusions. 

In this study, attempts were made to consider only those aspects of the avail­
able information that would contribute to a clear and concise engineering report on 
the Healdton-sand reservoir. Other phases of the data, as well as those concerning 
associated reservoirs, were eliminated from consideration as being irrelevant to the 
particular problem. Cores and d r i l l cuttings of the Healdton sands were analyzed and 
studied to determine the nature of the reservoir rocks. Analyses of samples of pro­
duced o i l , water, and gas were studied to f i x the different types, the limits of their 
occurrence, and the su i t a b i l i t y of different waters for injection into the Healdton 
sands. Records of o i l , gas, and water produced and of gas and water injected were 
studied to interpret the production behavior of the f i e l d and of certain individual 
leases. Theoretical calculations were made to predict the probable water-flood be­
havior and o i l recovery, at constant water-injection rates, for individual sands on 
two leases. 

Table 1 summarizes data pertinent to the Healdton f i e l d . 

Oil is produced from discontinuous and lenticular Healdton sands of late \ \ 
Pennsylvanian age, which range in depth between 700 and 1,400 feet. Apparently \ \ 
these sands were deposited unconformably around and over a topographic high of the 
eroded Ordovician surface. During Mesozoic time, the area was folded and faulted to 
form a modified anticlinal structure. • 
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Samples of d r i l l cutting were obtained f o r study through the cooperation of 
Elbert King, Ardmore Sample Cut, Ardmore, Okla. 

Data from unpublished reports on the Healdton o i l f i e l d by Bureau of Mines 
personnel, A. A. Hammer, R. A. C a t t e l l ( l ) , 4 / C. F. McCarroll ( 2 ) , and C. R. Bo; 
were especially he l p f u l . 

The Healdton o i l f i e l d is located i n the western part of Carter County, Okla., 
about 20 miles west of Ardmore and 30 miles southeast of Duncan, Okla. (see f i g . 2). 
The major portion of the f i e l d l i e s i n T. k S., R. 3 W. (Indian meridian), although 
portions of the f i e l d extend into T. 3 S., Rs. 3 and k W., and T. k S., Rs. 2 and 
k W. The communities of Healdton, Wirt, and Dundee (McMan) are wholely or p a r t l y 
w i t h i n the f i e l d l i m i t s . 

The land is f l a t or gently r o l l i n g , with elevations ranging from about 885 to 
1,070 feet above sea l e v e l . The t o p s o i l consists of red and yellow clay and sand. 
Blackjack oak and low bushes comprise the natural vegetation, and very l i t t l e of 
the land i n the f i e l d i s now cultivated. The area i s drained by Whiskey and Walnut 
Creeks, small t r i b u t a r i e s flowing southeast to the Red River. 

I n the immediate area the prin c i p a l industries are associated with producing, 
transporting, and r e f i n i n g petroleum; a few cattle are grazed along the edges of the 
f i e l d . A branch of the Gulf, Colorado, & Santa Fe Railroad runs from Ardmore to 
Ringling, with a spur to Healdton. U. S. Highway 70 from Ardmore to Waurika passes 
south of the f i e l d . State Highway 76 passes through Healdton along the east side 
of the f i e l d . 

Stratigraphy 

Figure 2 shows the geography, areai geology, and prin c i p a l structural features 
i n southern Oklahoma. I n Carter County surface formations range i n age from Ordovi­
cian, which outcrops on the Criner H i l l s , to Cretaceous beds i n the Marietta syncline. 
Tomlinson (^j) gives the following general section f o r Carter County, Okla.: 

GENERAL GEOLOGY 

Location and Topography 

Regional Geology 

Recent Alluvium and gravel 

Cretaceous I Goodland limestone T r i n i t y sand 

Permian Red Beds 

Pennsylvanian 

Pontotoc series 
Hoxbar formation 
Deese formation .(Healdton sands?) 
Dornich H i l l s formation (Hewitt sands?) 
Springer formation 

k j Underlined numbers i n parentheses refer to references at end of t h i s report. 
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Approximately 2,600 wells have heen d r i l l e d i n the Healdton f i e l d , as shown on 
"the development map ( f i g . 1.), and over 211 m i l l i o n barrels of o i l have been recov­
ered from the several Healdton sands underlying the 7,1^2 oil-productive acres i n the V-
f i e l d . The comparatively high o i l production obtained from " i n f i l l " wells d r i l l e d \ 
between old producers substantially_raised the rate of o i l production following three ' 
i n f i l l - d r i l l i n g periods during the l i f e of the f i e l d . The increased recovery from 
the f i e l d as a whole" and from three leases i n parti c u l a r i s given careful attention 
i n the report under I n f i l l D r i l l i n g . 

Air and gas i n j e c t i o n t o increase o i l production or t o store gas f o r future use 
has been t r i e d on a li m i t e d scale but with comparatively l i t t l e success. The results 
obtained on several projects are discussed i n d e t a i l both as to the accompanying i n ­
creases i n o i l recovery and as t o the indications they give of the continuity of the 
o i l sands. 

The study indicates that, i n the Healdton sands, many millions of barrels o f _ o i l 
w i l l not be recovered by present pperatjj^_methods. Much of t h i s o i l can be flushed 
from the sands and forced to producing wells by water injected through specially 

. equipped and properly spaced input wells. Introducing water into the several sands 
and c o n t r o l l i n g i t s movements through the oil-bearing pore spaces between the sand 
grains w i l l present many problems to the water-flood engineer, but possible recovery 
of millions of barrels of o i l w i l l be an adequate reward. Methods of water-flood 
development and associated problems are discussed under Water Flooding. 
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Substantial " o i l shows" were found i n water wells d r i l l e d several years l a t e r on 
the Apple, Franklin, and Smith properties i n sees. 5 and 8, T. 4 S., E. 3 W. These 
indications, together with the fact that o i l was s t i l l oozing from the capped Palmer 
well, prompted Eoy Johnson, Edward Gait, Wirt Franklin, and Lon Apple to lease 4,000 
acres of land i n the Healdton area and organize the Plains Development Co. and the 
Bed Eiver O i l Co. 

The f i r s t commercial o i l well i n the f i e l d was d r i l l e d by the Red River O i l Co. 
and was completed August 4, 1913, on what i s now the Shell O i l Co., Inc., Wirt 
Franklin lease, NEl/4 sec. 8, T. 4 S., R. 3 W. O i l was found at a depth of approxi­
mately 900 feet, and the i n i t i a l production was 80 barrels d a i l y , from a sand about 
20 feet thic k . The second well , d r i l l e d on what i s now the Shell O i l Co., Inc., 
C. L McClure lease northwest of the discovery well , i n i t i a l l y produced 300 barrels 
of o i l per day. 

Development of other leases followed, and by the end of the year 15 o i l wells 
had been d r i l l e d (10). Originally, independent operators held 90 percent of the 
leases. By November 1, 1913, 14 o i l companies were operating i n the f i e l d . The 
Sun O i l Co. obtained 1,000 acres from the Crystal O i l Co. (formerly the Plains 
Development Co.) i n October 1913-

Intensive d r i l l i n g i n a southeast extension, including a l l or parts of sees. 
13, l 4 , 15, 22, 23, 24, and 25, T. 4 S., R. 3 W. and sees. 18 and 19, T. 4 S., 
R. 2 W., was begun i n 1916 and continued through 1917. Table 2 shows a summary of 
the development history during the f i r s t 3 years. 

TABLE 2. - Early development history, Healdton o i l f i e l d , Carter County, Okla. 

Year 
Completed wells 

Oi l production, b b l . Gas production, M c.f. 

Year 
Completed wells I n i t i a l d a i ly (Yearly) 

t o t a l 
I n i t i a l d a i l y 

Year Total Oi l Gas Dry Total Average 
(Yearly) 
t o t a l Total Average 

1913 

1915 

23 
392 
335 

15 
340 
290 

3 
9 

14 

5 
43 
31 

844 
106,171 
86,010 

56 
312 
297 

36,250 
7,784,000 
6,412,500 

50,000 
150,000 
191,000 

17,000 
16,000 
13,600 

Figure 3 shows the oil-production history, average price paid f o r crude o i l , and 
number of producing wells i n the Healdton o i l f i e l d from 1913 through 1950. 

Transportation and O i l Sales 

During the early development of the f i e l d , equipment and supplies were hauled 
from Ardmore by mule teams over poor, muddy roads. Construction of the Ringling 
Bailroad (now Gulf, Colorado & Santa Fe) was begun i n May 1913, and by December of 
that year the railro a d had reached a point 3 miles south of the f i e l d . Wilson and 
Joiner City became transportation headquarters f o r hauling supplies to the f i e l d 
and o i l to the ra i l r o a d by mule teams. Later, a spur track ( O i l F i e l d Bailroad) 
was l a i d into Healdton, and o i l was shipped out i n tank cars. 

By January 1914 o i l production averaged 1,600 barrels da i l y . I n February 19l4 
Magnolia Pipe Line Co., the pr i n c i p a l purchaser of crude o i l i n the Healdton f i e l d , 
announced an increase i n the price f o r crude o i l from $1.00 to $1.03 per b a r r e l . 
A 55,000-barrel storage tank was completed that month, and shortly thereafter the 
f i r s t o i l was run through a newly l a i d 6-inch l i n e to Addington, Okla., and thence 
through the main pipeline to the Magnolia Petroleum Co. refinery at Fort Worth, Tex. 
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Mississippian 
Caney shale 
Sycamore limestone 
Woodford chert 

Devonian 

Silurian Hunton formation 

Hunton formation 
Bois d'Arc limestone 
Haragan shale 

iHenryhouse shale 
'Chimney H i l l limestone 

Ordovician 

Sylvan shale 
Viola limestone 
Simpson formation 
Arbuckle limestone 

Many of these formations are exposed in the highly folded area immediately 
southwest of Ardmore, which includes the Criner H i l l s and the Overbrook anticline. 
Permian "Red Beds" cover most of the county west of the Indian meridian, including 
the area of the Healdton f i e l d . 

Geological History of Structure 

The known structural history of this area begins in late Pennsylvanian time with 
deposition of the Dornick H i l l s formation ( 4 ) . A major diastropic movement, which 
formed the Wichita, Arbuckle, and Ouachita Mountains, also formed smaller parallel 
folds running northwest and southeast. Many of these smaller folds influenced o i l 
accumulations i n the Healdton, Velma, Loco, Fox-Graham, Sholem-Alechem, and Tatums 
f i e l d s . In the erosion period that followed this diastrophism, the lower Pennsylvanian 
and older formations were removed from the crest of the Healdton and Criner H i l l s . 
Gradual subsidence followed, beginning i n the Marietta syncline and Ardmore Basin and 
progressing northwest. During the early stages of this subsidence and deposition the 
Healdton and Criner H i l l s stood out as islands with steep limestone c l i f f s facing the 
sea (5). Sand bars and shale beds were deposited, reworked, and redeposited around 
the base of the Healdton Island. As the land continued to subside, lenticular sand 
and shale beds were deposited over the top of the Healdton Island. In the Healdton 
area there is l i t t l e apparent break between these Healdton sands and the overlying 
Permian Red Beds, although further to the east a discomformity is apparent (6). 

Following Hoxbar deposition the area was again folded and faulted along the 
former trends and raised above sea level. In early Cretaceous time Gulf seas again 
invaded the continent, spreading over Oklahoma and Kansas. Probably Cretaceous sedi­
ments originally were deposited over the entire area, although a small patch i n the 
Marietta syncline is a l l that remains i n Carter County of the sediments deposited by 
these seas. After Cretaceous time the area was again uplifted, and the seas receded 
to form the off-lap deposits of the coastal areas of Texas and Louisiana. During 
the present emergence, a l l of the Cretaceous and much of the Permian sediments have 
been removed from the Healdton H i l l s by erosion (j_) (8) . 

Early i n the 1890's a prospector named Palmer used, a springpole r i g to d r i l l a 
well near an o i l seep on what was Indian land and is now the Shell Oil Co., Inc., 
C. L. McClure lease i n sec. 5, T. 4 S., R. 3 W. (9). At 425 feet in depth o i l "oozei 
and slopped" over the top of the hole. Palmer capped the well, hoping to obtain the 
necessary leases before the news spread about the o i l s trike. However, before the 
Atoka Agreement i n 1897, a Federal treaty with the Chickasaw and Choctaw Indians 
prohibited development of Indian lands for o i l , and Palmer died without pro f i t i n g 
from his discovery. 

DEVELOPMENT 

Discovery 
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ANNUAL O I L P R O D U C T I O N , MILLIONS OF B A R R E L S 

CRUDE OIL PRICE PER B A R R E L , D O L L A R S 



Comparatively low d r i l l i n g costs and high i n i t i a l - p r o d u c t i o n rates(100 to 1,000 
barrels d a i l y (9_)), contributed to rapid development of the f i e l d early i n 1914. 
Fear of underground drainage led t o competitive production, which soon f i l l e d a l l 
available storage. 

Earthen p i t s were h a s t i l y constructed t o store the o i l , but heavy rains and 
f i r e started by e l e c t r i c a l storms caused much loss and damage. McPhail & Corbett 
constructed a small dam across a creek and skimmed much los t o i l o f f the top of the 
water. O i l prices dropped t o 70 cents. 

N By August 19l4, after 1 year of operation, 208 wells on 74 leases were producing 
over 50,000 barrels of o i l d a i l y . Oklahoma Corporation Commission Order 846 re s t r i c t e d 
o i l production from wells t o the amount that could be sold f o r 65 cents or more per 
ba r r e l . I n October the Magnolia Pipe Line Co. reduced the price to 40 cents per ba r r e l , 
and the Oklahoma Corporation Commission (Order 847) prohibited production of any o i l 
that could not be sold f o r 50 cents or more per ba r r e l . O i l stored i n earthen p i t s 
became unsalable at quoted market prices because of included water and the decrease 
i n gravity, so the Oklahoma Corporation Commission (Order 878, issued November 10, 
19l4) permitted sale of t h i s o i l below the market price, provided that the amount 
sold was charged against the prorated allowable on the basis of the value received 
therefor. The Oklahoma Corporation Commission Order 920 (issued June 5, 1915) pro­
hibited storage of o i l i n earthen p i t s . 

Late i n 19l4 the Ardmore Refining Co. completed the f i r s t 1,000-barrel re f i n i n g 
unit at Ardmore, and the Producers Refining Co. began t o construct an 8-inch l i n e to 
Gainesville, Tex. 

Because of inadequate markets and low prices f o r crude, development was v i r t u a l l y 
at a s t a n d s t i l l during lat e 19l4 and early 1915. O i l prices dropped t o 30 cents per 
bar r e l , and the pipeline companies purchased only currently produced o i l and would 
accept none from storage. A c t i v i t y increased late i n 1915 > and i n October of that 
year the Producers Refining Co. 8-inch l i n e to Gainesville, Tex., was completed. 
The independent operators i n the Healdton f i e l d contracted t o furnish 15,000 barrels 
of o i l daily t o the -pipeline at 30 cents a ba r r e l . By the end of 1915 750 wells had 
been d r i l l e d , and daily o i l production averaged 75,000 barrels. 

O i l prices gradually increased from 35 cents per barrel i n October 1915 t o 75 
cents per barrel i n December 19l6. (See f i g . 3.) 

By February 1917, six pipelines with a da i l y handling capacity of 73>000 barrels 
of o i l had been constructed. Since then oil-transportation f a c i l i t i e s have been 
adequate. By December 1917, 1,825 o i l wells had been completed, and yearly o i l pro­
duction (as i l l u s t r a t e d i n figure 3) reached a peak of 22 m i l l i o n barrels i n 1917 
( l l ) . During 1918 and 1919, 150 wells were d r i l l e d , but t h e i r comparatively low rates 
of production could not stay the sharply declining f i e l d rate of production. The i n i ­
t i a l d r i l l i n g campaign i n the Healdton f i e l d came to a close i n 1919, and since that 
time there has been l i t t l e change i n the productive l i m i t s of the f i e l d . I n 1919 and 
1920, 1,971 o i l wells were producing i n the f i e l d . At no time since have there been 
as many. 

Table 3 l i s t s the 11 pipelines that, i n the early 1920's, transported o i l from the 
f i e l d t o refineries i n c i t i e s as near as Wilson, Okla., and as f a r away as Wood 
River, 111. 
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TABLE 3. - Pipeline companies and refineries serving Healdton o i l f i e l d i n the early 
1920's, Healdton o i l f i e l d , Carter County, Okla. 

Size Con­ Refinery 
of nected Refinery capacity, 

Pipeline company line leases Refinery name location bbl. 
Pure Pipe Line Co. 6-inch 18 Pure Oil Co. Ardmore, 7,000 

Okla. 
Magnolia Pipe Line Co. Two 34 Magnolia Refining Fort Worth, 20,000 

6-inch Co. Tex. 
Sinclair Pipe Line Co. 8-inch 20 Sinclair Refining 

P/-i 

do. 10,000 

Chickasaw Pipe Line Co. k-inch 8 uo • 
Chickasaw Refining 

Ardmore, 5,000 
(Coline Oil Co.) Co. Okla. 

Cameron Pipe Line Co. 6-inch 5 Cameron Refining do. 3,500 
(Ardmore Refining Co.) Co. 

Empire Pipe Line Co. 8-inch 16 Producers Refining Gainesville, 6,000 
(Producers Refining Co.) Co. Tex. 

Imperial Refining Co. h -inch 7 Imperial Refining Ardmore, 7,000 
Co. Okla. 

Nyanza Refining Co. 3-inch 1 Nyanza Refining Wilson, 3,000 
(J. Howard Pugh) Co. Okla. 

Yarhola Pipe Line Co. 6-inch 13 Shell Oil Co. Wood River, 
Tl 1 

Unknown 

Texas Pipe Line Co. of Okla. 8-inch 10 Unknown 
XXX . 

Unknown Do. 
Pierce Pipe Line Co. do. Pierce Refining Fort Worth, 8,000 

Co. Tex. 

In 1920 the demand f o r crude o i l increased sharply, and the price increased 
steadily t o a peak of $2.75 per bar r e l i n March of that year. Shortly thereafter, 
imports of foreign crude, c h i e f l y from Mexico, decreased the price t o a low of 60 
cents per b a r r e l . After 1922 most o i l was sold on a gravity basis, but u n t i l 1925 
the price paid f o r Healdton crude was 20 cents per barrel less than f o r other crudes 
of comparable gravity. 

I n 1926 the f i r s t i n f i l l - d r i l l i n g program began, and during the next few years 
38 new wells were d r i l l e d . O i l prices f o r 31° A.P.I, gravity o i l declined from a 
high of $1.89 per ba r r e l i n 1926 t o a low of 25 cents per barrel i n 1931. 

In November 1930 State-wide proration l i m i t e d o i l production to 5 barrels of 
o i l per well per day, plus 50 percent of the difference between t h i s and the poten­
t i a l d a i ly o i l production of the w e l l . The proration base was raised to 10 barrels 
per well per day i n January 1931 and to 20 barrels i n May 1931• 

By 1933 the economic depression forced many small refineries i n the Healdton 
area to discontinue operations, and the plants were shut down or dismantled. How­
ever, two refineries s t i l l were operating i n Ardmore and processing Healdton crude 
o i l , and Shell Pipe Line Co., Magnolia Pipe Line Co., and Pierce Pipe Line Co. were 
transporting o i l t o refineries i n Wood River, 111., and Fort Worth, Tex. The average 
daily o i l production from the f i e l d s was approximately 9,500 barrels. 

The second i n f i l l - d r i l l i n g campaign, beginning i n 1935, and general application 
of vacuum, beginning i n 1938> increased and maintained the yearly o i l production at 
3 t o 3 l/2 m i l l i o n barrels per year u n t i l 19I+I. 
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Cable tool drilling rig 

f 

Rotary drilling rig 

Figure 4. - Portable cable tool and rotary drilling rigs used in the 
Healdton oil field, Carter County, Okla. (1951). 



rotary tools were used to complete the wells, the water-base mud might penetrate and 
seal off the pressure-depleted Healdton o i l sands, which would result in poor or non­
productive wells. A few recent wells were completed with rotary, using oil-base mud. 

Table 4 shows the estimated cost of d r i l l i n g and completing a well in the 
Healdton f i e l d in 1951> using the combination rotary- and cable-tool methods de­
scribed above. 

TABLE 4. - Estimated cost of completing a well in the Healdton sand, 
1951» Healdton o i l f i e l d , Carter Coutny, Okla. 

Drilling - Depth 1,200 feet 
Cost per foot includes fuel, water, rigging up, pits, etc. 

Item Total 
900 f t . d rilled with rotary tools at $2.00 per f t . $1,800 
300 f t . d r i l l e d with cable tools at $3.00 per f t . 900 

Total cost of d r i l l i n g $2,700 

Casing and tubing 
80 f t . of 10-3/4-in. o.d., 32-3/4 lb. per f t . 208 

900 f t . of 7-in. o.d., 24 lb. per f t . 1,746 
320 f t . of 5-3/l6-in. o.d. liner 352 

1,190 f t . of 2-3/8-in. o.d. tubing 488 
Total cost of casing and tubing 2,794 

Equipment 
Bods, 1,200 f t . 125 
Pump (includes pumping jack) 300 
Flow line, 500 f t . 350 
Miscellaneous 75 

Total cost of equipment 850 
Material 

Cement, 300 sacks 180 
Mud 270 

Total cost of material 450 
Completion costs 

Services of cable tool r i g for completion (2 days at 
$175 per day) 350 

Cementing service 
10-3/4-in. casing with 50 sacks and 7-in. casing with 
250 sacks 296 

Trucking, labor, miscellaneous 100 
Total cost for completion 846 

Total cost for d r i l l i n g and completing well $7,640 

RESERVOIR CONDITIONS 

Structure and Stratigraphy 

Most authorities agree that Healdton sands of Pennsylvanian age were unconform-
ably deposited around and over folded and eroded Ordovician h i l l s . Subsurface studies 
made in preparation for this report support this concept of Healdton-sand deposition 
on an irregular Ordovician surface. The irregularity of this depositional surface 
affected the thickness and extent of the Healdton sands. 
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Healdton crude-oil prices were stabilized at $1.07 per barrel during World War 
I I (1941-45). After price r e s t r i c t i o n s were removed, the price f o r o i l s of gravities 
between 31 and 31.9° A.P.I. rose steadily to $2.47 per barrel i n 1948. 

A t h i r d i n f i l l - d r i l l i n g and extension program began i n 1946 and continued through 
1950, with the d r i l l i n g of 114 new wells. 

I n 1950 o i l from the Healdton f i e l d was purchased at $2.47 per barrel by the B e l l 
O i l & Gas Co. f o r re f i n i n g i n Ardmore, Okla., and by the Shell Pipe Line Co. and the 
Magnolia Pipe Line Co. f o r r e f i n i n g at Wood River, 111., and Fort Worth, Tex. During 
t h i s year, 1,876 wells produced 2,260,000 barrels of o i l , or about 6,200 barrels da i l y . 

D r i l l i n g and Completion Practices 

Most of the wells i n the Healdton f i e l d were d r i l l e d with cable tools (see f i g . 
4), probably because of the lower cost during development. D r i l l i n g time f o r these 
cable-tool wells was 10 to 20 days, and costs averaged $3,000 to $4,000 per we l l . 
During early development, rotary tools were used to d r i l l a few wells to oil-produc­
t i v e formations below the Healdton sands. 

The only logs f o r wells d r i l l e d before the late 1930's were those kept by the 
d r i l l e r s . During the i n f i l l - d r i l l i n g period beginning i n 1935, several e l e c t r i c logs 
were made, and cores of the formation were cut. More recently, r a d i o a c t i v i t y logs 
have been made i n several of the old wells, as well as i n some recently d r i l l e d . 

When the f i e l d was being developed, the usual practice was to use three strings 
of casing - 10-inch at about 300 feet, 8-l/4-inch at 400 to 600 feet, and 6-5/8-inch 
at about 800 feet. I n some instances the 10-inch casing was pulled. A 5 -3/l6-inch 
slotted l i n e r was set on bottom extending approximately 20 feet up into the 6-5/8-
inch casing. This casing program usually was adequate; but, i n some instances, more 
strings of casing were used to exclude upper formation waters. 

Many of the ear l i e r wells were shot with 1 quart of ni t r o g l y c e r i n per foot of 
o i l sand. Today the same practice i s followed on some new wells, but others are 
completed without shooting. Indiscriminate shooting sometimes damaged the casing 
seat f o r the producing s t r i n g and permitted an i n f l u x of water from the upper water 
sands. Several instances where t h i s occurred i n wells d r i l l e d i n 1917 i n the south­
east extension have been recorded by Bureau of Mines engineers, who studied water 
production i n that area of the Healdton f i e l d ( l ) . 

Because of the caving nature of the Healdton sands, work-over and clean-out 
jobs were necessary on many early wells to sustain the rate of production. D r i l l e r s ' 
logs show that many of the old wells d r i l l e d o r i g i n a l l y t o the f i r s t Healdton sand 
were deepened l a t e r to produce o i l from the lower Healdton sands. When these wells 
were deepened, i t was necessary to p u l l and reset the l i n e r . Often a new str i n g of 
casing had to be run inside the o r i g i n a l production s t r i n g , or the production string 
was pulled and reset at a lower depth. Many wells were plugged back with lead wool, 
rocks, or l i m i t plugs to exclude bottom water, but some of these plug backs were 
not successful. 

A majority of the recent wells have been d r i l l e d with a combination of rotary 
and cable tools. A portable rotary r i g ( f i g . 4) is used to d r i l l to the top of the 
o i l sand where the production s t r i n g is set and cemented with about 250 sacks of 
cement, and then a cable-tool r i g is used to d r i l l into the producing sand. I f 
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Figure 17. - Areas in which production from upper Healdton sands is more than 50 percent water, Healdton oi l f i e ld , Carter County, Okla. 



Fourth Sand 

Above the Pugh and Westheimer sands i n the southeast extension, and immediately 
overlying the Ordovician throughout the central part of the f i e l d , is a Healdton 
sand and sandy lime zone, usually separated from the Healdton sands above by 10 to 30 
feet of waxy shale. This zone, which is included with the "Simpson" Sand i n some l o ­
c a l i t i e s , can be i d e n t i f i e d and traced throughout much of the f i e l d . In t h i s report 
i t i s considered to be the fourth Healdton-sand zone. Usually the top of the zone is 
marked by t h i n sandy limestone beds, often glauconitic with small calcareous oolites 
0.3 to 5 mm. i n diameter, which were formed around subangular quartz grains. A rep­
resentative section of t h i s fourth sand, penetrated i n the Shell O i l Co., Inc., C. L. 
McClure well 38, sec. 5, T. 4 S., E. 3 W., is described as follows: 

Thickness, Top depth, 
feet feet 

Limestone, light-gray, sandy, and o o l i t i c 5 1,010 
Sand, gray grains 0.2 to 0.4 mm. i n diameter, rounded and 
subangular 14 1,01k 

Sand, as above, with t h i n streaks of dark-gray shale 34 1,028 
Sand, gray, as above with l i t t l e white chert 4 1,062 
Shale, gray sandy, with many crinoid stem fragments and 

pelecypod shells 11 1,066 
Limestone, gray and l i g h t - b u f f , sandy 18 1,077 
Sand, very f i n e , l i g h t - b u f f 11 1,095 
Limestone, gray, sandy 5 1,106 
Sandstone, fine-grained, calcareous 6 1,111 
Sand, gray, calcareous and f o s s i l i f erous 27 1,117 
Sand, very f i n e 7 1,144 
Limestone, light-gray with some gray shale 15 1,151 
Shale, light-gray, calcareous 17 1,166 
Limestone, light-gray, sandy and shaly 2 1,183 

(Unconformity) 
Limestone, white, dense (Ordovician) - 1,185 

For the purposes of t h i s report, the fourth Healdton zone is considered as a 
separate reservoir, d i f f e r i n g from the upper Healdton sands above i n that i t is under 
the influence of a rather d e f i n i t e water drive. The extent and effect of t h i s water 
drive on o i l production is discussed under Production. 

The top of the fourth Healdton sand ranges from 150 feet above sea level i n the 
northwestern part of the f i e l d to 600 feet below sea level at the southeastern edge. 

Logs of early wells record water i n the fourth sand at depths ranging from 470 
feet below sea level i n the southeast extension to 180 feet below sea level along the 
northeast and southwest edges i n the main part of the f i e l d . Only those wells d r i l l e d 
before 1920 were used to establish the o r i g i n a l oil-water contact i n the different 
areas of the f i e l d . 

Figure 10, an isopachous map of the effective oil-productive thickness of the 
fourth Healdton sand above the water l e v e l , was constructed using the oil-water con­
tact levels i n various parts of the f i e l d and a structure map of the top of the fourth 
sand. I n general, the thickness of oil-productive beds i n the fourth sand zone, as 
recorded i n d r i l l e r s ' logs, compared closely with those shown by el e c t r i c logs through 
the section. The fourth sand is absent i n large areas (including 750 acres) of sees. 
4, 5, 6, and 9, T. 4 S., E. 3 W., where the top of the Ordovician surface i s structur­
a l l y high. 
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By 1950 about 2,600 wells had been d r i l l e d i n the Healdton f i e l d , and d r i l l e r s ' 
logs, many of questionable accuracy, of approximately 2,500 of these wells were 
available f o r study. Complete or p a r t i a l e l e c t r i c logs of 132 wells and r a d i o a c t i v i t y 
logs of 32 wells were studied. D r i l l cuttings from 33 wells and analyses of cores 
from 49 wells were used to interpret reservoir conditions i n the Healdton sands. 
Most of these data were concentrated i n the north and central areas of the f i e l d , 
although e l e c t r i c logs and d r i l l cuttings were available f o r several wells i n the 
eastern and southeastern areas. More data were available f o r the f i r s t than f o r 
lower sands, although several wells were e l e c t r i c a l l y logged and cored through a l l 
Healdton sands. 

The structure and extent of the fourth and other Healdton sands has been studied 
i n 57 cross sections. Figures 5, 6, and 7 are structure and correlation sections 
across the f i e l d northwest t o southeast, west to east, and north to south, based 
upon e l e c t r i c and r a d i o a c t i v i t y log studies. The locations of cross sections 
( f i g s . 5, 6, and 7) are shown on figure 8. Zones 1, 1-A, 2, 3, and k have been 
i d e n t i f i e d and correlated as separate members, but these correlations picture a 
si m p l i c i t y that actually does not exist i n the reservoir. Individual sands are 
len t i c u l a r and grade l a t e r a l l y and v e r t i c a l l y into shale. In the north-central 
and northwestern part of the f i e l d , several oil-productive stray sands l i e s t r a t i -
graphically above the f i r s t Healdton sand. 

A core-analysis p r o f i l e of a well i n sec. 5, T. k S., R. 3 W., i s shown as well 
2 i n figure 5. The porosities of the sands range between 10 and 33 percent, and the 
permeabilities between 0 and 3>800 millidarcys. 

Figure 9, a structure map with contours drawn on top of the Ordovician, shows 
the present attitude of the pre-Pennsylvanian surface. Many i r r e g u l a r i t i e s shown 
were present at the time of the Healdton-sand deposition, but others result from 
post-Hoxbar folding and f a u l t i n g . This figure also shows, i n a general way, the 
areai geology of the pre-Pennsylvanian surface. Cuttings from deep wells i n t h i s 
area show that the Arbuckle limestone immediately underlies the Pennsylvanian sands 
i n a belt p a r a l l e l to and southwest of the f i e l d . Progressing northeast across the 
structure, successively younger Ordovician sediments (Simpson, Viola, and Sylvan) 
are d i r e c t l y overlain by the Pennsylvanian formations. Subsurface investigation i n 
the Healdton area did not include a study of the structure of the Ordovician sedi­
ments, except that truncated sections of successively older beds to the southwest 
indicate that the axis of any such structure would l i e considerably southwest of the 
an t i c l i n e , as indicated i n figure 9. Presumably, the Viola limestone was the resist-
and member that capped the Healdton h i l l s during the late Pennsylvanian time. 

Deep wells on C. W. Tomlinson's B e l l and Schermerhorn leases i n sec. 3, T. k S., 
R. 3 W., penetrated Simpson formations and not Sylvan shale immediately under the 
Healdton sands. Apparently a pre-Pennsylvanian f a u l t i n t h i s area l i f t e d the older 
sediments and permitted erosion of the Sylvan and Viola formations before Healdton-
sand deposition. 

A series of oil-bearing sands overlies the Ordovician beds at the southeast end 
of the f i e l d at depths between 1,200 and 2,000 feet but is not present over the main 
part of the f i e l d . These sands include the "Jackson" sand i n sec. 15, T. k S., 
R. 3 W., the "Pugh" sand i n sec. 18, T. k S., R. 2 W., and the "Westheimer" sands i n 
sees. 2k and 25, T. k S., R. 3 W. These sands, which represent a separate o i l reser­
v o i r , are not included i n t h i s study of the Healdton sands. 
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Figure 19. - Progressive advance of water in fourth Healdton sand, Healdton o i l f i e ld , Carter County, Okla. 





The study of well logs and oil-production history of the fourth sand indicates 
that the actual economically oil-productive area of the fourth sand i s substantially 
less, p a r t i c u l a r l y at the southeast end of the f i e l d , than that w i t h i n the designated 
oil-water contact l i n e . Actually the oil-water contact is not horizontal but, t o a 
large extent, follows the structure, so that, i n an area along the edge of the struc­
ture, the water level i s close t o , although not at the top of, the sand zone. Wells 
d r i l l e d i n these areas recorded a t h i n o i l sand, not economically productive, above 
bottom-hole water. I n figure 10 a 2-foot contour l i n e has been drawn inside the o i l -
water contact l i n e to i l l u s t r a t e the large area where the oil-water contact is near 
the top of the sand. For p r a c t i c a l purposes, only those areas within t h i s 2-foot 
contour lin e have been considered as economically oil-productive i n estimating re­
serves i n the fourth sand. 

The o r i g i n a l oil-productive area of the fourth sand covered 1,960 acres. Total 
thickness ranged from 50 to 75 feet, and the t o t a l volume of oil-productive sand was 
45,080 aere-feet. 

Upper Sands 

A contour map ( f i g . l l ) was prepared, with the aid of cross sections, to show 
the structural attitude of the top of the f i r s t Healdton-sand zone. The structure 
is an anticline 8 miles long and 1 t o 3 miles wide, with several local high areas 
throughout the f i e l d and with steep dips on the northwest flank. The t o t a l closure 
is about 500 fee t . A study of records of wells i n sec. 33, T. 3 S., E. 3 W., and 
sec. 3> T. k S., E. 3 W., indicates a major normal f a u l t along the northeast edge 
of the f i e l d , with a displacement on the north side of approximately 300 fee t . In 
sec. 5, T. k S., E. 3 W., a series of f a u l t s surround a central upthrown block. 
Some of these f a u l t s may have been caused by d i f f e r e n t i a l s e t t l i n g owing to com­
paction of sediments around topographic highs of the Ordovician surface, but others 
are the results of deep-seated f a u l t i n g , which cut the Ordovician limestone. (See 
f i g s . 9 and 11.) 

Because i d e n t i f i c a t i o n and correlation of individual sand members i n wells have 
been very d i f f i c u l t , a l l beds above the fourth sand, except f o r some stray sands i n 
the northwestern part of the f i e l d , have been treated as belonging t o a common reser­
v o i r . Results of i n f i l l d r i l l i n g and gas i n j e c t i o n hayejaroved that often shaly 
zonejs .with l i t t l e horizontal or v e r t i c a l permeability separate the productive beds, 
so that t h i s treatment as a common reservoir, although p r a c t i c a l , does not represent 
a l l the actual conditions. 

The t o t a l oil-productive area of the upper sands, as determined from a study of 
well logs and production records, includes 7,016 of the 7,l42 productive acres i n the 
Healdton f i e l d . I n several s t r u c t u r a l l y high areas of the f i e l d upper sands are 
barren, and o i l production was obtained from the fourth sand only. 

Throughout most of the f i e l d , the top of the fourth sand was taken as the base 
of the upper sand section, but where the fourth sand was absent the top of the 
Ordovician limestone was used as the lower l i m i t . A few s t r u c t u r a l l y low wells 
penetrated bottom water at depths ranging from 142 t o 440 feet below sea le v e l and 
i n these areas the water-saturated sand was used as the base of the productive upper 
sand section. 

The upper oil-productive sands were studied i n a series of 50-foot zones, be­
ginning at the top of the sand, as indicated i n figure 11. A l l wells penetrated the 

5125 - 13 -



f i r s t 50-foot zone, fever wells the second, and progressively fewer each succeeding 
zone. I t is assumed that sands not penetrated i n one well yielded gas and some o i l 
to adjacent wells i n the immediate v i c i n i t y , and, as such, the sand should be consid­
ered as a part of the entire reservoir. Many of the wells, p a r t i c u l a r l y the early 
wells, did not penetrate the complete section. The r e l a t i v e l y lower i n i t i a l produc­
t i o n rates of most of the l a t e r wells, which penetrated the f u l l section, leads t o 
the general conclusion that most of these impenetrated sands were depleted of pres­
sure and some o i l by the e a r l i e r wells. Notable exceptions; ~are~thdl3e~Tate"r~wells 
with i n i t i a l - p r o d u c t i o n rates higher than those of the o r i g i n a l wells on the lease. 

Six deep wells i n the northwestern part of the f i e l d penetrated seven 50-foot 
zones, whereas, i n the southeastern part of the f i e l d , there were oil-productive 
sands i n only two or three such zones. 

Several wells were cored and e l e c t r i c a l l y logged through the upper sands, and 
comparisons between core analyses and el e c t r i c logs showed that indentations i n the 
SP and normal r e s i s t i v i t y curves represented t h i n shale beds i n the sand section, 
which should be eliminated from the net oil-productive thickness. Comparison between 
d r i l l e r s ' logs and el e c t r i c logs on the same wells showed that beds reported by the 
d r i l l e r s as o i l sands often contained such shale partings and nonproductive t i g h t 
streaks. By comparing the e l e c t r i c and d r i l l e r s ' logs, a correction factor of 0.84l 
was developed, which was applied to the thickness of o i l sands recorded i n the d r i l l ­
ers' logs to estimate the net effective thickness of oil-producing sands i n the main 
part of the f i e l d . I n the southeastern part of the f i e l d , fewer el e c t r i c logs of 
wells were available, but d r i l l cuttings were examined microscopically, and the re­
sults were used with these e l e c t r i c logs t o develop a correction factor of 0.8l6, 
which was applied to the thickness of the o i l sand i n the d r i l l e r s ' logs t o estimate 
the net productive thickness. 

Using the net effective thickness of o i l sands i n those wells that were d r i l l e d 
through each 50-foot zone, net isopachous maps were prepared f o r each of seven 50-
foot zones. From these maps the probable net thickness of impenetrated sand at each 
well was read and tabulated. The t o t a l net oil-productive thickness at each well was 
then plotted on a map and contoured. 

The t o t a l thickness of the upper Healdton beds, which included the oil-productive 
sands above the fourth sand, ranges from 120 feet on top of the structure t o over 500 
feet along the flanks of the north end of the f i e l d . The t o t a l volume of oil-produc­
t i v e upper sands i n the entire f i e l d is approximately 454,000 acre-feet. 

Stray Sands 

In certain areas of the Healdton f i e l d , o i l sands were penetrated at depths above 
those that generally have been designated as the f i r s t Healdton sand. I n the north­
western part of the f i e l d , i t appears from correlation studies that these oil-produc­
t i v e sands are continuous, but i n other areas they are discontinuous or absent e n t i r e l y . 
During the early development many of these stray sands were cased off by a producing 
st r i n g run t o the more productive Healdton sands at greater depths. When a stray sand • 
did appear t o be commercially oil-productive, i t was l e f t open to production. Studies -
show that the productive area of the stray sands included approximately 1,4-20 acres. 

The o r i g i n a l reserves i n two of these productive sands were calculated. Electric 
and r a d i o a c t i v i t y logs of the sands showed that what the d r i l l e r s described as a so l i d 
section of productive o i l sand, actually contained a large number of shale and lime­
stone partings. From these comparisons the correction factor of 0,84l, as described 
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Figure 29. - Oi l recovery from Healdton sands to January 1, 1935, Healdton o i l f i e ld , Carter County, Okla. 



No. 12. Porosi ty 6.9 pet., Perm. 110 Md. 

Limestone 34.2 pet., Clay 5.5 pet. Aver­

age grain size .241 mm. 

No. 7. Porosity 27.0 pet., Perm. 530 Md. 

Limestone 3.6 pet., Clay 13.4 pet. Aver­

age grain size . 151 mm. 

No. 4 1 . Porosi ty 10.5 pet., Perm. 14 Md. 

Limestone 33.2 pet., Clay 4.5 pet. 

No. 40. Porosity 30.1 pet., Perm. 2900 Md. 

Limestone Trace, Clay 16.5 pet. Average 

grain size .255 

No. 34. Porosity 8.7 pet., Perm. 7.1 Md. 

Limestone 37.1 pet., Clay 4.1 pet. Aver­

age grain size .181 mm. 

No. 31 . Porosi ty 29.1 pet. , Perm. 740 Md. 

Limestone 7.6 pet., Clay 2.2 pet. Average 

grain s ize . 166 mm. 

Figure 13. - Plastic-impregnated core samples of Healdton sands. 



No. 4 0 , POROSITY 3 0 . 1 PERCENT 
L I M E S T O N E - TRACE, CLAY 16.5 PERCENT 
AVERAGE GRAIN SIZE 0 255 mm 

No. 4 1 , POROSITY 10.5 PERCENT 

LIMESTONE 3 1 2 PERCENT, CLAY 4.5 PERCENT 

Figure 13A. - Arrangement of mineral grains and pore spaces in Healdton oi l sands, 

Carter County, Okla. 



e a r l i e r , was applied to recorded thicknesses i n the d r i l l e r s ' logs. Total thickness 
of stray sands ranged up t o TO feet. Calculations indicate that the t o t a l o i l -
productive portion of the stray sands is about 18,900 acre-feet. 

Figure 12 is an isopachous map, which shows the t o t a l net effective thickness of 
a l l oil-productive sands above the fourth sand, including upper sands and stray sands, 
which range i n thickness up to 320 feet. The thicker sands occur throughout the 
north-central part of the f i e l d , and the thinner sands l i e along the edges and i n the 
southeast extension. For individual leases, the net average effective thickness of 
a l l oil-productive sands above the fourth sand ranged from h to 177 feet. 

Lithology 

In general, the f i r s t sand zone includes fine-grained, loosely cemented sand and 
shaly sand, whereas the lower sand zones contain more limestone. Several core samples 
from these sands were analyzed i n the Bureau of Mines laboratories, and the results 
of measurements on these cores are summarized i n table 5. Clean cores were saturated 
under vacuum with formation brine, but i n most instances the cores could not be satu­
rated to 100 percent of the pore volume as determined by gas expansion. The fr a c t i o n 
of the t o t a l pore volume thus saturated with brine ranged from 0.57 to 1.0 and appears 
in column k of the table. The r e s i s t i v i t y of the brine-saturated core to the flow of 
an e l e c t r i c a l current of approximately 30 milliamperes was determined, and the r a t i o 
between t h i s r e s i s t i v i t y and that of the brine alone at the same temperature (about 
78° F.) is shown i n column 5 a s Formation factor. The saturating brine was displaced 
(restored-state method) from the cores with nitrogen at pressures up to 50 p.s.i., 
and the water remaining i n the core is assumed to be representative of the connate 
water.5/ The percentage of the pore volume, ranging from 4.3 to 71.7, that remained 
f i l l e d with t h i s connate water is shown i n column 6. The clay and limestone content 
of the core samples, as shown i n columns 7 and 8, was determined by sodium peroxide 
and acid separation; and the average size of the remaining sand grains, as shown i n 
column 9, was determined by sieve analysis and microscopic measurements. A l i t h o ­
logic description of the core is shown i n column 10. 

In addition to the routine laboratory measurements on consolidated core samples, 
the sedimentation method was used to determine the porosities of unconsolidated, or 
loosely consolidated sands, which make up a large percent of the Healdton sands. In 
this method, described by Eockwood (12), clay and limestone are removed from the 
sample, and the clean sand is sedimented i n water. Corrections of the observed poros­
i t y are then made, depending on the percentage of clay and limestone. The "sedimented 
porosity" of f i v e samples ranged between 26 and 30 percent and is related to grain-
size d i s t r i b u t i o n and clay and limestone content. 

Fifteen core samples were impregnatad with plastic by a method outlined by 
Lockwood (13), and t h i n sections were prepared f o r microscopic study. Photomicro­
graphs of six of these plastic-impregnated core samples are shown i n figure 13. 
Figure 13a is a drawing of three enlarged photomicrographs, cores 12, 40, and 4 l , 
showing the composition and the r e l a t i o n of pore spaces to sand grains and cementing 
material. 

^7 As iispfi i n t h i s report, the term "crrrmat.p wnt.er" i R rjpfinprl RR mi TIT im rm wat.pr Rnt.11-
ration; that quantity of water coexisting with o i l i n a water-wet reservoir 
rock at i n i t i a t i o n of exploitation and maintained by capillary forces that 
equal or exceed displacing gravitational forces. 
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TABLE 5. — LaDoratory measurements on HeaIdton sand core samp Ies, Healdton f i e l d , 
barter County, Ok ta. 

Max i mum Connate Lime­
Poros - Permea- b r i n e s a t - ForiT,a- w a t e r , C l a y , s t o n e , 

Core tn 1 U j , u r a t i o n , - t i o n p e r c e n t volume vo I uire 
No. p e r c e n t m i 1 1 i - f r a c t i o n o f f a c t o r ' ' o f P o r e „ . pe rcen t pe r ­

d a r c y s pore space space - cen t 

1 2 3 4 5 6 7 6 

f i r s t sand 

1 2 7 . 6 260 0 .66 8 .93 2 7 . 8 14.3 5 .0 
2 2C. 1 210 .74 1 1.07 3 6 . 7 13.3 6 . 9 

3 17. 1 73 .76 14.55 3 8 . 4 14.6 1 1 .6 
4 18.5 - - 15. 16 - - -
5 2 9 . 0 4 ,200 .76 6 .24 1 1 .3 6 .4 3 .2 

6 2 7 . 6 - .92 5 .77 2 4 . 7 - -
7 2 7 . 0 530 .77 6 .53 15.4 13.4 3 .6 

8 2 1 . 6 - . 80 6 .37 2 8 . 1 2 4 . 8 6 . 6 • 
g 2 7 . 8 1,300 .67 1 1 .44 ie.e 9.S 4 . 3 

IC 2C.8 - .78 9 .45 4 3 . 6 2 9 . 6 6 .5 

11 19. 1 21 . 0 0 13. 10 18.6 2C. 1 4 . 2 

12 6 . 9 1 10 .94 4 5 . 4 1 3 4 . 3 5 .5 3 4 . 2 

13 2 . 3 . 1 .61 192.25 71 .7 3 .2 4 2 . 9 

14 3 0 . 5 - . 69 6 .24 10.2 5.C 1 .£ 

15 27 .2 770 .61 9 .47 14.2 10.5 10.7 

ie 29 .5 - .66 6 .54 1 1.9 8 . 3 5 . 6 

17 3C.3 - .91 9 . 5 6 IC.4 6 .5 2 . 9 

IG 3C. 1 3 , 5 0 0 .67 e:2b 12.9 7. 1 3 . 2 

19 3 0 . 6 1. 100 .91 6 .64 1 1.3 5 .7 3 .7 

2C 2b .3 3 ,200 .96 6 .53 I C . 9 5 .3 3 .5 

21 2 9 . 9 - .86 5 .47 1 1.7 6 . 0 3 .7 

22 29 . £ 1 ,700 .91 6 .52 11.9 7 .4 3 .7 

23 2 9 . 2 - .83 6 .72 11.7 6 .7 5 .4 

24 2 5 . 7 - .90 7 .26 9 .7 7. 1 4 . 3 

25 2 6 . 4 . 1,900 .93 4 . 9 8 1 1 . 3 7 . 6 4 . 7 

26 25 -3 600 .76 6. 10 13.6 9 . 0 I C C 

27 13.2 IB -95 34 .94 5 .7 " 
26 2b .3 1 ,000 .93 7.77 1 1 . 5 

Second sand 

29 2 4 . 9 760 1.00 7.71 15.2 4 .2 7 .6 
3C 2 8 . 6 270 .73 12.50 14.4 1 1.3 2 .4 
31 29 .1 740 .72 1 1 .52 7. 1 2 . 2 7 .0 
32 11.9 3 . 7 .95 3 4 . 6 3 2 3 . 6 3 .5 3 1 . 2 
33 2 0 . 7 170 .79 9 .55 6. 1 4 . 6 21 .2 
34 8 . 7 7.1 .97 4 5 . 7 2 2 4 . 2 4 . 1 37 . 1 
35 14.0 - .63 14.46 16.5 3 .4 6 6 . 8 
36 8 . 8 .3 .57 106.53 54 .4 17.4 67 .3 

T h i r d sanu 

37 2 7 . 1 450 0 .77 10.09 14.8 6 .6 2 . 5 
38 2 7 . 4 - , 77 9 .07 12.3 12.5 2 . 6 
39 2 7 . 1 2 ,600 • 89 6 .81 13.2 6 . 9 21 .3 
40 3 0 . 1 2.9C0 • 94 6 .27 8 . 1 16.5 0 

Four th sand 

41 10.5 0 . 4 0 . 6 2 71 .40 5 6 . 2 4 . 5 33 .2 
42 2 7 . 3 670 .81 7.CO 11.9 9 .2 6 .5 
43 3 0 . 1 620 .83 12.60 7 .0 - -44 2 7 . 7 525 • 67 S.90 7 . 8 -45 2 5 . 8 630 .91 IC. 16 16.3 - -46 2 8 . 7 1,200 .90 e. ic 10.0 - -47 2 7 . 9 520 .89 6.9C 14.4 - -
48 8 . 5 2 1 .00 6 5 . 6 0 32 .4 - - • 49 9 . 8 9 .96 56 .30 3 4 . 3 - -5C 15. 1 12 .94 3 5 . 9 0 21 .0 - -
51 2 5 . 7 500 .89 1 1 .20 15.2 - -52 2 9 . 5 1,350 .64 8 . 6 0 4 . 3 - -53 3 2 . 5 1,450 .79 8 . 1 0 1 1.9 - -
54 3 1 . 8 640 .86 8 .90 1 1.0 - -55 2 6 . 6 640 .87 12.30 ! 1.0 - -
56 2 7 . 9 1,050 .88 10.00 6 .3 - -
57 2 8 . 2 700 .90 12.50 13-6 - -
58 2 6 . 6 350 .84 12.80 16-3 -

Aver­
age 

grain 
s i ze, 

Core descr i ptioa 

1/ Saturated in laboratory under vacuum. 
. _ , Resistivity of core at maximum brine saturation 

21 Formation Factor - Resisti i t y o f Dr ine 
3 / By Res to red S t a t e method, d i s p l a c e m e n t a t 5C c . s . i . 

0.326 
. 176 
. 151 
. 159 
• 184 

- 134 
.241 

0. 166 

• 153 
. I&l 

C246 
.255 

0-2C0 

F i n e , hd . s d . - s h . s t k . - mod. t o w e l I - c e m . 

Very shy . s d . - mod. t o w e l l - c e m . 

F ine s d . - l o o s e l y cem. 
Go. 

F ine s d . - mod. to w e l l cem. 
F ine s d . - s h . s t k . , - f r i . , l o o s e l y cem. 
F ine s d . - s h . s t k . , mod. cem. 
Laminated sh. and sd. 
Shy. sd. - *oa. ce*. 
Hd. sd. - (limestone?) very dense. 
ha. limestone. 
Sa. - loosely cem. 

mod. cem. 
l i t t l e sh. stk. - very loosely cea. 
loosely cem. 
very fr i. - loose! y cen.. 
fe* sn. inclusions - loosely cem, 
thin sn. stNs. - icosely cen,. 
very f r i . , - very loosely csm. 
f r i . , - loosel y cei*. 
very loosely cem. 
loosely cem. 
very loosely cen:. 
stk. of sd. in sh. - loosely ctm. 

- mod . to wc I I-ecu1. 

Fine sd 
Fine sd. 
Fine sd. 
Fine sa. 
F i ne sd. 
Fine sa. 
Fine sa. 
Fine sd. 
Fine sd. 
Fine sa. 
F i ne sa. 
Sdy. sn. 
Fine to Tied 

Hd., fine sa. - mod. to welI-cem 
Fine sa. - we 11-cem. 
Fine sa. - moa. to well-cem. 
Sa., - dense , - welI cem. 

Hd., dense, fine sd. - well cem. 
Fine sd. - very loosely cem. 
Fi ne sd. - we I I cem. 

Fine to med. sd. - moo. to wetl-cem. 
Fine to med. sd. - thin sh stk. - mod. cem. 

Med. sd. - loosely cem. 

Tight cal. s 
Fine to med. sd. - mod. to welI cem. 

Coarse sd. - sh. laminations. 
Coarse sd. 
Med. sd. - very l i t t l e sh. - some r. ica. 
Fine to med. sd. - sor.ie limestone. 
Dense ss. with included limestone-
Dense ss. - many cal. fossil fragments. 
Coarse cal. ss. - some oolites. 
Hard, cal., fine to med. ss. - some mica. 

Very f r i . ss. 
CaI. ss., coarse. 
Fine rounded ss. - very l i t t l e sh. or nica. 
Wed. to coarse sd. - f r i . , loosely cem. 
Dark, fine grained sh. ss. -micaceous, 

locsely cem. 

Explanation of aLferev. i at i ons 

cal . 
cem. 

calcareous 
cenented 

dn. - dense 
f r i . - fr i abIe 

hard 
medium 

mod. - moderate 
sd. - sand 

sdy. - sandy 
sh. - shale 

shy. shaly 
sandstone 

stk. - streaks 
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Core 12, taken from the f i r s t Healdton sand, shows streaks of carbonaceous mate­
r i a l i n the o i l sand that was not removed by toluene extraction of the core. The core 
contains a large percentage of limestone, which surrounds the sand grains and appears 
i n the photograph as dark areas or lines surrounding the individual sand grains. 
Most of the i n t e r s t i t i a l spaces are f i l l e d with limestone cementing material. A few 
scattered particles of clay are present, but almost no clay cementing material. 

Core 7 shows a more porous and permeable sandstone containing comparatively 
l i t t l e limestone. Although the grains vary considerably i n size, average grain size 
is somewhat less than i n the former core. Core 7 contains a large percentage of clay, 
which appears brown under the microscope but black i n the photograph. Pore spaces 
between the sand grains appear as speckled areas. 

Core h i shows large sand grains with considerable limestone cementing material 
between the grains. Ln the photograph the pore spaces appear as dark areas, whereas 
the mottled area between the grains is limestone cementing material. The pore spaces 
are almost e n t i r e l y i n areas surrounding individual grains. I n the lower ri g h t corner 
is a large pore space that may have been the result of the removal of a sand grain 
during grinding. 

L i t t l e cementing material i s present i n core ho, and most of the space between 
the grains is f i l l e d with p l a s t i c . One of the dark areas near the center of the 
photograph is carbonaceous material; the other i s an unidentified dark mineral. 
Shale appears as dark spots scattered throughout the photograph. Core 3^ is'a dense, 
calcareous sand with a few isolated pore spaces surrounding the sand grains. Some 
oolites are present. Core 31 is a fine-grained sand with angular, well-sorted grains 
and large, interconnected pore spaces. 

These t h i n sections and the physical measurements shown i n table 5 i l l u s t r a t e 
the wide range i n character of the Healdton sands. Core ho has large, open pore 
spaces, permitting a comparatively low connate-water saturation, whereas, i n core 
h i , the pore spaces surrounding the individual grains are small and disconnected, 
resulting i n a much higher connate-water saturation. 

Porosity 

Cores from hg wells i n several areas of the Healdton o i l f i e l d have been analyzed. 
These core analyses show that the porosity of the o i l sand ranges from 12 to 35 per­
cent. Many of the l a t e r wells have been e l e c t r i c a l l y logged. For a few wells, core 
analyses and el e c t r i c logs through the same producing sands were available, so that 
the e l e c t r i c a l properties of the sands could be compared with laboratory measurements 
on the cores. Attempts to calculate porosity from log r e s i s t i v i t y by Archie's formu­
las (l4) proved unsatisfactory. (See Appendix.) However, e l e c t r i c logs did give 
some qualitative idea as to the nature of the producing sand and, with certain l i m i ­
tations, were used f o r porosity estimates. 

From many indications the porosity of the fourth sand i s more consistent than 
that of the upper sands. Core analyses through t h i s sand i n three wells show average 
porosities between 20.8 and 25.5 percent. Porosities estimated with the aid of elec­
t r i c logs range from 20 t o 2h percent. From these data a weighted average porosity 
of 21.3 percent was taken as representative of the oil-productive section of the 
fourth sand and was used i n reserve calculations for t h i s sand throughout the f i e l d . 

I t is more d i f f i c u l t t o estimate the porosity of the upper sands underlying the 
leases throughout the f i e l d . Cores and el e c t r i c logs were taken on only 27 leases i n 
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the more p r o l i f i c parts of the f i e l d , and these do not provide enough data t o con­
struct a porosity map of the upper sands throughout the f i e l d . Likewise a f i e l d -
wide average porosity based upon analyzed cores and estimations from e l e c t r i c logs 
would give a value too high f o r much of the f i e l d and too low f o r a few p r o l i f i c 
leases. D r i l l e r s ' logs and production records indicate that the porosity of the 
sands does vary greatly, so that reserve estimates f o r individual leases based upon 
a field-wide average porosity would be inaccurate. To obtain reasonable reserve 
estimates, some indirect method was needed f o r estimating the porosity of the sands 
underlying each individual lease. 

To some extent, the i n i t i a l d a i ly o i l production per foot of penetrated sand 
reflects the character of that sand; and, with certain l i m i t a t i o n s , the i n i t i a l 
production can be used to estimate the r e l a t i v e porosity of the sand surrounding 
that w e l l . I n estimating porosity, a method similar to that described by Fox, 
Thigpen, Ginter, and Alden (15) was followed. The i n i t i a l potentials of the f i r s t 
few wells on each lease were studied, considering drainage area and probable i n t e r ­
ference of other wells. An average porosity value was calculated f o r each of the 
27 leases mentioned above on which some reliable porosity data were available. 
These average porosities were plotted on semilogrithmic paper against the square 
root of the average i n i t i a l o i l production per foot of penetrated sand ( f i g . l4) . 
Although the points are widely scattered because cored wells may not be representa­
t i v e of the entire lease, a general relationship is apparent. Average i n i t i a l pro­
duction is higher f o r those leases with more porous sands. This graph was used with 
i n i t i a l - o i l - p r o d u c t i o n data to estimate probable porosity of the upper o i l sands on 
180 other leases i n the f i e l d . Based on the study of many upper Healdton-sand cores, 
which rarely showed porosity values greater than 32 percent, an estimated porosity of 
32 percent was fi x e d as the highest average value l i k e l y t o be representative of the 
best leases. Estimated lease porosities read from t h i s graph ranged from 31-8 per­
cent f o r an average i n i t i a l o i l production of 11 barrels per day per foot of open 
sand to 12 percent f o r l/2 barrel per day per foot of open sand. 

No porosity measurements were made on stray sands; and, i n the absence of s u i t ­
able core data, the following rough method was used to approximate the average poros­
i t y of the stray sands underlying each lease. D r i l l e r s ' logs describe "good o i l sand," 
" o i l sand," " f a i r o i l sand," " o i l sand t i g h t , " and "poor o i l sand" i n these stray sand 
zones. By comparing d r i l l e r s ' log descriptions of other sands with the core analyses 
on the same sand, a quantitative porosity value was assigned to each descriptive term. 
Using t h i s comparison as a basis, the porosity of the stray sands i n each well was 
estimated and averaged f o r the lease. 

Reservoir Fluids 

Water 

Nearly a l l sands i n s t r u c t u r a l l y low areas along the flanks of the f i e l d were 
water-saturated o r i g i n a l l y . I n the fourth sand, the oil-water contact has been drawn 
from well data and is shown as the l i m i t i n g l i n e i n figure 10. This oil-water contact 
i n the fourth sand ranges from about 180 feet below sea level i n the north end of the 
f i e l d to k'JO feet below sea level along the southwest flank i n the southeast extension. 
This o r i g i n a l oil-water contact i n the fourth sand has been f a i r l y well established, 
and the advance of water as the o i l was produced has been traced and w i l l be discussed 
l a t e r i n the section under Production. 

I n the main part of the f i e l d , no de f i n i t e oil-water contact has- been established 
i n the upper Healdton sands above the fourth sand. Along the edges of the f i e l d , upper 
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Healdton sands that were penetrated i n early wells were water-saturated at depths 
ranging from 110 t o ^30 feet below sea l e v e l . A study of these data shows that the 
water le v e l follows i n general the structural pattern but exhibits less r e l i e f . 
However, the water level was not consistent i n depth l o c a l l y , and many wells produced 
water-free o i l from sands at depths below those of the water-producing sands i n adja­
cent wells. After continued production, the water has become depleted. Water pro­
duction from the upper sands w i l l be more f u l l y discussed under Production. 

Above the oil-water contact and above a t r a n s i t i o n zone of i n d e f i n i t e thickness, 
'the water i n the sand is connate water as defined on page 12. To estimate the amount 
of o i l o r i g i n a l l y i n place i n the several sands, i t was necessary to calculate the 
percent of the pore space o r i g i n a l l y f i l l e d with connate water. I n the Healdton o i l 
f i e l d nine wells were cored with oil-base mud, and the connate-water saturation was 
determined by the operators on a t o t a l of 502 core samples from the several sands. 
The connate-water saturation of 57 core samples was measured i n the Bureau of Mines 
laboratory by the restored-state method. These data have been used to construct 
figure 15, which shows the relationship between permeability and connate-water 
saturation. 

Of 317 core samples obtained by coring the f i r s t Healdton sand, several showed 
abnormallyjiigh or low water saturation and were eliminated from consideration. I n 
a l l , 252 determinations of the connate-water saturation of f i r s t sand cores cut with 
oil-base mud have been plotted against the corresponding permeability i n the l e f t 
section of figure 15. The scattering of points is at once apparent. Two lines, A 
and B, have been drawn by two mathematical methods to represent the locus of the 
average connate-water saturation of these oil-base mud cores. These lines show 
f a i r l y close agreement and indicate the decrease i n connate-water content with i n ­
creasing permeability. Line C represents the locus of average connate-water satura­
t i o n , as determined on 15 cores by the restored-state method. 

Permeability is only one of several factors that control the connate-water satu­
ra t i o n i n the pendant zone above the oil-water contact. As discussed e a r l i e r , the 
size, shape, and interconnection of the individual pore spaces are important factors. 
Measurements of grain size and clay and limestone content were compared with the 
measured connate-water saturation t o determine the possible effect of these variables 
upon the connate-water saturation, as determined by the restored-state method, but no 
conclusions could be drawn from the available data. 

Permeability and connate-water data f o r the second and t h i r d Healdton sands were 
assembled and plotted i n the center and r i g h t section of figure 15. Although fewer 
data were available f o r the second sand, i t is apparent from lines A, B, and C that 
somewhat less connate-water saturation can be expected i n the second than i n the f i r s t 
Healdton sand. The sparse data available f o r the t h i r d Healdton sand indicate a some­
what greater variation i n connate-water saturation with dif f e r e n t permeability than 
f o r the f i r s t or second Healdton sands. No data were available as to the permeability-
connate-water relationships f o r the fourth sand. Comparison of the three graphs shows 
that, with a permeability of 1,000 millidarcys, the f i r s t sand would have an average 
connate-water saturation of 15 percent, the second sand 11 percent, and the t h i r d sand 
12 percent. 

Cores used to construct figure 15 were obtained from a few wells on several 
leases i n the western part of the f i e l d , but d e f i n i t e data regarding the connate-water 
content of the upper sands underlying most of the leases are not available. I n the 
absence of connate water-saturation values f o r each lease, data from figure 15 were 
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considered applicable to upper sands throughout the f i e l d . These data show that con­
nate water is related to permeability and porosity, although i t d i f f e r s s l i g h t l y f o r 
the several sand zones. Based upon the r e l a t i v e percentages of f i r s t , second, and 
t h i r d sands underlying the several leases and upon an average permeability estimated 
from the assigned porosity, a weighted average connate-water saturation was assigned 
to each lease and used i n calculations of the o i l o r i g i n a l l y i n place i n the upper 
sands f o r each lease. 

No connate-water data were available f o r the f o u r t h sand, so a round figure of 
20 percent of the pore space was assumed f o r the average connate-water saturation of 
that sand. 

Apparently the stray sands resemble the f i r s t Healdton sand i n character; and, 
since no data as to connate water i n the strays were available, a connate-water con­
tent of 19 percent, corresponding t o a permeability of 500 millidarcys, from f i r s t -
sand data, was assigned to a l l oil-productive stray sands i n calculating the volume 
of o i l o r i g i n a l l y i n place. 

Reservoir O i l 

Above the oil-water contact i n the several sands, that portion of the pore 
spaces not f i l l e d with connate water i s assumed o r i g i n a l l y t o have been saturated 
with reservoir o i l . As f a r as can be ascertained, a bottom-hole sample of o i l from 
the Healdton sands has never been obtained, and def i n i t e " clata areTnot available as to 
the o r i g i n a l reservoir pressure and temperature and the quantity of g_ajr j2ttn^oT.vect--in 
the reservoir o i l . Free dry gas o r i g i n a l l y was present above the o i l i n gas-cap 
areas throughout the f i e l d , indicating that probably the reservoir o i l o r i g i n a l l y 
was saturated with gas at the i n i t i a l reservoir pressure and temperature. Early rec­
ords of gasoline plants showed that the gasoline content of the produced wet gas 
ranged from 0.28 to 3-3 gallons per thousand cubic f e e t . 

Assuming a pressure gradient of 0.4 p . s . i . per foot of depth, the i n i t i a l reser­
voir pressures i n the Healdton o i l f i e l d would have ranged from 260 p . s . i . at 65O 
feet to 480 p . s . i . at 1,200 f e e t . Reservoir temperatures at these depths, as deter­
mined i n several wells, would range from 73° t o 85 0 F. 

In October 1950 measurements showed that the specific gravity of gas i n r e l a t i o n 
to a i r ranged from O.83 to 1.3- Katz (l6) has shown that, f o r the average gas gravity 
of 0.88 and o i l gravity of 31-9° A.P.I., 70 cubic feet of gas per barrel of stock-tank 
o i l would be dissolved i n the reservoir o i l . Data published by Standing (17) indicates 
that at 260 p . s . i . pressure and at a reservoir temperature of 73° F., reservoir o i l 
with gravity of 31.9° A.P I . would contain about 70 cubic feet of gas i n solution per 
barrel of o i l , as measured at stock-tank conditions. I n the deeper zones of the 
Healdton reservoir with o i l s of higher specific gravity, i t is estimated that approxi­
mately 110 cubic feet of gas per b a r r e l of o i l was i n solution at about 480 p . s . i . 
pressure and at a temperature of 85 0 F. Assuming an average f o r the f i e l d of 90 cubic 
feet of gas per barrel of o i l , i t has been calculated that reservoir o i l would shrink 
approximately 4.2 percent, as measured at stock-tank conditions, indicating a forma­
t i o n volume factor of 1.044. This average formation volume factor was used to calcu­
late the volume of o i l i n place, as measured under stock-tank conditions, i n the sands 
throughout the f i e l d . 

After deduction f o r connate water and shrinkage, the o r i g i n a l saturation of the 
pores i n the upper Healdton sands with stock-tank o i l would range from 87.5 percent 
of the pore space at 32.0 percent porosity and 3,000 millidarcys permeability to 36.8 
percent at 12.0 percent porosity and 18 millidarcys permeability. 
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Reservoir Calculations 

Nonrecoverable Oil Saturations 

L i t t l e is known definitely regarding the percent of o i l that is l e f t i n the pore 
spaces and termed nonrecoverable. In general, i t is recognized that o i l displacement 
by water, either i n a natural water drive or by a r t i f i c i a l water flooding, is more 
'efficient in reducing the o i l saturation to a minimum than is solution-gas drive, 
gas-cap drive, or gravity drainage. Cores with o i l saturations ranging from 28 to 
84 percent of the pore space were subjected to flooding tests in the laboratory under 
controlled conditions, and the data available on 19 cores so tested showed that the 
residual-oil saturation, after continued flooding with several thousand pore volumes 
of water, ranged from 9 to 29 percent and averaged 19 percent. No relationship was 
apparent between residuaT=ot3rsaturation and" otner measured properties of the core. 
In actual practice such high water-oil ratios and complete flooding of the sand would 
not be economically feasible. In the Healdton f i e l d most o i l wells are abandoned 
when o i l constitute less than 1 percent of the to t a l produced liquid. Assuming 1 per­
cent as an economic l i m i t , when the throughput f l u i d in laboratory tests reached the 
ratio of 1 volume of o i l to 99 volumes of water, the residual-oil saturation of cores 
ranged from 18 to 4-5 percent and averaged 29 percent. The mobility ratio of water to 
o i l increases disproportionately with increased water saturation and decreased o i l 
saturation, so that at an average o i l saturation of 29 percent, the water-oil mobility 
ratio and production is about 99:1. At this saturation, the remaining o i l may be 
considered as economically immobile or fixed, whereas that o i l saturation greater 
than 29 percent of the pore space can be considered as mobile and recoverable under 
the most favorable conditions. Inasmuch as the porosity and permeability of these 
19 core samples covered the complete range of values measured on Healdton oil-produc­
ing sands, this figure of 29 percent was adopted as a reasonable average residual-
o i l saturation. Original mobile-oil saturation ranged from 58.5 percent of the pore 
volume for an average sand of 32.0 percent porosity to 7»8 percent for the average sand 
of 12.0 percent porosity cited earlier. 

Original Mobile Oil 

The volume of mobile o i l originally present i n the Healdton reservoirs was cal­
culated for individual leases by the following formula: 

O.M.O. 

where: 

O.M.O. original mobile o i l , measured at stock-tank conditions, bbl.; 

7,758 conversion factor, acre-feet to barrels; 

A area of sand, acres; 

T effective thickness of sand, feet; 

P average porosity of sand, decimal fraction of to t a l volume; 
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= average connate-water saturation, decimal f r a c t i o n 
of pore space; 

F.V.F. = formation-volume factor; 

N.R.O. = nonrecoverable-oil saturation, decimal f r a c t i o n 
of pore space. 

Average data f o r the Healdton reservoirs based upon a summation of lease t o t a l s 
are l i s t e d below: 

Upper sands Stray sands 
Fourth ( f i r s t , second, and (above f i r s t 

Healdton t h i r d Healdton) Healdton) 

A 1,960 7,016 1,420 
T 23.OO 64.71 13.31 
P 0.213 0.216 0.234 
C 0.200 0.190 O.I87 
F.V.F 1.044 1.044 1.044 
N.R.O 0.29 0.29 0.29 
O.M.O 35,455,000 369,765,000 16,780,000 

The o r i g i n a l stock-tank o i l f or the Healdton reservoir was calculated t o be as 
follows: 

Fourth Healdton 
Upper sands.... 
Stray sands .... 

Total 

Bbl. 
57,026,000 
590,448,000 
26,721,000 
674,195,000 

PRODUCTION 

The Healdton o i l f i e l d has been one of the most p r o l i f i c oil-producing areas i n 
Oklahoma. Cumulative o i l production to January 1, 1951, from 7,l42 productive acres 
of Healdton sand exceeds 211 m i l l i o n barrels, averaging 29,570 barrels of o i l per 
acre and 410 barrels per acre-foot. O i l recovery from several leases exceeds 120,000 
barrels per acre.--With few exceptions, to be discussed l a t e r , t h i s o i l has been recov­
ered by primary production methods u t i l i z i n g the natural energy of the reservoir f l u i d s . 

Production Mechanism 

Although a l l four natural-energy sources - dissolved gas, water drive, gas-cap 
expansion, and gravity drainage - undoubtedly have contributed t o the o i l production, 
dissolved gas primarily and water drive secondarily have been the p r i n c i p a l natural-
energy sources active i n the Healdton f i e l d . 

Expansion of dissolved gas has been most important i n producing o i l from the 
upper Healdton sands, whereas natural water drive has been effective i n recovering 
o i l from edge leases producing p r i n c i p a l l y from the f o u r t h Healdton sand. Gravity 
drainage has been an important recovery factor i n some s t r u c t u r a l l y low areas. 
During the l i f e of the f i e l d , no par t i c u l a r e f f o r t was made to conserve gas energy 
or to u t i l i z e i t most e f f e c t i v e l y to recover o i l . The result was a rapid decline 
i n pressure and o i l production between 1917 and 1925 (see f i g . 3 ) . Vacuum, applied 
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Figure 16. - Percent yearly decline in the rates of oil production from representative 
leases with no secondary development, Healdton oil field, Carter County, 
Okla. 



The percentage-decline curves f o r 17 leases with long, uninterrupted production 
histories were used as t y p i c a l curves to calculate the normal expected decline i n 
yearly production of other"leases in"the f i e l d . Where i t was important to calculate 
the increased o i l production resulting f r o m ^ i n f i l l d r i l l i n g or secondary recovery or 
where an extrapolation of the rate of future o i l production was necessary, the t y p i c a l 
curve that best f i t t e d the available data was used. -

Water Production from Upper Healdton Sands 

Water production from wells that did not penetrate t o the fourth Healdton sand 
has been reported by operators since early i n the l i f e of the f i e l d . Several d r i l l e r s ' 
logs recorded water i n the upper Healdton sands at the time of d r i l l i n g , and tests on 
some of the wells indicate that water was produced during the early productive l i f e of 
the f i e l d . 

Information from well test records, plug-backs, and abandonments indicates that 
the water i s produced primarily from the t h i r d sand. However, along the edges of the 
f i e l d , water is present i n a l l of the upper Healdton sands, including some of the o i l -
productive stray sands above the main Healdton sands. 

Figure 17 shows areas i n which the water produced from the upper Healdton sands 
exceeded 50 percent of the t o t a l f l u i d production from these areas i n 1950. Areas 
where the water production ranges from 2 to 10 barrels d a i l y and other areas where i t 
exceeds 10 barrels d a i l y are shown by di f f e r e n t types of cross hatching. A few i n d i ­
vidual wells with high water-production rates are not shown on the map. Areas-in 
which the daily water production exceeds 10 barrels per well are not related t o struc­
t u r a l position or to any particular location i n the f i e l d . Areas bounded by tho dashed 
heavy l i n e include wells from which the water is believed to be produced from the f i r s t 
sand. 

There is no evidence of an extensive water drive i n any of the upper Healdton 
sands, although i n a localized area a l i m i t e d water drive may exist. Figure 18 shows 
graphs of the average d a i l y o i l and water production per well and the percentage of 
water i n the t o t a l f l u i d f o r wells producing from upper Healdton sands f o r 1920, 1930, 
1935, 19^0, 194-5, and 1950. The number of well tests considered i n calculating these 
average d a i l y volumes is shown along the average d a i l y - o i l production curve. The 
average daily o i l production decreased from 20.5 t o 6.1 barrels per well between 1920 
and 1930. During t h i s i n t e r v a l , water production decreased from approximately 7.5 to 
6.3 barrels per we l l ; but, because of the greater decrease i n o i l production, the 
percentage of water i n t o t a l f l u i d produced increased from 27 to 51 percent. In 1935 
the average d a i l y o i l production increased to approximately 7.5 barrels per w e l l , 
probably because of i n f i l l d r i l l i n g , whereas the average daily water production remained 
approximately the same. Since 1935 the average d a i l y rate of o i l and water production 
has decreased steactily, and by 1950 i t was approximately 3.8 and 4.5 barrels per well , 
respectively. Between 1935 and 1945 the percentage of water i n t o t a l f l u i d produced 
increased from 46 to 5^ percent, but since 1945 i t has remained constant. 

From these data and from a study of the o i l - and water-production history of 100 
other wells, i t is concluded that both o i l and water i n the upper Healdton sands are 
being depleted and that i n these sands there i s no appreciable water drive. 

Natural Water Drive 

Natural water drive has been more important i n producing o i l from the fourth sand 
than from the upper Healdton sands. The fourth sand o r i g i n a l l y was oil-productive 

5125 - 24 -



i n t e r m i t t e n t l y since 1918 and consistently since 1938, reduced the pressure further, 
so by 1950 the reservoir pressure was very near atmospheric throughout most of the 
f i e l d . I n the southeast extension, where vacuum has not been as generally applied 
and where edge water may be slowly encroaching into some of the upper Healdton sands, 
f l u i d levels i n i d l e wells indicate reservoir pressures i n some sands greater than 
100 p . s . i . 

Representative Decline Curves 

To i l l u s t r a t e the effects of natural energy on the rate of o i l production, the 
percentage decline of several leases with long uninterrupted production histories i s 
shown i n figure 16. 

To construct these curves the actual annual o i l production, i n barrels, was 
plotted against time f o r each lease. Normal yearly o i l production was read from a 
smooth curve through the points. The percentage decline then was calculated by 
taking the difference i n normal yearly o i l production between 2 successive years and 
dividing t h i s difference by the normal production in the e a r l i e r year. Annual percentage 
decline was plotted f o r yearly intervals, beginning with the year of the maximum per­
centage decline. The upper graph shows the yearly average percentage decline of 11 
leases that have not had i n f i l l d r i l l i n g or other interruption of the normal produc­
t i o n decline. Declines f o r the""first two periods were 29 and 23 percent respectively, 
but thereafter the percentage decline decreased slowly u n t i l i t became more or less 
stable at 6 percent per year. Twenty-five years after the maximum percentage decline 
a s l i g h t increase to 6-l/2 percent per year i s noted. This increase i n percentage 
decline reflects an actual marked decrease i n the oil-production rates, probably 
attributable to wearing-out of production equipment on the leases. 

The graph of The Pure O i l Co. Ardhoma 1 lease shows the highest percentage 
decline of the 11 leases considered. During the early l i f e of the lease the decline 
i n o i l production was 33-5 percent per year, and from t h i s peak the rate of decline 
dropped rather sharply u n t i l the o i l production was decreasing at the rate of about 
13 percent per year. From t h i s point, i n the s i x t h year af t e r the maximum percent­
age decline, the rate of decline decreases slowly and appears to become more or less 
constant at about 10 percent per year. 

On t h i s lease i n the NWl/4 sec. 9, T. k S., R. 3 W., where the fourth Healdton 
sand is t h i n or e n t i r e l y absent, o i l i s produced from upper Healdton sands, and water 
encroachment has l i t t l e , i f any, effect on o i l production. 

The graph f o r the Kewanee O i l Co. I . B. Woodruff lease i l l u s t r a t e s the o i l - p r o ­
duction history of a lease, which after the tenth year showed the lowest percentage 
decline of any of the 11 leases considered. After the peak decline of 4-3.5 percent, 
the rate of decline dropped sharply to about 27 percent and then dropped less sharply 
fo r about k years. Ten years after the year of highest percentage decline the yearly 
percentage decline continued more or less constant f o r 17 years at 2 to 2-l/2 percent 
per year. This extremely low percentage decline reflects a nearly constant production 
rate. 

Wells on t h i s lease, i n sec. 31, T. 3 S., R. 3 w« at the northwestern edge of the 
f i e l d , have been producing increasingly larger volumes of water since 1920. Several 
down-structure w e l l ! i h tTu^TirelFalreacLy have been" abandoned or plugged back because 
of high water production. Apparently, advancing edgewater has sustained the o i l pro­
duction at a nearly constant rate. 
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Figure 30. - Oi l recovery from Healdton sands to January 1, 1951, Healdton o i l f i e ld , Carter County, Okla. 
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under a comparatively l i m i t e d area i n the f i e l d . As discussed e a r l i e r , the fourth 
sand was not deposited over the topographically high areas i n the north-central part 
of the f i e l d , and much of the s t r u c t u r a l l y lower areas were water-saturated when the 
f i e l d was developed. Figure 19 shows the progressive advance of edgewater i n t h i s 
sand. I t shows that between 1913 and 1930, wells i n an area of 470 acres, p r i n c i p a l l y 
along the southwestern edge of the f i e l d , were abandoned because of excessive water 
production. Between 1930 and 1950, inclusive, an additional area of 420 acres of the 
fourth sand was s i m i l a r l y flooded. 

Production History of Three Leases with Natural Water Drive 

To show i n more d e t a i l the progress of advancing water, three leases, The Pure 
Oi l Co. Vernon Collins 80-acre, The Pure O i l Co. Jerry McCoy, and the Shell O i l Co., 
Inc., C. L. McClure, where the water advance i n the fourth sand is quite apparent 
and a long o i l - and water-production history is available, were selected f o r study. 

The Pure O i l Co. Vernon Collins80Acre. - The production data on t h i s lease, i n 
sec. 16, T. 4 S., E. 3 W., along the southwest flank of the structure near the south 
edge of the main part of the f i e l d , indicate that the fourth sand alone has an effec­
t i v e water drive. The strata i n t h i s area dip t o the southwest about 800 feet per 
mile, the northeast corner of the lease being near the crest of the f i e l d structure, 
whereas the southwest corner i s at the productive l i m i t of the f i e l d . West-east 
cross section A-A' ( f i g . 20) from well 20 to well 10 shows the thickness and attitude 
of the fourth sand zone. Wells on t h i s lease were not cored or e l e c t r i c a l l y logged, 
and the cross section was made from the interpretation of d r i l l e r s ' logs. The cross 
section shows the top of the fourth sand at 34l feet below sea level i n well 20 near 
the west edge of the lease and at 197 feet below sea lev e l i n well 10 near the east 
edge of the lease. The thickness of the fourth sand varies according to locations, 
113 feet being penetrated i n well 8 along the north edge of the lease, as compared 
to an estimated thickness of 70 feet along the south edge of the lease. 

The i n i t i a l production of the wells ranged from 2 t o 850 barrels of o i l per 
day with an average of about 165 barrels per day. Generally the wells along the 
north and east edges of the lease where the sand i s thicker had higher i n i t i a l o i l -
production rates, although the highest i n i t i a l production of 85O barrels per day was 
recorded from a well along the south edge of the lease. 

Well 1 near the southeast corner of the lease was completed i n the upper Healdton 
sands i n November 1915> and the i n i t i a l production was only 5 barrels of o i l per day. 
The lease was developed slowly, and by December 1917, 27 wells had been d r i l l e d . 
During t h i s i n t e r v a l of development six of the wells were abandoned, presumably be­
cause of low o i l production or because of encroaching water. By January 1921, 7 
additional wells had been abandoned making a t o t a l of 1_3_abandonments during the 
f i r s t 5 years.-of operation of the lease. Since then 1 well has been abandoned, and 
i n 1950 only 13 wells were producing"oil; 9 of these were producing from the fourth 
sand. There has been no secondary development or d r i l l i n g of new wells on t h i s 
lease, although there have been several deepenings and plug-backs since the primary 
development. 

When wells 22 and 24, i n the southwest corner of the Vernon Collins 80-acre 
lease, were completed i n 1917 > water, but no o i l , was reported i n the fourth sand. 
Operation of wells 14 and 15 along the south edge of the lease was discontinued by 
1919 because of high water production. Twenty barrels of sal t water and no o i l were 
pumped from well l 4 soon after completion i n 1917. The depths of these wells i n d i ­
cate that the o r i g i n a l oil-water contact was approximately 38O feet below sea lev e l 
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i n the extreme southwestern corner of the lease. Figure 21 shows water-advance maps 
of the three leases, with the estimated water-saturated areas as of 1913* 1920, 1930, 
and 1950. The water-advance map of The Pure O i l Co. Vernon Collins 80-acre lease 
shows that about 8 acres of the f o u r t h sand i n the extreme southwestern corner of the 
lease o r i g i n a l l y was water-saturated. 

Between 1917 and 1920, inclusive, wells 5, 9, 13, l 4 , 15, 19, 20, 23, and 27, 
a l l along the south and west edges of the lease (see f i g . 21), were abandoned i n the 
fo u r t h sand. By 1920 the water had advanced up-structure to include one t h i r d of the 
southwestern portion of the lease. During t h i s period approximately 767,000 barrels 
of o i l was produced from the f o u r t h sand. From a l l data available, i t appears that 
edgewater had advanced by 1930 i n the central portion and at the eastern end of the 
lease. Well tests show that w e l l 18, i n the center of the lease was producing essen­
t i a l l y 100 percent water before i t was abandoned i n the f o u r t h sand i n May 1930. By 
1950 approximately 60 percent of the o r i g i n a l productive area of the f o u r t h sand had 
been flooded, and a l l the wells were producing high percentages of water. At no time 
during the advance of the water from i t s o r i g i n a l position t o i t s position i n 1950 
was the oil-water contact horizontal, and i t s advance was not controlled e n t i r e l y by 
structure. This irregular advance may have been due t o differences i n permeability 
or t o d i f f e r e n t methods of operation of the individual wells. At the current rate 
of water advance, i t is estimated that w i t h i n 10 or 12 years the f o u r t h sand under­
l y i n g t h i s lease w i l l be completely flooded. 

Figure 22 i s the yearly o i l - and water-production h i s t o r y of the three leases. 
The graph of the fourth-sand o i l production from The Pure O i l Co. Vernon Collins 80-
acre lease shows that the maximum yearly o i l production occurred i n 1917 and that 
a f t e r t h i s peak the rate declined rapidly i n a manner similar to the decline rate of 
o i l production from a solution-gas drive reservoir. I n 1917> during the year of 
maximum o i l production, two wells were abandoned because of high water production. 
Also two wells were abandoned i n 1918 and three i n 1919 f o r the same reason. I n 
1920 and 1921 the rate of o i l production decreased, but the rate of t o t a l f l u i d 
production increased. I n 1922 wells 6 and 18 were plugged back, causing a sharp 
decrease i n t o t a l fluid-production rates. From 1922 through 1928 yearly o i l pro­
duction decreased steadily, whereas yearly water production increased sharply. From 
1928 through 1935 the rate of o i l production was essentially constant, but the volume 
of produced water dropped sharply because one well was abandoned and three others 
were plugged back. From 1936 through 1950 o i l production remained nearly constant. 
During t h i s period yearly water production increased steadily, u n t i l i n 1950 approxi­
mately 307,000 barrels of water was produced from the f o u r t h sand. The graph of the 
percentage of water i n t o t a l f l u i d i l l u s t r a t e s more convincingly the advance of water 
i n the f o u r t h sand. I n 1950 water production was approximately 97 percent of the 
t o t a l f l u i d produced. (See Brine Disposal, p. 590 

L i f t i n g costs on the Vernon Collins lease increased from 17 percent of the value 
of the produced o i l i n 1930 to approximately 4 l percent i n 1950. Heavier pumping 
equipment and a water-disposal system w i l l have to be i n s t a l l e d t o l i f t and dispose 
of the increasing quantities of water produced with the o i l . I t may be assumed that 
w i t h i n the next 10 to 12 years the increasing water production (see f i g s . 21 and 22) 
and l i f t i n g costs w i l l require that the remaining wells be abandoned i n the f o u r t h 
sand and plugged back to upper Healdton sands. 

On The Pure O i l Co. Vernon Collins lease, the cumulative o i l production from the 
fo u r t h sand through 1950 was approximately 1,152,000 barrels. I t i s estimated that, 
by the time the f o u r t h sand i s abandoned, the t o t a l o i l recovery w i l l be about 1,227,000 
barrels, or approximately 467 barrels per acre-foot from 74 productive acres. 
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-CV WELL DRY IN FOURTH SAND 
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Figure 21. - Progressive advance of water in fourth Healdton sand underlying three 
leases, Healdton oil field, Carter County, Okla. 





production. D r i l l i n g of well 40 i n February 1936 i n i t i a t e d the second i n f i l l - d r i l l ­
ing campaign, during which l 6 producing wells were d r i l l e d and several of the older 

i wells were deepened to lower sands. The last productive i n f i l l well was completed i n 
• December 1938, but since then, some wells have been either deepened to lower sands 

or plugged back t o upper sands. 

Although water was not reported i n any early wells that penetrated the fourth 
sand, the probable oil-water contact i n the fourth sand was established by i n t e r ­
preting d r i l l e r s ' logs on adjacent leases. From a l l the data available, i t appears 
that, had wells been d r i l l e d deep enough during primary development, water would have 
been encountered i n the fourth sand i n the southwest corner of the C. L. McClure 
lease between 50 and 60 feet below sea lev e l and i n the northeast corner of the lease 
between 180 and 200 feet below sea l e v e l . Figure 21 shows a map of the Shell O i l Co., 
Inc., C. L. McClure lease, with the o r i g i n a l water-saturated area i n the fourth sand 
in the southwest corner of the lease. I t is estimated that approximately 9 acres of 
the fourth sand o r i g i n a l l y was water-saturated. 

By 1920 the water had advanced up-structure t o the position shown on the map 
( f i g . 21), and some water was being produced from four fourth-sand wells. During 
t h i s period of primary development and flu s h production, 2,457,000 barrels of o i l 
was produced from a l l sands on the lease. From the data available, i t appears that 
the water advanced up-structure from the southwest and northwest corners and along 
the west edge of the lease. Individual monthly o i l - and water-production records 
were available f o r a l l producing wells, and the advance of edgewater during a period 
of time could be discerned readily. By 1930 varying amounts of water was being pro­
duced with the o i l i n a l l wells included within the contour l i n e f o r that year. By 
1950 water was being produced from 15 wells i n the fourth sand i n the western part 
of the lease, and that sand underlying an area represented by the cross-hatching 
was estimated to be e n t i r e l y water-saturated. 

Figure 22 shows the production history f o r a l l sands on the Shell O i l Co., 
Inc., C. L. McClure lease. Because many early wells were open to a l l sands, i t 
was impossible to separate the fourth-sand production from that produced from the 
other sands. Most of the water produced on the lease was d e f i n i t e l y from the 
fourth sand, and, i f available, a graph of the fourth-sand o i l and water production 
alone would show the natural water drive more clearly. The graph shows that the 
maximum yearly o i l production from a l l sands was not reached u n t i l 1919> almost 6 
years after primary development was begun. One year before t h i s peak o i l produc­
t i o n , a small amount of water was produced and t h i s volume i s shown on the graph 
as the difference between the o i l and the t o t a l f l u i d production. The two peaks 
in 1927 and 1937 on the oil-production and the t o t a l - f l u i d curves are primarily 
the results of i n f i l l d r i l l i n g . Except f o r these two peaks the o i l and water pro­
duction has declined steadily since 1919. I n 1950 the o i l production was 65,000 
barrels and the water production was 328,000 barrels. The curve showing the per­
centage of water i n t o t a l produced f l u i d i l l u s t r a t e s the natural water drive on 
th i s lease more decisively. Since 1917 the percentage of water i n the t o t a l pro­
duced f l u i d has increased almost steadily, being about 80 percent by 1950. 

The Pure O i l Co. Jerry McCoy. - The t h i r d lease considered i s i n sees. l 4 , 22, 
23, T. 4 S., B. 3 W., near the west edge of the southeast extension. The axis of 
the main a n t i c l i n a l structure passes northwest to southeast across t h i s lease, and 
there is a small dome near the east edge of the lease. The rock strata dip north, 
west, and south from t h i s dome. 
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As computed from d r i l l e r s ' logs, 2,629 acre-feet of the f o u r t h sand on the Vernon 
Collins 80-acre lease o r i g i n a l l y contained mobile o i l . The comparative wealth of 
fourth-sand data available permitted calculations of porosity and connate water f o r 
t h i s lease that d i f f e r e d from the average porosity and connate water values' used f o r 
the f o u r t h sand throughout the rest of the f i e l d . Porosity ranges from 12 percent t o 
27.5, according to location and sand conditions, and the weighted average porosity of 
the sand i s 17.8 percent. Using the formation volume factor of 1.044 and estimating 
the connate water at 27.5 percent, the o i l o r i g i n a l l y i n place was calculated to be 
approximately 2,519,500 barrels. As discussed e a r l i e r the r e s i d u a l - o i l saturation 
could be reduced t o an average of about 29 percent by e f f i c i e n t flooding. After de­
ducting t h i s 29 percent r e s i d u a l - o i l saturation, the volume of mobile o i l would be 
approximately 1,466,700 barrels. The efficiency of the water drive would be the 
t o t a l o i l recovered at abandonment date (1,227,000 barrels) divided by the t o t a l 
mobile o i l (1,466,700 b a r r e l s ) , an ef f i c i e n c y of 83.7 percent. 

Shell O i l Co., Inc., C. L. McClure. - The second lease studied i s a 110-acre 
lease, located i n sec. 5, T. 4 S., B. 3 W. near the crest of the f i e l d structure, 
but the southwest corner is near the outer productive l i m i t of the f i e l d . D r i l l e r s ' 
logs of wells near the center of the lease record the f i r s t Healdton sand at approxi­
mately 300 feet above sea l e v e l ( f i g . l l ) . From t h i s high the strata dip southwest 
at about 440 feet per mile and northwest at approximately 480 feet per mile. 

South to north cross section B-B' ( f i g . 20) from well 9, completed i n the upper 
Healdton sands, to well 17, completed i n the f o u r t h sand, shows the thickness and 
attitude of the several sand zones. Production data indicate that the f o u r t h sand 
zone had an effective water drive and that on the southern edge of the lease the 
t h i r d sand zone may have had a l i m i t e d water drive. Wells on t h i s lease were neither 
cored nor e l e c t r i c a l l y logged, although r a d i o a c t i v i t y w e l l logs were available f o r 
f i v e wells t o help correlate the sands. Within the l a s t 15 years, 19 new wells have 
been d r i l l e d and several old wells have been deepened, so that more r e l i a b l e and com­
plete data as t o sand conditions are available f o r t h i s lease than f o r The Pure O i l 
Co. Vernon Collins 80-acre lease described above. Cross section B-B' shows the top 
of the f i r s t sand to be at 144 feet above sea le v e l i n w e l l 9, and the top of the 
Ordovician strata is estimated to be 240 feet below sea l e v e l , giving a thickness of 
384 feet f o r the t o t a l Healdton-sand section. I n well 56 the top of the f i r s t sand 
is 299 feet above sea l e v e l and the top of the Ordovician strata 89 feet below sea 
l e v e l , indicating a thickness of the t o t a l Healdton-sand section of 388 f e e t . I n 
well 17 at the north end of the cross section, the top of the f i r s t sand i s 158 feet 
above sea l e v e l and the estimated top of the Ordovician strata i s 220 feet below sea 
l e v e l , showing a thickness of 378 f e e t . The t o t a l Healdton-sand section does not 
vary much with structure, but the individual sands are not consistent i n thickness. 

The i n i t i a l o i l production of the o r i g i n a l wells ranged from 25 barrels per day 
to a high of 436 barrels per day and averaged about 140 barrels d a i l y . I n f i l l wells 
d r i l l e d l a t e r i n the l i f e of the lease had lower i n i t i a l production rates. 

Well 1 i n the southeast corner of the lease was completed i n the f o u r t h sand i n 
September 1913, and a l l producing sands above were open f o r production. The lease 
was developed slowly, and " i t "was not u n t i l " Feb ruary*T9 21 thatTEe l a s t w e l l i n the 
o r i g i n a l d r i l l i n g campaign was completed. During t h i s development period two dry 
holes were d r i l l e d , and wells 27 and 28 were abandoned soon a f t e r completion because 
of high water production. Water'was produced from other wells on the lease as early 
as 1917. From 1921 t o 1926 one well was abandoned, presumably because of low o i l 
production. In July 1926 an i n f i l l - d r i l l i n g campaign was begun, and by August 1927 
six additional wells were completed as o i l producers. I n 1932 s t r u c t u r a l l y low wells 
7 and 9 along the south l i n e of the lease were abandoned because of high water 
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West to east cross section C-C ( f i g . 20) from well 28 to well 17 shows the thick­
ness and attitude of a l l the sands. Only one core analysis of the fourth sand was 
available on t h i s lease. Electric logs were not made i n any of the wells, and sub­
surface structure was interpreted almost e n t i r e l y from d r i l l e r s ' logs. In t h i s area 
the f i r s t sand i s discontinuous, and most of the wells are completed i n lower sands. 
The tops of the sands are higher s t r u c t u r a l l y i n wells 29 and 32 than i n well 28 on 
the west edge or i n well 17 on the east edge of the cross section. The sands vary i n 
thickness according t o location and are thicker near the center or s t r u c t u r a l l y high 
part of the lease. 

The i n i t i a l o i l production from the individual wells ranged from 5 to 400 barrels 
per day, with an average of about 130 barrels per day. Logs of wells d r i l l e d nearer 
the crest of the structure recorded higher i n i t i a l - p r o d u c t i o n rates than did logs of 
wells d r i l l e d near the productive l i m i t s of the reservoir. 

Well 1, d r i l l e d i n July 19l4, near the center l i n e along the west edge of sec. 
14, T. k S., R. 3 W., was a dry hole. Well 2, completed i n A p r i l 19l6, i n the north­
east corner of sec. 22, T. k S., R. 3 W., i n i t i a l l y produced 100 barrels of o i l per 
day. By October 1918,' 37 additional wells had been completed. In May 1922 well 27 
was abandoned, presumably because of low o i l production. Since 1922 two additional 
wells have been d r i l l e d - well k l i n October 1937 and well 42 i n September 1948. 
Several wells were abandoned because of high water production, and some of the e a r l i e r 
wells were deepened to lower sands. 

The logs of some wells, d r i l l e d on the south side of the a n t i c l i n a l structure, 
recorded water i n the fourth sand. Using these logs and those of wells on adjacent 
leases, the o r i g i n a l oil-water contact i n the fourth sand zone was established at 
approximately 400 to U30 feet below sea l e v e l . On the north side of the a n t i c l i n a l 
structure, the o r i g i n a l oil-water contact was established at approximately 350 feet 
below sea l e v e l . Figure 21 shows that approximately 12 acres of the fourth sand zone 
i n the southwest part of the lease and 20 acres i n the north part of the lease were 
water-saturated o r i g i n a l l y . 

From a l l data available i t appears that the water drive was confined t o the 
fourth sand. Between 1913 and 1920 the water had advanced i n the fourth Sand, under­
lying an area shown i n figure 20. By 1930 the water had advanced up-structure, four 
wells had been abandoned, and considerable amounts of water were being produced from 
a l l wells i n the fourth sand. By 1950 three more wells had been abandoned, and the 
fourth sand underlying approximately kO percent of the lease had been flooded. 
Although the advance of water was influenced by structure, i t appears that "coning 
and fingering" occurred i n the southern and western parts of the lease where the 
water advance was more rapid. This irregular advance could have been caused by 
variance i n permeability or by dif f e r e n t methods of operation of the individual wells. 

Figure 22 shows the o i l - and water-production history of The Pure O i l Co. Jerry 
McCoy lease and the percentage of water i n the t o t a l produced f l u i d . As i t was impos­
sible to separate the fourth-sand production from the t o t a l , the indicated o i l produc­
t i o n i s from a l l the sands, whereas the major portion of the produced water is from 
the fourth sand. Yearly o i l production was at a maximum i n 1917 and from t h i s peak of 
367,750 barrels per year declined sharply, with the result.than by 1925 yearly o i l 
production was 65,550 barrels. Small quantities of water were produced from the wells 
i n 1919, but the t o t a l f l u i d production decreased u n t i l 1924, when well 32 began to 
yi e l d large volumes of water. This well was plugged back i n 1927, and the volume of 
t o t a l produced f l u i d decreased sharply at th i s time, but the proportion of water t o 
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t o t a l produced f l u i d remained approximately 68 percent. I n 1929 well 18 was abandoned, 
resulting i n a sharp drop in. t o t a l produced f l u i d s , as shown by the curve. From 1930 
to 194-0 the rate of o i l production decreased steadily, whereas water production i n ­
creased. The abandonment of well 28 i n 194-1 and wells 8, l 4 , and 26 i n 1943 caused 
yearly water production to decrease. Deepening of several wells and the d r i l l i n g of 
well 42 i n 1948 caused a s l i g h t increase i n both o i l and water production. 

Between 1929 (when well 18 was abandoned) and 1948 the percentage of water i n the 
t o t a l produced f l u i d increased from 64 t o 85 percent. Following the deepening and 
d r i l l i n g i n 1948 the water percentage dropped sharply to 79 percent, but by 1950 pro­
duced water constituted about 86 percent of the t o t a l f l u i d production. 

On the three leases studied, a natural water drive i n the f o u r t h sand i s apparent 
i n that increasingly larger areas are being flooded, the oil-production rates are 
being sustained, and the percentage of water i n t o t a l produced f l u i d has steadily i n ­
creased. Other areas where natural water drive may be active should be carefully 
studied before secondary-recovery methods are applied. 

Gas Production 

I n addition t o a large production of o i l , substantial quantities of gas also 
have been produced from the Healdton f i e l d . 

The f i r s t b i g gas we l l , with an estimated i n i t i a l production of 33 m i l l i o n cubic 
feet daily, was completed i n December 1913 by the Crystal O i l Co. on what i s now the 
Sincl a i r O i l & Gas Co. M i l l i o n and Thomas lease i n sec. 5, T. 4 S., E. 3 W. As many 
as three gas sands, including stray sands and the f i r s t Healdton sand, were penetrated 
at depths of 500 to 900 feet i n wells on t h i s lease. Pressures up t o 600 p . s . i . were 
reported. A few wells completed i n 1915 and 1916 i n sec. 4, T. 4 S., R 3 W., pro­
duced gas from Healdton sands ranging i n depth from 800 to 1,100 fe e t . The i n i t i a l 
d a i l y volumes from these wells were not recorded. Several gas wells with capacities 
of 20 t o 40 m i l l i o n cubic feet d a i l y were completed i n sec. 15, T. 4 S., R. 3 W. 
during the same years. These wells penetrated dry-gas sands i n the Healdton sand 
section at depths ranging from 900 to 1,200 fe e t . 

During these early years dry gas was piped t o Ardmore, Ringling, and Wilson by 
lo c a l gas companies (10). 

Table 2, page 6, shows that only 26 gas wells were completed i n the Healdton 
f i e l d during the f i r s t 3 years of development; many o i l wells penetrated gas-produc­
ing zones i n the f i r s t sand or i n the stray sands above the Healdton series. 

Approximately 50 wells o r i g i n a l l y were completed as dry-gas producers, but none 
of these were producing gas by 1950. Some were abandoned as early as 1919, and most 
of the remaining ones were shut i n during the 1930's. These wells produced dry gas 
i n the beginning, but many "went to o i l " and were "put on the pump" a few years after 
completion. Some wells, however, remained dry af t e r the gas was exhausted and were 
abandoned. ~~ 

Figure 23 shows the approximate extent and thickness of the o r i g i n a l gas-produc­
t i v e sands i n the f i r s t sand and the stray sands above. 

Gas was produced from the f i r s t sand i n several scattered, s t r u c t u r a l l y high 
areas throughout the f i e l d ; the largest area, i n sees. 4, 5, 8, and 9, T. 4 S., 
R. 3 along the crest of the an t i c l i n e includes 335 acres. Smaller areas are 
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Figure 10. - E f fec t ive thickness of fourth Healdton sand, Healdton o i l f ie ld , Carter County, Okla. , 1951. 
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Figure 24. - Shell Oil Co. Barco gasoline plant (Harry Ells operator), 
Healdton oil field, Carter County, Okla. 
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Vacuum, which has been applied i n t e r m i t t e n t l y since 1917, has aided production 
of casinghead gas ( 2 ) . In 1917 the,Oklahoma Corporation Commission ruled against 
the use of vacuum i n any f i e l d i n Oklahoma unless permission was obtained from the 
Commission. However, a lim i t e d use of vacuum at the casinghead f o r gathering gas 
to be used f o r lease operations and delivery to gasoline plants was condoned. A 
few plants, which were operating at a vacuum of almost 20 inches of mercury, were 
shut down by the Commission. 

Some operators continued to apply vacuum i n varying amounts u n t i l 1935, when a 
controversy arose over i t s use i n the f i e l d . The Oklahoma Corporation Commission 
issued another order prohibiting the application of vacuum i n the Healdton f i e l d . 
After an appeal t o the State Supreme Court by the Gilmer O i l Co., a temporary order 
was issued by the Court on October 8, 1937, l i m i t i n g the use of vacuum to 6 inches 
of mercury. Consequently, a f i n a l Order by the Commission (No. 124-29) was issued 
on July 22, 1938, permitting the use of vacuum up to 6 inches of mercury at the 
casinghead i n producing o i l i n the Healdton o i l f i e l d . Also, each lease was required 
to be equipped with a back-pressure vacuum regulator and chart-recording meter of an 
adequate type to control and record the amount of vacuum applied. 

During recent years the Shell Barco plant at Wirt, Okla., i n sec. 8, T. 4 S., 
E. 3 W., operated by Harry E l l s , Inc. ( f i g . 24), has been the only gasoline plant i n 
operation i n the f i e l d . This plant, b u i l t by Jake Hamon early i n the l i f e of the 
f i e l d , was operated as the Shell O i l Co., Inc., Barco gasoline plant between 1916 and 
1947, when Harry E l l s , Inc., took over the operation on a farm out. F i r s t b u i l t and 
operated as a compression plant, i t was converted to an absorption plant i n 1940, when 
gathering lines were extended to include several additional leases. During 1950 the 
plant processed an average of 1.7 m i l l i o n cubic feet of gas daily, gathered at 6 
inches of mercury vacuum from 67 leases i n the Healdton f i e l d and from 9 leases i n 
the nearby Hewitt f i e l d . 

Three other plants are operated to apply vacuum to the casingheads of the wells. 
Largest of these is The Pure O i l Co. booster plant on the Westheimer and Daube 60-acre 
lease i n sec. 9, T. 4 S., E. 3 W. Operated as a compression gasoline plant between 
19l6 and 1935, "the plant now gathers gas from 11 leases of The Pure O i l Co., and 9 
other leases, at vacuum equivalent t o 6 inches of mercury, and delivers i t to the 
Harry E l l s , Inc., gasoline plant at a pressure of 3 to 7 p. s . i . A smaller plant on 
the Sinclair O i l & Gas Co. J. S. Mullen lease i n sec. 4, T. 4 S., R. 3 W., gathers gas 
from the Mullen and Ardworth leases f o r i n j e c t i o n into wells on the Mullen lease. 
A plant on the Shell O i l Co., Inc., L. Tubbee lease i n sec. 24, T. 4 S., R. 3 W., 
o r i g i n a l l y was used f o r gas in j e c t i o n but now is used to apply vacuum to wells on 
three Shell O i l Co., Inc., leases i n the area. On several edge leases not served by 
compressor plants vacuum is applied to the wells by rodline pumps operated from the 
central power. 

Natural Gasoline Association of America contracts between the operators and the 
Harry E l l s , Inc., plant provide f o r the purchase of casinghead gas from each lease at 
a price depending upon the periodically tested gasoline content of the incoming gas 
and the market price of natural gasoline. Denuded residue gas not required f o r plant 
operation i s returned to the several leases. Additional dry gas may be purchased from 
Harry E l l s , Inc., when the volume of gas returned is not adequate f o r lease requirements. 

Figure 25 shows the o i l - and gas-production history of several representative 
leases i n the Healdton o i l f i e l d . O i l - and gas-production data since 1928 were av a i l ­
able f o r 19 leases covering 1,139 acres and including more than 3OO producing o i l wells. 
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Both the o i l - and gas-production rates increased i n 1936 with the d r i l l i n g of addi­
t i o n a l wells hut have declined steadily since that date. The indicated gas produc­
t i o n is that volume sold to the gasoline plant less included a i r (see table 10, p. 1+3) 
and i s not necessarily the t o t a l volume of gas produced on the leases. The gas-oil 
r a t i o f o r a l l 19 leases based upon t o t a l o i l and gas sales, less included a i r , has 
varied somewhat from year t o year with a marked increase between 1936 and 1939 
following the i n f i l l d r i l l i n g . For most of t h i s period gas was being injected 
through wells on one or two of these leases, but the t o t a l volume of gas thus i n ­
jected constituted only 6 t o 18 percent of the t o t a l gas production. 

Since 19̂ -0 gas-sales data are available f o r 6k leases, including the 19 mentioned 
above. These 6k leases, with approximately 1,000 producing o i l wells, cover 3>2l6 
acres of the most productive areas of the f i e l d . The gas-oil r a t i o , a f t e r deduction 
f o r a i r content, declined from a high of 290 cubic feet per barr e l i n 19̂ -2 t o 185 
cubic feet per ba r r e l i n 1950. Gas production declined from 530 m i l l i o n cubic feet 
per year i n 19^2 t o 270 m i l l i o n cubic feet per year i n 1950. During part of t h i s 
period gas was being injected into wells of f i v e leases, but the t o t a l volume of 
gas injected constituted 8 percent or less of t o t a l gas production. 

I f these gas-oil ratios are representative of Healdton-sand production i n the 
f i e l d , they indicate that about 16 b i l l i o n cubic feet of gas has been produced since 
1929 compared to a t o t a l injected volume of about 1 b i l l i o n cubic feet during the same 
period. 

When i t i s considered that the o r i g i n a l solution gas-oil ratios were about 90 
cubic feet per bar r e l , i t is surprising that so much gas i s available a f t e r 20 years 
of vacuum application. The conclusion i s obvious that a large volume of unproduced 
o i l i n the reservoir is contributing t o the gas production from the leases; but, be­
cause d e f i n i t e data are not available regarding the s o l u b i l i t y of the gas i n the 
reservoir o i l and the reservoir pressure history, i t would be impossible t o make any 
quantitative estimates of t h i s volume. 

Character of Produced Fluids 

Produced O i l 

Thirteen samples of Healdton crude o i l s were analyzed by the Bureau of Mines 
routine method, and a study of these analyses has brought f o r t h the conclusion that 
two and possibly three d i s t i n c t l y d i f f e r e n t types of o i l are being produced from the 
Healdton sands. For convenience the o i l s w i l l be referred t o as types A, B, and C. 

The 3 crude-oil analyses i n table 7 are representative of 13 samples studied; 
sample A-8 is a t y p i c a l type -A o i l , sample B-3 is a t y p i c a l type -B o i l , and sample 
C-l i s a t y p i c a l type -C o i l . 

Table 8 shows the distinguishing characteristics (gravity, sulfur content, and 
viscosity) of 23 samples of crude o i l separated into types A, B, and C. From a de­
t a i l e d study of the 13 complete analyses available i t was possible to determine the 
type of o i l f o r the remaining samples by checking t h e i r A.P.I, gravities and p e r ­
centages of sulfur. The type A o i l s have higher gravity, d e f i n i t e l y lower su l f u r 
content, and lower viscosity than the other two types. The type C o i l s d i f f e r from 
the type B i n having s l i g h t l y lower gravity and higher viscosity, sulfur content, 
and carbon residue. 
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TABLE 7. - Chemical and physical properties of three crude oils, 
Healdton o i l f i e l d , Carter County, Okla. (Cont.) 

Typical B - type crude o i l 
Cox & Hamon 
L. Carnes well 9B 

Sample No. B-3, table c 
845 - 1,189 feet 
Sec. 15, T. 4 S., R. 3 

GENERAL CHARACTERISTICS 

Specific gravity, O.876 
Sulfur, percent, 0.93 

A.P.I, gravity, 30.0 

Saybolt Universal viscosity at 77 °F., l40 sec; at 100 °F., 87 sec 

DISTILLATION, BUREAU OF MINES ROUTINE METHOD 

Pour point, °F. 20 
Color, dark green 

STAGE 1. Dist i l l a t i o n at atmospheric pressure, 755 mm. Hg 
First drop, 27 °C. (8l°F.) 

Fraction Cut at­ Sum, Sp. gr., °A.P.I., point 
No. °C op m Percent percent 60/60 °F. 60 °F. C.I. °C. 
1 50 122 0.4 0.4) 
2 75 167 .7 1.1) 
3 100 212 1.5 2.6) O.683 75.7 - -
4 125 257 2.8 5.4 .731 62.1 18 56.0 
5 150 302 3-9 9.3 .760 54.7 24 55.0 
6 175 3̂ 7 3-7 13.0 .783 49.2 28 53.0 
7 200 392 3* 16.4 .801 45.2 30 53-9 
8 225 437 4.0 20.4 .815 42.1 31 57.0 
9 250 482 5.2 25.6 .827 39.6 31 62.4 
10 275 527 7.0 32.6 .834 38.2 30 68.6 

Aniline S.U. 

100°F. 

Cloud 
test, 
°F. 

STAGE 2. - Dis t i l l a t i o n continued at 40 mm. Hg 

11 200 392 3-3 35.9 0.844 36.2 31 73.2 40 10 
12 225 437 6.6 42.5 .853 34.4 31 76.4 45 30 
13 250 482 6.8 49.3 .866 31.9 3^ 56 ^5 
14 275 527 5.7 55.0 .881 29.1 38 82 65 
15 300 572 7.2 62.2 .891 27.3 40 150 80 

Residuum 36.3 98.5 .970 14.4 
Carbon residue of residuum, 7.6 percent ; carbon residue of crude , 3.1 percent. 

APPROXIMATE SUMMARY 

Percent Sp. gr. °A.P.I. Viscosity 
2.6 0.683 75.7 

16.4 • 757 55.^ 
4.0 .815 42.1 
22.0 .839 37.2 50-100 
11.5 .859-.883 33-2-28.8 50-100 
8.3 .883-.897 28.8-26.3 100-200 
- - - Above 200 

36.3 .970 14.4 
1.5 

'.Light gasoline 
'Total gasoline and naphtha 
Kerosine d i s t i l l a t e 
Gas o i l 
Nonviscous lubricating d i s t i l l a t e 
Medium lubricating d i s t i l l a t e 
Viscous lubricating d i s t i l l a t e 
Residuum 
Dist i l l a t i o n loss 
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TABLE 7• - Chemical and physical properties of three crude oi l s , 
Healdton o i l f i e l d , Carter County, Okla. 

Typical A-type crude o i l 
Magnolia Petroleum Co. 
E. T. Richards well 93 

Sample A-8, table 8 
1,102-1,142 feet 
Sec. 31, T. 4 S., R. 3 W. 

GENERAL CHARACTERISTICS 

Specific gravity, 0.868 A.P.I, gravity, 31.5° Pour point, °F. below 5 
Sulfur, percent, 0.72 Color, dark green 
Saybolt Universal viscosity at 77° F., 87 sec; at 100° F., 66 sec. 

DISTILLATION, BUREAU OF MINES ROUTINE METHOD 

STAGE 1. - Di s t i l l a t i o n at atmospheric pressure, 736 mm. Hg 
First drop, 33° C (91° F.) 

Aniline S.U. Cloud 
Fraction Cut at­ Sum, Sp. gr., OA.P.I., point, v i s e , tes' 
No. °C. op. Percent percent 60/60 OF. 60 op. C.I. OC. 100 OF. OF 

1 50 122 0.1 0.1) 
2 75 167 .7 .8) 
3 100 212 2.8 3.6) O.723 64.2 - 50.2 
4 125 257 4.1 7.7 .757 55.4 30 48.6 
5 150 302 3.9 11.6 .778 50.4 32 48.4 
6 175 347 4.4 16.0 .800 45.4 36 48.6 
7 200 392 4.2 20.2 .816 41.9 37 52.9 
8 225 437 3.6 23.8 .825 40 .0 36 60.0 
9 250 482 5.3 29.1 .831 38.8 33 64.4 
10 275 527 7.2 36.3 .836 37.8 31 69.8 

STAGE 2. - D i s t i l l a t i o n continued at 40 mm. Hg 

11 200 392 2.9 39.2 0.843 36.4 30 74.4 42 10 
12 225 437 6.7 45.9 .852 34.6 31 77.6 46 25 
13 250 482 6.3 52.2 .865 32.1 3^ 57 40 
14 275 527 5.1 57-3 .878 29.7 37 82 55 
15 300 572 8.0 65.3 .887 28.0 38 155 70 

Residuum 32.5 97.8 .951 17.3 
Carbon residue of residuum, 7-0 percent; carbon residue of crude, 2.5 percent. 

APPROXIMATE SUMMARY 

Percent Sp. gr. °A.P.I. Viscosity 
Light gasoline 3.6 0.723 64.2 
Total gasoline and naphtha 20.2 .777 50.6 
Kerosine d i s t i l l a t e 3.6 .825 40.0 
Gas o i l 21.1 .840 37.0 
Nonviscous l u b r i c a t i n g d i s t i l l a t e 11.5 .857-.880 33.6-29.3 50-100 
Medium lu b r i c a t i n g d i s t i l l a t e 8.9 .880-.893 29.3-27.0 100-200 
Viscous l u b r i c a t i n g d i s t i l l a t e - - - Above 200 
Residuum 32.5 • 951 17.3 
D i s t i l l a t i o n loss 2.2 
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of high water production. A well d r i l l e d i n 1939 reported water i n the upper 
Healdton sands also. Most of the wells that penetrated the fourth sand were open to 
production i n the upper Healdton Sands also, and these wells may nave permitted a 
mingling of waters. From a l l available data as to the volume of water and the high 
percentage of water from these wells, i t would appear that water is being produced 
from both the upper Healdton sands and the fourth sand and that the waters have been 
mixed. I f t h i s is the case, the analyses should be similar, and by comparing the 
average reacting values of calcium, magnesium, and sodium i n the two groups such a 
s i m i l a r i t y i s evident. Therefore, i t i s believed that, i n t h i s l i m i t e d area, these 
two waters have mingled. 

Table 9 shows f i v e analyses of water produced from wells i n upper Healdton sands 
in area H. In t h i s area few wells produce from the fourth sand alone, and the one 
analysis shown i n table 9 as fourth-sand water i s of water produced from a well open 
i n the upper Healdton sands as well as the fourth sand. 

The specific gravity of the fourth-sand water is higher than that of the upper-
sand waters, but the re l a t i v e reacting values of calcium and magnesium f o r the two 
groups of waters d i f f e r from those that would be expected by comparison with waters 
from areas A and B. The one analysis of water that probably is from the fourth sand 
is not conclusive evidence as to the character of fourth-sand water i n t h i s area. 

Produced Gas 

The mass-spectrometer analyses of a raw gas and a gas from which gasoline has 
been removed are shown i n table 10, part A. Fiel d analyses l i s t i n g the a i r , carbon 
dioxide, and gasoline content of natural gas from a number of leases i n the Healdton 
f i e l d , as of October 1950, are shown i n table 10, part B. The a i r content ranges from 
7 to 52 percent, carbon dioxide from 0 to k.8 percent, and gasoline content from O.56 
to 3 gallons per thousand cubic f e e t . The large a i r content undoubtedly resulted from 
leaks i n the vacuum gathering-lines because comparatively l i t t l e a i r has been injected 
into the sands. No earl i e r gas analyses are available. 

" I n f i l l " D r i l l i n g 

Most of the wells i n the Healdton o i l f i e l d d r i l l e d before 1920 were completed 
with a series of perforated liners set through 200 to kOO feet of the Healdton-sand 
section. Sometimes caving sands and^ghales jlug^ed.Jhe l i n e r s , and o£ten the^gnera-
ators found that the necessary '^j^i^-^sj^i^Jss^i^y^ ̂ n1mng^"^^"Yl2g.T?^.1..y.^-.Fliq- fliri 1 M]2Sif 
new we l l . Undoubtedly t h i s factor i s the main reason~apt)roxiiaately kkO additional 
producing wells have been d r i l l e d to the Healdton "sands since Ip19. Figure 28 shows 
the productive l i m i t s of the f i e l d i n 1919 and 1950 and the location of wells d r i l l e d 
during the intervening period. 

Several companies i n i t i a t e d planned i n f i l l d r i l l i n g of wells between the o r i g i n a l 
wells i n 1926, 1935, and 1946. Thirty-eight wells were d r i l l e d between 1926 and 1935, 
288 wells d r i l l e d between 1935 and 19^6 (the prin c i p a l i n f i l l - d r i l l i n g period), and 
I l k wells between 19^6 and 1950. The i n i t i a l production of a new well usually was 
much greate> than the daily o i l production of an offset old w e l l . Many old wells i n 
the f i e l d were deepened after 1920 t o lower o i l sands. 
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Table 9 shows that, f o r water samples from f i v e upper-sand wells i n area A, 
the average reacting value of calcium was 9.49 percent compared with an average of 
11.58 percent f o r the average reacting value of calcium i n waters from two four t h -
sand wells. The average reacting value of magnesium i n water from upper sands was 
5.21 percent, whereas the average reacting value of magnesium i n water from the 
f o u r t h sand was 4.69 percent. The average reacting value of sodium was 35-30 percent 
i n upper-sand waters and 33."4 percent In fourth-sand waters. This comparison of 
water analyses indicates t h a t , f o r upper-sand waters i n area A, the specific gravity 
and reacting value of calcium were lower and reacting values of magnesium and sodium 
higher than those i n fourth-sand waters. 

In area B analyses were made of water from three wells producing from upper 
sands and of water from eight wells producing from the f o u r t h sand. I n comparing the 
average reacting values of ions i n upper-sand waters with those of fourth-sand waters, 
i t can be seen th a t , f o r the upper sands, the average reacting value of calcium is 
low and the average reacting values of magnesium and sodium high. The reacting value 
of calcium i n upper-sand waters is 8.66 percent, whereas i n fourth-sand water i t i s 
10.42 percent. The average reacting value of magnesium i n upper-sand waters i s 5-74 
percent, whereas i n fourth-sand waters i t is 4.96 percent. The average reacting 
value of sodium are 35.59 percent i n upper-sand waters and 34.81 percent i n fourth-
sand waters. This would indicate that I n area B, as i n area A, upper-sand waters 
have lower specific gravities and lower reacting value of calcium and higher react­
ing values of magnesium and sodium than do fourth-sand waters. 

In areas C and D samples of fourth-sand waters only were collected; therefore a 
quantitative comparison, such as that f o r areas A and B, cannot be made. However, 
the average reacting values of the several ions i n these waters i n areas C and D can 
be compared with the average reacting values of ions i n the fourth-sand waters i n 
areas A and B. I t w i l l be noted that the average reacting values of the three metal­
l i c ions (calcium, magnesium, and sodium) i n waters from areas C and D are very simi­
l a r and that f o r both areas they agree closely with the respective reacting values i n 
fourth-sand waters from areas A and B. In the absence of upper-sand-water analyses, 
i t may be assumed that the relationship that existed between upper-sand waters and 
fourth-sand waters i n areas A and B also would exist between upper-sand waters and 
fourth-sand waters i n areas C and D. 

Averages of analyses of upper-sand waters from f i v e wells i n area E and from two 
wells i n area F are shown i n table_9» The average reacting values of the metallic 
ions were comparable to those i n upper-sand waters from areas A and B. No sample of 
fourth-sand water from E and F was analyzed, but i t may be assumed that i n fourth-sand 
waters from areas E and F, as i n fourth-sand waters from other areas, the reacting 
value of calcium would be higher and the reacting values of sodium and magnesium 
lower than i n upper-sand waters. 

For area G analyses of waters from four upper-sand wells and six fourth-sand 
wells are shown. From comparison of these analyses i t can be seen that the average 
reacting value of calcium i n upper-sand waters i s s l i g h t l y higher than that of cal­
cium i n fourth-sand waters. The average reacting values of magnesium and sodium i n 
upper-sand waters are s l i g h t l y less than those of magnesium and sodium i n fourth-sand 
waters. The average reacting values of these waters are completely reversed from 
what has been shown to be the normal r e l a t i o n of the reacting values. Such a discrep­
ancy may be explained as follows. A well d r i l l e d i n 1918 i n area G i n the v i c i n i t y 
of wells 5, 7, and 8 ( f i g . 27) was plugged and abandoned to prevent flooding of lower 
sands a f t e r i t had encountered large quantities of water i n an upper Healdton sand. 
Two other upper Healdton sand wells i n the v i c i n i t y were abandoned about 1930 because 
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By January 1, 1935, when the prin c i p a l i n f i l l - d r i l l i n g program was begun, 
166,008,000 barrels of o i l had been produced from Healdton o i l sands. Figure 29 
shows the recovery, i n barrels per acre, f o r each lease to that date. On eight 
leases, including 170 productive acres, recovery exceeded 80,000 barrels of o i l 
per acre, while on eight other leases, including 408 productive acres, recovery 
exceeded 60,000 barrels of o i l per acre. However, i n most of the f i e l d (4,324 
acres) o i l recovery was less than 20,000 barrels per acre. 

Figure 3> production history of the Healdton o i l f i e l d , shows that between 
1926 and 1950 20,198,000 barrels of o i l over and above that expected by normal 
production methods was produced as a result of additional d r i l l i n g , deepening, 
clean-out, vacuum application, and gas i n j e c t i o n . The estimated normal decline 
rate between 1926 and 1950 was 7.7 t o 5.0 percent per year. I t is estimated that 
during t h i s period approximately 285,400 barrels of additional o i l was gained by 
injecting a i r and gas into the H ealdton sands. The remaining 19,912,600 barrels 
of additional o i l recovery i s attributable to the d r i l l i n g of new wells, deepen-
ings, clean-outs of o i l wells, and vacuum application. 

Between 1925, when annual o i l production was 5-1/4 m i l l i o n barrels, and 1950, 
when i t was 2 - l / k m i l l i o n barrels, 88-1/2 m i l l i o n barrels of o i l was recovered 
from Healdton sands. During t h i s i n t e r v a l the over-all decline rate was less than 
3-1/2 percent per year, much lower than that of most f i e l d s of comparable age. 
Additional d r i l l i n g , deepening of wells to new sands, and clean-outs of old wells 
have sustained t h i s oil-production rate. Very l i t t l e is attributable to secondary-
recovery operations. 

Although 440 nev wells have been d r i l l e d i n the Healdton o i l f i e l d during the 
last 25 years, i t is interesting to note that at no time since 1920 has the number 
of producing_wells equaled the number of wells_J^j97i}~ producing at~tnat time. The 
number of wells aEaridoned exceeded the number of new wells completed, and i n 1950 
the number of producing wells was 95 less than i n 1920. 

The recovery per acre to January 1, 1951> from individual leases i n the f i e l d 
is shown by degrees of shading i n figure 30. The o i l recovery from 5 leases, includ­
ing 135 productive acres, exceeded 120,000 barrels per acre, whereas the recovery 
from 10 leases, including 338 productive acres, exceeded 80,000 barrels of o i l per 
acre. An idea of the o i l recovered from the leases between 1935 and 1950 may be 
obtained by comparing figures 29 and 30. O i l recovered since January 1, 1935, from 
a few leases has been nearly 40,000 barrels per acre and from most of the leases i n 
the main part of the f i e l d has been nearly 20,000 barrels of o i l per acre. O i l 
recoveries In the southeast extension are much lower. 

Oi l recovery, between 1935 and 1950, from Healdton sands underlying i n f i l l - and 
n o n i n f i l l - d r i l l e d leases has been compared. The cumulative o i l recovery from 31 
i n f i l l - d r i l l e d leases, including 2,100 productive acres, was increased from 80 m i l l i o n 
to 105 m i l l i o n barrels between 1935 and 1950, 31-2 percent increase over t h e i r cumula­
t i v e recovery to 1935. By contrast, the o i l recovery from 44 n o n i n f i l l - d r i l l e d leases, 
including 1,726 productive acres, was increased only 22.2 percent over t h e i r cumulative 
"recovery to 1935- Assuming that without i n f i l l d r i l l i n g the increased recovery after 
1935 normally would be about 22 percent of the cumulative recovery through that date, 
the i n f i l l - d r i l l e d leases recovered an additional 3^430 barrels of o i l per acre or 
29,500 barrels per i n f i l l well between 1935 and 1950 by d r i l l i n g the 244 additional 
o i l wells. I n general, the i n f i l l welJLs were d r i l l e d i n the more p r o l i f l c j g a r t s _ of 
the f i e l d ? which had lower decline rates. No attempt was made to estimate future o i l 
production from the leases i n these two groups. 
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TABLE IQ.--Analyses of gas samples, Healdton oil field, Carter County, Okla. 

Part A - Mass Spectrometer Analyses 
November 22, 1950 

Sample source 
Harry Ells, Inc., 
gasoline plant 

Sinclair Oil and Gas Co., 
J. S. Mullens lease 

(denuded gas trom compressorj (raw Qas) 

Percent Percent 
Methane 35.21 29 38 
Ethane 8.37 8 30 
Propane 6.25 7 68 
Normal Butane .25 1 56 
1sobutane . 18 86 
Normal Pentane . 13 41 
Isopentane 0 07 
Cyclopentane .04 05 
Hexanes plus . 10 27 
N i trogen 39.90 42 41 
Oxygen 7.80 6 15 
Argon 0 51 
Helium .02 01 
Carbon Dioxide 1.75 2 34 

Total 100.00 100 00 

Calculated gross 695 763 
B.t.u./cu. f t . * 

* Dry at 60°F. and 30 inches mercury. 

Part B - Field Analyses 

Speci f i c 
grav i ty 

Volume Volume Gasol i ne 
Company Lease 

Speci f i c 
grav i ty percent 

co2 

percent 
air 

content, 
gal./M c.f. 

The Pure 0i1 Co. Titsworth 0.936 0.0 14.0 1 .76 
Do. ft & D 80 acre .992 0 31.0 1 .20 
Do. Ruby Ingram .880 7.4 10.0 .94 
Do. ft. R. Ingram .929 5.0 33.0 1 .08 
Do. J. McCoy .935 0 19.0 1.44 
Do. Watson .904 0 52.0 60 
Do. Ardhoma (Cl .981 1 .4 35.0 1.04 
Do. F. Lowery 1.058 ' 2 30.0 1 .42 
Do. ft & D 60 acre 1.085 2.0 27.0 1 .82 
Do. Ardhoma #2 1. 141 1.4 36.0 1.76 
Do. J. Moyer , 

J. Davis 1' 
.951 4.8 30.0 1 .30 

Do. 
J. Moyer , 
J. Davis 1' .991 0 36.0 .78 

Ring and Trachenburg J. McCoy .748 0 10.0 .28 
Kewanee Oil Co. J. Ott .990 2.8 7.0 1 .30 
Car lock and Dexter Ti 1 1 is 1.018 .6 47.0 1.32 

Do. Brokenshou1der 1.264 4.4 8.0 3.06 
Texas-Gulf Producing Co. Apple and Frankl i n 1.202 1.2 15.0 2.50 
Sun Oil Co. Mullen 'A' 1.000 1.0 23.0 1.40 
Do. Mullen "B" t. 136 1.0 16.0 2.28 
Do. Mul len "C 1. 136 1.0 16.0 2-28 

Tom 1i nson 0. Johnson 1.041 0 7.0 2.76 

\J Analysis of October 12, 1949-
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Figure 11. - Structure of the top of f i rs t Healdton sand, Healdton o i l f i e ld , Carter County, Okla. , 1951. 







Production History of Three Leases 

A detailed studyjras made of the results of d r i l l i n g i n f i l l wells on three 
leases i n an e f f o r t t o determine the effect of closer spacing of wells i n the 
Healdton sands. These three leases were selected because data were available 
regarding o i l and water production and sand conditions. From these studies i t i s 
concluded that closer spacing w i l l recover more o i l from these leases before the 
production from the wells declines to the economic l i m i t . These conclusions are 
based upon expected o i l production, as indicated by extrapolations of decline 
curves of old wells, and of decline curves after i n f i l l d r i l l i n g . The increases, 
after i n f i l l d r i l l i n g , i n the rates of o i l production from these leases resulted 
not only_from closer spacing but from penetration of deeper, undrained o i l sands 
and reconditioning of old wells. 

Shell O i l Co., Inc., A. D. Horton. - The Shell O i l Co., Inc., A. D. Horton 60-
acre lease i n sec. 6, T. 4 S., B. 3 W., includes about 45 oil-productive acres; the 
productive l i m i t s are defined by two dry holes. The yearly o i l production had de­
clined from a peak of 587,780 barrels i n 1917 t o 131,507 barrels i n 1935 before the 
i n f i l l - d r i l l i n g program began. Eleven oil-producing wells were d r i l l e d between 1936 
and 1939. 

The results.of t h i s i n f i l l - d r i l l i n g development are i l l u s t r a t e d graphically i n 
figure 31. 

Yearly o i l production from the lease reached a second peak of 203,411 barrels 
i n 1938 af t e r 10 wells had been d r i l l e d on locations between the o r i g i n a l wells. 
The graph shows that the decline rate of old wells was abnojanglly high af t e r i n f i l l 
wells ...were., d r i l l e d . The curve showing the estimated normal decline of production 
from the old wells was extrapolated from 1936 to an economic l i m i t i n 1998, as shown 
by the dashed heavy l i n e , to calculate how much o i l the lease would have produced had 
the i n f i l l wells not been d r i l l e d . The estimated normal decline i n the rate of o i l 
production of the lease from 1950 to an economic l i m i t i n 1982, as shown by the dashed 
l i g h t l i n e , i l l u s t r a t e s the more rapid decline of the closer-spaced lease. By January 
1, 1951, an additional 538,000 barrels of o i l over and above the expected decline had 
been recovered on t h i s lease, and by 1957 the increased o i l production should t o t a l 
about 572,000 barrels. After that year, the more-rapid decline i n the rate of o i l 
production from the closer-spaced wells should result i n lease production below the 
estimated normal decline, effecting a calculated production loss of 334,000 barrels 
of o i l between 1957 and abandonment date. 

The t o t a l cumulative o i l production between 19l4 and 1998, assuming that i n f i l l 
wells had not been d r i l l e d , i s estimated t o be about 7,514,000 barrels, whereas the 
cumulative o i l production t o 1982 i s estimated t o be approximately 7,752,000 barrels. 
This i s an increased recovery of 238,000 barrels, or 5,300 barrels per acre, a t t r i b ­
utable to d r i l l i n g new wells. By January 1, 1951, the lease already had produced 
over 150,000 barrels of o i l per acre. 

Ideal and 32d O i l & Gas Cos. Scoggins. - The Ideal O i l & Gas Co. and 32d O i l 
& Gas Co. Scoggins lease i s the east 50 acres of the SEl/4 sec. 32, T. 3 S., E. 3 W. 
The estimated productive area of t h i s lease, as defined by two dry holes d r i l l e d on 
the north edge of the f i e l d , i s 29 acres. 

Nine productive wells were d r i l l e d on t h i s lease during the primary development 
period between 1914 and 1921. Yearly oil-production data before 1920 are not a v a i l ­
able, but the peak yearly o i l production i s estimated to have occurred i n 1917 and 
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was about 86,000 barrels, as shown i n figure 31. The yearly o i l production of the 
lease declined t o 6,000 barrels i n 1935, when an i n f i l l - d r i l l i n g campaign was begun. 
Eight wells were d r i l l e d between 1936 and 194l, and yearly o i l production increased 
steadily t o 24,000 barrels i n 1940. During 194-3anduJ5kk_£ix of the old wells were 
cleanedjout and deepened, and the decline i n lease production was retarded perceptibly. 
From 1946 through 1950 nine o i l wells were completed, resulting i n a marked increase 
i n yearly o i l production. Gas i n j e c t i o n beginning i n 1947 had l i t t l e effect on the 
rate of o i l production. The estimated normal decline of the old wells t o an economic 
l i m i t of 1,475 barrels i n 1948 is shown by the dashed l i g h t l i n e . Because of addi­
t i o n a l d r i l l i n g i n 1949 the probable production from 1950 t o the date that an economic 
l i m i t w i l l be reached was not estimated. 

I f i n f i l l wells had not been d r i l l e d , the o i l recovered from 1935 t o an economic 
l i m i t i n 1948 would have been approximately 36,400 barrels, whereas the actual o i l 
recovered from 1935 through 1950 was 356,650 barrels. This increase i n recovery of 
320,250 barrels of o i l through 1950 is at t r i b u t a b l e largely to the d r i l l i n g of new 
wells, representing over 20,000 barrels of o i l per new w e l l . I t is expected that 
much additional o i l w i l l be recovered before the lease i s abandoned. 

Shell O i l Co., Inc., Wirt Franklin. - The Shell O i l Co., Inc., Wirt Franklin 
lease, NEl/4 sec. 8, T. 4 S., B. 3 W., includes a productive area of 155 acres. 

Well 1 on t h i s lease, d r i l l e d i n August 1913, was the discovery well f o r the 
f i e l d . By 1922, when primary development ended, 37 productive wells had been 
d r i l l e d , and yearly o i l production had declined from a peak of 800,000 barrels i n 
1915 t o 406,000 barrels i n 1922. In 1926 one i n f i l l w e l l was d r i l l e d . I n 1929 
gas i n j e c t i o n was begun and, except f o r 2 months i n 1934, continued u n t i l 1939. 
Between 1934 and 1936, 23 oil-productive i n f i l l wells were d r i l l e d on the lease. 

The past and estimated future production h i s t o r y of the lease i s shown i n the 
lower graph of figure 31. The upper l i n e indicates t o t a l lease production, which 
reached a second peak of 403,250 barrels per year i n 1936. The dashed heavy l i n e 
is the estimated normal decline of the o r i g i n a l wells at rates of 6 t o 4-1/2 percent 
per year to an expected economic l i m i t of 1 b a r r e l per we l l per day i n 1987." The 
shaded area, amounting t o 168,000 barrels, is the volume of o i l estimated to have 
been produced by gas i n j e c t i o n , which w i l l be discussed l a t e r . The t o t a l lease 
production is shown by the dashed l i g h t l i n e extrapolated af t e r 1950 at a decline 
rate of 6 percent per year u n t i l 1979. I t i s estimated that between 1934 and 1957 
i n f i l l d r i l l i n g w i l l recover an additional 1,376,000 barrels of o i l , but a f t e r 
1957 the more rapid decline of t h i s lease with closer-spaced wells w i l l result i n 
the loss of 108,000 barrels of o i l . The net gain a t t r i b u t a b l e t o d r i l l i n g 23 i n f i l l 
wells w i l l be approximately 1,268,000 barrels or 8,200 barrels of o i l per acre. 

Gas I n j e c t i o n 

General Discussion 

Gas has been injected into 26 wells on l 6 leases to increase o i l production or 
store excess gas f o r l a t e r use. Table 11 shows a summary of gas-injection operations 
on 12 of the more important projects i n the f i e l d . 
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The f i r s t gas-injection operation was begun i n 1928 on what is now the Shell Oil 
Co., Inc., Lucy Tubbee lease, and other projects have been i n i t i a t e d at various times 
since; the l a s t one was begun i n August 1948. On some leases gas I n j e c t i o n was dis­
continued a f t e r several months, but on one lease gas has been injected i n t e r m i t t e n t l y 
over a period of l 4 years. Currently gas is being injected into wells' on six leases. 

Figure 32 shows the location and area affected by the gas-injection projects i n 
the f i e l d . Denuded gas from the Harry E l l s , Inc., gasoline plant comprises most of 
that injected, although some additional gas has been purchased from the Oklahoma 
Natural Gas Co. On a few leases a i r was injected at the beginning of the operation 
and then l a t e r augmented with gas. 

An attempt was made to direct the injected gas into a d e f i n i t e sand zone using 
packers i n one instance. Usually no change was made i n the casing depth when pro­
ducing wells were converted to gas-injection wells. Gas was injected through the 
casing, often with the tubing l e f t i n the w e l l . Although some of the projects were 
highly successful, others yielded l i t t l e increase i n o i l production that could be 
attributed t o gas i n j e c t i o n . In_many__instances d r i l l i n g additional wells during the 
gas-injection program has masked the effects of gas i n j e c t i o n . 

I t is estimated that, between May 1928 when i n j e c t i o n was begun and December 
1950, approximately 285,400 barrels of o i l was recovered from nine leases as a result 
of gas i n j e c t i o n . Eesults on three other leases, where gas was injected primarily 
f o r storage, were inconclusive. On the 12 leases only 168 wells on 678 acres showed 
increases i n the rate of o i l production attributable to gas i n j e c t i o n compared with 
1,971 wells and 7,14-2 acres i n the f i e l d . 

I t is believed that the poor results obtained on many of these projects do not 
necessarily condemn those areas f o r gas i n j e c t i o n , because with better control of 
the injected gas much additional o i l could be recovered from the sands. 

Table 11 shows that by 1950 only six projects, with eight i n j e c t i o n wells, were 
operating. Daily volumes of 6,000 to 144,000 cubic feet of gas were being injected 
at pressures ranging from 7 to 200 p . s . i . on individual projects. Following are 
descriptions of several of the more important projects. 

Description of Individual Leases 

Ideal and 32d O i l & Gas Cos. Scoggins. - I n August 1947, the Ideal O i l & Gas Co. 
and the 32d O i l & Gas Co. began to in j e c t excess gas into well l 6 on the Scoggins 
lease i n the SEl/4 sec. 32, T. 3 S., B. 3 W. I n t h i s area the f i r s t Healdton sand is 
s p l i t into two members by a thick shale and limestone section. The top member of the 
f i r s t sand was cored i n three wells, and analyses show that the porosity ranges from 
16 to 28 percent. A t o t a l of 64 feet of oil-productive sand, including parts of the 
f i r s t and t h i r d Healdton sands, was penetrated i n t h i s w e l l . The second Healdton 
sand was shaly and nonproductive. 

Oi l production from t h i s lease was increased i n 1946 by d r i l l i n g additional 
\ wells, as described under i n f i l l d r i l l i n g , so that results from gas i n j e c t i o n are 
\not clearly defined. 

Well 16, converted i n August 1947 t o an i n j e c t i o n w e l l , was completed i n A p r i l 
194l with an i n i t i a l production of 3 barrels of o i l daily from f i r s t and t h i r d sands, 
at depths from 955 t o 1,018 feet and 1,107 t o 1,188 feet, respectively. An 8-1/4-
inch casing was set above the f i r s t sand at 948 feet, and a 6-inch l i n e r , perforated 
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Figure 34. - Histories of gas injection on three successful projects, 
Healdton oil field, Carter County, Okla. 



opposite the f i r s t and t h i r d sands, was set on bottom. This completion was not 
changed when t h i s well was converted f o r gas i n j e c t i o n . 

During the period of gas i n j e c t i o n no attempt was made to measure or control 
the volume of gas injected into the sands. During 1950 an average of 12,500 cubic 
feet d a i l y of denuded gas was returned from the gasoline plant to the Scoggins 
lease. A l l of the gas not used by the 25-hp. central-power engine and i n a f i v e -
room dwelling was injected into well 16 at pressures from 7 t o 10 p. s . i . Casing-
heads of the producing wells on t h i s lease are connected t o the Harry E l l s , Inc., 
gas-gathering lin e under a vacuum equivalent to 6 inches of mercury. 

The average gas-oil r a t i o f o r the entire lease increased from about l60 cubic 
feet per barrel i n 194-7 to 182 cubic feet per barrel i n 1950. Gas produced from 
individual wells was not measured. 

Oil-production tests taken i n 1948 and 1949 show that eight wells surrounding 
tbe i n j e c t i o n well had s l i g h t increases i n the rate of o i l production, ranging 
from 0.2 to 2 barrels of o i l d a i l y . Total lease production, continued t o decline ^ 
during these years, but t h i s decline may have been influenced by the more rapid \ •• 
decline of f i v e new wells completed shortly before gas i n j e c t i o n was begun. Un­
doubtedly, the t o t a l lease production would have declined more rapidly without gas 
in j e c t i o n , but i t is undeterminable just how much of the t o t a l o i l production can 
be attributed to gas i n j e c t i o n . Table 11 shows 3,500 barrels of o i l gained as a 
result of gas i n j e c t i o n , but t h i s figure i s based upon the individual well tests 
and is questionable. 

McGraw O i l Co. Stewart & Hawk. - Late i n 1944 the McGraw O i l Co. began to 
inj e c t gas into well 15 on the 50-acre Stewart & Hawk lease i n sec. 33, T. 3 S., 
R. 3 W., and sec. 4, T. 4 S., H. 3 W. Figure 33, upper l e f t , shows the location of 
in j e c t i o n and producing wells on the lease, the t o t a l area affected by gas injec t i o n , 
and an isogram map of gas-oil ratios as of A p r i l 1950. 

In t h i s area the f i r s t Healdton sand is approximately 50 feet thick, and the 
combined thickness of the second and t h i r d sands ranges from 10 to 50 feet. Few 
wells have penetrated below the f i r s t sand. The fourth Healdton sand is not pro­
ductive i n the area of t h i s lease (see f i g s . 10 and 19). Two wells on t h i s lease 
have been cored, and analyses of first-sand cores show that the porosity ranges from 
25 to 28 percent and^the permeability from 230 to 900 millidarcys. 

When gas i n j e c t i o n was begun i n 1944, 14 o i l wells were producing about 105 
barrels of o i l and 72 barrels of water d a i l y . The upper graph of figure 34 shows the 
oil-production history of the "Tease between 1931 and 1950. 

The f i r s t 22 wells on t h i s lease were completed between 1914 and 1917, three 
additional wells were d r i l l e d between 1926 and 1928, and one well was d r i l l e d i n 1938. 
Beginning i n 1940 and continuing t o the present, vacuum equivalent to 6 inches of 
mercury has been applied to casingheads of the wells. I n 1943 four wells were deep­
ened to untapped sands, resulting i n substantial increases i n the rate of o i l produc­
t i o n . Five wells were d r i l l e d on the lease between 1945 and 1949. 

Injection of gas into well 15 was begun i n November 1944. This well was com­
pleted i n June 1917 at a t o t a l depth of 1,128 feet, producing o i l from sands between 
972 and 1,087 feet i n depth. The well was cased with 8-l/4-inch casing set above the 
f i r s t sand at 967 feet and 200 feet of 6-5/8-inch perforated l i n e r set on bottom. 
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A t o t a l of 77 feet of oil-productive sand was penetrated i n the f i r s t and second 
sands, "but the t h i r d sand, composed of broken sand and shale, was nonproductive. 
Late i n 194-9 well 32, d r i l l e d i n June of that year, was converted to an i n j e c t i o n 
w e l l . Only 1 barrel of o i l d a i l y was produced from a sand between 1,183 and 1,195 
f e e t . As the lower part of the sand was watered-out the w e l l was plugged back to 
1,190 f e e t . Seven-inch casing was set through the shaly f i r s t -sand and cemented at 
1,183 feet, and only the second sand Is open f o r gas i n j e c t i o n . The upper curve i n 
figure 34 shows the average volume of gas injected per day during each year from 
1944 t o 1950. Between 8,000 and 15,000 cubic feet of gas d a i l y was injected into 
the sand through well 15 during the f i r s t 4 years at pressures between 18 and 20 
p . s . i . During 1949, additional gas was purchased from the Oklahoma Natural Gas Co. 
to increase the average volume injected through wells 15 and 32 t o 17,000 cubic feet 
d a i l y . During 1950 about 11,000 cubic feet of gas per day was injected into well 32 
at a pressure of 2 p . s . i . , but the volume injected i n t o w e l l 15 was decreased, so 
that the t o t a l volume into the two wells was 22,000 cubic feet per day. 

Since 1946 periodic measurements of gas production have been made on the o i l 
wells t o observe the spread of injected gas. Below are produced gas volumes from 
several o i l wells i n 1946 and 1950 • 

Well Daily gas production, cubic feet 
No. November 1946 A p r i l 1950 

"677 1,061 337 
9 1,061 2,133 

16 671 2,868 
17 820 598 
20 1,061 1,547 
23 475 331 
25 3,350 4,567 
27 672 1,512 

The comparatively high gas production i n A p r i l 1950 of the wells surrounding the i n ­
j e c t i o n wells is shown by the gas-oil-ratio contour lines i n figure 34. 

Available records of gas sales beginning i n 1940 show that during that year an 
average of 24,400 cubic feet of gas per day was sold. I n 1942 gas sales were 45,600 
cubic feet per day. They declined to 21,000 cubic feet per day i n 1944 before injec­
t i o n was begun and then increased to 33,100 cubic feet i n 1950. 

The f i r s t increases i n the rate of o i l production were noted i n 1945, and by 
January 1946 six wells had shown increases i n the rate of o i l production, t o t a l i n g 
20 barrels d a i l y . 

The production curve i n figure 34 shows an increase i n yearly lease production 
i n 1943 as a result of deepening four wells. Since gas i n j e c t i o n was begun f i v e new 
wells have been d r i l l e d to the Healdton sands, and the o i l produced from these deep­
ened and new wells has masked the effects of gas i n j e c t i o n . The dashed extrapolated 
curve i n figure 34 i l l u s t r a t e s the expected normal decline i n yearly o i l production 
before wells were deepened and gas i n j e c t i o n was begun. Actual tests_jon-dndividual 
wells indicate that 11 old wells and 4 new wells showed increases of 1/2 t o 6 barrels 
d a i l y i n t h e i r rates of o i l production. The probable increased production a t t r i b u t ­
able t o gas i n j e c t i o n , as calculated from these well tests, is shown as the shaded 
area i n figure 34. This t o t a l increased production between 1945 and 1950 amounts to 
approximately 39,000 barrels or 780 barrels per acre. 
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Figure 36. - Gas-injection well, Healdton oil field, Carter County, Okla. 



This project has been i n operation f o r 7 years, and although increases i n the 
rate of o i l production attributable to gas inj e c t i o n have been overshadowed by the 
increased production from deepened and new wells, substantial amounts have been re­
covered by gas inj e c t i o n with l i t t l e cost of operation. 

McGraw O i l Co. Woodworth - The McGraw O i l Co. has been in j e c t i n g gas into w e l l 2 
on the Woodworth lease, sec. 32, T. 3 S., B. 3 W., since November 194-3 t o increase 
o i l production and store gas f o r future use. 

The Woodworth lease includes 24 productive acres along the north edge of the 
f i e l d where the f i r s t Healdton sand is oil-productive and the sands below are water-
saturated and nonproductive. The t o t a l thickness of oil-productive sand ranges from 
k to 62 feet ( f i g . 12), with the individual sand members being separated by shale beds. 

F i r s t wells were d r i l l e d i n 19l4, but records of i n i t i a l d a i ly production are 
not available. Nine wells (seven oil-productive) had been d r i l l e d before the present 
owner took over the operation i n 194-1. By January 1943 approximately 894,000 barrels 
of o i l or 37,000 barrels per acre had been recovered on the lease. At that time the 
seven wells were producing about 48 barrels of o i l and 11 barrels of water d a i l y . 
Since 1939 vacuum equal t o 6 inches of mercury had been applied t o the casinghead of 
the wells. Before i n j e c t i o n was begun i n November 1943, approximately 19 000 cubic 
feet of gas da i l y was produced from the lease. I n 1949 gas production averaged 
15,300 cubic feet daily. 

I n November 1943 well 2, which had been producing one barrel of o i l d a ily from 
the f i r s t sand at depths from 1,050 t o 1,117 feet, was converted t o a gas-injection 
well, and 10,000 t o 15,000 cubic feet of gas daily was injected at pressures of 15 
to 20 p. s . i . Dry gas returned from Harry E l l s , Inc., gasoline plant was augmented 
with gas purchased from the Oklahoma Natural Gas Co. f o r i n j e c t i o n . I n 1946 an 
attempt was made to inje c t gas through well 11, but very l i t t l e jjas could be forced 
into.jthp~sand at 150 p.s.i. , the pressure l i m i t of the i n j e c t i o n pump. In November 
1950 an average of 11,600 cubic feet of gas da i l y was being injected into well 2 at 
a pressure of 4 p. s . i . 

Few data are available regarding the movement of injected gas during the f i r s t 
few years of gas in j e c t i o n , but since 1946 periodic tests of gas production have 
been made at the wellheads of the oil-producing wells (see f i g . 35). In 1946 tests 
showed higher gas production from wells surrounding the i n j e c t i o n well than from the 
more remote wells. Daily gas production from a l l wells on the lease i n November 1950 
is 'shown by the gas-oil-ratio contour lines on the lease map i n the upper ri g h t 
corner of figure 33. 

Daily oil-production tests on individual wells indicate that seven wells on the 
Woodworth lease and f i v e wells on adjacent leases to the south increased o i l produc­
t i o n 1 t o l 6 barrels daily as a result of gas i n j e c t i o n . Yearly o i l production from 
the Woodworth lease increased from 17,300 barrels i n 1942 to 20,000 i n 1943 and 1944. 
In 1946 wells 11 and 12 were completed as o i l producers, and yearly production i n ­
creased to 26,200 barrels, p r i n c i p a l l y as a result of the completion of the two wells. 
Well 13 was completed i n 1949. The increased lease production resulting from these 
completions made i t d i f f i c u l t to estimate the volume of o i l recovered by gas i n j e c t i o n . 

I t has been estimated that, without gas in j e c t i o n , yearly o i l production would 
have declined about 3 -l/2 percent per year. Using t h i s decline rate and deducting 
the o i l produced from new wells as indicated by well tests i t is estimated that to 
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January 1951 gas i n j e c t i o n resulted i n recovery of an additional 19,800 barrels of 
o i l from the lease, equivalent t o 825 barrels per acre. 

The Pure O i l Co. Westheimer and Daube 60-Acre. - Gas i n j e c t i o n i n t o well 17 on 
The Pure O i l Co. Westheimer and Daube 60-acre lease, sees. 9 and 10, T. 4 S., R. 3 W., 
was begun i n March 1937. 

The t o t a l oil-productive thickness of upper Healdton sands i n t h i s area ranges 
from 60 t o 100 feet (see f i g . 12), but the individual sand numbers are l e n t i c u l a r and 
contain shale and limestone streaks. The f o u r t h sand i s not productive i n t h i s area 
(see f i g . 10) . 

The lease was developed i n 1914 and 1915 by d r i l l i n g 17 o i l wells. I n i t i a l d a i l y 
o i l production ranged from 60 to 900 barrels of o i l . Nine wells were deepened 10 t o 
40 feet i n 1926, resulting i n an increase i n annual lease production^ rom 27,000 i n 
1925 to 49,000 barrels of o i l i n 1926. Seven wells were d r i l l e d during 1936 and 1937, 
and the annual lease production increased from 44,000 to 57,000 barrels. Since 1937 
o i l has been produced from 23 wells on the lease. 

Well 17, i n the center of the lease, was d r i l l e d i n 19l6 and had an i n i t i a l pro­
duction of 150 barrels of o i l d a i l y . This w e l l , l a t e r converted t o a gas-injection 
w e l l , penetrated three sands with a t o t a l thickness of 115 f e e t . I n March 1937 a gas 
l i n e from The Pure O i l Co. Lowery-lease gasoline plant was connected to the casinghead 
of the well (see f i g . 36). From 20,000 to 100,000 cubic feet of gas daily, depending 
upon the volume available, was injected into t h i s well at pressures of 2 t o 8 p . s . i . 
I n A p r i l 1943 gas i n j e c t i o n was discontinued u n t i l May 1944 and has since been i n t e r ­
rupted f o r a few months each winter, when excess gas i s not available f o r i n j e c t i o n . 
I n May 1950 when gas i n j e c t i o n was recommenced aft e r the regular winter shut down 
about 28,000 cubic feet of gas d a i l y at a pressure of 9 p . s . i . was injected i n t o the 
w e l l . I n j e c t i o n continued u n t i l November 1950 at about 30,000 cubic feet of gas per 
day. 

In A p r i l 1937, 1 month aft e r i n j e c t i o n was begun, eight wells surrounding the i n ­
jec t i o n well had shown increases of l/2 to 2 barrels i n d a i l y o i l production. Since 
March 1937, 15 wells on 33 acres have shown increases i n the rate of o i l production 
that could be a t t r i b u t e d to gas i n j e c t i o n . One well on The Pure O i l Co. Westheimer 
and Daube 80-acre lease to the south also was affected. 

Production increases resulting from new well completions and deepening of other 
wells make i t d i f f i c u l t to calculate increases i n the rate of o i l production r e s u l t ­
ing from gas i n j e c t i o n , and no attempt has been made to estimate t h i s gained o i l . 
However, each time i n j e c t i o n was discontinued temporarily, the rate of lease produc­
t i o n decreased sharply. The volume of gas injected has steadily decreased i n recent 
years, and the annual o i l production from t h i s lease had declined t o approximately 
15,000 barrels by 1950. 

Sinclair O i l & Gas Co. Mullen. - Gas i n j e c t i o n on the S i n c l a i r O i l & Gas Co. 
J. S. Mullen 60-acre lease, sec. 3, T. 4 S., R. 3 W., was begun i n November 1943 
and i s s t i l l i n progress. 

Figures 6 and 7 show the stratigraphy of the sands i n t h i s area. A more or less 
continuous stray sand, open to o i l production i n most of the early wells, overlies 
the f i r s t Healdton-sand member. Analyses of cores of the stray sands cut i n November 
1943 using water-base mud show the porosity, permeability, and o i l saturation to be 
19 percent, 20 millidarcys, and 26 percent, respectively. Averages of analyses of 
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cores from the upper member of the f i r s t sand were as follows: Porosity, 30.1 per­
cent; permeability, 1,632 millidarcys; and o i l saturation, 35 percent. 

A l l i n j e c t i o n wells were cased through the stray sands and through the upper 
member of the f i r s t sand. 

The f i r s t l 6 wells on the Mullen lease were d r i l l e d between 19l4 and 1916, and 
by 1936, when i n f i l l d r i l l i n g was begun the rate of o i l production was declining at 
about 3-2 percent per year. Four wells were d r i l l e d i n 1937 and 1938, and one old 
well was abandoned. By 194-3 the rate of decline i n o i l production from the 19 pro­
ducing wells on the lease was about 5.8 percent per year. 

I n November 194-3 about 36,000 cubic feet of gas daily was injected into newly 
d r i l l e d wells 21 and 23 (see f i g . 34-) at pressures of 27 to 4-8 p. s . i . I n July 1944 
well 22, d r i l l e d i n August 1943, was converted t o an i n j e c t i o n w e l l . Casing i n t h i s 
well was perforated opposite the upper member of the f i r s t sand, and a tubing packer 
was set below the perforations. For a few years 24,000 to 31,000 cubic feet daily 
of a i r and gas was injected through the perforations at about 7 p. s . i . pressure, 
while a similar volume was injected through the tubing into lower sands at pressures 
ranging from 167 t o 205 p. s . i . Before gas inj e c t i o n was begun, the casingheads on 
the producing wells on t h i s lease were open t o the atmosphere u n t i l vacuum applied 
to offset wells on adjacent leases caused a flow of a i r into six of the Mullen wells. 
When gas in j e c t i o n was begun i n November 1943 vacuum equivalent t o about 1 inch of 
mercury was applied to the casingheads of a l l Sinclair O i l & Gas Co. Mullen wells. 

The volume of gas injected was increased to 140,000 cubic feet daily i n 1945, 
was decreased s l i g h t l y i n 1947 and 1948, and was increased again to about 150,000 
cubic feet per day i n 1950 (see f i g . 33)• As the injected gas spread t o nearby 
wells 7, 11, and 20, back pressure was applied to the casingheads of these wells, 
and vacuum on the more remote wells was increased to an amount equivalent to 3 
inches of mercury. Areas of high gas production and the amount of back pressure 
applied t o wells 7, 11, 12, and 20 i n November 1945 are shown i n figure 33. As 
the gas spread over the lease, vacuum and back pressure of the casingheads of the 
producing wells were manipulated so as to force the gas t o , and increase the o i l 
production from, the more-remote wells. Since i n j e c t i o n was begun, v i r t u a l l y a l l 
of the injected gas has been produced from the wells on the lease, so that gas has 
not been stored underground and reservoir pressure has not increased. 

F i r s t increases i n the rate of o i l production were noticed early i n 1944 on 
wells 7, 9, 10, 11, 17, and 20; by November 1945 20 wells on the Mullen lease and 
4 wells on adjacent leases had shown increases i n the rate of o i l production (see 
f i g . 33). 

At the same time the three i n j e c t i o n wells were d r i l l e d three new o i l wells 
also were d r i l l e d . Figure 34 shows the t o t a l lease production and the assumed pro­
duction of the o r i g i n a l wells (those d r i l l e d before 1943) as obtained by subtracting 
the production of the new wells from the t o t a l lease production. Although i t Is 
possible that the new wells received some benefit from the gas in j e c t i o n , the gained 
o i l has been calculated from the increase i n yearly o i l production of the o r i g i n a l 
wells only. Figure 34 shows that the maximum yearly o i l production from the o r i g i n a l 
wells was 24,000 barrels i n 1945, and the rate of o i l production i n 1950 (15,500 
barrels) i s shown to be only s l i g h t l y above that estimated by extrapolating the normal 
production curve at 5.7-percent decline per year. From these data the o i l gained 
from the o r i g i n a l wells by gas in j e c t i o n i s estimated to be 35,600 barrels, or 685 
barrels per acre, from 52 affected acres on the lease. 
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Kewanee O i l Co. W i l l i s . - The Kewanee O i l Co. W i l l i s 40-acre lease, sec. 6, 
T. 4 S., B. 3 W., l i e s along the southwest flank of the f i e l d structure. 

D r i l l e r s ' logs show that two to f i v e sands were penetrated i n the producing 
wells on the lease. The upper sands produce l i t t l e o i l and usually are cased o f f , 
but one to three of the lower sands are l e f t open f o r production. The i n j e c t i o n 
w e l l , well 17, penetrated about 25 feet of o i l sand. 

Operations on t h i s project were begun on June 1, 1948, when the Kewanee O i l 
Co. began in j e c t i n g about 8,000 cubic feet of gas d a i l y into well 17 at a pressure 
of 25 p . s . i . I n j e c t i o n was suspended i n the winter when excess gas was not available. 
During 1950, 1.1,000 cubic feet of gas d a i l y was injected i n t o well 17 at pressures 
between 14 and 17 p . s . i . 

At the beginning of gas i n j e c t i o n , there were 17 wells on %he lease producing 
43 barrels of o i l d a i l y . Three wells were abandoned i n November 1948, and one new 
well (well 9-A) was completed i n January 1950. 

Produced gas from the lease i s gathered at a vacuum by the Harry E l l s , Inc., 
gasoline plant. I n 1948 gas sales were 5,071,000 cubic f e e t , an increase of 781,000 
cubic feet over those of the previous year. Based on these figures the average lease 
gas-oil r a t i o increased from 278 cubic feet per ba r r e l i n 1947 t o 328 cubic feet, per 
b a r r e l l a t e i n 1948. In 1949 gas sales were 3,922,000 cubic feet b u t , i n 1950 had 
declined t o 3,527,000 cubic f e e t . 

The effects of gas i n j e c t i o n on o i l production from t h i s lease have not been 
too well defined. When gas i n j e c t i o n was begun o i l production was declining at the 
rate of approximately 4 percent per year. Monthly o i l production f o r June 1948, 
when i n j e c t i o n was begun, was 1,276 barrels and i n August was 1,337 barrels. O i l 
production from well 9-A, d r i l l e d i n January 1950, increased the rate from the W i l l i s 
lease much more than did gas i n j e c t i o n , so that i t i s impossible t o calculate the 
increase resulting from the i n j e c t i o n accurately. I n 1949 individual well tests 
showed increases t o t a l i n g 2-l/2 barrels of o i l d a i l y from six wells on 12 acres sur­
rounding the i n j e c t i o n w e l l . In 1950, f i v e wells were showing increases i n the rate 
of o i l production t o t a l i n g 5-1/4 barrels d a i l y . Based upon these w e l l tests i t i s 
estimated that approximately 3,500 barrels of o i l was gained by January 1951, as a 
result of the i n j e c t i o n of excess gas into w e l l 17. 

Shell O i l Co., Inc., Wirt Franklin. - I n June 1929, the i n j e c t i o n of gas was 
begun into the Shell O i l Co., Inc., Wirt Franklin lease, sec. 8, T. 4 S., E. 3 W., 
wells 1, 20, and 22. Well 1 was the discovery well f o r the Healdton f i e l d . 
Structure sections (not presented) through t h i s lease show four Healdton sands with 
stray sands above. The strays were open i n the early wells but cased o f f i n those 
d r i l l e d l a t e r . Most wells penetrate only the upper Healdton sands, but some were 
d r i l l e d through the fourth sand and i n t o the Ordovician limestone. The three injec­
t i o n wells penetrated about 110 feet of the upper Healdton sands. Well 28, converted 
to gas i n j e c t i o n i n August 1929, o r i g i n a l l y was d r i l l e d i n t o the Ordovician limestone, 
but o i l was not found below the t h i r d sand, and the well was plugged back before being 
used f o r gas i n j e c t i o n . Figure 34 shows the gas-injection and oil-production history 
of the lease between 1928 and 1942. When gas i n j e c t i o n was begun, about 88,000 cubic 
feet of gas d a i l y was injected into the three wells. 

By November 1929, a f t e r w e l l 28 was converted t o a gas-injection w e l l , the t o t a l 
volume of gas injected was increased t o about 150,000 cubic feet d a i l y (see f i g . 34). 
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In A p r i l 1930 wells 20, 22, and 28 were abandoned as gas-injection wells and converted 
to o i l producers. Average da i l y volumes varying from 160,000 cubic feet i n 1931 t o 
72,000 cubic feet i n 1934 were injected into well 1 at pressures of 60 t o 65 p . s . i . 
In December 1934 gas was injected through well 4-5. The i n i t i a l d a i l y production of 
t h i s w e l l , d r i l l e d i n November 1934, was 36 barrels of o i l per day. Gas was injected 
f o r 2 months without results, so the well was returned t o o i l production i n February 
1935. Well 4-7, d r i l l e d as a dry hole i n A p r i l 1935, was used f o r gas i n j e c t i o n . The 
average volume of gas injected into wells 1 and 4-7 i n 1939 was about 70,000 cubic feet 
d a i l y . The project was discontinued i n December 1939; well 1 was returned t o o i l pro­
duction and well 47 shut down. 

Produced gas from the lease was gathered by the Shell O i l Co., Inc., Barco gaso­
l i n e plant. Average da i l y gas sales were l4l,000 cubic feet i n 1928 before gas i n ­
jection was begun but increased t o 170,000 cubic feet i n 1931 and 1932. Gas produc­
t i o n increased considerably i n 1935, and sales of about 475,000 cubic feet d a i l y 
were made i n 1936. These increases are at t r i b u t e d t o the 23 o i l wells completed 
during the i n f i l l - d r i l l i n g program i n 1935 and 1936, some of which produced large 
volumes of gas. Gas production dropped sharply a f t e r 1936; gas sales averaged 
130,000 cubic feet d a i l y i n 1940. Two of the 35 o i l wells, which were producing at 
the beginning of gas i n j e c t i o n , were abandoned during the i n j e c t i o n period. 

The rate of o i l production f i r s t increased i n August 1929 and amounted to 25 
barrels d a i l y f o r wells 24 and 25. Ten wells on 50 acres surrounding the i n j e c t i o n 
wells had shown increases i n o i l production by January 1930, and by 1934 the entire 
lease had been affected by the i n j e c t i o n . Daily lease production i n May 1929 aver­
aged 596 barrels of o i l and increased steadily t o a maximum of 644 barrels i n July 
1931. Total lease production increased rapidly after the i n f i l l - d r i l l i n g program, 
which was begun late i n 1934 and reached a peak i n 1936. Injected-gas volumes were 
increased i n 1935, causing an increase i n the rate of o i l production from the o r i g i ­
nal wells. The increased o i l production from the o r i g i n a l wells, which can be 
attributed t o deepenings and clean-outs i n 1935, has been deducted from the t o t a l 
increase from the o r i g i n a l wells, and only the increase due t o gas i n j e c t i o n Is 
shown i n figure 34-. 

After 1936 interference from the i n f i l l wells caused an abnormal decline of o i l 
production from the o r i g i n a l wells. The normal decline - of"the~ o r i g i n a l -wells without 
gas In j e c t i o n was calculated t o be 6 t o 4.5 percent per year. Based upon the history 
of other projects, i t may be assumed that, with gas i n j e c t i o n , the actual output of 
the o r i g i n a l wells would have declined at a rate greater than the normal decline rate 
without gas in j e c t i o n , as i s shown i n figure 34. A rate of 8 percent per year has 
been used t o i l l u s t r a t e t h i s more rapid decline i n the production of the o r i g i n a l 
wells with gas i n j e c t i o n . 

The cross-hatched area above the estimated normal-decline curve ( f i g . 34-) i s an 
estimate of the o i l gained as a result of gas i n j e c t i o n , amounting t o about 168,000 
barrels. O i l production from i n f i l l wells may have been increased by the gas injec­
t i o n , but the production from these i n f i l l wells was not considered, so that the 
above figure i s a reasonable estimate of the amount of o i l a t tributable t o gas 
in j e c t i o n . 

Humble O i l Co. (now Shell O i l Co., Inc.) L. Tubbee. - Gas i n j e c t i o n on the L. 
Tubbee lease, sec. 24, T. 4 S , E. 3 W., was begun by the Humble O i l Co. i n May 1928. 
The Inje c t i o n w e l l , i n the center of the l60-acre lease (see f i g . 33), was completed 
i n January of that year and had an i n i t i a l d a i l y production of 5 barrels of o i l . 
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The well penetrated a number of sandy shales that showed o i l , but most of these were 
cased o f f . A perforated l i n e r was set on the bottom opposite about 4-3 feet of shale 
and o i l sand. 

During the i n j e c t i o n period o i l was being produced from 35 wells. I t i s not 
known i f vacuum was applied to these wells during the l i f e of the project. 

Repressuring operations were undertaken with the idea of checking the decline in 
rate of o i l production. Crude-oil prices were decreasing, so i t was not deemed advis­
able to make any great e f f o r t to increase the rate of production. In the beginning 
a i r was injected into the formation at the rate of 50,000 cubic feet daily at unknown 
pressures. 

The f i r s t noticeable effect of i n j e c t i o n was an increase i n the rate of o i l pro­
duction from wells 27 and 28 along the west side of the lease. Well 17, also on the 
west side, was affected early i n the l i f e of the project, and w i t h i n 11 weeks the 
combined o i l production from wells 17 and 28 had increased from 17-1/2 to k k - l / 2 
barrels d a i l y . Other wells on the west side showed s l i g h t increases, but those east 
of the i n j e c t i o n well were not appreciably affected. Since much of the gas appeared 
to be moving toward the west side of the lease, the f l u i d l e v e l was raised on those 
wells along the west side of the lease t o t r y to force the gas toward other wells. 
On July i k the tubing i n well 17 was raised k-2 feet, and o i l production from the 
well decreased abruptly. O i l production increased by November 1928 u n t i l i t was at 
the former rate of production. On July 18 the tubing i n well 27 was raised 5k feet, 
which resulted i n a drop i n d a i l y o i l production from that well that continued u n t i l 
the middle of December 1928. Raising the tubing i n the two wells on the west side 
of the lease caused the gas t o spread to other parts of the lease. By the end of 
July 15 wells - 3 on the east side - had shown increases i n the rate of o i l production. 

Total lease production increased to a peak of k,k^2 barrels during July 1928. 
Gas was substituted f o r a i r i n July 1928, and the d a i l y injected volume was decreased 
from 50,000 cubic feet t o about 17,000. The rate of o i l production declined i n August 
but increased t o a new peak of k,563 barrels i n October following an increase i n the 
rate of gas i n j e c t i o n to 36,000 cubic feet per day. By the end of 1928 an area of 
about 14-9 acres, which included 32 producing wells, had been affected by the injec­
t i o n (see f i g . 33)• Wells 3, k, and i k on the lease had shown no change i n rate of 
o i l production. 

During 8 months of operation between May and December 1928 an average of 30,700 
cubic feet d a i l y of a i r and gas, or a cumulative volume of about 7,500,000 cubic feet, 
was injected. I n j e c t i o n may have continued u n t i l early i n 1929, but the exact date 
of discontinuance is not known. 

Semiannual production f o r the L. Tubbee lease averaged about 22,000 barrels 
during the period immediately before gas i n j e c t i o n . Based upon the average decline 
of other leases i n t h i s area, i t is estimated that the normal 6-month rate of decline 
f o r the Tubbee lease would have ranged from k percent i n 1925 to 1.1 i n 1931. 
Semiannual o i l production remained above t h i s estimated decline rate between 1928 and 
1931 but dropped below i t between 1931 and 1936. During the e a r l i e r period (1928-31) 
the increased o i l production att r i b u t a b l e t o gas i n j e c t i o n amounted to about 18,200 
barrels, whereas the l o s t production i n the l a t e r period (1931-36) amounted to 5,700 
barrels. Undoubtedly a large part of the l o s t production was the result of operation 
curtailment during the depression years because of low crude-oil prices. I f a l l of 
the l o s t production is subtracted from the o i l gained during the e a r l i e r period, the 
net gain as a result of gas i n j e c t i o n would amount to 12,500 barrels, or 8k barrels 
per acre. 
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I n f i l l d r i l l i n g , beginning i n 1936 and continuing through 1940, resulted i n 
increases i n annual o i l production from 33,500 to 80,000 barrels - overshadowing 
the former increases by gas i n j e c t i o n . 

Kewanee O i l Co. S. Jones. - The Kewanee O i l Co. S. Jones 120-acre lease, sec. 4, 
T. 4 S., B. 3 W., is i n the north central part of the f i e l d . On June 1, 1936, the 
Kewanee O i l Co. began to i n j e c t excess gas into well 3 2 primarily as a gas-conserva­
t i o n project and not as a planned repressuring operation. Later other i n j e c t i o n 
wells were added. 

About 89 feet of the second and t h i r d Healdton sands was open i n the i n j e c t i o n 
wells. Structure and correlation sections T-Y' and Z-Z' ( f i g s . 6 and 7) show the 
thickness and attitude of the upper sands underlying the northeast part of the lease. 
The fourth Healdton sand i s absent i n certain areas of the lease (see f i g s . 10 and 19). 

O i l was being produced from the Healdton sands through 34 wells when gas injec­
t i o n was begun i n June 1936; one well was abandoned i n July 1937, and one new well 
was d r i l l e d i n October 1937. 

Vacuum i n varying amounts was applied to the casingheads of most of the pro­
ducing wells, less vacuum being applied to those wells surrounding the i n j e c t i o n 
wells than to those more distant. During the period of gas i n j e c t i o n through well 
32, a back pressure of approximately 18 p . s . i . was maintained on the casinghead of 
the adjacent well (well 30) to prevent channeling to that well and to force the gas 
to more remote areas. 

At the beginning of gas i n j e c t i o n i n June 1936 approximately 30,000 cubic feet 
per day of gas was injected into well 32 through the casing, while o i l was being 
produced through the tubing. In 1940, when wells 29 and 39 were converted to gas-
in j e c t i o n wells, the t o t a l volume of gas injected was increased to 90,000 cubic feet 
per day. After i n j e c t i o n through well 39 was discontinued i n June 1940 volumes i n ­
jected were decreased i r r e g u l a r l y u n t i l 1944, when only 4,000 to 5,000 cubic feet 
per day was being injected. Gas i n j e c t i o n was discontinued i n August 1946. 

By January 1937, H wells on 45 acres surrounding i n j e c t i o n well 32 had shown 
increases i n the rate of o i l production. By January 194l, 5 other wells also had 
shown increases, thus raising the t o t a l area affected to approximately 75 acres. 
From the data available i t appears that during the l a t e r l i f e of the inj e c t i o n 
project additional acreage was not affected. Monthly o i l production from the 
lease increased from 7,288 barrels i n January 1936 to a peak of 8,222 barrels i n 
December of that year, a d a i l y increase of about 30 barrels of o i l . Records of 
volumes of gas produced before 1940 are not available, but i n 1940 the average 
daily gas sales were about 170,000 cubic feet. After 1940 the amount of gas pro­
duced and sold declined i r r e g u l a r l y to about 65,000 cubic feet d a i l y i n 1945 but 
thereafter increased t o an average of 98,000 cubic feet daily i n August 1946. 
Gas produced from the lease was sold t o the Harry E l l s , Inc., gasoline plant, and 
the dry gas returned from the plant was used f o r i n j e c t i o n . 

Based upon ea r l i e r production records and the decline i n yearly production of 
unaffected wells, an extrapolated curve representative of a normal decline rate of 
from 4 to 2 percent per year was constructed f o r the lease. As a result of gas i n ­
jected, the actual rate of o i l production between July 1936 and January 194l exceeded 
that estimated from the extrapolated curve, but af t e r January 194l i t dropped below 
that estimated rate. By implication, o i l recovery was hastened by gas i n j e c t i o n , and 
the net gain to January 1951 was only i n the neighborhood of 1,700 barrels. 
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The Pure O i l Co. F. Lowery. - Well 28 on t h i s lease i n sec. 4, T. 4 S., E. 3 W., 
was connected to the return gas l i n e from the Harry E l l s , Inc., gasoline plant i n 
May 1946; during that month about 25,000 cubic feet of gas d a i l y was injected through 
the well at a pressure of approximately 20 p . s . i . 

Structure sections (not presented) across the lease show two main oil-producing 
sands, with the thickness ranging from 26 to 120 f e e t . T h i r t y feet of the o i l - p r o ­
ductive sand was open i n i n j e c t i o n well 28. 

Between May and October 1946, when gas i n j e c t i o n was suspended, an average of 
20,000 cubic feet of gas was injected d a i l y into w e l l 28 at pressures ranging from 
16 t o 20 p . s . i . Between May and November 1947 wel l 32 instead of well 28 was con­
nected to the return gas l i n e and about 40,000 cubic feet of gas d a i l y was injected, 
at pressures between 5 and 32 p . s . i . For short periods during the summers of 1948, 
1949, and 1950, l i m i t e d amounts of excess gas were injected into the casinghead of 
well 32. The well was producing o i l through the tubing at the same time. 

Twenty-eight wells on t h i s 90-acre lease were producing about 31 barrels of o i l 
d a i l y from Healdton sands when i n j e c t i o n was begun. Ten of the wells surrounding the 
in j e c t i o n well have shown s l i g h t increases or sustained rates of o i l production as a 
result of the gas i n j e c t i o n ; however, the volume of gas never was enough t o stem the 
steady decline i n yearly o i l production from the whole lease. I n 1950 the Healdton-
sand wells were producing approximately 24 barrels of o i l d a i l y . 

Schermerhorn O i l Corp. Fee 40-Acre. - The Schermerhorn O i l Corp. Fee 40-acre 
lease, sec. 5, T. 4 S., B. 3 W., contains 40 oil-productive acres on which 24 wells 
have been d r i l l e d . 

The thickness of the oil-productive upper Healdton sands, i n t o which gas was 
injected, ranges from 13 t o l 8 l feet, being thickest i n the middle of the lease and 
thinnest along the north l i n e and i n the southeast corner ( f i g . 12) . I n j e c t i o n well 
16, d r i l l e d i n November 1916, penetrated an upper o i l sand, about 90 feet t h i c k , and 
a thinner, limy sand below, about 20 feet t h i c k . Well 26 ( d r i l l e d i n September 1926) 
penetrated a t h i c k , nonproductive upper sand and a lower, oil-productive sand 26 feet 
t h i c k . 

The i n j e c t i o n project was begun late i n March 1935, when there were 15 old and 2 
recently d r i l l e d o i l wells on the lease. O i l produced from the 40- and 20-acre Fee 
leases is produced together into the same tanks, so that the production from the 40-
acre lease could not be computed separately. In March 1935 da i l y production of o i l 
from both leases averaged 400 barrels. 

Because of new wells completed just before and during gas i n j e c t i o n , a graph of 
t o t a l lease production does not indicate clearly the results of the i n j e c t i o n . The 
graph does show that the o i l production was considerably higher than the estimated 
yearly production obtained by extrapolating a decline curve before i n f i l l d r i l l i n g 
and gas i n j e c t i o n . The production decline curve was extrapolated at yearly percentage 
declines ranging from 11.7 to 7 percent. 

Well 16 was converted t o an i n j e c t i o n well late i n March 1935, and an average 
d a i l y volume of about 450,000 cubic feet of a i r was injected at 30 p . s . i . On A p r i l 
13, 1935, gas was added t o the a i r f o r i n j e c t i o n . I n j e c t i o n through well l 6 was dis­
continued i n July 1935 and begun through well 26. The compressors were shut down on 
August 15, 1935, and i n j e c t i o n was not recommenced u n t i l l a t e i n October of the same 
year. In November 1935 the plant was shut down f o r repairs, and there is no record 
of any gas i n j e c t i o n a f t e r that date. 
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During the period of a i r and gas in j e c t i o n i t appeared that channeling occurred 
to the l i n e wells on leases west and south of the Schermerhorn O i l Corp. Fee 40-acre 
lease. The wells on these leases were reported as producing a i r during the early 
period of the a i r i n j e c t i o n . When shut i n , the pressures i n the l i n e wells on 
Schermerhorn O i l Corp. Fee 40-acre lease decreased rapidly. Casing leaks i n the 
li n e wells, which allowed a i r to migrate t o upper sands with accompanying decreases 
in pressure, was considered another possible cause of the loss of pressure. 

The da i l y gas production from the Schermerhorn O i l Corp. Fee 40-acre lease i n ­
creased from about k,600 cubic feet per day i n March 1935 "to a peak of 4-93,300 cubic 
feet per day on August 19, 1935. After the plant was shut down i n August 1935, gas 
production declined, so that, by December 15, 1935, the da i l y gas production was about 
163,000 cubic feet, and i n January 1935 da i l y gas production was 22,500 cubic feet. 

The scarcity of tests of the rate of o i l production of individual wells does not 
permit an estimation of the affected area on the basis of o i l increases. However, 
monthly gas-production tests show that gas production from v i r t u a l l y a l l wells i n ­
creased as a result of the i n j e c t i o n . 

From an extrapolation of the decline curve of the rate of o i l production from 
the 4-0- and the 20-acre leases i t is estimated that approximately 1,74-0 barrels of 
o i l was gained during the 8 months of operation. This estimate i s conservative be­
cause new wells d r i l l e d during the period of gas in j e c t i o n were not considered as 
being affected by gas i n j e c t i o n . 

The Pure O i l Co. Westheimer and Daube 80-Acre. - Since July 1946 small amounts 
of excess gas have been injected through the casing of The Pure O i l Co. Westheimer 
and Daube 80-acre lease, well 18, sec. 9, T. 4 S., R. 3 W. In October 1946 about 
3,000 cubic feet daily was being injected at l4 to 18 p. s . i . During the gas-injection 
period some o i l was produced through the tubing of the same we l l . The in j e c t i o n well 
near the center of the lease penetrated three o i l sands t o t a l i n g 87 feet i n thickness. 

Individual tests show that adjacent wells 8 and 16 had temporary increases of 
about l/2 barrel i n daily o i l production. Well 4 i n the northeast corner of the lease 
showed some increases i n daily o i l production as a result of the gas in j e c t i o n on the 
adjacent Westheimer and Daube 60-acre lease. 

Miscellaneous Injection Projects. - On several small leases one or more wells 
called volume wells have been connected temporarily to the gas-return l i n e from the 
Harry E l l s , Inc., gasoline plant. The primary purpose was to cycle any excess dry 
gas returned from the gasoline plant during the summer months so that i t would pick 
up gasoline vapors from the formation o i l and the enriched gas could be sold to the 
gasoline plant. Included i n t h i s group of volume wells are Kewanee O i l Co. Frazier 
lease, well 13 i n sec. 15; Keck 30-acre lease, well 1 i n sec. 5; and C. R Smith 
lease, well 5 i n sec. 5, a l l i n T. 4 S., R. 3 W. 

In 1934 an attempt was made to inje c t gas into Magnolia Petroleum Co. Smalley 
well 35 i n sec. 10, T. 4 S., R. 3 W. Very l i t t l e gas could be injected at 1,500 p.s . i . 

Brine Disposal 

In recent years large quantities of produced brine have been disposed i n subsur­
face formations i n the Healdton f i e l d . As of November 1, 1951, 14 disposal wells, 
most of them on leases i n the western and northwestern part of the f i e l d , were receiving 
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approximately 7,100 barrels d a i l y of produced brine. This was nearly half of the 
14,600 barrels of brine produced d a i l y i n the f i e l d . I n most of the disposal wells, 
brine was being injected into Ordovician formations through 7-inch casing set and 
cemented through the Healdton sands. However, i n three s t r u c t u r a l l y low wells, 
produced brine was being returned to the f o u r t h Healdton sand. 

Usually treatment is not required to condition the brine f o r subsurface injec­
t i o n , although at one disposal well the produced brine i s aerated i n an open tank 
before being injected (see f i g . 37, lower photograph). To i n j e c t the brine a 3-cycle, 
2-1/2- by 4-inch Gaso pump was being used to pump nearly 2,000 barrels per day of 
produced brine into the well at a pressure of about 400 p . s . i . At four other dis­
posal wells surface-injection pressures ranging from 150 t o 550 p . s . i . are required 
to i n j e c t volumes ranging from 320 t o 2,500 barrels of brine per day. I n nine other 
disposal wells, a l l available brine was injected by gravity. Figure 37, upper photo­
graph, shows one of these wells i n sec. 16, T. 4 S., R. 3 W. I n March 1942 t h i s well 
was converted from an o i l w e l l t o a disposal well i n the f o u r t h Healdton sand. To 
September 1, 1951, 677,000 barrels of produced brine from the Healdton sands had been 
injected into t h i s w e l l . Several s t r u c t u r a l l y higher wells on t h i s lease, which pro­
duce o i l from the f o u r t h sand, are receiving some benefit from the flooding by the 
injected water. 

MOBILE-OIL RESERVES 

In the section Reservoir Conditions, i t was stated that the volume of mobile o i l 
o r i g i n a l l y present i n the Healdton sands (measured at stock-tank conditions), was 
approximately 422 m i l l i o n barrels. To January 1, 1951 about half of t h i s mobile o i l 
had been recovered. 

Figure 38 shows the areai d i s t r i b u t i o n , i n barrels per acre, of the remaining 
o i l . The i l l u s t r a t e d data were obtained by subtracting the t o t a l produced o i l f o r 
each lease from the mobile o i l o r i g i n a l l y present and dividing t h i s remainder by the 
number of productive acres of the lease. To compensate f o r possible drainage, produc­
t i o n data and estimated reserve data f o r several adjoining leases occasionally were 
combined, as shown by the outlined areas i n figure 38. 

Because i n most of the wells, o i l was produced simultaneously from several sands 
i t is impossible to calculate what f r a c t i o n of the 211 m i l l i o n barrels of produced o i l 
was recovered from the separate sands and, by deduction, how the remaining mobile o i l 
is d i s t r i b u t e d among the several sand zones. Much of the o i l undoubtedly was produced 
from the f i r s t developed and more extensive upper sands, but probably 180 t o 200 
m i l l i o n barrels of mobile o i l remain i n these sands. Reserves i n the naturally water-
flooded fourth-sand zone are comparatively less important. 

The economic recovery of o i l reserves remaining i n the Healdton sands depends 
\ upon the type of mechanism that displaces o i l from the pore spaces and upon the pres­

sure d i f f e r e n t i a l s available to move i t through the reservoir sand into the well bores. 
; I t is well-recognized that the mobility or freedom with which o i l w i l l move through 

the sand depends upon the o i l saturation of the sand and upon the viscosity of the o i l 
and that as o i l saturation decreases and viscosity increases more pressure is required 
to move o i l through the sand to the producing wells. 

In the upper-sand reservoirs r e l a t i v e l y i n e f f i c i e n t solution-gas expansion was 
the displacement mechanism; and, since l i t t l e , i f any, of the o r i g i n a l reservoir pres­
sure now remains, only that r e l a t i v e l y small pressure d i f f e r e n t i a l created by vacuum 
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Figure 37. - Brine-disposal wells, Healdton oil field, Carter County, Okla. 





application and gravity i s now acting to move o i l to the wells. The rate of produc­
t i o n is decreasing yearly, and the history of wells and leases producing from the 
upper sands clearly indicates that much mobile o i l w i l l not be recovered uniess some 
extraneous pressure is applied t o the reservoir to move o i l to the producing wells. 

Inmost areas of the fourth sand a natural water drive i s supplying the mechanism 
and pressure necessary t o effect an e f f i c i e n t recovery of mobile-oil reserves. Cal­
culations made f o r one lease showed that the efficiency of t h i s natural water drive 
i n recovering mobile o i l from the fourth sand was about 83 percent, as compared to a 
calculated efficiency of less than 50 percent f o r depleted upper sands without benefit 
of water displacement. 

WATER FLOODING 

The oil-production history and reserves remaining i n the Healdton sands have 
been discussed i n the preceding pages. The /principal purpose of t h i s report i s to 
encourage recovery of these o i l reserves by outlining methods and problems involved 
i n t h e i r production. 

The i n j e c t i o n of water Into p a r t l y depleted oil-bearing sands simulates a natural 
water drive and is the most e f f i c i e n t secondary-recovery method i n common use. Water 
flooding "has been used successfully i n many o i l f i e l d s i n Kansas ( l 8 ) , Oklahoma (19, 
20), Texas (21), I l l i n o i s (22), Pennsylvania (23J, and California ~(2k) . Recoveries 
exceeding 100 percent of the primary recovery have been obtained i n some of these 
areas. By carefully considering the many factors involved and controlling the i n ­
jected f l u i d , water flooding can be used t o recover much additional o i l from the 
Healdton sands. 

Theoretical Considerations 

Efficiency 

Earlier i n t h i s report efficiency was defined as the r a t i o of recovered o i l t o 
mobile o i l o r i g i n a l l y i n place, mobile o i l i n the Healdton sands being that o i l i n 
the interconnected pore space that exceeds 29 percent saturation. Theoretical calcu­
lations show that at the time the injected water f i r s t reaches the producing well i n 
the conventional five-spot pattern (four input wells surrounding one o i l w e l l ) , about 
72 percent of the area between the wells has been swept by the injected water. For 
other patterns, the area swept ranges from 32 to 89 percent. This theoretical area 
swept applies only t o a homogeneous sand or uniform thickness. Discontinuous sands, 
open channels, fractures, t i g h t streaks, highly water-saturated zones, and differences 
i n f l u i d viscosity are other important factors affecting the area swept and the e f f i ­
ciency of any water flood. 

Mechanism 

Buckley and Leverett (2j>), i n describing the mechanism of water flooding, have 
stated that during an i n i t i a l phase the water saturation i n the sand increases rapidly 
and o i l i s ejected ahead of an advancing water f r o n t . During a subordinate phase both 
o i l and water flow through the sand with a gradual increase i n water saturation, so 
that water flows more readily and effects the removal of comparatively small and con­
tinuously decreasing volumes of o i l . 
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According t o Dickey and Bossier (26): 

The percentage saturations of o i l , water and gas i n a depleted 
f i e l d determine whether i t w i l l he economically possible t o recover 
o i l by secondary methods, and whether water-flooding or gas-driving, 
or either, w i l l be successful. 

I t is suggested that economic recovery of o i l by secondary water-
flooding can occur only when a r i c h bank of o i l i s formed by the en­
croaching water. I f the sand has a greater effective permeability t o 
water than i t has t o o i l before flooding, a bank w i l l not be formed, 
and water flooding w i l l not be successful, . . . 

Horner ( 2 j ) has cited leases where water flooding has f a i l e d because of high 
i n i t i a l water saturation. 

Relative Permeability 

Leverett and Lewis (28) have shown that, i n unconsolidated sands, the r e l a t i v e 
permeability to either o i l or water depends primarily upon the saturation of that 
phase. Their experiments were made on unconsolidated sands and t h e i r quantitative 
results are exact only f o r loose sands. Inspection and analyses of core samples 
indicate that many of the Healdton sands are loose or poorly cemented. Without 
d e f i n i t e r e l a t i v e permeability data on the Healdton sands, i t is assumed that, with 
care and w i t h i n certain l i m i t a t i o n s , the data of Leverett and Lewis can be applied 
to many of the sands i n the Healdton f i e l d t o indicate r e l a t i v e permeability. 

M o b i l i t y 

The mobility of a l i q u i d depends upon the r e l a t i v e permeability of the sand t o 
that l i q u i d and upon i t s viscosity. Dykstra and Parsons (29) have defined mobility 
as the r a t i o of a liquid's r e l a t i v e permeability to i t s viscosity. The mobility r a t i o , 
the comparative ease with which two liquids w i l l move through a sand, depends d i r e c t l y 
upon the r e l a t i v e permeability of the sand to those liquids and inversely upon the 
viscosities of the l i q u i d s . I f the r a t i o of the mobility of the water t o the mobility 
of the o i l is less than 1, a bank of o i l is formed ahead of the water when i t i s i n ­
jected into an o i l sand. 

In an attempt to apply mobility ratios to water flooding of the Healdton o i l 
sands, figure 39 was constructed t o show the l i m i t i n g i n i t i a l o i l and water satura­
tions that, at representative v i s c o s i t i e s , would result i n a mo b i l i t y r a t i o of 0.9. 
A mobility r a t i o of 0.9 instead of 1.0 was a r b i t r a r i l y selected to provide a safety 
margin of o i l saturation, which would assure the formation of an o i l bank ahead of 
injected water. 

Viscosity 

Table 8 l i s t s viscosities of Healdton o i l s at 80° F., ranging between 8.7 and 58.9 
centipoises. Because sample C-4 may have been weathered and therefore i s not repre­
sentative of Healdton o i l i n the reservoir, sample C-l with a vi s c o s i t y of 31.7 centi­
poises, was considered i n the calculations as the upper vi s c o s i t y l i m i t of Healdton 
crudes. Temperatures of Healdton sands range between 86° F. at 1,250 feet and 73° F. 
at 650 f e e t . At these l i m i t i n g temperatures, the extremes of viscosity of Healdton 
o i l s are 8.1 and 34.0 centipoises. The viscosity of injected water i s considered to 
range from 1.1 centipoises at 60° F. t o 0.8 centipoises at 86° F. 
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Theoretical Application to Healdton Field 

Curves A, B, and C ( f i g . 39) show the minimum o i l and maximum water saturations 
permissible to water-flood Healdton sands successfully under assumed flooding conditions. 

Curve A is the l i m i t of l i q u i d saturations, i n percent, to permit a mobility r a t i o 
of 0.9 f o r an o i l viscosity of 8.1 centipoises and a flooding-water viscosity of 1.1 
centipoises. This combination of o i l and water viscosities is considered to include 
the widest range of floodable l i q u i d saturations possible i n the Healdton f i e l d . 
Curve C marks the l i m i t of l i q u i d saturations f o r an o i l of 34.0 centipoises viscosity 
and a flooding-water viscosity of 0.8 centipoise, which would include the narrowest 
range of permissable l i q u i d saturations i n the Healdton f i e l d . Curve B represents 
the l i m i t i n g liquid-saturation conditions f o r the average o i l i n the Healdton f i e l d -
o i l 13.3 a n ( i water 1.0 centipoises. 

I n figure 39, the shaded areas bounded by the three curves, A, B, or C are those 
areas that contain the combinations of water and o i l saturations that i n the Healdton 
sands could be flooded successfully. The area above any of these curves includes 
saturations unfavorable f o r water flooding - o i l saturations too low or water satura­
tions too high t o permit the formation of an o i l bank. 

From a study of figure 39, i t is apparent that, under similar conditions, more 
water saturation and less o i l saturation are permissible f o r less viscous o i l s t o 
permit formation of an o i l bank. I n deep sands a wider range of o i l and water satu­
rations is floodable, since viscosity of the o i l i s lower at the higher temperatures 
prevailing there. For example, the C-type o i l i l l u s t r a t e d i n figure 39 should not 
be floodable at 50-percent o i l and 20-percent water saturation at a viscosity of 34 
centipoises, which would obtain at a depth of 600 feet, whereas a sand with these o i l 
and water saturations should be floodable at a depth of 1,300 feet, where the tempera­
ture would be about 90° F. and where the viscosity of the same o i l would be 27.5 
centipoise. 

I n j e c t i o n Rates and Pressures 

Water-injection rates and pressures are the subject of much controversy. Some 
operators believe that low i n j e c t i o n rates (2 to 5 barrels per acre-foot per day) 
increase efficiency, whereas others claim that higher rates recover more o i l . Usually 
there is a c r i t i c a l pressure (about 1 p . s . i . per foot of depth) above which the f o r ­
mation may be ruptured, resulting i n extreme bypassing and channeling to producing 
wells with subsequent loss i n efficiency. 

Sources and Treatment of Water 

I n considering water flooding of o i l sands i n the Healdton f i e l d an adequate 
volume of water f o r i n j e c t i o n probably would be the most important problem confront­
ing the operators. I n other f i e l d s developed f o r water flooding, both surface and 
subsurface water commonly are used f o r flooding. Where a r i v e r or large stream is 
available, such as the Verdigris River i n Nowata and Rogers Counties, Okla., or the 
Arkansas River i n the Burbank pool, surface water i s being used successfully. Some­
times r a i n water collected i n ponds is used, but t h i s seldom i s satisfactory f o r a 
regular f l o o d . The streams draining the Healdton f i e l d area are not large enough to 
provide the volume of water necessary f o r successful flooding. Possibly a combination 
of several sources of water could be used to obtain the volume of water required. 
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Many of the wells d r i l l e d i n the f i e l d penetrated a number of upper Permian 
sands that were reported by the d r i l l e r as water-bearing. Water f o r the c i t y of 
Healdton i n sec. 2, T. 4-S., R. 3W., and f o r many lease operations is obtained from 
these shallow Permian sands at depths between 175 and 4-00 f e e t . The city-water-
supply wells showed i n i t i a l d a i l y production rates ranging from 500 t o 1,000 barrels. 
I t i s problematical whether such volumes of water could be produced continuously by 
these wells. 

Table 12 gives analyses of six samples of water produced from wells i n the 
Healdton f i e l d . Three of the mineral analyses were made on samples of water produced 
from Permian sands, two on samples produced from the Healdton o i l sands, and one on 
a sample of water produced from an Ordovician formation. 

Study of the analyses shows that the Permain-sand water could be injected i n t o 
the Healdton sands with comparatively l i t t l e chemical or physical conditioning i n a 
water-injection system completely closed from the atmosphere. Because of the f a i r l y 
high oxygen content and the low supersaturation of carbonates, i t might be necessary 
to use an i n h i b i t o r to minimize corrosion (30) . Even i n a closed water-injection 
system i t is l i k e l y that the Permian-sand waters, as produced, would contain organic 
matter, and an algaecide or bactericide should be used, p a r t i c u l a r l y i n warm weather, 
to prevent plugging i n the i n j e c t i o n wells. 

Examination of the clay minerals associated with the Healdton o i l sands indicates 
that these clays are of the nonswelling type, and probably Permian-sand waters could 
be injected without hydrating the clays and plugging the sand. 

Although considerable water i s produced with the o i l i n the Healdton f i e l d (see 
f i g s . 17, 18, 21, and 22), the volume of the water produced on any lease would not be 
adequate f o r a regular water-flooding project. Produced water from several leases 
might be gathered at a central point to constitute a major portion of the water re­
quirements f o r a small flo o d . For instance, i n the northwestern part of the f i e l d 
about 4,400 barrels of water i s produced d a i l y from 21 leases. This might be enough 
water t o flood a sand 30 feet t h i c k on one 80-acre lease. 

Analyses of two samples of brine produced from Healdton sands i n separate areas 
of the f i e l d are shown as samples k and 5, table 12. The brines contain comparatively 
large quantities of dissolved i r o n , free carbon dioxide, and carbonate supersaturation 
Because of changing conditions of temperature and pressure accompanying production and 
i n j e c t i o n , i t would be almost impossible to maintain these components i n solution. 
I n a closed water-injection system they might be precipitated and plug the formation. 
An open water-injection system permitting complete aeration and s e t t l i n g would be more 
satisfactory. 

Brine sample 6, i n table 12, was produced from an Ordovician formation approxi­
mately 3,900 feet i n depth. When t h i s well was d r i l l e d i n 192k a large volume of 
water was reported i n the formations below the present depth of the w e l l , and the 
well was plugged back. Water from t h i s lower formation would be suitable t o use i n 
water flooding the Healdton o i l sands, provided i t i s properly treated before injec­
t i o n . The p o s s i b i l i t y of using waters from Ordovician formations as a supply source 
should be investigated f u r t h e r . 
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Where an extraneous water i s used f o r flooding provisions usually are made to 
recycle the brine produced with the crude o i l . I n many water-flooding projects two 
or more water-supply sources are used. I f water from the Permian sands was mixed 
with produced brine a closed water-injection system would not be p r a c t i c a l because 
the Healdton sand waters contain barium i n quantities ranging from 20 t o 70 p.p.m. 
I f these waters were mixed with the Permain-sand waters containing 5 t o 30 p.p.m. 
of soluble sulfates, insoluble barium sulfate would be precipitated and would plug 
the formation. The dissolved oxygen i n the Permian-sand waters would oxidize the 
dissolved iron i n the Healdton-sand waters, causing i t t o form a pr e c i p i t a t e , which 
might plug the formation also. Without chemical treatment the dissolved oxygen 
would cause excessive corrosion of metallic equipment. 

The most p r a c t i c a l method of conditioning the waters f o r i n j e c t i o n would be t o 
use an open system and condition the produced brines before mixing them with Permian-
sand waters. Figure h0 is a diagram of a proposed open-type t r e a t i n g system. The 
produced brine should be aerated to oxidate the ferrous i r o n compounds t o insoluble 
f e r r i c compounds, t o release part of the dissolved free carbon dioxide, and t o reduce 
the supersaturation of carbonates. Chemical treatment with lime probably would be 
needed to s t a b i l i z e the free carbon dioxide, t o maintain the carbonate balance, and 
to reduce the supersaturation of carbonates to a concentration where only a t h i n , 
protective coating of carbonates would be deposited on the i n t e r i o r walls of pipes 
and other metallic surfaces. A coagulant, such as aluminum sulfate, should be 
added to aid i n congealing of the precipitates. 

Chemicals might be added to the waters by dry-chemical feeders as the mixed 
water gravitated from the aeration pond through a chamber set i n the pond dike 
and into the sedimentation pond. Water and chemicals could be agitated with a 
mechanical mixer i n the chamber. For reserve supply and detention time, the sedi­
mentation pond, as shown i n figure 4-0, should be large enough to hold a volume of 
water equivalent t o that injected i n 3 days and should contain baffles designed t o 
afford maximum mixing and detention of the water to permit sedimentation. 

In an open water-injection system some s t e r i l i z i n g agent probably would have to 
be used to control the growth of organic matter, p a r t i c u l a r l y during the summer 
months. The most advantageous point to introduce the s t e r i l i z i n g agent would be 
between the sedimentation pond and the f i l t e r s , or i n the l a s t compartment of the 
sedimentation pond. 

Probable characteristics of a water resulting from the mixing of waters from 
d i f f e r e n t sources cannot be predicted. Details as t o d e f i n i t e treatment procedures 
and quantities of chemicals needed f o r adequate conditioning would have t o be worked 
out from theoretical consideration of characteristics of waters available and the 
r a t i o i n which they were to be mixed. Tests and analyses should be made af t e r the 
plant is operating. 

The f i l t e r medium could be sand, crushed anthracite, or diatomsceous earth, 
which could be supported on successive layers of graded, crushed rock or a screen. 
The f i l t e r s should be connected so that the beds could be back-washed with water from 
the clear-water tank pumped into the bottom of the f i l t e r s , upward through the bed, 
and then to the reaction end of the sedimentation pond. 

The effluent from the f i l t e r s would flow into a clear-water tank or a p a r t l y 
submerged concrete clear-water well from where i t would be pumped to the input wells. 
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I f the input wells are d r i l l e d with rotary tools, they could he completed inex­
pensively without casing. To prevent caving, washed gravel should be packed i n the 
hole opposite the producing sands. Two-inch tubing c6uld be set on a packer above 
the sand and securely cemented t o prevent upward movement of the injected water. 
Normally, input wells require l i t t l e servicing except to back-flow or treat with 
mud acid, and such an input well should last the l i f e of the flooding project. To 
aid i n salvaging the tubing a f t e r the project was flooded out, r i g h t - and left-hand-
thread nipples could be i n s t a l l e d just above the top of the cement. 

Three Areas Suitable f o r Water-Flooding Tests 

Although many of the sands i n the Healdton f i e l d might be flooded successfully, 
certain sands i n lo c a l areas are considered especially suitable f o r i n i t i a l water-
flooding tests. Figure 4 l shows three areas, A, B, and C, where the f i r s t or second 
Healdton sand probably could be flooded successfully. 

In area A, containing 2,4-00 acres along the northeast flank of the structure, 
the upper member of the f i r s t Healdton sand varies i n thickness between 20 and 100 
feet . Detailed correlation studies indicate that t h i s sand is f a i r l y continuous 
throughout the area. The structure of the top of t h i s sand member is shown i n 
figure 11. The depth varies from about 150 feet above sea le v e l i n the southwest 
corner of sec. 4, T. 4 S., E. 3 W., to about 150 feet below sea level along the east 
edge of sec. 10, T. 4 S , E. 3 W. 

The upper member of the f i r s t Healdton sand was cored, using water-base mud i n 
16 wells i n area A, and analysis of the cores show the average porosity of the sand 
i n individual wells to range from 20.9 to 31.7 percent. The o i l saturation of these 
cores ranged from 34.6 to 60.0 percent. As some of these cores presumably were pa r t l y 
flushed by the d r i l l i n g f l u i d , the actual o i l saturation of the reservoir rock might 
be higher than the reported values. The permeability of cores from these wells ranged 
from 210 t o 2,316 millidarcys. Based upon the permeability - connate-water relation­
ship as shown i n figure 15, the connate-water content of the o i l sands represented by 
the cores should range between 12.3 and 22.0 percent and average 15.4 percent. 

Throughout most of t h i s area the f i r s t sand has been under vacuum f o r a number 
of years and i s p a r t l y depleted, so that recently d r i l l e d wells do not record "free" 
o i l from these sands. I n sec. 6, T. 4 S., E. 3 W., many logs of early wells show 100 
or more feet of sol i d sand section, but logs of l a t e r wells d r i l l e d i n t h i s area, 
show sand and shale or broken sand. Electric logs show 40 t o 50 feet of oil-produc­
t i v e sand i n a t o t a l of 60 t o 70 feet of section. 

In the NWl/4 sec. 5, T. 4 S., E. 3 W.., the sand was cored i n many wells, and 
analyses of these cores show the sand t o be f a i r l y uniform and continuous with only 
minor shale partings. However, several f a u l t s (see f i g . l l ) are present i n the north 
half of section 5 and could act as barriers to the movement of f l u i d s . Because of 
these f a u l t s , much of the NEl/4 sec. 5 i s not considered as the most satisfactory 
area f o r water flooding. 

I n sec. 4, T. 4 S., E. 3 the upper member of the f i r s t Healdton sand is 
shown as having thicknesses of approximately 40 t o 60 feet (see f i g . 4 l ) . I n many 
areas t h i s sand member is s p l i t by a shale or limestone bed 5 to 15 feet t h i c k . I n 
some areas the upper portion of the sand o r i g i n a l l y was gas-saturated i n the gas-cap 
area and consequently has been excluded from consideration as floodable o i l sand. 
Three wells on the Sinclair O i l & Gas Co. J. S. Mullen property, NEl/4 sec. 4, 
T. 4 S., R. 3 W., were cored. Analyses of cores show the porosities to range from 
28 t o 31 percent. 
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I n sees. 9 and 10, T. 4 S., E. 3 W., t h i s upper member of the f i r s t Healdton 
sand reaches a maximum thickness of 60 f e e t , although the sand bed may contain some 
shale layers. Only one well was cored through t h i s sand, and analyses show the 
average porosity t o be 23.4 percent and the average o i l saturation 35 percent. D r i l l 
cuttings of several more recently d r i l l e d wells were available f o r microscopic study, 
which shows that here the sand contains more shale and limestone than do the s o f t , 
clean sands i n sees. 5 and 6, T. 4 S., E. 3 W. Eadioactivity logs were made i n f i v e 
wells i n sec. 10, T. 4 S., E. 3 W., and comparison of these logs with the o r i g i n a l 
d r i l l e r s ' logs, made i n 1915 and 19l6, show considerable difference i n the depth and 
thickness of sands. Where the d r i l l e r s ' logs show a t o t a l of 25 t o 40 feet of o i l 
sand, r a d i o a c t i v i t y logs show shale partings 2 t o 8 feet t h i c k 6 to 11 feet below the 
top of the sand. 

In the southeast extension, an area of approximately 500 acres (area B) i s out­
lin e d as being suitable f o r water flooding i n the f i r s t Healdton sand. I n t h i s area 
the thickness of the sand ranges between 20 and 80 feet, although most of the sand is 
less than 40 feet t h i c k . I n t h i s area the depth t o the top of the sand ranges from 
100 feet above sea le v e l t o 200 feet below. 

Wells i n t h i s area were not cored, and only one e l e c t r i c log of a recent well i s 
available. However, d r i l l cuttings from several wells have been examined, and these 
show the sand to be fine-grained and somewhat shaly, with the shale content Increas­
ing with depth. The porosity of the f i r s t sand has been estimated t o range between 
18 and 23 percent. 

Figure 4 l shows an area of approximately 900 acres (area C) i n which the second 
Healdton sand is continuous and suitable f o r water flooding. I n t h i s area the sand 
ranges between 20 and 100 feet i n thickness, although the average thickness may be 
close t o 40 f e e t . 

I n sec. 31, T. 3 S., R. 3 w-> the sand i s described as fine-grained, shaly, and 
somewhat calcareous, with p i t t e d grains. I n sec. 6, T. 4S.,E. 3 W., the formation 
contains more limestone. I n a few wells beds of o o l i t e s , composed of limestone sur­
rounding sand grains, were encountered near the top of the second Healdton sand. 

Five wells i n t h i s area were cored, and the analyses show the porosity ranges 
from 17 to 25 percent and the o i l saturation from 20 to 40 percent. 

Some water is produced from wells along the west edge of t h i s area i n sec. 31, 
T. 3 S., E. 3 W., and sec. 6, T. 4 s . , R. 3W., and i t i s possible that there i s a 
l i m i t e d , natural water drive i n the second sand. However, i t is believed that t h i s 
water drive is not adequate to insure maximum o i l recovery. " 

The above areas and sands are by no means the only ones that might be water-
flooded successfully. Rather, they are those about which enough data now are a v a i l ­
able f o r water-flooding consideration. 

In selecting any area f o r water flooding, detailed studies of the sand condi­
tions and the production history should be made. The continuity of the sands, as 
well as t h e i r o i l and water content, are most important. Where- the accuracy of 
d r i l l e r s ' logs may be doubtful, r a d i o a c t i v i t y logs can be made i n the old holes. 
New wells should be cored and e l e c t r i c a l l y logged. 
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Water-Flooding Calculations 

Suder and Cahoun have presented a method f o r predicting the water-flood behavior 
of a property from core analyses data and water-injection pressures (30) . Their 
method assumes that water flooding progresses i n a horizontal plane with no v e r t i c a l 
movement and that the t o t a l water flowing i n a formation, including beds of different 
permeability, can be represented by the sum of the volumes of water flowing i n the i n ­
dividual beds. An adaptation of t h i s method, assuming a constant i n j e c t i o n rate, was 
used i n calculating the probable water-flood behavior of two leases i n the Healdton 
f i e l d . 

These calculations were based upon a uniformly spaced five-spot pattern with four 
input wells surrounding each producing w e l l . Upon rep e t i t i v e development, the f i v e -
spot pattern becomes one i n which four producing wells surround each input w e l l , and 
in the entire flood there are an equal number of producing and input wells. The frac­
t i o n of the t o t a l five-spot area t h e o r e t i c a l l y swept by the injected water, when i t 
f i r s t reaches the producing w e l l , is 0.72 as described by Muskat (3_2), and th i s value 
was used i n the calculations as the theoretical sweepi efficiency. After injected 
water from each bed f i r s t reached the producing wells, i t was assumed that water and 
no o i l would be produced from that bed. I n actual practice some o i l is continuously 
produced with increasing volumes of water before the residual-oil-saturation value of 
29 percent i s reached. When the o i l saturation i n the more permeable beds i s reduced 
to 29 percent or less, these beds might permit disproportionately large volumes of 
water to move to the producing wells, so that when the t o t a l volume of water pumped 
becomes too great to be handled economically, only i n the more permeable beds would 
the o i l saturation be reduced to the theoretical minimum. Selective plugging or 
packing o f f of these watered-out beds then would be necessary t o effect o i l recovery 
from the other less permeable sands. 

Based upon the amount of flooding water that might be available, an i n j e c t i o n 
rate of 500 barrels of water d a i l y into each input well was assumed. 

Lease 1 

The f i r s t lease considered was i n area A ( f i g . 39), where the thickness of the 
upper member of the f i r s t Healdton sand averaged 34.7 feet at a depth of approximately 
900 f e e t . Analyses showed that the permeability of the individual core samples ranged 
from 400 to 3,100 millidarcys and the porosity from 18 to 38 percent. For the calcu­
lations a spacing between l i k e wells of 660 feet was assumed. 

The entire sand body was considered as 17 individual homogeneous beds 0.9 to 3»6 
feet thick, and each bed was assumed t o have uniform horizontal permeability with 
values f o r the d i f f e r e n t beds ranging from 450 to 3,000 millidarcys. 

I t was calculated that during the l i f e of the flood, 500 barrels of water daily 
could be injected into the sand body at pressures exerted by a hydrostatic head of 
water i n the input wells. 

An average o i l and water saturation of 35.0 and l4.2 percent, respectively, 
before flooding was used f o r each individual bed. The re l a t i v e rate at which the 
injected water entered each individual bed was assumed to be proportional to the 
r a t i o that the millidarcy-foot capacity of that bed bore to the t o t a l capacity of 
the sand. 
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The volume of water necessary to effect f l o o d - o i l production is that volume 
required to saturate the gas space and commonly is referred to as the f i l l - u p 
volume. This f i l l - u p volume can be calculated by the following equation: 

V = 0.72 j f T P ( l - Cw - 0) 0.178; 

where: 

V = f i l l - u p volume, barrels; 

0.72 = theoretical sweep efficiency at water breakthrough 
for five-spot pattern; 

D = spacing between l i k e wells, feet; 

T = thickness of bed, feet; 

P = porosity, decimal f r a c t i o n ; 

Cv = water saturation, decimal f r a c t i o n ; 

0 = o i l saturation, decimal f r a c t i o n ; 

O.I78 = factor converting cubic feet to barrels. > 

The time required t o f i l l up or begin f l o o d - o i l production from each bed was> 
calculated by dividing the f i l l - u p volumes of the bed by the i n j e c t i o n rate into 
that bed. 

As discussed e a r l i e r under the topic of o r i g i n a l mobile o i l , the o i l saturation 
after water flooding is assumed to be reduced to 29 percent. I f after f i l l - u p 1 
barre l of injected water displaced an equal volume of o i l to the producing wells, 
the t o t a l volume of water required to reduce the saturation of the bed to 29 percent 
i n the area t h e o r e t i c a l l y swept would be the f i l l - u p volume plus 4.32 percent 
(0.72 (35-29)) of the t o t a l pore volume of that bed. 

Based upon these data and assumptions i t was calculated that the f i r s t flood 
o i l would reach the producing well about 11 months a f t e r the water i n j e c t i o n was 
begun. The peak rate of o i l production probably would occur about 6 months l a t e r . 
I t was calculated that the l i f e of the flood to an economic l i m i t of 1 percent o i l ; 
i n t o t a l f l u i d would be about 7 years and that during t h i s time approximately 3,47<j> 
barrels of o i l per acre would be recovered from t h i s sand. —-— 

Because early i n the l i f e of the flood several of the more permeable beds would 
be depleted of o i l and would be producing mostly water, provisions should be made to 
handle comparatively large volumes of water. 

Lease 2 

Water-flooding calculations were made f o r a second lease included i n area A, 
where the average thickness of the upper member of the F i r s t Healdton sand was 21.4 
feet at approximately 1,000 fe e t . 

Analyses of the one cored well were considered to be representative of the sand 
underlying the flood area, where the assumed spacing was 900 feet between l i k e wells. 
These analyses showed that the porosity of individual core samples ranges between 19.0 
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and 28.3 percent and that the o i l saturation ranges between 24.5 and 49.3 percent. 
I t i s e n t i r e l y possible that these cores were somewhat flushed and that the o i l 
saturation of the sand would be greater than that of the core samples. The perme­
a b i l i t y of the core samples ranged between 15 and 548 millidarcys. 

Calculations based upon the data presented i n the core analyses indicate that 
at an i n j e c t i o n rate of 500 barrels per day per well the f i r s t f l o o d - o i l production 
would be obtained 1 year after i n j e c t i o n was begun, and that the peak rate of o i l 
production would be reached very soon thereafter. During the estimated 6 years of 
flood l i f e , a t o t a l of 1,756 barrels of o i l per acre would be recovered at a l i m i t i n g 
r a t i o of 1 percent o i l i r T l ^ t s j r T T u i d . 

I f the o i l saturation of certain beds were as low as indicated i n the core 
analysis, large volumes of water would be produced early i n the l i f e of the flood. 

The above calculations are exemplary only, and the conclusions should not be 
construed as predicting the actual water-flood behavior of any particular lease. 
These data and discussions are presented to encourage o i l operators to examine the 
water-flooding p o s s i b i l i t i e s of leases i n the Healdton o i l f i e l d . 

APPENDIX 

Calculations of Porosity and Water Saturation from Electric Logs 

Archie (l4) and other investigators have studied the relationships between elec­
t r i c a l r e s i s t i v i t y , porosity, and water content of a formation. Since, i n most cases, 
brine is the only conductor of an e l e c t r i c current i n a sand, the measured e l e c t r i c a l 
r e s i s t i v i t y of the sand is inversely proportional to the porosity and water saturation 
of the sand. The relationship f o r brine-saturated sands i s expressed by the equation: 

(A) Eo -m _ 

Bw ~ > 

where: 

Eo = r e s i s t i v i t y of brine-saturated sand, ohm-meters; 

Bw = r e s i s t i v i t y of brine, ohm-meters; 

P = porosity, f r a c t i o n ; 

m = cementation factor; 

and F = formation r e s i s t i v i t y factor. 

For o i l sands p a r t l y saturated with brine the equation becomes: 

(B) F = W°Bt ; 
Ew 

where: 

W = brine saturation, f r a c t i o n ; 
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n = a positive exponent, approximately 2; 

Rt = true r e s i s t i v i t y from e l e c t r i c logs, 
and F and Rw are the same as defined above. 

F i f t y - e i g h t clean core samples of the f i r s t , second, t h i r d , and f o u r t h Healdton 
sands were saturated under vacuum with formation brine. The saturation of these 
cores ranged from 57 t o 100 percent of the pore volume as measured using helium. Any 
relationship between t h i s percentage of brine saturation and other measurable proper­
t i e s of the core was not apparent. 

The formation r e s i s t i v i t y factor (Ro/Rw) and other measured properties of each 
core are shown i n table 5 (p. l 6 ) . A plot of these formation r e s i s t i v i t y factors 
versus percent porosity i s shown i n figure 42. Considering the entire range of 
porosity between 2 and 33 percent, the scattering of data may be assumed to l i e 
w i t h i n a band, the slope of which is minus I.67. However, f o r porosity values 
between 18 and 32 percent, which includes most of the oil-productive sands i n the 
Healdton f i e l d , there i s no such alinement of the data and consequently no assurance 
that porosity calculations based upon an exponent of minus 1.67 would be v a l i d . The 
spread of the data is not explainable. 

The conception that clays or other solids were made conductive by water absorp­
t i o n was suggested by Patnode and Wyllie (33) • DeWitte (3k) pointed out that the 
conductivity of these solids i n association with conductive li q u i d s i s not constant, 
and, although related to the brine r e s i s t i v i t y and the percent of brine saturation, 
i t i s not e n t i r e l y dependent upon these factors. 

I n an attempt to make quantitative use of e l e c t r i c logs t o calculate porosity 
and brine saturation of a sand, i t i s important to determine the presence or absence 
of conductive solids. The presence and significance of conductive solids, when 
associated with brines of di f f e r e n t s a l i n i t y and r e s i s t i v i t y , should be indicated 
by lower Ro/Rw values f o r saturation with less saline brines. When i t i s associated 
with the more re s i s t i v e brines, the conductivity of any conductive solids would have 
a greater r e l a t i v e value. Given below are r e s i s t i v i t y measurements of four brine 
solutions at 76 0 F. and of f i v e cores saturated with each of these brines at the 
same temperature. 

Chloride content, 
p .p .m. 1,000 2,000 10, 000 100 ,000 

Brine r e s i s t i v i t y , 
Rw 0.0 349 0.0189 0.00514 0.00065 

Core No. Ro Ro/Rw Ro Ro/Rw Ro Ro/Rw Ro Ro/Rw 
2808 0.7386 21.157 0.4031 21.268 0.0958 l8.6"42 0.0123 18.987 

.1924 5.510 .1160 6.120 .0376 7.316 .0047 7.282 

.8925 25.564 .5396 28.470 .1134 22.080 .0148 22.858 
2&lk .U-512 12.925 .2686 14.172 .0709 13.803 .0088 13.670 
2827 .2907 8.327 .1740 9.181 .0373 7.253 .0044 6.855 

A trend of lower formation r e s i s t i v i t y factors (Ro/Rw) accompanying the higher 
b r i n e - r e s i s t i v i t y values may be indicated by cores 2809 and 28l4. A decrease i n the 
Ro/Rw values f o r the more-concentrated brine saturations, as shown f o r cores 2808, 
2812, and 2827, is more d i f f i c u l t to explain. Possibly a l l of these differences are 
w i t h i n the l i m i t s of accuracy of the measurements and are not conclusive evidence as 
to the presence or absence of conductive solids i n the formation. 
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Resistivity measurements at a series of different brine saturation vere made on 
three core samples. The r a t i o of the r e s i s t i v i t y of the core partly saturated to 
that of the core completely saturated (known as the r e s i s t i v i t y index) was plotted on 
logrithmic paper versus the percentage of brine saturation. The water-saturation ex­
ponent, n i n equation (B), i s the slope of the average line of such a plot and should 
approximate 2.0. The summarized results of the r e s i s t i v i t y measurements on the three 
cores are as follows: 

Porosity, Permeability, Formation Water-saturation 
Core No. percent millidarcys factor F exponent n 

2808, 28.7 1,200 8.1 1.874 
2812., 15.1 12 24.2 1.115 
28l4.. 25.6 500 11.2 2.97 

Only for core 2808 did the slope of the average of the water saturation versus 
resistivity-index curve approximate the experimental value of 2.0 as set f o r t h by 
other investigators. Because neither a porosity exponent m or a water-saturation 
exponent n could be calculated from the data with reasonable accuracy, i t was assumed 
that computations by Archie's basic equation would not be v a l i d . Graphical solutions 
were then considered. 

Separate plots were prepared on logrithmic and semi-logrithmic paper f o r 58 
Healdton core samples, the formation r e s i s t i v i t y factor was plotted versus a i r poros­
i t y , water porosity, permeability, and a product of porosity times permeability. The 
wide scattering of points on logrithmic paper again indicated that one exponent would 
not f i t a l l the data and satisfy Archie's basic equation. On semilogrithmic paper 
the points f e l l more nearly along two straight lines, the slopes of which differed i n 
the high and low porosity ranges. However, i n the range of porosities between 20 and 
32 percent, the slope of the average was very f l a t , indicating a wide divergence i n 
porosity for a slight change i n the formation r e s i s t i v i t y factor. I n general, i t 
appears that the formation r e s i s t i v i t y factor of these cores is more closely related 
to permeability than to porosity. 

Forty oil-productive sand zones i n 13 wells were e l e c t r i c a l l y logged and cored. 
Sixteen of these beds on which core analyses were available were selected to compare 
porosity values graphically calculated from electric logs with those determined i n 
the laboratory. 

A water-saturation value, estimated from the relationship between water satura­
t i o n and permeability ( f i g . 15), was used for each bed. Formation r e s i s t i v i t y fac­
tors were calculated by equation (B), using water-saturation exponents 2 and I.87 
and the true r e s i s t i v i t y values from electric logs. Using these formation r e s i s t i v i t y 
factors, porosity values were read from figure 42. The calculated porosity values 
differed widely from porosity values measured i n the laboratory. Calculated porosity 
values approached those measured i n the laboratory In only 5 of the 16 beds studied. 

Considerable data are available from oil-base-mud cores and restored-state meas­
urements (see f i g . 15) to show that the average connate-water saturation of most of 
the Healdton sands ranges from 10 to 20 percent. Since calculated porosity values 
are roughly inversely proportional to the square of this low connate-water-saturation 
value, a slight error i n assumed connate-water saturation i n this range, results i n a 
large error i n computed porosity values. Usually electric logs are used with an e s t i ­
mated porosity to calculate the water saturation of a sand bed, but i n the Healdton-
f i e l d study i t was considered that the exact connate-water saturation was less valu­
able i n reservoir calculations than a reasonable porosity value. 

After considering the matter from a l l viewpoints, i t was decided that electric-
log r e s i s t i v i t y measurements could not be used with any degree of accuracy to calcu­
late porosity. 
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