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Ihe ooject of tue testimony to be offered at this hearing 

is to present aa analysis of the relationship between well density and 

ultiaate o i l recovery in tne r owler Field, Lea County, liew Mexico. 

Specifically, we w i l l consider the variation ia recovery to be expected 

between i+3 acre and 60 acre develop'oent pro^raas. 

Io accomplish this objective i t is necessary that ve present 

certain exhibits settling forth basic engineering and geological data on 

the f i e l d , »ath this information available i t i s passible, through the 

use at well known ana accepted basic principles which govern the flow of 

fluids tiu-ou^h permeable rock, ta calculate the effect of well density on 

ultimate recovery. On the basis oi' an investigation of this type i t w i l l 

be shown tuat there is no appreciable variation in ultiaate recovery for 

well densities of uO and oO acres. 

The procedure followed in arriving at this conclusion is based 

on tiie assumption that continuous permeability development exists through­

out trie reservoir, ihe validity of this assumption can be established only 

by conducting a well planned and properly executed interference test in 

the f i e l d in question. Such a test has been conducted in the Fowler i i e l d 

and, as w i l l be shown later, tiie results obtained furnish positive proof 

of continuous permeability development within the Ellenbarger reservoir. 

Accordingly, we w i l l take tae position that tiie theoretical approach em­

ployed i i i analyzing trie effect of well spacing on ultimate recovery is 

coiaplelely justified and thereby satisfactorily demonstrates the adequacy 

of 60 acre spacing in the Fowler /ield. 



axhihi ts l throuiih k -

Geological exhibits to be presented oy JSr. torn, ingraa. 

lacnibit ao. $ - v r̂oss Section jj-A*: 

4s indicated on the index mp in the lower l e f t hand corner of 

the exhibit, fciis cross section extends tarou^a unit wells Wos. 6, 2, 3* 

and 5» -ihe electric lo& aaa available core data are shown for each of 

these wells from waxen it will be observed that the pay characteristics 

are such that it xs impossible to correlate porosity and penreability 

development from one well -to another^ "t'nxs is a characteristic feature 

of Ellenburoer reservoirs where tiie bulk of tiie oil is contained in 

fractures and vugs. It will be further noteu tiiat the porosity develop­

ment id of a low order of ssagnitude, averaging between 1 and 3 percent 

of the total rock volume. 3he low porosity development is characteristic 

of the majority oi' the idlenburger reservoirs in «ew Mexico and West 

iexas. readability development is erratic; however, it compares favor­

ably wita other Ellenburger reservoirs in tne V.est iexas-iiew * Mexico area. 

Exhibit rio. 6 - Gross Section &~ti% s 

A trace of this cross section i s shown on the index iaap i n the 

lower l e f t hand corner of tiie exhibit . I t w i l l be observed that this 

section extends f roa well Wo. k on the Northwest f lank of the Ellenburger 

structure, through tiie discover,,' well which to date i s tue aighest wel l 

i n the f i e l d , down structure through well ao. 3 which i s approximately 

400' lower than South mattix Unit «e l l ao. 1, 

irom observation of tne logs and core data on this cross section 

and 1*ie preceedin& exhibi t , i t w i l l be noted that dense intervals are 

present at various points throughout tiie pay. I f these dense sections 

could be correlated from one well to another there would, of course, be 
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good reason to expect poor ver t ica l comtaunication within tne reservoir; 

however, since these intervals obviously are not correlatable from one 

well to another, coamunication i n a ver t i ca l direction i s to oe expected, 

the va l id i ty oi* th is observation i s borne out by f i e l d test data which 

w i l l be presented i n a subsequent exhibi t . 

Exhibit no. 7 - Fowler Field Perforaaaee history? 

l i i i s graph indicates data which have been accumulated since 

tiie discovery ol" t i e /owler f i e l d i n May, 19k9» Ihe upper curve indicates 

the nuiaber oi' wells as a function of time f roa wolc;* i t w i l l be noted that 

there are presently six producing wells i n the f i e l d , the seventh well 

is currently d r i l l i n g at a depti of approximately ________ fee t , 'ihe next 

curve indicates ciumHative o i l production up to July 1 , 1952, a t which 

time 5c?,Q0Q barrels of c i l had been produced from toe f i e l d , i-roxa the 

pressore-time relationship i t w i l l be observed that the bottom hole pressure 

has declined from an i n i t i a l value cf 4300 psia . , to 3670 psia. i n Hay, 1952. 

Attention i s called to the f a c t , however, that tiie pressure i s s t i l l well 

aoove the bubble point oi 2h5'Q psia , , waica accounts f o r tae rapid decline 

observeu to date. 

Ut i le tae type oi' reservoir control has not yet been determined, 

vie pressure nistory suggests toe absence of a water drive, i n which case 

tae bottoa hole pressure may be expeetea to decline along tiie presently 

established trend u n t i l the bubble point i s reached. At this time a pro­

nounced f la t ten ing may be expected to occur, inasmuch as tne pressure i s 

s t i l l wel l above tiie bubble point, no increase i n gas-oil ra t io has been 

observed, AS indicated on toe graph, the solution gas-oil r a t i o , as 

determined f r o a bottom hole sample analyses, i s on toe order of 1,020 

cubic iee t per barrel, ihe lowermost curve snows monthly o i l production 



as a function of time* with, continued development toe monthly withdrawals 

have, oi course, increased and reached a peak value of 31,000 barrels 

during t i e :aonta of i-larch, 1952. ihe saarp reduction i n withdrawals 

indicated f o r the aonth of Hay, 1952, was occasioned by the o i l strike* 

mxiXuxt ^o. 6 - Fowler f i e l d drude Characteristicst 

This Lxaibit indicates toe volume of gas i n solution i n the 

crude, o i l viscosity, and t i e reservoir volume fac to r , a l l as a function 

of pressure ana at a te-.iperature of 144%. As indicated on toe graph, 

toe bubble point pressure i s appraxiaately 2450 psia . , with a solution 

gas-ail ra t io of 1,020 cubic feet per barrel , ihe reservoir voluae factor 

i n i t i a l l y was 1.5110 and increases gradually with toe reduction i n pressure 

to a aaxiamat value of 1.5625 at toe bubble point. ih is aeans simply that 

a t a pressure of 2482 psia. a barrel of stock tank o i l on the surface 

occupies a volume of 1.562 barrels i n toe reservoir. From the viscosity 

pressure relationship, i t w i l l be observed that the o i l viscosity i n i t i a l l y 

was approximately 0.3? eeutApoise and i s reduced to a value of 0.31 at toe 

babble poxnt. Attention is called to the fac t that this i s aii unusually 

low crude viscosity arid i s a characteristic waich w i l l enable higher re­

coveries than would be possible i f the viscosity were substantially higher, 

this wxl l be toe case regardless oi whether the reservoir developes a water 

drive or operates essentially under volumetric control . 

Exhibit ao. 9 - Suamary of Productivity Index feats , Fowler Fields; 

Curing toe course of developing toe Fowler Fie ld , dtanoliad has 

conducted carefully planned productivity index tests on a l l wells i n toe 

f i e l d wit:i tiie exception of unit well ao, 3, wiiich i s being used as the 

control well in an interference test . 

results of tnese tests are summarized on this exhibi t , x t w i l l 
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be observed taat tiie measured j j s i varied froa the minimum of 0*14 on South 

tf&ttix unit *«o* 5 to 10 on unit Well Mo, h, i t should be noted, however, 

that tiie f u l l ellenburger section is not exposed in any of tiie wells, 

taking this into consideration and applying a simple correction factor, 

i t is possible to determine tiie true productivity capacity of the total 

section i i i each of these wells, froa wuich tie average permeability for 

tiie total section may be determined, 

Umortonately a l l wells were not cored, however, in the two 

wells (unit .ell aos. k and 5) where P.l. tests and representative core 

data are available, i t w i l l be observed that the calculated permeabilities 

agree rejoarkably well with the values measured on cores in the laboratory, 

dince tae calculated permeability values were deteriaiaed by assuming that 

tne f u l l iilleiiburger section was contributing production, i t necessarily 

follows triat good vertical cossminication exists throughout toe formation* 

this bears out a previous state;ient toat tight intervals observed in a 

particular well should not be regarded as reflecting poor vertical common* 

ications throughout tie reservoir, 

fixhibit rfO* 10 « Calculated differences in recovery, hO versus 80 acre 

Spacing; 

hs stated previously, toe type of reservoir control has not 

been def in i te ly established f roa to© performance history observed to datej 

however, the date suggest a volumetric reservoir* Accordingly, we have 

made certain calculations which assume taat solution gas w i l l be toe p r i n ­

ciple source of energy contributing to toe expulsion of o i l f r oa toe 

reservoir, ihe method ox attack is general and is not l imi ted to any 

particular volumetric reservoir, however, pertinent variables used i n the 

calculations have been selected so as to be of the order of magnitude of 
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those found i n tne bowler f i e l d . Accordingly, the quantitative values 

exhibited w i l l apply only to a f i e l d i n wiiicu tne reservoir and f l u i d 

characteristics are similar to those i n toe fowler F ie ld . 

calculations have been worked out fo r wel l densities of kQ and 

So acrea pei" w t l l and f o r PI values of 1 and 10 barrels/day/psi. Ihe 

problem considered i s represented by t i e key map on toe l e f t hand side 

oi" this exhibi t , on wnich are shown locations of the s ix wells completed 

to date, Aiown i n red i n between wells ho. 1 and ho. 6 i s a regular hO 

acre location, 

lue graph to the r igh t shows calculated o i l saturation d i s t r i ­

bution to tae area surrounding the toree wells . I t i s apparent that the 

only e f fec t with regard to recovery ef f ic iency, of d r i l l i n g toe hQ acre 

location, woula be to develop a small saturation sink i n toe immediate 

v ic in i ty of that w e l l , -.lis e f fec t ia perhaps more clearly demonstrated 

by toe tabulation shown on the exhibit which compares recovery efficiency 

expressed as a percent of the o i l i n i t i a l l y i n place f o r hO and 80 acre 

densities and f o r PI values of 1 and 10. I t w i l l be observed that f o r a 

PI of 1 barrel/oay/psi. , recovery f o r a hO acre location would be 31.82 

percent as eoiapared to 31*16 percent f o r an 80 acre location. Tnis rep­

resents an increase of only O.dlj. percent as a result of doubling the 

wel l density, /o r a PI of 10 the recoveries are 35.1*2 and 35.3h percent 

respectively, aii increase of only 0*96 percent. 

while we have considered the effect of well density on ultimate 

recovery i n a reservoir i n which the solution gas i s toe principle source 

of energy, i t saould be pointed out that even i f the reservoir develops a 

water drive or i f gravity drainage plays an i-aportant part i n toe recovery 

mechanise, t i e affect of wel l spacing on ultimate recovery would be 

- 6 -



essentially tue same as we have indicated on tois exhibi t . For example, 

trie s t a t i s t i c a l analyses of Crase and huckley,* waich considered the per­

formance data of approximately 70 water drive f i e l d s , f a i l e d to indicate 

any pronounced variation i n recovery eff iciency wito well density, 

iachibit ao. H - interference lest uata, fowler f i e l d ; 

Up to this point we have considered the effect of well density 

on ultimate recovery as determined f r o a tiie application of certain basic 

physical principles wnich govern tiie flow of f l u i d s i n a reservoir having 

continuous permeability development. Opponents of wide spacing frequently 

point to tae assumption of continuous permeability i n an o i l reservoir as 

being unreal is t ic , ihey ta&e trie position that as a result of lent icular -

i t y within tae producing horizon wiiereby segments of pores and permeabls 

o i l saturated rock are completely isolated from other permeable beds, the 

method of analysis u t i l i z e d i n calculating; ultimate recovery i s not v a l i d . 

I t aoould be pointed out, however, that situations of this type are not 

to be anticipated i n dolomite limestone beds due to tiie manner i i i which 

porosity was developed i n these formations, th is has proved to be the 

case i n every carbonate reservoir which we have investigated i n the Hew 

i^exieo-west lexas area, including the fowler f i e l d . 

ihe va l id i ty of tne assumption of continuous permeability de­

velopment is borne out by interference test data accumulated over a period 

of 16 months i i i this f i e l d , the results of which are shown on this exhibit* 

As indicated on the time scale this test was i n i t i a t e d on jferch 15. 1951, 

and i s s t i l l i n progress. In conducting t i i s tes t , permission was ob­

tained to transfer the allowable from Unit well ho. 3 to toe remaining 

wells i n toe i i e l u * lae location of toe control well with respect to 

*«. d. uraze and S. G. Buckley, nA factual Analysis of 
•tie a f fec t of .<ell Spacing on Oi l Recovery*, API Drlg. 
and Proa, f r ac . , (1945), lhh-59. 



other wells on tiie lease i s shown on the key imp* Since i n i t i a t i n g 

tae test , pressure measurements have been made with a calibrated 

bottom-hole pressure bomb as oaten as deemed necessary i n order to 

accurately- establish tue pressure decline relationship as a function of 

time, i t w i l l be ooserved that a f te r shutting i n well i<o. 3* pressure 

remains constant at approximately 3955 psia. over a period of approximately 

hi? days, a f t e r w.iicn the pressure began to decline. Buring the 16 months 

that this interference test lias been i n progress a pressure decline of 

around 300 ps i . has been observed, thus furriishing positive proof of 

continuous permeability development wi thin toe reservoir and demonstrating 

tne adequacy of toe 60 acre spacing pattern. 

Attention is also called to toe pressure value measured i n South 

lifettix Unit i*o, 6, i»-aediately af ter completion and before toe well had 

produced any o i l . this well was cQuieted on A p r i l 26, 1952, wito a 

pressure of 3650 psia . , wnica i s 650 pounds oelow toe or ig ina l reservoir 

pressure, 'iais i s fur ther indication of continuous permeability develop­

ment wxtoin tne reservoir. 


