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WATER AND CRUDE OIL PRODUCTION - THOUSANDS OF BARRELS PER YEAR 



EXHIBIT #1-A - CASE 1635 
BEFORE THE OIL CONSERVATION COMMISSION, REGULAR HEARING MAY 13, 1959 

PRODUCTION STATISTICS RELATING TO EXHIBIT #1 - PRODUCTION DECLINE CURVE 

BARRELS BARRELS 
YEAR OIL WATER 

Cumulative 
to 3-1-59 56,300 14,600 
Balance 1959 4,000 10,000 
1960 4,000 13,000 
1961 3,300 14,000 
1962 2,500 14,000 
1963 2,200 15,000 
1964 1,800 15,000 
1965 1,500 16,000 
1966 1.500 16,000 

Totals To Depletion 77,100 127,600 



EXHIBIT #2 - CASE 1635 
BEFORE THE OIL CONSERVATION COMMISSION, REGULAR HEARING MAY 13, 1959 

MAXIMUM CONTAMINATION 
(I f A l l Water Produced is Placed in 40 Acres of Fresh Water Zone) 

RECOVERABLE WATER RESERVE 

40 Acres x 50* Net Sand = 2,000 Acre Feet Sand 

2,000 Acre Feet x 30$ Porosity = 600 Acre Feet Water 

600 Acre Feet x 7,760 Barrels/Acre Foot - 4,656,000 Barrels Recoverable Water 
of 90 ppm Chloride Content 

HOBBS FTET.T) WATER TO BE PRODUCED TO DEPLETION 

Produced to April 1, 1959 
To be Produced to January 1, 1967 
Total placed in Pit, with 
5,000 ppm Chloride Content 

14,600 Barrels 
113,000 
127,600 Barrels 

(16.4 Acre Feet of Water) 

RESULTANT CONTAMINATION 

127,600 x 5,000 
4,656,000 x 90 

638,000,000 
419,040,000 

4,783,600 Barrels Total Water 1,057,040,000 ppm Chloride Content 

Resultant ppm Chloride in Reservoir - 1,057,040,000 
4,733,600 

= 221 ppm * 

* 250 ppm is accepted by a l l authorities as approved potable water 



EXHIBIT #3 - CASE 1635 
BEFORE THE OIL CONSERVATION COMMISSION, REGULAR HEARING MAY 13, 1959 

CONTAMINATION LESS OVERBURDEN CAPACITY 

30* Surface Overburden x 40 Acres = 1,200 Acre Feet 

1,200 Acre Feet x 10$ Porosity = 120 Acre Feet Necessary to F i l l 
Before Water Reservoir is Reached 

IF ONLY 5 ACRES IS WET (UNDER 467* SQUARE) BY PERCULATION, 
THEN VIRTUALLY ALL 16.4 ACRE FEET OF HOBBS FIELD WATER IS 
CONTAINED IN THE OVERBURDEN - AND NO CONTAMINANT REACHES 
THE FRESH WATER. 



EXHIBIT #4 - CASE 1635 
BEFORE THE OIL CONSERVATION COMMISSION, REGULAR HEARING MAY 13, 1959 

EXPECTED LOSS OF REVENUE TO STATE OF NEW MEXICO AND ITS AGENCIES 
IF PREMATURE ABANDONMENT IS MADE 

20,800 Barrels Oil (See Exhibit #1 and #1-A) 

2,600 Barrels (l/8th) are State Royalty at $2.70 

I 7,020 - Loss to: Blind Asylum - 1/2 at $3,510 
Deaf & Dumb School - 1/2 at $3,510 

2,280 - Loss to State from Production Taxes 
© 4.64$ of (20,800 - 2,600) Barrels x $2.70 

$ 9,300 - Total Loss to State and Agencies 
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EXHIBIT #5-A - CASE 1635 
BEFORE THE OIL CONSERVATION COMMISSION, REGULAR HEARING MAY 13, 1959 

ECONOMIC LIMIT OF PRODUCTION 

90 BOPMo. @ #2.70 $243 
Less 3/l6th Royalty 46 

197 
Less 4*64$ Production Tax 9 

188 

$183 

Less Lea County Property Tax 

Less Lifting Costs: 
Labor $ 50 
Overhead,Supervision 35 
Power B i l l 50 
Oil & Water Chemical 15 
Rod Jobs & Pump 
Repair 3_3_ 

Net Revenue Per Month $000 



taken from Preliminary Geologic Map of 
the Southeastern Part of New Mexico 

1958 
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Extracted from 

HIGH PLAINS, OR LLANO ESTACADO, TEXAS-NEW MEXICO 

by Carl Gaum, United States Geological Survey 

THE PHYSICAL AND 
ECONOMIC FOUNDATION OF NATURAL RESOURCES 

VOLUME IV 
.SUBSURFACE FACILITIES OF WATER MANAGEMENT AND 

PATTERNS OF SUPPLY--TYPE AREA STUDIES 

I n t e r i o r and I n s u l a r A f f a i r s Committee 
House of Representatives, United States Congress 

19&3 

GROUND WATER 

The Water-Bearing Formation 

In the Llano Estacado—as i n most other p a r t s of the High P l a i n s — t h e 

s t o r y of ground water i s l i n k e d c l o s e l y w i t h the h i s t o r y of the b u i l d i n g 

and subsequent d i s s e c t i o n of a vast piedmont a l l u v i a l apron east of the 

Rockies (see ch. 4 ) . The O g a l l a l a f o r m a t i o n , comprising the m a t e r i a l s 

of which t h i s a l l u v i a l p l a i n was b u i l t , i s the dominating ground-water 

r e s e r v o i r of the region (see f i g . 6,8). The boundaries of t h i s forma­

t i o n are e s s e n t i a l l y the boundaries of the r e s e r v o i r , and indeed of the 

Llano Estacado. Over a l l the High P l a i n s , wherever the O g a l l a l a forma­

t i o n i s t h i n or absent the prospects f o r o b t a i n i n g large ground-water 

supplies are poor indeed. 

At some places on the Llano Estacado the O g a l l a l a formation i s mantled 

by dune sand, by al l u v i u m i n stream channels, or by the clayey m a t e r i a l s 

washed i n t o the countless land-surface depi-essions. Some of these m a t e r i a l s 

may contain s u f f i c i e n t water f o r domestic or stock use b u t , as s u r f i c i a l 



m a t e r i a l s , t h e i r p r i n c i p a l f u n c t i o n i s t h a t they determine the r a t e of 

i n f i l t r a t i o n and downward p e r c o l a t i o n of r a i n f a l l . A mantle of sand or 

gravel f a c i l i t a t e s recharge to the u n d e r l y i n g ground-water r e s e r v o i r ; clay 

and s i l t r e t a r d or even i n h i b i t recharge. 

At some places the O g a l l a l a formation i s t h i n or absent, and there 

the older rocks become c r i t i c a l to prospective ground-water users. Under 

most of the Llano Estacado the rocks immediately under the O g a l l a l a are 

impermeable, or they contain mineralized water, so t h a t g e n e r a l l y they 

are not sources of usable water. In the southwestern part of the p l a i n , 

however, the O g a l l a l a i s u n d e r l a i n i n p a r t by limestone and sand which 

are capable of y i e l d i n g moderate q u a n t i t i e s of water to w e l l s , l o c a l l y as 

much as 1,000 gpm. 

The O g a l l a l a formation i s composed of s i l t and c l a y , sand, g r a v e l , 

and c a l i c h e ; commonly there i s a wide v a r i a t i o n i n m a t e r i a l s w i t h i n short 

distances, both l a t e r a l l y and v e r t i c a l l y . Commonly, though not u n i v e r s a l l y 

as encountered i n w e l l s , the m a t e r i a l i s of coarser t e x t u r e i n the 1^ ver 

p a r t of the f o r m a t i o n , and predominately s i l t and clay i n the upper p a r t . 

From t h i s i t may be deduced t h a t i n the f i r s t stages of the a l l u v i a l - p l a i n 

b u i l d i n g the streams had greater c a r r y i n g power but subsequently, as the 

mountains were worn down and the p l a i n s b u i l t up, they deposited finer-

m a t e r i a l . L a t e r a l v a r i a t i o n i n m a t e r i a l s i s believed to be r e l a t e d to 

distance from main channels of the d e p o s i t i n g streams. For example, the 

t h i c k e s t and most productive water-bearing sands are found i n a wide s t r i p 

roughly p a r a l l e l t o the present White River;- outside t h i s s t r i p there are 

b u r i e d ridges and h i l l s of older rocks. 

Over the Llano Estacado the Ogallala formation ranges i n thickness 



from a feather edge to 600 f e e t or more. I n the 7,000-square-mile i r r i ­

gated area i n Texas the average thickness i s probably 300 f e e t , of which 

about 200 feet i s s a t u r a t e d . Rough c a l c u l a t i o n s i n d i c a t e that the saturated 

zone under that area contains about 150 m i l l i o n acre-feet of water. This 

i r r i g a t e d area covers somewhat less than one-fourth of the Staked P l a i n , 

and the saturated thickness there probably i s greater than average. Allow­

ing f o r these f a c t o r s , a t o t a l storage of 400 m i l l i o n a c r e - f e e t under a l l 

the p l a i n probably i s conservative. 

The water i n the O g a l l a l a has been used s u c c e s s f u l l y f o r i r r i g a t i o n 

f o r many years. I t i s hard, commonly does not exceed 500 ppm ( p a r t s per 

m i l l i o n ) of dissolved s o l i d s , and i t s "percent sodium" i s less than 30. 

Walls that also penetrate i n t o the u n d e r l y i n g limestone and sand commonly 

y i e l d water of poorer q u a l i t y , w i t h dissolved s o l i d s as great as 2,000 ppm. 

Recharge, Movement, and Discharge of the Water 

Recharge to the ground water r e s e r v o i r i n the O g a l l a l a formation i s 

by i n f i l t r a t i o n from r a i n f a l l , from depression ponds, or from s t r e a m s , ^ " 

Recharge d i r e c t l y from r a i n f a l l can occur only when a storm provides more 

than enough water t o s a t i s f y any d e p l e t i o n i n " f i e l d c a p a c i t y " of the s o i l , 

so t h a t some can penetrate through the s o i l zone to the ground water r e s e r v o i r . 

The p o s s i b i l i t i e s f o r such p e n e t r a t i o n v. . g r e a t l y . Most of the Staked 

P l a i n i s u n d e r l a i n by sediments t h a t are cemented by calcium carbonate to 

form c a l i c h e , which probably i s permeable enough t o permit some l o c a l pene­

t r a t i o n . Much less permeable are the widespread clayey subsoils of the 

" t i g h t l a n d s . " By f a r the g r e a t e s t o p p o r t u n i t i e s f o r i n f i l t r a t i o n and pene­

t r a t i o n of rainwater are i n the sandy s o i l s , and p a r t i c u l a r l y i n the sand 

dunes which are of wide extent i n some parts of the Llano Estacado. Recharge 
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of the ground-water r e s e r v o i r i n wet years i s c l e a r l y recorded i n we l l s i n 

these sand-dune areas. 

The numerous depression ponds are also sources of recharge to the ground­

water r e s e r v o i r , as shown by records from w e l l s adjacent to them. Penetration 

probably i s greate s t when the pond l e v e l i s highest, and then diminishes w i t h 

d e c l i n i n g pond l e v e l u n t i l at lew stages the c h i e f loss from the pond i s by 

evaporation. Many depressions are f l o o r e d by s i l t y clay t h a t g r e a t l y slows 

or stops p e n e t r a t i o n . 

I n f i l t r a t i o n from streams n e c e s s a r i l y i s a minor item of ground-water 

recharge, c h i e f l y because the amount of streamflow i s very small, but also 

because at many places the stream beds are r e l a t i v e l y impermeable or are 

about at the l e v e l of the water t a b l e Nevertheless, there are some sandy 

channels several f e e t above the water t a b l e , where c o n d i t i o n s are favorable 

f o r ground-water recharge wuenever there i s r u n o f f . 

A l l these methods of recharge are i n t e r m i t t e n t , and l a r g e l y contingent 

on e x c e p t i o n a l l y heavy p r e c i p i t a t i o n . Because of t h i s , and because of the 

great extent and v a r i a b i l i t y of f a c i l i t i e s f o r recharge, d i r e c t q u a n t i t a t i v e 

determinations of recharge are w e l l - n i g h impossible. However, under n a t u r a l 

c o n d i t i o n s the average r a t e of recharge over a long period of time must be 

balanced by the n a t u r a l discharge from the ground-water r e s e r v o i r . Measure­

ment of the n a t u r a l discharge, which i s comparatively uniform from year to 

year, thus provides also an estimate of average recharge. 

Water i n the O g a l l a l a formation moves ge n e r a l l y eastward, and i s d i s ­

charged by springs and seeps along the eastern escarpment. There i s also 

some n a t u r a l loss of ground water along the western escarpment and w i t h i n 

the p l a i n s , wherever the water t a b l e i s close t o the land surface. I n 
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p a r t i c u l a r , ground water i s t r a n s p i r e d by s a l t grass, marsh grass, sedges, 

and trees t h a t occupy an aggregate area of thousands of acres, c h i e f l y 

along stream channels. 

According t o studies made i n 1938, the n a t u r a l discharge along 75 miles 

of the eastern escarpment, and w i t h i n a 9,000-squaro-mile area ti.at includes 

the p r i n c i p a l i r r i g a t e d area i n Texas, was about 30,000 acre-feet a year. 

This discharge may be' e q u i v a l e n t to the average yearly recharge i n approx i ­

mately o n e - t h i r d of the Llano Estacado. Thus, average y e a r l y recharge to 

the e n t i r e ground-water r e s e r v o i r i s considered to have been at l e a s t 

75,000 a c r e - f e e t , and possibly as much as 150,000 a c i e - f e e t . 

Since 1938 the position of the water table has not changed appreciably 

in the areas of natural discharge along the eastern escarpment, but i t has 

declined several feet beneath the lowlands along stream courses Thus i t 

i s l i k e l y that the natural discharge today i s only s l i g h t l y less than in 

1938. 



CASE 

Number of A p p l i c a t i o n s to Appropriate Water 

i n Nine Townships, Lea County, New Mexico 

R. 37 E. R. 38 E. R. 39 E. 

T. 17 S. 94 : 165 23 

T. 18 S. 58 635 45 

T. 19 S. 100 253 14 

Subtotal 252 1,053 82 

Tot a l 1,387 

May 1959 



Number of Applications to Appropriate Water, 
Per Section, in Nine Townships, 

Lea County, New Mexico 



HOBBS POOL PRODUCTION 1954-1958 



Extracted from 

OIL AND GAS PRODUCTION 
by 

Engineering Committee, Interstate O i l Compact Commission 
University of Oklahoma Press 

1951 

p. 45 The Water-drive Reservoir 

"The performance of water-drive reservoirs i s t y p i f i e d by a ^slight 
decline i n pressure, very l i t t l e change in producing gas-oil r a t i o s , and 
a steady increase i n the volume of water produced per well. Th>; f i r s t 
water production comes from those wells near the water-oil contact. As 
the reservoir i s depleted, the water-oil contact moves up structure. 
Eventually water i s produced from a l l wells i n the structure." 

Extracted from 

PHYSICAL PRINCIPLES OF OIL PRODUCTION ^ 

, D y j ^ i ^ A / E , NEW MEXICO 
M o r r i s Muskat 

McGraw-Hi l l Book Company, Inc 
1949 

pp. 368-369 

"There are commercially productive o i l f i e l d s that are e f f e c t i v e l y sealed, 
throughout t h e i r producing l i f e , from contact or interaction with water-bearing 
s t r a t i However, the majority thus far discovered are bounded by and i n f l u i d 
intercommunication with water-bearing reservoirs The existence of such water 
reservoirs i s usually established by the "dry" holes-generally water productive 
only-delineating the oil-productive area.. ... .Because of the lower compressi­
b i l i t y of water i t s f r a c t i o n a l expansion i n volume on pressure release w i l l be 
lower than for the o i l , However, when a mobile contiguous water reservoir is 
present at a l l , i t s area w i l l often be very much greater than that of the o i l 
reservoir, so that i n spite of i t s lower compressibility the t o t a l expansion 
volumes may exceed the whole of the o r i g i n a l reservoir o i l volume Thus, 
whereas the great majority of known o i l f i e l d s have areas less than 10 sq. 
miles,* water reservoirs extending over 1,000 sq„ miles are not at a l l uncommon. 
Moreover, while there i s l i t t l e specific evidence on the subject, i t may be 
anticipated that at least i n some water reservoirs the decline i n pressure may 
be followed by gas evolution, similar to that i n the o i l zone, and may thus 
result i n an ef f e c t i v e compressibility even larger than that of the bubble-
point o i l . 

"In addition to the expansion i n volume of the f l u i d content of a water 
reservoir due to pressure release, an additional source of water that nay be 
available for ultimate entry i n t o the adjacent oil-bearing reservoir is pro­
vided by the drainage of surface waters i n t o exposed outcrops of the formation. 
In general, however, the contribution, i f any, due to surface waters is very 
small as compared with the expansion volume of the o r i g i n a l water content and 
may be neglected , except when otherwise i t i s known to be of significance 

*In fact a s t a t i s t i c a l analysis shows that i n t h i s county i t i s only in 
Pennsylvania and in the Texas Panhandle that a majority of the f i e l d s cover 
surface areas exceeding 1,000 acres. 



DISPOSITION OF HOBBS POOL WATER PRODUCTION 



BEFORE THE 
,.OIL CONSERVATION COMMISSION 

r,-- SANM FE, N:W MEX,, * 
' - • ;;„B|Hi6IT N o . V . 

CASE / • - / v • _ 



t 

Mapenza 1-A State, looking northwest towards evaporation p i t 

n u BEFORE THE 

C^-SANTA K, NEW mm^ 

CASE / / . *.<r 

Mapenza battery ami separators, looking, north towards evaporation p i t 

Mapenza evaporation p i t , located_18.37.M.44.0, looking northeast 
i 



CALCU1 .ATIONS OF EVAPORATION FROM MAPENZA 1-A STATE DISPOSAL PIT, HOBBS, NEW MEXICO 

A. No o i l f i l m on water surface. 

Estimated annual evaporation from land pan, Hobbs, New Mexico. 98.75" 
Based on 10 year average at Portales, New Mexico, 91.10", m u l t i ­
p l i e d by f a c t o r , 1.084, t o c o r r e c t f o r d i f f e r e n c e i n evaporation 
r a t e cine to d i f f e r e n c e i n e l e v a t i o n . a , c 

Est i ma ted annual evaporation of b r i n e , Hobbs, New Mexico. 'J 59.25" 

Annual average p r e c i p i t a t i o n , Hobbs, New Mexico. Based on 14.99" 
32 year average. 1 

Ne! annual evaporation, Hobbs, New Mexico. 44.2(>" 

- 3.688' 

O i l f i l m on water surface. 

Estimated annual evaporation from land pan, Hobbs. New Mexico. 
Based on 10 year average at Portales, New Mexico, 91.10", m u l t i ­
p l i e d by f a c t o r , 1.084, to correct f o r d i f f e r e n c e i n evaporation 
r a l e due to d i f f e r e n c e i n e l e v a t i o n . a , c 

98 . 

Estimated annual evaporation from f r e e water surface, Hobbs 
New Mexico. ^ 

69.13" 

Estimated annual evaporation of o i l f i e l d b r i n e c o n t a i n i n g a 
small amount of o i l . P r e l i m i n a r y experiments i n d i c a t e o i l f i e l d 
b rine c o n t a i n i n g a small amount of crude o i l evaporates o n e - t h i r d 
as f a s t as fr e s h water. 

22.81" 

Annual average p r e c i p i t a t i o n , Hobbs, New Mexico. 
32 year average. c 

Net annual evaporation, Hobbs, New Mexico. 

Based on 1 4.99 

7 .82' 

0 . 65 ' 

Applying these f i g u r e s to the Mapenza p i t dimensions: 

A. 80' x 80' x 3.688' = 23,603 c u . f t . / y r . 
.. . = 4,204 bb l s . / y r . 

80' x 80' x 0.65' 4,160 cu. f t . / y r . 
741 b b l s . / v r . 

Annual water production Mapenza 1-A State 
Annual evaporation, c o n d i t i o n A 

Annua I. water product ion Mapenza 1-A State 
Annual evaporation, c o n d i t i o n B 

5,418 bbls. 
4,204 bbls 
1,244 bbls 

5,448 bbls 
7 41 bb1s 

"TO"? bbls 
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OXLCULATIONS OF EVAPORATION FROM MAPENZA 1-A STATE DISPOSAL PIT, HOBBS, NEW MEXICO 
(Continued) 

New Mexico A W R Coordination Committee, 1953, "Tenative Plans for Development of 
Land and Water Resources, New Mexico Portion, A W R River Basins", p. 54. 

Hale, W. E., et a l , 1954, "Possible Improvement of Quality of Water of the Pecos 
River by Diversion of Brine at Malaga Bend, Eddy County, New Mexico", Water 
Resources Division, U. S. Geol. Survey, p. 39. 

State Engineer Office, 1956, "Climatological Summary of New Mexico", Tech. Rept. No 

State Engineer Office, 1956, "Climatological Summary of New Mexico", Tech. Rept. No 



Set-up of barium bromide experiment(1127) 
Blue barium bromide at bottom of flask 
t h i r t y minutes after introduction(1137) 

Pea-gravel and sand 26 hours and L_ hours, Introduction of 20 ml of brine into 200 
respectively, after introduction of blue of d i s t i l l e d water 
barium bromide 
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" I n t r u s i o n of O i l - f i e l d B r ines" 

" i n the o i l f i e l d s of the area considerable brine i s produced w i t h 
the crude petroleum, although the r e l a t i v e amounts of o i l and s a l t water 
produced vary widely i n d i f f e r e n t w e l l s and i n w e l l s from d i f f e r e n t pro­
ducing f o r m a t i o n , and depend i n pa r t on the age of the o i l f i e l d . T y p i c a l 
o i l - f i e l d b r ines from t h i s area c o n t a i n from about 14,000 t o about 145,000 
parts per m i l l i o n of c h l o r i d e (Schoewe, 1943, pp. 52-59). 

"Schmidt and Devine (1929, p.8) l i s t the f o l l o w i n g means by which the 
disposal of o i l - f i e l d b r i n e s may be e f f e c t e d : (1) "evaporation" pohds, 
(2) evaporation f o r recovery of dissolved c o n s t i t u e n t s , (Ll) d i v e r s i o n i n t o 
surface streams, and (4) r e t u r n t o subsurface formations. I n t h i s area, 
as i n most other p a r t s of Kansas, o i l - f i e l d brines have been disposed of 
mainly by methods (1) and ( 4 ) , as method (2) ge n e r a l l y i s not p r a c t i c a b l e 
unless a s u f f i c i e n t q u a n t i t y of rare s a l t s can be recovered, and method 
( ' ) i s p r o h i b i t e d by law. 

"The dispo s a l pond or so-called "evaporation" pond was the most com­
monly used means of handling s a l t water i n the o i l f i e l d s of the area u n t i l 
r e l a t i v e l y r e c e n t l y , owing t o the comparatively low i n i t i a l and operating 
costs ( P I . 30). Such p i t s commonly have an area of from 500 t o 10,000 square 
f e e t and a depth of from 1 t o I J i e e t ( P I . 31). I n most parts of the area 
where such ponds are used, however, most of the brine escapes by seepage 
i n t o the pervious s u r f i c i a l m a t e r i a l s and thence i n t o the grouna-water reser­
v o i r s or the streams or both. The i n t r u s i o n of s a l t water from "evaporation" 
ponds i n t o ground-water r e s e r v o i r s has been proven i n many places by ana­
l y z i n g samples of water from nearby w e l l s or t e s t holes, and by experiments 
i n d i c a t i n g t h a t the r a t e of disappearance of the water i s several times as 
great as i t should be, bused on an approximate average r a t e of evaporation 
f o r Kansas. Thus Wilhelm and Schmidt (1935, p. 18) computed t h a t of the 
average d a i l y production of 16,000 b a r r e l s of br i n e put i n t o "evaporation" 
ponds i n the Ritz-Canton o i l f i e l d , i n McPherson County, probably only 
about 1,720 b a r r e l s a day were evaporated, l e a v i n g about 14,280 b a r r e l s of 
s a l t water a day t h a t e i t h e r entered the fresh-water formations or the 
surface streams. Some o i the r e s u l t i n g contamination of ground waters i n 



the Ritz-Canton area i s shown on Plate 29, and has been described i n d e t a i l 
by Wilhelm and Schmidt (1935). 

"Through the e f f o r t s of the Kansas State Board of Health, most ponds 
are being replaced by saf e r means of d i s p o s a l but large q u a n t i t i e s of brine 
already have been allowed t o enter bodies of f r e s h ground water through 
dis p o s a l ponds, by cart-less s p i l l i n g of b r i n e on pervious s u r f i c i a l m a t e r i a l s 
( P I . 31C), from leaky o i l - w e l l or d i s p o s a l - w e l l casings, or from improperly 
plugged holes. The most s a t i s f a c t o r y means of dispos a l yet devised f o r i n ­
land areas i s the r e t u r n of brines t o deep subsurface formations, e i t h e r 
through abandoned o i l w e l l s , "dry" holes, or w e l l s put down e s p e c i a l l y f o r 
d i s p o s a l (Jones, 1945). 

"INTRUSION OF OIL-FIELD BRINE IN THE BURRTON OIL FIELD. - The Burrton 
o i l f i e l d , one of the most productive i n the s t a t e , occupies a large area i n 
the Arkansas River V a l l e y i n eastern Reno County, and extends about 1^ miles 
i n t o western Harvey County. The f i e l d i s u n d e r l a i n by beds of sand, g r a v e l , 
s i l t , and c l a y t o depth of 100 t o more than 250 f e e t , which i n t u r n r e s t 
upon shale of Permian age. The aluvium contains a large supply of ground 
water t h a t i s f r e s h except near Arkansas River, as described above, and 
where l o c a l s a l t - w a t e r i n t r u s i o n from o i l - f i e l d brines has taken place. 
Salt-water i n t r u s i o n i n t h i s f i e l d i s a p o t e n t i a l hazard t o the new w e l l 
i i e l d of the C i t y of Wichita s i t u a t e d 6 miles downstream and f o r t h i s reason 
i t has been given s p e c i a l a t t e n t i o n by the State Board of Health and by the 
State and Federal Geological Surveys. 

"The Burrton o i l f i e l d was discovered i n February 1931 before the wide­
spread development of b r i n e - d i s p o s a l w e l l s ; hence f o r many years a l l the o i l ­
f i e l d b r i n e produced i n t h i s f i e l d was run i n t o so-called evaporation ponds. 
Chloride surveys made by the State Board of Health i n d i c a t e d t h a t s a l t - w a t e r 
i n t r u s i o n was t a k i n g place, and t h a t farm w e l l s near the pondt y i e l d e d water 
high i n c h l o r i d e . Through the e f f o r t s of the State Board of Health the nro-
ducers were encouraged t o r e t u r n the br i n e t o subsurface formations by mean 
of d i s p o s a l w e l l s . According t o Ogden S. Jones, Geologist i n Charge o i the 
O i l - F i e l d Section of the D i v i s i o n of S a n i t a t i o n of the State Board of Heaith, 
of an average of 44,047 b a r r e l s of brine produced d a i l y i n 1939, 34,7 per­
cent was handled by deep dispo s a l w e l l s , 27.5 percent by dispos a l well-, of 
shallow or intermediate depth, and 37.8 percent by brine ponds. Shallow d i s ­
posal w e l l s i n t o the W e l l i n g t o n s a l t proved t o be u n s a t i s f a c t o r y , as the high 
pressure under which the b r i n e was forced down these w e l l s caused brine t o 
^scape t o the surface around the casings of nearby w e l l s , and t h e r e a f t e r 
e f f o r t s were made t o e l i m i n a t e the use of shallow d i s p o s a l w e l l s . According 
t o Mr. Jones, the completion of a d d i t i o n a l deep disposal w e l l s i n t h i s f i e l d 
by l a t e 1914 allowed the r e t u r n of about 95 percent of the br i n e through deep 
disposal w e l l s , about 3 percent through d i s p o s a l w e l l s of intermediate depth, 
and only about 2 percent t o br i n e ponds. As soon as p o s s i b l e , i t i s hoped 
t h a t a l l b r i n e can be conducted t o deep d i s p o s a l w e l l s . When t h i s goal i s 
reached, s a l t - w a t e r i n t r u s i o n i n t h i s f i e l d should v i r t u a l l y cease, except 
t o r occasional leaks i n br i n e l i n e s and di s p o s a l w e l l s . During the years i n 
which many evaporation ponds were i n UHC, however, a large q u a n t i t y of brine 
lound i t s way i n t o the ground-water r e s e r v o i r . 

"Studies made i n the Burrton o i l f i e l d by the State Board of Health 
have included p e r i o d i c sampling of r e p r e s e n t a t i v e ground and surface waters; 



determinations of d i r e c t i o n of ground-water movement using f l u o r e s c e i n ; 
c o n s t r u c t i o n of maps showing the location^, of a l l b r i n e ponds, b r i n e tanks, 
and pipe l i n e s , and repressuring and d i s p o s a l w e l l s ; and the s i n k i n g of 
auger holes adjacent t o brine ponds i n order t o determine the c h l o r i d e 
content of the ground water. 

" A d d i t i o n a l studies of s a l t - w a t e r i n t r u s i o n were made i n t h i s f i e l d 
i n 1938 by the State and Federal Geological Surveys i n cooperation w i t h 
the State Board of Health and the C i t y of Wichita. In the course of t h i s 
work 35 d r i v e n w e l l s were put down i n order t o study the l a t e r a l and ver­
t i c a l migrations of o i l - f i e l d b r i n e s . The w e l l s were d r i v e n at selected 
points on the downstream sides of disposal ponds, and the water samples 
were taken at v e r t i c a l i n t e r v a l s of 5 f e e t , using a p i t c h e r pump. The 
c h l o r i d e content of the waters sampled was determined i n a p o r t a b l e labo­
r a t o r y mounted on a t r u c k ( P I . 4 ) . I t was found i n general t h a t the b r i n e , 

/being heavier than f r e s h water, sinks w i t h s u r p r i s i n g l y l i t t l e d i f f u b i o n 
or d i l u t i o n u n t i l i t encounters an impervious stratum. I t then flows l a t e r ­
a l l y i n a r e l a t i v e l y t h i n l a y e r on top of t h i s impervious stratum. In 
m a t e r i a l c o n t a i n i n g discontinuous lenses or beds of impervious c l a y and 
s i l t , the b r i ne may f o l l o w a " s t a i r - s t e p " course from one impervious bed 
t o another, moving g r a d u a l l y downward and l a t e r a l l y . 

"The r e s u l t s of surveys at two t y p i c a l areas i n the Burrton o i l f i e l d 
that have s u f f e r e d s a l t - w a t e r i n t r u s i o n are given i n Table 21, and the 
l o c a t i o n s of the t e s t w e l l s are shown i n Figures 27 and 2S. I n both areas 
tested the ground water moves i n a general southwesterly d i r e c t i o n ( P I . 1 ) . 

" i t w i l l be noted t h a t there has been very l i t t l e d i l u t i o n of the 
b r i n e w i t h i n the distances sampled i n survey B ( F i g . 28) but considerable 
d i l u t i o n has taken place at most of the p o i n t s t e s t e d i n survey A ( F i g . 
27), although the moving b r i n e seems t o have f o l l o w e d c e r t a i n "pipes" or 
"veins" of more permeable m a t e r i a l r a t h e r than having d i f f u s e d u n i f o r m l y . 
Thus the movement of b r i n e from d i s p o s a l pond B i n Figure 27 seems t o have 
been more d i r e c t l y toward t e s t w e l l 20, but i n a general way toward t e s t 
w e l l s 20-23. 

"The r e s u l t s given i n Table 21 i n d i c a t e t h a t i n most of the t e s t w e lls 
the maximum c o n c e n t r a t i o n of c h l o r i d e i s found j u s t above a r e l a t i v e l y im­
pervious s t r a t u m — g e n e r a l l y one through which i t was d i f f i c u l t t o d r i v e the 
w e l l p o i n t . I n some t e s t w e l l s , however, impervious s t r a t a served t o sepa­
rate r e l a t i v e l y f r e s h e r water above from s a l t y water below as i n no. 7 at 
37-39 f e e t , no. 9 at 14-31 f e e t , no. 18 at 38-40 f e e t , no. 27 at 19-31 
f e e t , and no. 28 at 19-31 f e e t . In a few t e s t w e l l s , such as no. 4, the 
maximum c h l o r i d e content was found j u s t above an impervious stratum and 
f r e s h e r water was encountered j u s t below t h i s bed, suggesting t h a t the 
s a l t y water was unable t o reach the lower water-bearing bed. In some t e s t 
w e l l s , such as no. 20, there was a s u r p r i s i n g l y sharp separation between 
layers of f r e s h and s a l t waters, but i n o t h e r s , such as nos. 6, 21, 22, 
and 23, the c h l o r i d e c o n c e n t r a t i o n increased g r a d u a l l y w i t h increase i n 
depth. 

"Two of the t e s t w e l l s (4 and 23) put down i n survey A were l e f t cased 
so t h a t f u r t h e r observetions could be made; the r e s t of the t e s t holes put 

- 3 



down i n the two surveys were f i l l e d , p u l l e d and plugged. The pipe i n t e s t 
w e l l 4 was p u l l e d back from an i n i t i a l depth of 66.5 fee t t o 13 f e e t , but 
the pipe i n t e s t w e l l 23 was l e f t at the o r i g i n a l depth of 59 f e e t . The p e r i ­
odic measurements of water l e v e l s and c h l o r i d e determinations i n these t e s t 
w e l l s through January 9, 1945 are given i n Table 22. A r a t h e r gradual but 
no t i c e a b l e increase i n the c h l o r i d e content took place i n t e s t w e l l 23 through­
out most of the period of record, but i n t e s t w e l l 4 the s i g n i f i c a n t increase 
d i d not occur u n t i l A p r i l 14, 1942 and l a t e r . As i n d i c a t e d i n Table 22, the 
c h l o r i d e content at a depth of 49 f e e t i n t e s t w e l l 4 was 171 pa r t s per m i l l i o n 
so t h a t duubtless the c h l o r i d e content at t h i s depth by January 9, 1945 was 
considerably higher than 2,380 p a r t s per m i l l i o n — the value f o r a depth of 
only 13 f e e t . 
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Table 21.--Chloride content at given depths i n test wells, i n parts per m i l l i o n . 

Depth Chloride Depth Chloride Depth Chloride 
( f e e t ) content ( f e e t ) content ( f e e t ) content 

(Survey A) Test w e l l 5 (Cld .) Test w e l l 10 (Cld. ) 
Test w e l l 1 25-27 80 44-46 653 

8-10 74 30-32 123 49-55 664 
13-15 90 34-36 213 53-55 945 
18-20 74 39-46 (b) 55- (b) 
23-25 69 
28-30 68 Test w e l l 6 Test w e l l 11 
33-35 71 21-23 58 16-18 107 
38-40 71 26-28 57 21-23 92 
43-45 71 31-33 63 26-28 137 
48-50 69 36-38 121 31-33 152 
50-52 67 41-43 342 36-38 272 
52- (a) 46-48 626 41-4^ 516 

50.5-52.5 398 46-48 470 
Test w e l l 2 52.5- (b) 48- (b) 

9-11 108 
14-16 74 Test w e l l 7 Test w e l l 12 
19-21 68 12-14 56 23-25 97 
24-26 68 17-19 (a) 28-30 142 
29-Jl 71 22-24 49 177 
3,0. 5-J2.5 71 27-29 60 38-40 362 
32.5- (f<) 32-34 65 43 -45 591 

37-39 (a) 48-50 691 
Test w e l l 3 40-42 216 50-52 (b) 

11-13 74 42-44 416 
16-18 69 44-46 (b) Test w e l l 13 
21-23 68 28-30 152 
2L-28 69 Test w e l l 8 33-35 182 
31-33 72 15-17 136 38-40 446 
3G-38 -97 20-22 156 40-42 501 
41-43 115 25-27 101 42- (b) 
46-48 105 30-32 180 
48- (a) 35-37 272 Test w e l l 14 

40-42 476 12-14 51 
Test w e l l 4 45-47 523 17-19 62 

15-17 54 47-49 (b) 22-24 93 
20-22 55 27-29 130 
25-27 59 Test w e l l 9 32-34 232 
30-32 66 9-11 107 37-39 441 
35-37 160 14-31 (a) 40.6-42.6 486 
40-42 128 34-36 ( c ) 252 42.6- (b) 
42-44 13G 36-38 ( c ) 307 
47-49 171 Test w e l l 15 
52-62 (a) Test w e l l 10 11-13 70 
62-64 55 9-11 382 14-16 , 31 
64.5-66.5 53 14-16 63 19-21 (a) 

19-21 72 24-26 63 
Test w e l l 5 24-26 130 29-31 79 

10-12 41 29-31 173 34-36 118 
15-17 40 34-36 302 39-61 (a) 
20-22 69 39-41 481 61-63 53 



Table 21. Chloride content at given depths i n test wells, i n parts per m i l ­
lion—Continued 

Depth Chloride Depth Chloride Depth ChloriJ. 
(feet) content ( f e e t ) content ( f e e t ) content 

Test w e l l 15 (Cld. ) Test w e l l 21 (Cld.) Test w e l l 26 (Cld. ) 

65-67 55 47-49 571 60- U ) 

67- (d) 52-54 
54-56 

1 ,870 
1,720 Test w e l l 27 

Test w e l l 16 55.5-57.5 1,620 14-16 1 ,800 

28-30 116 57.5- (b) 19-21 (a) 

33-35 247 23-25 24,800 

37.5-39. 5 ( c ) 377 Test 
26-28 

w e l l 22 
68 

28-30 
30-33 

43,200 
(b) 

Test w e l l 17 31-33 69 

24-26 84 36-38 109 Test w e l l 28 

23-31 86 41-43 235 14-16 630 

34-JO 255 46-48 820 19-31 (a) 

39-41 272 51-53 1 ,280 33-35 17,900 

44-46 142 52-54 1,170 38-40 42,200 

48-50 216 40-42 (b) 

50-51 (b) (Survey B) 
Test wel 1 23 Test w e l l 29 

Test w e l l 18 18-20 77 24-26 2,550 

28-30 70 23-25 75 29-31 25,000 

33-35 81 28-30 69 34-36 44,600 

J8-40 (a) 33-35 84 39-41 46,^00 

40-42 323 38-40 203 41-42 (b) 

43-45 2S2 43-45 342 

46-48 107 48-50 701 Test w e l l 30 

48-49 (b) 50-52 
53-55 

741 
1,430 

2G-28 
31-33 

2S, 100 
46,500 

Test w e l l 19 56-58 1,690 35-37 47,100 

20-22 71 57-59 (b) 37-38 (b) 

25-27 71 
30- ,2 83 Test w e l l 24 l e s t w e l l 31 

35-37 97 14-16 1,790 12-14 2G7 

40-42 91 19-21 6,53 0 17-19 1 ,530 

42-4 4 85 24-26 7,800 22-24 7 ,800 

44- (d) 29-^1 
31-3 J 

18,900 
25,000 

27-29 
32-34 

32,000 
40,900 

Test w e l l 20 33-^4 Cb) 
28-30 69 Test w e l l 32 

33-35 69 Test w e l l 25 32-34 14,200 

38-40 71 24-26 21,500 37-.J9 3lJ ,500 

13-45 70 29-31 43,400 39-40 (b) 

47-49 2,240 34-36 41,500 

49-50 (b) 36-38 
38-39 

49,000 
(b) 

Test w e l l 
23-25 

33 
1 ,900 

Te^t w e l l 21 28-30 6 ,300 

22-24 72 Test w e l l 26 33-35 39,000 

27-21 70 22-24 42,800 38-40 50,300 

32-34 69 27-29 41,500 41-43 50,900 

37-39 6B 29-31 47,100 43-44 (b) 

42-44 67 31-60 (b) 
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Table 21.—Chloride content at given depths i n test wells, i n parts per m i l l i o n 
—Concluded 

Depth Chloride Depth Chloride Depth Chloride 
( f e e t ) content ( f e e t ) content ( f e e t ) content 

Test w e l l 34 Test w e l l 35 
22 -24 1,920 19-21 1,100 
27 -29 8,500 24-26 7,820 
32 -34 37,000 29-31 36,500 
37 -39 45,900 34-36 39,600 
39 -40 (b) 36-37 (b) 

(a) No water obtained; probably c l a y or s i l t . 
(b) Drove hard, no water obtained; probably hard c l a y or s i l t . 
( c ) Drove l i a r d , probably hard s i l t y or clayey sand. 
(d) Could not d r i v e deeper. 
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Table 2 2 . — Water l e v e l and c h l o r i d e content of water i n t e s t w e l l s 4 and 23 
from 1938 through 1944 

Test w e l l 4 
(Depth 13 f e e t ) 

Test w e l l 23 
(Depth 59 f e e t ) 

DATE 
Degth t o 

water l e v e l 
( f e e t ) 

Chloride 
content 
( p a r t s per 
m i l i i o n ) 

Depth t o 
water levc 

( f e e t ) 

Chloride 
content 
( p a r t s per 

V.LI 11 i o n ) 

Nov. 22, 1938 8. 89 53 
Dec. 23 • • • • 10. 63 1 ,390 
July 17, 1939 9. 19 69 10. 86 1 ,930 
May 14, ls40 9. 52 67 11. i l 2,680 
Dec . 5 10. 35 72 11.92 1 , 770 
A r r . 1941 10. 03 70 11.Go 2 , 430 
July 16 8. 36 73 l u . 06 2 ,350 
Oct. 20 9.25 06 10.90 2,510 
Apr. 14, 1942 8. 57 550 10. 25 2,390 
July 13 7.69 * S90 3,060 
Oc t . 7 4. 80 1 ,170 6.59 J , 400 
Apr. 8, 1943 6. 13 1 ,480 7.79 3 ,440 
July 24 6. 04 1 ,700 7. 66 3 ,520 
Oct. 12 h. 47 1 ,870 10.05 3 ,900 
Apr. 5, 1944 7. J2 2 ,380 9.01 3 ,970 
July i l .... 7. 27 3 ,640 
Sept . 26 7. 00 2 ,370 S. 55 3 ,880 
Jan. 9, 1945 7.57 2 ,380 5.14 4 ,070 



Fie. 27. Mop of on area in the Burrton oil f ield showing location of test wells 
and brine-disposal ponds in survey A. Upper number corresponds to number 
of test well in Table 21 j lower number is maximum chlor ide content of 
water , in parts per mi l l ion . 
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FIG. 28. Map of an area in the Burrton oil f i e l d showing location of test 
wells and br ine-disposal ponds in survey B. Upper number corresponds to 
number of tes t well in Toble 2 1 l o w e r number is maximum chloride content 
of water encountered, in p o r t s per mil l ion. 



CHLORIDE CONTENT OF WATF.Ft FROM SELECTED WELLS 

LEA COUNTY, NEW MEXICO 

Analyses by Q u a l i t y of Water Branch, U. S. Geological Survey 

WELL LOCATION* OWNER 
CHLORIDE CONCENTRATION (ppm) 

WELL LOCATION* OWNER 1942 1951 1953 1954 1955 1958 

18.38.15,241a G. Staley 75 152 206 225. 

34. 120 Ci t y o f Hobbs 59 54 67 75 

20.36.15.421 H. Record 1,080 1 .240 

38.19.320 Continental O i l 39 49 

21.33.2.422a D. Berry 1,170 1 , 640 

38.6.133b 105 340 

22.36.2.444 205 415 

22.37.24.133b G. Sims 675 770 

25.37.13.312a Ci t y of J a l 51 64 75 

* According to U. S. Geol. Survey numbering system f o r New Mexico; numbers represent 
Township, Range, Section, and t r a c t w i t h i n a s e c t i o n . 
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CHLORIDE CONTENT OF WATER FROM SELECTED WELLS 

LEA COUNTY, NEW MEXICO 

WELL LOCATION* OWNER CHLORIDE (ppm) DATE REMARKS : 

12 . 38 .19.230 R. Houston 1,470 1957 Anal, by H a l l i b u r t o n 

18.38 .20.112 W. Jackson 494 1957 Anal, by Shell Oil i • U 
30.223 G. Goins 343 1957 do ~*' '̂' 

19.38 . 4.121 P h i l l i p s Pet. 327 1957 do M;, 
y - i f . . 

20 . 37 .4.111 J. Cooper 450 1954 Anal, by U.S.G 
potable before 

' "' K»« 
. S. ; rept . 
1953. : 

22.36 . 1.333 Gulf O i l 1 , 750 1953 Anal, by U.S.G 
potable u n t i l 

.S,: r e p t . : 
1951. : 

25 . 37 .15.223 Sun O i l 610 1953 Anal, by U.S.G 

* According to U. S. Geol. Survey numbering system f o r New Mexico; numbers represent 
Township, Range, Section, and t r a c t w i t h i n a s e c t i o n . 



A., ^ m m THE 
OIL CONSfchVAli, •;, nstOT 

Chemical Analyses of Water irom T e r t i a r y Deposit 
C A S E 3.r~: 

I n November, 1929, samples of water from the T e r t i a r y deposits were 
taken from 15 rop r e s e n t a t i v p w e l l s i n various p a r t s of the area f o r p a r t i a l 
chemical a n a l y s i s . They we^e analyzed by W. L. Lamar, of the United States 
Geological Survey, and the r e s u l t s were published i n the previous r e p o r t . 
~0n July 31 and August 1 and 2, 1930, samples of water from the T e r t i a r y 
deposits were taken from 5 re p r e s e n t a t i v e w e l l s i n d i f f e r e n t p a r t s of the 
area f o r complete chemical a n a l y s i s . These r e s u l t s are given i n the t a b l e . 

Analyses of Water from T e r t i a r y deposits i n Lea County, New Mexico 

(Parts per m i l l i o n . Analyzed by L. A. Shinn, U. S. Geological Survey.) 

1 2 3 4 5 

S i l i c a ( S i 0 2 ) 52 44 43 57 57 
Iron (Fe) .04 .12 .1 .12 .12 
Calcium (Ca) 93 88 79 70 68 
Magnesium (Mg) 20 13 12 13 12 
Sodium (Nr.) 85 4G 41 35 33 
Potassium (K) 2.9 3.4 3.8 3.5 3.3 
Carbonate (CO3) 0 0 0 0 0 
Bicarbonate (HCO3) 178 210 207 215 212 
Sulphate (S0 4) 187 117 100 70 63 
Chloride ( C I ) 81 54 41 34 35 
N i t r a t e (N0 3) 3.8 1.8 4.5 2.1 1.0 
T o t a l d i s s o l v e d s o l i d s 624 485 4 J 5 404 403 
T o t a l hardness as 
CaCOj ( c a l c u l a t e d ) 314 273 247 228 219 
Date of c o l l e c t i o n , 1930 Aug. 2 Aug. 1 July 31 July 31 July 31 

1. Well, 53 f e e t deep i n NWjNW^, Sec. 28, T. 12 S., R, 36 E. , owned 
by J. L . Whip. • ' . 

2. Well, 102 fe e t deep, i n NW|S£^, Sec. ::5, T. 13 S. , R. 36 E. , owned 
by J. P. McClish. Temperature 64 degrees F. 

3. Well, 142 f e e t deep, i n NW^NWj, Sec. 10, T. 1G S., R. 36 E. , owned 
by Southern Union Gas Co. Temperature 65 degrees F. 

4. Well, 60 f e e t deep, i n NŴ SW?, Sec. 30, T. 17 S., R. 38 E., owned 
by G. S. P r u e t t . Temperature 64 degrees F. 

5. Well, 120 f e e t deep, i n c e n t r a l S2 of Sec. L>4 , T. 18 S., R. 38 E. , 
owned by Hobbs Water Co. Temperature 68 degrees F. 

*Nye, S. S., Progress Report on the Ground-Water Supply of Southern Lea County, 
New Mexico; State Engineer of New Mexico Tenth B i e n n i a l Report, 1930-32, 
p. 240. 


