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POTENTIAL IMPACTS OF OIL- '-IELD BRINE DISCHARGE, 

LAGUNA TRES AREA, EDI" COUNTY, NEW MEXICO 

Geohydrology Associates, Inc. 

INTRODUCTION 

Unichem International, Inc,, of Hobbs, New Mexico, has proposed to 
build and operate a facility for the disposal of oil-field brine at 
Laguna Tres in Eddy County, New Mexico, This facility would be located 
approximately eight miles east of Loving in Township 23 South, Range 
29' East. 

In August 1982, Geohydrology Associates, Inc., of Albuquerque was 
requested to conduct a hydrologic investigation cf the area. The pur
pose of this investigation was to det: -mine the impacts that might re
sult from operation of the proposed facility. Unichem proposes to dis
pose oil-field brine into existing brine lakes in the area. 

The investigation requested by Urdchem was conducted by the staff of 
Geohydrology Associates, Inc., under the supervision of T. E. Kelly. A 
thorough literature and f i l e search of existing data was conducted. 
This drew heavily from earlier report:- of the area that have been pre
pared by Geohydrology Associates, Inc Water-quality sainples were col
lected by Unichem and the results submitted for evaluation. A field re
connaissance was not conducted. An analysis of the data and the re
sulting conclusions are presented in this report. 

PREVIOUS STUDIES 

Odng to the proximity of the Laguna de la Saia Grande, commonly 
eBN'-.d Salt Lake, to the Pecos River, a number of ground-water investigations 
haves p.3srt conducted in the region. One of the earliest studies was made 
Lv Roa>r:sori and Lang (1938). They concluded that brine from the Salt Lake 
vss ;;o: discharging Into the Pecos River. Hendrickson and Jones (1952) 
f-va'lu*£ed the water-bearing deposits in the vicinity of Salt Lake and the 
P<scoŝ  ;>aw@vif the hydrologic relationship between the two water bodies 



was not discussed. Thomas (1963) and Mower and others (1S64) studied the 
relationship of the Pecos River discharge to ground-water conditions in the 
area. Most of this work was compl et.:: before the major impacts of the potash 
refineries were exerted on the project area. 

One of the earliest detailed water-supply studies of the Nash Draw and 
Laguns Tres area was made by Gil key and Stotelmyer (1965). They con
cludes that ths potash refineries contribute to the hydrologic system by 
leakage from brine-disposal ponds. P. detailed study by Geohydrology 
Associates, Inc. (1979) was made for the Bureau of Land Management. This 
study identified and quantified significant amounts of brine entering the 
ground-water and surface-water systems in the Nash draw and Clayton basin 
areas. 

In 1982 Geohydrology Associates. Inc., conducted two studies in the; 
Laguna Tres area at the request of Riqueza, Inc., and B & E, Inc. Both 
of these studies were directed to the suitability of Laguna Tres, Lindsey 
Lake, and surrounding areas for disposal of oil-field brines. Both of 
these applications have been considered and approved by the Oil Conser
vation Division of New Mexico. 

DESCRIPTION OF THE PP.0Jf.CT AREA 

Geology 

A number of studies have been mads of the geology of the study area. 
Most noteworthy is the work by King (1942), Vine (1953). and Brokaw and 
others (1972). These comprehensive s'"dies were used as a guide to the 
geologic deposits that will be impacted by the proposed disposal site. 

There are two formations in the project area which exert considerable-
control on the hydrologic system in tbe Laguna Tres area (table 1} The 
Salado Formation is present only in thj subsurface of the project area. The 
overlying Rustler Formation is present at the surface. The Rustler generally 
fs subdivided into a Lower Member, thr-! Culebra Dolomites the Tamarisk 
.Member, the Magenta Member, and the uppermost Forty-nine Member. 

Calado Formation 
"the Salado Fonnation is widespread throughout southeastern New Mexico 

r.nd genera ll y east of the Pecos River,, The formation consists of more than 
'"5 percent salt deposits with minor amounts of interbedded clay and s i l t -
s,ton«, anhydrite, and dolomite. The Salado is the source of the potash which 
is extensively mined in the area. 

Because tha Salado is soluble to ground water, the formation exerts 
!;:,{jo - control over the shallow and surficial structures in the Tres Lagunas-
Salt Lake area. Tha upper surface of the formation has been dissolved by 
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ground-water movement, and this has resulted in the collapse of the overlying 
Rustler deposits. Salt Lake and thy brine lake chain which includes Laguna 
Tres all occupy topographic depressions in the Rustler Formation which formed 
as a result of collapse following the solution of the underlying Salado 
deposits. 

The depth to the top of the Salado Formation in the vicinity of Laguna 
Tres 'Is approximately 275 feet, according to Vine (1963. p. 7). 

Rustler Formation 
~ The primary components in the Rustler Formation ara gypsum and/or 

anhydrite with some dolomitic limestone, siltstone, and halite. Due to 
solution of the soluble minerals, the halite does not crop out. The 
Rustler and Salado Formations are separated by a leached zone approximately 
SQ feet thick. This insoluble residua is regarded as basal Rustler Forma
tion by seme authors (Cooper and Glansman, 1971) and as uppermost Salado 
Formation by others (Vine, 1963, p. ' ) . 

The zone which separates the Sel ado and the Rustler consists of an in
soluble rubble of brecciated clastic:? and limestone which collapsed following 
tha solution of the underlying evapoHte deposits. The rubble represents 
material from the Lower Member, the Culebra Do!omites and insoluble deposits 
from the Tamarisk Member. Material From the Magenta and uppermost Forty-nine 
members has also collapsed to form the floor of Nash Draw, however this 
material probably is not incorporated into the rubble zone itself. 

Because of the brecciated and unconsolidated nature of the rubble zone, 
this is a major zone of ground-water movement. I t has been called the 
"brine aquifer" by Robinson and Lang (1938). 

The Lower Member of the Rustler Formation is predominately siltstone 
and fine-grained sandstone that locally contains gypsum, anhydrite, and 
halite (Brokaw and others, 1972, p. 50). The thickness ranges from about 
60 to 120 feet (table 1). 

"he Culebra Dolomite is a distinctive and persistent marker bed In th;-» 
Rustier which is usually about 30 fanl thick. 

Tha Tamarisk Member was named for its exposures near Lindsey Lake 
about two miles northwest of the proposed disposal site. According to 
Vine (1963, p. 14), the Tamarisk Member consists of about 115 feet of massive, 
coarsely crystalline gypsum in the outcrop, but i t is chiefly anhydrite 
in the subsurface. In the vicinity of Laguna Tres, there are massive ex
posures of deformed gypsum beds and large selenite crystals indicating 
recrystallization by movement of ground water. Locally the Tamarisk de
posits are banked by s i l t and clay that has washed into Nash Draw, there 
are some areas of dune development also. Most of the disposal ponds used 
by thu potash refineries have been excavated in the Tamarisk Member. 

nasmuch as the Tamarisk Member forms the bottom of most of Nash 
Draw,. the Magenta and Forty-nine Members probably were removed by erosion 



Before and following the formation of Nash Draw, Consequently these two 
members have l i t t l e bearing on the suitability of the Laguna Tres area for 
disposal of brine. 

191291 'aphic Setting 
""Nash Oraw and Clayton Basin ere two of the most prominent surface 

features east of the Pecos River in l-ddy County. According to Vine (19(33, 
p. B38), thesa features represent undrained depressions which resulted 
from regional differential solution cf evaporite deposits in the upper 
Salado and the lower Rustler Formation!. The solution cf these deposit;; 
produced large-scale collapse of tha three lower members of the Rustler 
Formation. Evidence for this solution can be found throughout the ex
posures of the various members, and tspecially the Tamarisk Member which 
forms the floor of Nash Draw. 

Collapse was not everywhere uniform. Although the regional dip of 
the beds is eastward, the strata exposed along the margins of Nash Draw 
and Clayton Basin dip toward the depressions. Hydration of anhydrite to 
gypsum has caused local doming, and there is extreme deformation within 
the Tc.marisk deposits. Sinkholes and domes also infl uencs ths local topo
graphy. Work by Geohydrology Associates, Inc., (1979) has shown that 
collapse was greatest in Nash Draw, and as a result of differential col lap-
there is a topographic divide between Clayton Basin on the north and Nash 
Draw cn the south. 

The Salt Lake occupies the lowest topographic depression in Nash Draw 
Likewise there is a large closed depression northeast of the lake which is 
ringed by a series of surface lakes, including Laguna Tres which is the 
proposed disposal site (fig. 1). 

Hydro's -iqy 

Grounc Water 
There have been several comprehensive studies of ths hydrology of the 

potash area; these include the work ty Brokow and others (1972) and 
iJeohydrology Associates, Inc. (1979), In addition, Geohydrology Associates 
{1982a,b) also has prepared two site studies in the vicinity of Salt Lake 
and Laguna Tres. All of these studies have verified that the normal 
hydrologic system has been modified by collapse of Nash Draw. The system 
-is further complicated by discharge from the various potash refineries 
"n the area. 

A study conducted by Hendrickson and Jones (1952) defined the regional 
• .v-;-tetable in ssstern Eddy County before major influence of the potash 
•.-:>fi.i€nss was apparent. East of the Pecos River the ground-water movement 
's p;-sJominately from north to south with local deviations created by the 
lopoqrsphy. Livingston Ridge on the east and Quahada Ridge on the west 
.~m t i divert th® regional flow of ground water into Nash Draw. The 

. ow watar table intersects the land surface along the flanks of the 
D;aw:, and a series of springs and seeps discharge at these points. 



Figure 1.— Distribution of lakes in the vicinity of [HC refinery 
and Salt Lake, with selected altitudes. Arrows show 
generalized direction of ground-water flow. 

6 



There is no known potable water within Nash Draw at the present tiiru? 
(1982). The rubble zone, which represents the collapsed Rustler Formation 
in the bottom of Nash Draw, has prod-cod potable wate .o weUs in the past, 
.Nash well, which is located in T. 2.1 S-, R. 30 W., section S, was completed 
for stock use prior to 193S (fig. 1). Subsequently the level of Laguna 
Quatro has risen to the point that this well was completely inundated by 
1977. Likewise, the J Bar F well ir. 22 S., R. 30 E., section 20 produced 
water for stock at Laguna Uno. The water level in this well was 134.0 feet 
below land surface on March 17, .1948 -fHendrickson and Jones, 1952, p. 134). 
The v/ater was <;t land surface In W7:: which shows a rise of 134 feet in 31 
years. Most of the rise in the w-itor table of Nash Draw can be attributed 
to the discharge of water by the poteh refineries. 

Surface Water 
there are no perennial streams <» Nash Draw. The rnaan annual pre

cipitation at Carlsbad is about 12 indias per year, ?. • most of this is 
lost to evaporation and plant transpiration shortly after falling. Small 
amounts of runoff enter Nash Draw through normally dry arroyos. Tbis run
off typically pounds in topographic T:>-s such as Lindsey Lake, Tamarisk 
Flatss and numerous undrained depressslon on the floor of the Draw. 

In addition to small amounts of runoff, there is a. considerable amount 
of refinery waste released annually. Approximately 9,248 acre-feet per 
year is discharged as a brine by refineries located in the area (Geohydrology 
Assoc., Inc., 1979, p. 60). As a consequence of the potash refining process, 
this discharge is a saturated brine containing as much as 30 percent solids 
in the form of suspended clay. 

The refinery discharge from Inte national Minerals and Chemical 
Corporation {IMC) enters the headwaters of Laguna Uno in section 24, 
T. 22 S., R. 29 E. The lake itself extends into adjoining sections 
and has a total area of about 710 surface acres. Discharge records of 
brine from the IMC refinery are not available. However, according to the. 
New Mexico State Engineer Office in -oswell, the amount of water imported 
by IMC during 1977 was 5,233 acre-fnet, or the equivalent of 3.244 gpm 
(gallons per minute). The measured discharge Into the Laguna Uno is 
nearly equal to the quantity of nnpon ad water v/hich indicates that the 
refining process and evaporation lo?"*'?; are small -

Evapoartion-rate losses were calculated for Laguna Uno during a study 
for tha Bureau of Land Management by Geohydrology Assoc., Inc. (1979, 
•j. ?I). I t was determined that the summer 'evaporation rata at the lake 
••as G.59 gpm per acre of surface aren the winter evaporation rata was 
0.369 gpm per acre. On the basis of these evaporation rates and the 
.•;;rface area of Laguna Uno, i t was determined that virtually all of the 
: efi;?€<r.y inflow is lost during the summer, but only about 10 percent of 
dis winter inflow is lost. 

There- is no surface outlet from Laguna Uno, therefore the amount of 
refinery waste which Is not evporatcd .mist enter the ground-water flow 
system by seepage along the fringes of the lake. Much of this ground-water 



flow surfaces in the chain of lakes which include Laguna Dos, Laguna Tres, 
Laguna Quatro, and the Salt Lake. In addition, Lindsey Lake, Tamarisk 
Lake, and Laguna Seis are topographically lower than Laguna Uno, and i t 
is unlikely that a subsurface connection exists between these surface-
water bodies (fig. 1). 

A field reconnaissance was mad?:: in May 1902 in the area between the 
IMC discharge point and Salt Lake. Tnis included the areas of Laguna Quatro 
and Laguna Tres, in addition to the Lindsey Lake region. I t was determined 
that there is no surface connection batween Laguna Quatro and the lakes 
farther north and west. However there is a surface connection between 
Lagu.iei Quatro and Laguna Tres through i culvert and ditch that was recently 
completed by the State Highway Department. In May 1982 i t was estimated 
that the discharge through this culve.d; was about 500 gpm. Inasmuch as 
there is no surface inflow source to Laguna Quatro, the entire 500 gpm out
flow must represent ground-water 1ns* low to the lake. 

Recent work (1982) by the Highly Department has connected all of the 
lakes and ponds south of Highway 12" uith the Salt Lake. Therefore i t is 
now possible for water entering Lag*."'* Tres to move directly to Salt Lake, 

The total surface area of these ;-kes, excluding Salt Lake, exceeds 
1,200 acres. On the basis of the evaporation rates calculated for Laguna 
Uno. the surface area of these lakes would have the capacity to evaporate 
3,023 gpm during the summer months r-r A 443 gpm during the winter. 

DISCHARGE' PROPOSAL 

Unichem International, Inc., hss proposed to construct an oil-field 
brine disposal facility which will have; a capacity to process approximately 
2,000 barrels of brine per day. Assuming that the maximum discharge is 
.taintcined throughout the year, the cVily rate would be about 84,000 gallons, 
or a continuous discharge of about LL3 gpm. The average daily disposal 
rate is estimated to be approximately 500 to 700 barrels. 

The location of the facility proposed by Unichem International, Inc., 
is i i the northwest quarter of sectim 2, T. 23 S., R. 29 E. This would 
he near the outlet of Laguna Tres ?i: the extreme northwest end of the 
lake (fig. 1). 

Work recently performed by the d̂ phway Department has provided a sur
face connection between Laguna Quatro% Laguna tres and several unnamed 
ponds south of Highway 128. Trenchinc has connected these lakes and ponds 
with Salt Lake, fhe total surface CPM of these lakes exceeds 1,200 acres. 

Two earlier studies by Geohydrology Associates, Inc., (1932a,fa) have 
'•v<*.'i:.tf ted proposed oil-field brine disposal sites in the same general area. 



Th.. first proposal was submitted by 'cquesa, Inc., to discharge a maximum 
of about 88 gpffira into Lindsey Laks (f fa. 2). 8 & E, Inc., has proposed a 
facility to be located near the east ?nd of Laguna Quatro which would have 
a waximum capacity of about 218 gpm. 

Tha applications made by Request Inc., and BSE... Inc. have been 
granted by the Oil Conservation Div keen. If i t is assumed that both 
facilities are put into operation, and that both operate at a maximum 
capacity during tha winter months, tnsre would be a discharge of 306 gpm 
froa tha two facilities, or approximately 60 percent of the. total eva por a 
tion potential of 509 gpm for the Ukes receiving the discharge. When 
the maximum Unichem discharge of 58 epm is added .to the hydrologic systems 
the total oil-field brine inflow would be 364 gpm (maximum) or 71 percent 
of tne evaporation potential of the lakes in the area (fig. 2). 

Assuming that a worst-case condition as cited above prevailed for 
extensive lengths of time, we believe that the 29 percent margin of error 
would be sufficient to protect the hydrologic system of the Laguna Tres 
area. Furthermore we believe that this may be approaching the maximum saf 
carrying capacity of the hydrologic. system in the Laguna Tres area. 

CHEMICAL QUALITY Of PROPOSED DISCHARGE 

Unichem International, Inc., veil operate a private disposal facility 
to discharge oil-field brines presently hauled by Unichem. Most of these 
brines are produced from wells completed in the Bone Springs and the 
Morrow Formations. Water analyses rY;m representative wells are included 
in the Appendix of this report., 

Most of these samples exceed 100,GOO mg/l (milligrams par liter) 
dissolved solids; they are classified as sodium chloride type water. The 
chemical quality of water within the done Springs and the Morrow Formation 
Joes rot vary significantly, and i t is believed that the analyses given 
in the Appendix are representative of these two zones. 

Ihe surfaca water in Laguna Ire* end adjoining ponds is similar to 
ihe samples presented in the Append1;:. Mixing of the brines with the 
existing lake water would not produce c. noticeable effect on the water 
";Ur\lity. 

CONCLUSIONS 

... Tha proposed discharge system by Unichem International, Inc., 
r i l l *sntfi&ut£ i maximum, of 58 gpm to the hydrologic system in the 
vicinity of Laguna Tras, 





2. r The existing hydrologic system hasjthe capacity to evaporate 509 gpm 
during the winter months! when"evaporation: losses are at the annual low.j 
Unichem land two1other disposal operations are all operating at maximum \ 
capacity; the total discharge would be about 364 gpm. This is approximately 
29 percent less than the minimum evaporation potential. 

3. The chemical quality of the brine to be disposed by Unichem will 
not appreciably change the existing rater quality in Laguna Tres and ad
joining ponds. 
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5-7-87 

Joe: ' 

Les told me you needed the volcarm's on the two systems disposing 
into the salt lakes, Unichem International and B & Ef Inc. for 
the last 6"months., If I can be of further help please let me 
know. 1 

Betty Rollins 

Unichem: Rattlesnake B&E: Tuzlu Kopek 

Nov.'86 38,152") 137,291 
Dec.'86 31,392 
Jan.'87 54,380 
Feb. 
Mar. 
Apr. 

50,314 j ^ V , 136,570 ( / 
M^JfO+Gtu/^ 119,697 )/i,,S faj/^ 

Cumulative 2,389,726 Cumulative 4,-626,449 



May 3, 193 7 

Commissioner of P u b l i c Lands 
P. 0. Box 1148 
Santa Fe, NM 87504-1148 

Mr. Hart M. Greenwood 
P , 0 . Box 104 
Carlsbad, NM 38220 

Gentlemen :• • : 

T h i s i s t o a d v i s e t h a t Permian C o r p o r a t i o n has 
scheduled a h e a r i n g b e f o r e t h e O i l C o n s e r v a t i o n D i v i s i o n 
to be h e l d a t the OCD c o n f e r e n c e room S t a t a Land O f f i c e 
B u i l d i n g at 8:30 am on June 3 , 1987 , i n Santa Fe . 

The s u b j e c t o f the h e a r i n g i s an a p p l i c a t i o n t o 
dispose of up t o 1000 b a r r e l s of produced water per day 
i n t o a ; ; a l t l a k e l o c a t e d i n S e c t i o n 2, Township 23 South, 
Range 29 East, Eddy County, New Mexico. The f a c i l i t y 
w i l l be l o c a t e d on S t a t e l a n d i n the NW/4 o f s a i d S e c t i o n 

A f t e r r e c e i v i n g an Order and p r i o r to commencing 
any work, a l l n e c e s s a r y requirements w i l l be met f o r 
operating on S t a t e land. 

I f you have any q u e s t i o n s on t h i s m a t t e r you may 
c o n t a c t me at t h e above address oc c a l l me a t 392-6525 

7 

Yours v e r y t r u l y , 
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