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In  1951 the Geological Survey, i n  cooperation 
with the Pecos River Commission, began the investi-  
gation of the f e a s i b i l i t y  of el iminating the inflow 
of br ine  i n  the Yalaga Bend reach of the Pecos River. 
This is  an interim repor t  prepared fo r  the Pecos 
River Commission covering invest igat ions  t o  date. A 
more complete and comprehensive repor t  is planned 

. f o r  l a t e r  publicat ion by the Geological Survey. 

The repor t  was released to  the  public by the 
Secretary of the In t e r i o r  on December 27,  1954. I n  
h i s  re lease  announcement Secretary YcKay noted the 
Pecos River Commission would reproduce-the report .  
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POSSIBLE IMPROVEMENT OF QUALITY OF WATER 
OF 

THE PECOS RIVER BY DIVERSION OF BRINE 
AT 

MALAGA BEND, EDDY COUNTY, NEW bfEXICO 

BY 
W. E. H a l e ,  L. S .  Hughes, and E. R .  Cox 

ABSTRACT 

About 420 t o n s  o f  d i s s o l v e d  m i n e r a l s  o f  which about 370 tons  is 
common s a l t  i s  added d a i l y  t o  t h e  minera l  l o a d  o f  the  Pecos River  through 
seeps  and s p r i n g s  a l o n g  a s t r e t c h  o f  about  3 miles i n  t h e  Malaga Bend of 
the  r i v e r  i n  T24 S . ,  R 29 E.,  which is  17 m i l e s  s o u t h e a s t  of  Car l sbad  i n  
southern Eddy County,  N .  Mex. I n  t h i s  r e a c h ,  t h e  r i v e r  g a i n s  on t h e  aver-  
age approximately 2-1/2 c f s ,  a mixture  of wa te r  o f  which about 2 c f s  i s  
r e t u r n  from i r r i g a t i o n  water  a p p l i e d  t o  nearby l a n d s  and about 0 . 4  c f s  
(200 gpm) is a c o n c e n t r a t e d  b r i n e .  E l i m i n a t i o n  o f  t h e  smal l  in f low o f  
concentra ted b r i n e  would r e s u l t  i n  s u b s t a n t i a l  improvement i n  t h e  q u a l i t y  
of the  water  r e a c h i n g  t h e  Red Bluf f  r e s e r v o i r ,  t h e  water  from which i s  
used f o r  i r r i g a t i o n  i n  t h e  v a l l e y  f a r t h e r  downstream i n  Texas.  

B r i n e ,  a lmost  s a t u r a t e d  w i t h  sodium c h l o r i d e ,  o c c u r s  a t  shal low 
depth i n  the  a l luvium i n  t h e  Grandson S p r i n g  a r e a  on t h e  i n s i d e  o f  t h e  
Malaga Bend and between L i v i n g s t o n ' s  Ford and t h e  Lower Wading s t a t i o n  on 
the o u t s i d e  and lower end of  t h e  Malaga Bend. Elsewhere a t  shal low d e p t h  
i n  the  Malaga Bend a r e a ,  t h e  ground water  p r e s e n t  i s  a mixture  of  b r i n e  
and water de r ived  from a p p l i c a t i o n  o f  wa te r  t o  nearby farm l a n d s .  The 
ch lo r ide  con ten t  of t h e  w a t e r  i n  t h e  a l luv ium i n c r e a s e s  w i t h  d e p t h  and,  
i n  the lower p a r t  o f  t h e  a l luv ium,  t h e  wa te r  i s  s a t u r a t e d  w i t h  common s a l t  

The s o u r c e  o f  t h e  c o n c e n t r a t e d  b r i n e  i n  t h e  a l luvium a t  Malaga 
B e n d  is a b r i n e  a q u i f e r  t h a t  u n d e r l i e s  t h e  a r e a  a t  a depth  o f  about 200 
f e e t .  The a q u i f e r  is developed mostly i n  gypsum n e a r  the  base  o f  t h e  
Rust ler  formation and i n  p l a c e s  d i r e c t l y  o v e r l i e s  t h e  t h i c k  sequence o f  
:apermeable s a l t  and a n h y d r i t e  beds of  t h e  Sa lado  format ion.  The b r i n e  
i s  under s u f f i c i e n t  head i n  t h e  b r i n e  a q u i f e r  t o  p e r c o l a t e  upward through 
t h i n  and incompetent beds of gypsum and c l a y  i n t o  t h e  o v e r l y i n g  beds of  
Sand, c l a y ,  and s i l t  and thence i n t o  t h e  r i v e r .  The Malaga Bend a r e a  is  
the only known d i s c h a r g e  a r e a  f o r  t h i s  c o n c e n t r a t e d  b r i n e .  

The basa l  b r i n e  a q u i f e r  ex tends  northward from t h e  Malaga Bend 
a r e a  I n  a s t r i p  3 t o  5 m i l e s  wide i n t o  Nash Draw. The known l e n g t h  o f  the 
W u l f e r  con ta in ing  b r i n e  i s  about  25 m i l e s .  The p r i n c i p a l  area of  recharge  
: q  i n f e r r e d  to be i n  t h e  v i c i n i t y  o f  Bear Grass  Draw i n  T. 18 N . ,  R. 30 E., 
y c h k ' @ r a l  miles n o r t h  o f  Nash Draw. I n  t h e  recharge  a r e a  t r u n c a t e d  beds of  

Rlls tier forrna t  ion a r e  exposed o r  immediately u n d e r l i e  t h e  a l luvium i n  



t h e  a r e a .  Some recharge  t o  t he  b r i n e  a q u i f e r  occurs  a t  times through 
s i nkho l e s  i n  t h e  a r e a  about  2 mi les  w e s t  o f  the  Malaga Bend. The source 
of the  d i s so lved  s a l t  i n  t he  b a s a l  b r i n e  a q u i f e r  is  undoubtedly t h e  s a l t  
i n  t h e  under ly ing  Sa lado  fo rmat ion .  

The t r a n s m i s s i b i l i t y  of t h e  b r i n e  a q u i f e r  ob ta ined  from aqu i f e r  
tests appears  t o  be about 60,000 g a l l o n s  a  day p e r  f o o t ,  and on t he  b a s i s  
of t he  width o f  t he  a q u i f e r  o f  5  m i l e s  and a  g r a d i e n t  o f  1 .4  f e e t  pe r  mile  
the  a q u i f e r  is  e s t ima t ed  t o  be t r a n s m i t t i n g  about 0 .6  c f s  toward the  d i s -  
charge a r e a  i n  t h e  Malaga Bend. This  va lue  is o f  t he  same o rde r  o f  
magnitude a s  the  r a t e  of d i s cha rge  (0.4 c f s )  c a l c u l a t e d  on t h e  b a s i s  of 
t he  observed g a i n  i n  s a l t  load  of  t h e  r i v e r  i n  t h e  Malaga Bend a r e a .  The 
l a t t e r  method of  de te rmin ing  t he  d i scharge  from t h e  a q u i f e r  is  considered 
t o  be more p r e c i s e .  

Some c o n s i d e r a t i o n  was g iven  t o  e l i m i n a t i o n  of  t h e  b r i n e  from 
the Pecos River  by means o f  a  bypass channel a c r o s s  t h e  Malaga Bend. This  
channel,  about 1 m i l e  l ong ,  and r e t a i n i n g  dams i n  t h e  cu to f f  s e c t i o n  would 
be very c o s t l y ;  t h e  s u r f a c e  a r e a  i n  t h e  c u t o f f  s e c t i o n s  r equ i r ed  t o  eva- 
pora te  the  r e t u r n  i r r i g a t i o n  water and b r i n e  would need t o  be l a rge ;  and 
the  b r i n e  might break i n t o  t h e  cons t ruc t ed  channel .  For t he se  r ea sons ,  
t h i s  method of e l i m i n a t i o n  of  t h e  b r i n e  inf low was n o t  g iven  f u r t h e r  con- 
s i d e r a t i o n .  The most f e a s i b l e  method o f  p reven t ing  t h e  b r i n e  from e n t e r i n g  
the r i v e r  appears  t o  be by pumping t h e  b r i n e  a t  such a r a t e  a s  t o  mainta in  
the head of t h e  b r i n e  below r i v e r  l e v e l .  The pumped b r i n e  would have t o  be  
disposed of by i n j e c t i n g  i t  i n t o  deeper- lying a q u i f e r s  o r  by pumping i t  t o  
sur face  ba s in s  where i t  could be  evaporated.  Meager d a t a  from nearby o i l  
test wells i n d i c a t e  t h a t  deeper  a q u i f e r s  a r e  n o t  s u f f i c i e n t l y  permeable t o  
receive t he  q u a n t i t y  o f  b r i n e  t h a t  would need t o  be  pumped. The most 
favorable  nearby su r f ace -d i sposa l  a r e a  appears  t o  be t he  Queen Lake depres- 
s ion  about 2 miles  southwest  of t h e  Malaga Bend. The i n v e s t i g a t i o n  of  t h e  
f e a s i b i l i t y  of improving t h e  water  of t h e  Pecos River  pass ing  t h e  Malaga 
Bend thus has c en t e r ed  around methods o f  pumping t h e  b r i n e  and t h e  d e t e r -  
mination i n so fa r  a s  p o s s i b l e  of t h e  s u i t a b i l i t y  of Queen Lake a s  a d i sposa l  
a r ea .  

The a l luvium i n  t h e  Malaga Bend a r e a  ex tends  t o  a  depth of 150 
f e e t  below the  Pecos River  i n  p l a c e s .  I t  i s  composed of  s i l t ,  sand,  c l a y ,  
"nd some grave l .  The t r a n s m i s s i b i l i t y  o f  t he  a l luvium appears  t o  be sma l l ,  
o f  t h e  order  o f  10,000 g a l l o n s  a  day p e r  f o o t .  Pumping of shal low w e l l s  
constructed i n  the  a l luvium and f i n i s h e d  on ly  a  few f e e t  i n t o  the  s a tu r a t ed  
br ine  would have the  most immediate e f f e c t  i n  e l i m i n a t i n g  t h e  b r i n e  inflow 
t o  the Pecos River .  The number o f  w e l l s  r equ i r ed  would be l a r g e  and, 
unless care fu l  r e g u l a t i o n  of t h e  d i s cha rge  were mainta ined,  cons iderab le  
"""'lying f r e s h  water would be drawn i n t o  t h e  wells, which would d imin ish  
? h e  e f f i c i e n c y  of t h e  pumping system. Wells f i n i s h e d  and open only i n  t he  
basal Part  o f  the  a l luvium probably could be pumped a t  rates g r e a t e r  than 

qhallower we l l s ,  and the  number of w e l l s  r equ i r ed  t o  e f f e c t i v e l y  lower 
the head o f  the  b r i n e  below r i v e r  l e v e l  throughout t h e  bend a r e a  would be 



,ha. t h a t  required for  a  shallow-well system. Again, however, 

s r o ' u l  observations would need t o  be maintained and the pumping r a t e  
f r m  each w e l l  regulated t o  prevent drawing i n  of f resher  water i n  the 
,pper p a r t  of the alluvium. 

Aquifer t e s t s  i nd ica t e  t h a t  t he  basa l  b r ine  aqu i f e r  has a  high 
c w i f l c l e n  t  o f  t r ansmis s ib i l i t y  and low c o e f i i c i e n t  of s torage .  One o r  

properly located wells i n  the  basal  b r ine  aqu i f e r  could be pumped a t  
ruth , r a t e  as t o  lower the head of the  b r i n e  below r i v e r  l e v e l  over the  

: r e  clischarge a rea .  There i s  l i t t l e  l i ke l ihood  t h a t  the f r e s h  water 
I n  t h e  overlying alluvium would be drawn i n t o  the w e l l s .  An i n i t i a l  

pu+plag r a t e  of 600 to  700 ga l lons  a  minute from the  deeper w e l l s  would 
),,.or the head of the b r ine  t o  about r i v e r  l e v e l  i n  a  few days. The 

r a t e  could be lowered i n  t i m e  and eventua l ly  could be reduced t o  
approximately 200 gal lons  a  minute, the  n a t u r a l  discharge r a t e  from the  
rqu t f e r .  Some addi t iona l  water may be induced i n t o  the basa l  b r ine  
a q u r  for i n  the recharge a rea  a s  a  r e s u l t  of  lowering of the head on the  
brlne aquifer ,  but the amount probably would be small .  A high i n i t i a l  
r.te o f  withdrawal of b r ine  from the  basal  b r i n e  aqu i f e r  would induce 
ih. brine to move from the  alluvium i n t o  the  basa l  b r ine  a q u i f e r ,  
harrsn1n.g the diminution of flow of b r i n e  t o  t he  r i v e r .  

The br ine s to red  i n  the alluvium w i l l  continue t o  d ra in  t o  the  
r iver  lor several  years ,  but i f  b r ine  is  prevented from e n t e r i n g  the  
rlluvLum by d ive r t i ng  i t  through wel l s  pene t r a t ing  the basa l  b r ine  
aqul fo r ,  improvement i n  the qua l i t y  of the  r i v e r  water moving p a s t  the  
MaIaga Bend should occur within a  few years .  The e f f i c i ency  o f  any 
purrplng system i n  el iminat ing the  flow of b r i n e  i n t o  the r i v e r  may never 
reach 100 percent.  

The Queen Lake depression i s  a  s i n k  developed by so lu t ion  and 
collapse of rocks i n  the  Rus t le r  and underlying Salado formations. The 
depreaeion has s ince  been f i l l e d  p a r t i a l l y  with alluvium. The playa 
covers an area o f  about 60 acres  and i s  under la in  by s i l t  and c lay .  
Exposures of gypsum and dolomite of the Rus t le r  formation occur i n  the  
adjacent slopes of  the depression,  but most of the Rus t le r  formation i n  
!he depression is mantled by s i l t ,  c l a y ,  and sand. Ground water moves 
1 n  a general eastward d i r e c t i o n  toward the Pecos River through the  fill 
and upper b e d s  of the Rus t l e r  formation i n  the  v i c i n i t y  of Queen Lake. 
The playa sediments a r e  not absolu te ly  wa te r t i gh t  bu t  water moves only 
slowly through them. Storm runoff i n t o  the  playa is  l o s t  almost e n t i r e l y  
by svaporation. Tes ts  of samples of  the  playa depos i t s  i nd ica t e  an 
I n i t i a l  permeability of about 1 ga l lon  a  day per  foot .  Continued tests 
With brine on some samples r e s u l t e d  i n  the ma te r i a l  becoming e s s e n t i a l l y  
t i g h t  to passage of b r ine .  The cause of the decrease i n  permeabil i ty  is 
not known. I f  the depression were used f o r  s to rage  of b r ine ,  depos i t ion  
o f  s a l t  together with inwash of s i l t  along the  margins probably w i l l  make 
'he depression t i g h t e r  than i t  now is. Some leakage from the l ake  w i l l  
occur but i t  may diminish under n a t u r a l  condi t ions  i n  time. Some reme- 
d ia l  measures might be necessary, however, t o  r e t a r d  leakage from the  
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:.,., brine from whlch would move e a s t  and sou th  and even tua l l y  
r lr er  , The s t o r a g e  capac i ty  of t h e  Queen Lake depress ion  is  

6 . d  u . < ,500  acre-feet  and would provide s t o r a g e  f o r  pumped b r i n e  and 
4 w  $ , i t  p rec ip i t a t ed  from i t  f o r  approximately 100 yea r s .  A dam 

,',,,, .. a draw on the west s i d e  of t he  Queen Lake depress ion  would 
such of the  su r f ace  runoff  from e n t e r i n g  t h e  l a k e ,  s o  a s  to 

p h m l  ap~nra rn rng  more concen t ra ted  b r i n e  i n  the  l a k e  and hence f a s t e r  
p,.clpi cation of s a l t s .  

~ l t h o u g h  an a c t i o n  program which invo lves  pumping o f  b r i n e  
f,,. the basal b r ine  aqu i f e r  i n  t he  Malaga Bend a r e a  and s t o r age  of the  

~n Queen Lake appears  t o  have a f a i r  chance of  success  hydrau l i -  
such a program should be considered a s  exper imental .  An 

&r.rv.tion program should be mainta ined t o  p rov ide  d a t a  on t h e  e f f e c t s  
, f  puzping on the q u a l i t y  o f  the  water i n  t h e  Pecos River  and t h e  move- 

and qua l i ty  of water  i n  the  Queen Lake a r e a .  The d a t a  ob ta ined  
a i d  i n  making changes i n  t he  pumping regimen and would p rov ide  a 

b'rls for any remedial measures needed t o  r e t a r d  t he  leakage from t h e  
Quaen Lake depression.  I t  may be  adv i s ab l e  t o  a t t empt  t h e  development 
u f  wells in the ba sa l  p a r t  o f  t he  alluvium i n  t h e  Malaga Bend a r e a  t o  
hrrtsn the requ i red  deb r in ing  o f  t h e  a l luvium.  Some cons ide r a t i on  
should be given t o  plugging a c t i v e  s i nkho l e s  i n  t h e  recharge  a r e a  about 
2 e i l e s  west of Malaga Bend. 

INTRODUCTION 

Highly minera l i zed  water  e n t e r s  t h e  Pecos River through seeps  
a d  springs i n  the  Malaga Bend s t r e t c h  o f  t h e  r i v e r ,  about 20 miles 
routhsast of Car lsbad i n  Eddy County, New Mexico (p l .  11, adding g r e a t l y  
to t h e  already h igh  mineral  load  (averaging something l i k e  2,000 tons  
p.r  day) c a r r i ed  by t he  r i v e r  when i t  e n t e r s  t h a t  s t r e t c h .  I n  a r e ach  
of about 3 miles around t h e  Malaga Bend, approximately 430 tons  of s a l t s ,  
of which about 370 tons  is  common s a l t ,  is added d a i l y  t o  t he  r i v e r  wate r  
moving pa s t  the  bend. The r i v e r  flows southward from t h e  Malaga Bend 
:n:o the Red Bluff  r e s e r v o i r  j u s t  sou th  of t he  S t a t e  l i n e  i n  Texas. The 
warer i s  s t o r ed  he r e  f o r  use  i n  seven i r r i g a t i o n  d i s t r i c t s  along t he  
valley from Mentone, Tex., sou th  t o  G i rv in ,  Tex. A s  much a s  45,884 a c r e s  
have been i r r i g a t e d  i n  t he se  d i s t r i c t s  i n  f avo rab l e  yea r s  but dur ing  t h e  
Past few years  t h e r e  has  been a marked decrease  i n  i r r i g a t e d  acreage a s  

resu l t  of inadequate water and the  h igh  m i n e r a l i z a t i o n  of t h e  a v a i l a b l e  
water. Improvement o f  t he  q u a l i t y  of t he  r i v e r  water  would improve crop 
yields and the  crops  would r e q u i r e  less water .  

Usual ly ,  d i s so lved  minera l s  a r e  added t o  a r i v e r  system through 
long s t r e t che s  of a r i v e r  and t h e  volume of  wate r  involved is app rec i ab l e .  
Condi t lons  such a s  t h i s  makes i t  imprac t i c a l  t o  improve t h e  q u a l i t y  of a 
r iver  water by p r even t i ng  t h e  contaminat ing water from e n t e r i n g  t h e  r i v e r .  
In the Malaga Bend r each  of t h e  Pecos R ive r ,  however, t h e  a r e a  o f  in f low 
0 1  Water of poor q u a l i t y  is r e l a t i v e l y  smal l  and the  quan t i t y  of minera- 
l l2.d water - a h igh ly  concen t ra ted  b r i n e  - e n t e r i n g  t he  r i v e r  is  only 
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about 0 . 4  c f s .  Under these  condi t ions  the ques t ion  a rose ,  therefore ,  as 
t o  whether t h e r e  might be some method wi th in  economic reach t h a t  might be 
found t o  keep the  contaminating water from e n t e r i n g  the  r i v e r ,  thus impro- 
ving s u b s t a n t i a l l y  the  q u a l i t y  of the water reaching the  Red Bluff 
r e s e r v o i r .  

One of  t h e  s p e c i f i c  r e s p o n s i b i l i t i e s  of the  Pecos River 
Commission i n  ca r ry ing  o u t  t he  terms of t he  Pecos River Compact is t o  
i nves t i ga t e  means of  improving the  q u a l i t y  of  water  i n  t he  Pecos 
River,  p a r t i c u l a r l y  i n  t h e  Malaga Bend s t r e t c h ,  and i f  improvement is 
f e a s i b l e  t o  recommend a  program f o r  improving the  q u a l i t y  of the water.  

Scope o f  the  Inves t i ga t ion  

The Pecos River  Commission en t e r ed  i n t o  a  cooperat ive agree- 
ment with t he  Geological  Survey i n  1951 t o  i n v e s t i g a t e  t he  hydrologic 
f e a s i b i l i t y  of  e l i m i n a t i n g  the  inf low of b r i n e  i n  t he  Malaga Bend reach 
of the Pecos River .  The i n v e s t i g a t i o n  was made by the  Water Resources 
Division. Some phases of  t he  work were begun i n  J u l y  1951 and p a r t s  of 
the i n v e s t i g a t i v e  phase w i l l  con t inue  through a t  l e a s t  J u l y  1955. 

This  r e p o r t  r e p r e s e n t s  a  prel iminary compilat ion and discussion 
of the r e s u l t s  of t he  s tudy  prepared f o r  t he  Pecos River  Commission fo r  
the purpose of  p r e sen t ing  a summary of  i n v e s t i g a t i o n s  t o  da te .  A more 
complete and comprehensive r e p o r t  i s  planned f o r  l a t e r  pub l i ca t i on  by 
the Geological Survey. 

TWO genera l  methods of  e l imina t ing  the  inflow of b r i n e  t o  the 
river were given i n i t i a l  cons idera t ion :  (1) Inasmuch a s  t he  i n f l u x  of 
highly mineralized water  t akes  p l ace  along the Malaga Bend, some consi- 
deration was given t o  the  p o s s i b i l i t y  of cons t ruc t ing  a  cu to f f  channel 
connecting the head of the  bend wi th  the toe  of  t he  bend, a  d i s t ance  of  
about 1 mile, and thus  bypassing the s t r e t c h  i n  which the  b r i n e  spr ings  
a r e  emerging. Dams would have t o  be b u i l t  t o  r e t a i n  t he  b r i n e  i n  the 
c u t o f f  sect ion.  However, i t  would be d i f f i c u l t  i f  no t  impossible t o  
conf lne the b r ine  t o  t he  s t o r a g e  pool ,  a s  the increased  head brought 
about by the s to rage  of b r i n e  i n  t he  cu tof f  s e c t i o n  probably would cause 
'he brine to  break o u t  in the  c u t o f f  channel o r  o t h e r  a r e a s .  Further  
' h e  storage pool i n  t he  c u t o f f  s e c t i o n  would have t o  be q u i t e  l a r g e  t o  
Permit the evaporation o f  n o t  only the  b r i n e  bu t  a l s o  the  r e t u r n  water 
from nearby i r r i g a t e d  land .  The inflow i n t o  the  s t o r a g e  pool of Course 
' ~ ~ l d  be reduced by tak ing  the  nearby lands  ou t  of  c u l t i v a t i o n .  The 
" jq t  o f  the cutoff  channel,  r e t a i n i n g  dams, and purchase of  i r r i g a t e d  
l a n d s  the purpose of  t ak ing  them out  of product ion probably would be 
Qrcoasive.  For these reasons ,  t h i s  approach t o  t he  e l imina t ion  of  the 
"lnc inflow was not given f u r t h e r  cons idera t ion .  (2) An a l t e r n a t i v e  

O f  improving the  q u a l i t y  o f  the  r i v e r  water would be t o  pump t h e  
;r '" Such a  r a t e  a s  t o  maintain the  head of the  b r i n e  i n  t he  water- 
h'r ing bed below r i v e r  l e v e l ,  thus  prevent ing i t  from en te r ing  the  



r i v e r .  The pumped b r i n e  could be disposed of (a) by i n j e c t i o n  i n t o  much 
deeper br ine-bear ing beds through wells o r  (b) by pumping i t  through a 
p ipe l ine  t o  nearby bas in s  where i t  would evapora te .  

Meager d a t a  ob ta ined  on nearby o i l  and o i l - t e s t  w e l l s  suggest 
that  deeper br ine-bear ing beds,  which a r e  a t  depths of more than 3,000 
f e e t ,  a r e  n o t  s u f f i c i e n t l y  permeable t o  take the amount of b r ine  t ha t  
would be pumped. The in te rvening  beds of s a l t  and anhydr i te  a r e  imper- 
meable. For these  r ea sons ,  the d i sposa l  of the b r i n e  i n t o  deeper brine- 
bearing beds does no t  appear t o  be f e a s i b l e .  

The most f e a s i b l e  method of  e l imina t ing  the  b r i n e  inflow 
therefore appears  t o  be by pumping the  b r i n e  i n t o  nearby evaporat ion 
basins. The l a r g e s t  nearby bas in  i s  Queen Lake, between 1 and 2 miles 
southwest of  t h e  Malaga Bend (p l .  2) .  The i n v e s t i g a t i o n  thus has  
centered around means of  pumping t h e  b r i n e  from the Malaga Bend a r e a  and 
determining i n s o f a r  a s  pos s ib l e  t he  s u i t a b i l i t y  o f  Queen Lake a s  a 
disposal a r ea .  

Locat ion of t he  Area 

The p r i n c i p a l  a r e a  i nves t i ga t ed  i s  the  southwest p a r t  of  T.24 S. ,  

R .  29 E . ,  which inc ludes  the  Malaga Bend a r ea  and most of the  Queen Lake 
area. The Malaga Bend of t he  Pecos River  is  about 5 miles e a s t  of  Malaga 
which i n  t u rn  is  on U.S. Highway 285 about 17 miles southeas t  of 
Carlsbad. Improved roads l ead  t o  t he  Malaga Bend but only t r a i l s  provide 
access t o  much of the  a rea .  Lands a r e  i r r i g a t e d  i n  the  Malaga Bend a r e a  
on both s i d e s  of the  r i v e r .  Water i s  brought t o  the  i n s ide  of  t he  bend 
by means of a flume (p l .  2).  The Pecos River is  the  source of  the  irri-  
gation water ,  which i s  d ive r t ed  through a cana l  system t h a t  o r i g i n a t e s  
several miles upstream from t h e  bend. The study was extended t o  the  Nash 
Draw area and o ther  a r ea s  t o  t he  nor th  of  Malaga Bend (p l .  1) i n  connec- 
t i o n  with the source o f  the  b r i n e .  

Previous Inves t i ga t ions  

Although the occurrence of b r ine  sp r ings  i n  the MalWW Bend has 
'men known for  many yea r s ,  Robinson and Lang (1938) Were the f i r s t  t o  make 
( jetailed study of the sp r ing  a r e a ,  i n  1937-38. Personnel of t h e  U.S. 
P ~ l a s h  Co. a l s o  worked on the  problem a t  the same t i m e .  Although the 
* e 4 j l t r  o f  the i r  work were no t  publ i shed ,  many of t h e i r  d a t a  were made 
.v.il~ble to Robinson and Lang, who incorporated the  d a t a  i n  t h e i r  r epo r t  
' "  :he area.  Robinson and Lang concluded t h a t  the  source of the  b r ine  was 
'ha  brine aquifer  i n  the basa l  p a r t  of the  R u s t l e r  formation, from which . h .'e Percolated through a t h i n  and incompetent confining bed of the 
Ru'r lcr formation i n t o  the alluvium and thence i n t o  t he  r i v e r  i n  the  
m A . a ~ a  Bend l o c a l i t y .  Addit ional  work was done on the occurrence of  b r ine  

'he h l ~ a  Bend a r ea  from 1939 t o  1941. The r e s u l t s  of  t h i s  add i t i ona l  
* '  " '"'@ Presented i n  the "Reports of  the p a r t i c i p a t i n g  agencies ,  the  





11 Pecos River  J o i n t  Inves t iga t ion .  I n  t h i s  r e p o r t ,  Theis (Theis, Morgan, 
and o t h e r s ,  1942, p. 69) i n f e r s  t h a t  i f  a l l  the s a l t  en te r ing  the  r i v e r  
i n  the  Malaga Bend a r e a  w e r e  coming from the  b r i n e  aqui fer  a t  the  base 
of t he  R u s t l e r  formation, the  b r ine  is  emerging a t  the r a t e  o f  0.44 c f s .  
During the  period from 1941 t o  1952 per iodic  measurements of water l e v e l s  
were made i n  the  b r i n e  test holes  and i n  a few shallow wells used i n  the 
previous inves t iga t ions  of t he  occurrence of the  brine.  

Concurrent wi th  the  above inves t iga t ions ,  da t a  were obtained 
on the flow o f  the  Pecos River at the  gaging s t a t i o n s  near Malaga, a t  
p ie rce  Canyon Crossing,  and a t  Red Bluff (p l .  1 ) .  The s t a t i o n  was d i s -  
continued a t  P i e r c e  Canyon Crossing i n  September 1941. 

Water samples were co l l ec t ed  d a i l y  f o r  chemical analyses a t  
these three  s t a t i o n s  f o r  the  periods of opera t ion  of the  stream-gaging 
s t a t ions .  Also d a t a  were co l l ec t ed  by Howard, White, and Bast ings on 
the chemical q u a l i t y  of  the  water i n  the  b r i n e  aqu i fe r  and the  shallow 
ground water i n  the  Malaga Bend area .  Resul t s  of t h i s  work appear i n  the  
12th and 13th  Biennial  Reports of the  S t a t e  Engineer of New Mexico, and 
i n  the %por ts  of  t h e  p a r t i c i p a t i n g  agencies ,  t he  ~ e c o s  River J o i n t  
Invest igat ion.  " 

The geology of the  Malaga Bend and Queen Lake areas  was s tudied ,  
and considerat ion given t o  the  water t ightness  of the  bottom of Queen Lake, 
by R. 0 .  Jones of t h e  Geological Survey i n  1948. Data obtained during h i s  
study and someof h i s  conclusions a r e  incorp'orated i n  t h i s  r epor t .  

P resen t  Inves t iga t ion  

The presen t  i nves t iga t ion  was begun i n  1951. The d a t a  co l l ec t ed  
during previous inves t iga t ions  were reviewed and u t i l i z e d  t o  provide the  
buolrground f o r  t h i s  i nves t iga t ion .  Three b r ine  test w e l l s  i n  t h e  Halaga 
Bend area tha t  had been d r i l l e d  i n  connection wi th  previous inves t iga t ions  
were cleaned out  and t e s t e d  fo r  casing leaks .  The casings were found t o  be 
i n  ea t i s fac tory  condi t ion  and per fora ted  l i n e r s  were inse r t ed  i n  the  pre- 
Vlou~ly uncased lower p a r t s  of the  test holes .  Recorders were i n s t a l l e d  on 
tb. b r i m  test wells i n  t h e  Malaga Bend a r e a  and o the r  b r ine  test w e l l s  
outaide the a rea .  Several  shallow observat ion wells were constructed i n  the 
Nalaga Bend a rea  and i n  the  v i c i n i t y  of  Queen Lake t o  observe f luc tua t ions  

~ n e  water l eve l  of the  shallow water. Two add i t iona l  moderately deep 
test holes were d r i l l e d  i n  the  Malaga Bend area.  One, test w e l l  24.29.16. 
133a (U8W lo), was d r i l l e d  t o  the  basa l  p a r t  of t he  alluvium t o  obta in  
imfolration on the  r e l a t i o n  of  t he  b r ine  i n  the  basa l  alluvium t o  t h a t  i n  
t b  underlying b r ine  aqu i fe r  i n  the  basa l  p a r t  of the  Rus t l e r  formation. 
Another test w e l l ,  24.29.17.444 (USGS 11) , i n  the  south p a r t  of t he  bend 
Voa was d r i l l e d  t o  ob ta in  information on water-bearing beds i n  the  a l l u -  

intended to be developed as a production w e l l  i n  the  basa l  
brine Wuifer  i n  the  Rus t l e r  formation. The w e l l  d i d  no t  y i e l d  s u f f i c i e n t  
water be usedas aproduct ion w e l l  and was f in i shed  a s  an observat ion 



well i n  the basa l  b r ine  aqui fer .  Two aqu i fe r  t e s t s  were made, one i n  
May 1953 f o r  a period of 2 weeks, one i n  January-March 1954 f o r  a period 
of 6 weeks, t o  determine the aqui fer  c h a r a c t e r i s t i c s  of the  basal  br ine 
aquifer and the  e f f e c t  of pumping, i f  any, on the  inflow of br ine  to  the 
r iver  . 

The work i n  the  v i c i n i t y  of Queen Lake included e s t ab l i sh ing  a 
recording gage on the  l ake  t o  a id  i n  determining whether there  was leak- 
age from the  l a k e  of  storm waters  t h a t  drained i n t o  the lake.  A few 
ishallow wells were augered i n  the  lake  bed and along the margin t o  
obtain fu r the r  d a t a  on the  behavior of the  water t ab le  i n  the  l o c a l i t y .  
A general inventory of w e l l s  i n  t he  l o c a l i t y  was made t o  obta in  da ta  on 
the pos i t i on  of  the water tab le .  The geology of the  a rea  was reexamined 
and a de ta i l ed  topographic map was prepared i n  order  t o  calculate-the 
potent ial  s to rage  capaci ty of the Queen Lake depression. 

Records of surface-water flow were obtained a t  the  Malaga, 
Pierce Canyon Crossing and Red Bluff  gaging s t a t i o n s .  The P ie rce  Canyon 
Crossing gaging s t a t i o n  was r ees t ab l i shed  i n  August 1951 t o  measure the 
gain or  loss i n  t h e  r i v e r  in the  Malaga Bend s t r e t c h .  In addi t ion  
periodic measurements were made of the  flow of the  Pecos River a t  5 
temporary s t a t ions*  i n  the Malaga Bend a r e a  i n  connection with pumping 
teats and seepage runs.  

Quali tyiof-water  data were o b t a i n ~ d  OH -the Pems River by 
collection of da i ly  samples e a s t  of Malaga, at the Pierce  Canyon 
Crossing gaging s t a t i o n ,  and near Red Bluff .  The sampling po in t  east 
of Malaga is about 1 . 5  miles upstrqam from the  gaging s t a t i o n  near  
Malaga. Near Red B l u f f ,  the  sampling po in t  is a t  the  p ipe l ine  bridge,  
mbout 2 .S  miles downstream from the gaging s t a t i o n  a t  Red Bluf f .  
~ l y s b s  have indica ted  t h a t  there i s  l i t t l e  change i n  qua l i ty  of the  
matar between the sampling po in t s  and t h e  r e spec t ive  gaging stf t t ions.  
18 rddi t ion,  i n t ens ive  sampling of the Pecos River a t  the 5 temporary 
atatlone during the  aqu i fe r  tests was done t o  determine t h e  change i n  
tb. s a l t  load i n  t h i s  s m t c h  o f  the  r i v e r .  Also, analyses were 
]b:alned of water from s e w  a reas  i n  the  Malaga Bend. Samples were 

as needed from shallow and b r ine  w e l l s  i n  the a r e a  of i n t e r e s t .  
The m a l ~ s e 8  were made by the  Geological Survey. 

' I*ntlfled as the Fishing ~ o c k  s t a t i o n ,  Corra l  s t a t i o n .  Head of 
armd.on Spring s t a t i o n ,  Livingston '  s Ford s t a t i o n ,  and Lower wading 
'tation. The gaging poin t  f o r  the  gaging s t a t i o n  near Malaga is 
roforr*d to a s  the Upper Wading s t a t i o n .  
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Well-Numbering-System 

The system used by the  Geological Survey of numbering wells i n  
New Mexico i s  based on the  common system o f  subdiv is ion  of publ ic  lands 
in to  s e c t i o n s .  By means of i t  the  w e l l  number, i n  add i t i on  t o  designating 
the w e l l ,  l o c a t e s  i ts  p o s i t i o n  t o  the  nea re s t  10-acre t r a c t  i n  the  land 
net. The w e l l  number is d iv ided  by per iods  i n t o  four  segments. The f i r s t  
segment denotes  the  township no r th  o r  south of the  New Mexico base l i ne ;  
the second denotes  t he  range e a s t  o r  west of the New Mexico pr incipal  
meridian; and t h e  t h i r d  denotes  the  sec t ion .  

The f o u r t h  segment of  the  number, which c o n s i s t s  of three 
d i g i t s ,  denotes  t h e  p a r t i c u l a r  10-acre t r a c t  i n  which the  w e l l  i s  s i tua-  
ted. For t h i s  purpose, t he  s e c t i o n  is divided i n t o  four  quar te rs ,  
numbered 1, 2 ,  3 ,  and 4 ,  i n  t he  normal reading o rde r ,  f o r  the northwest, 
northeast,  southwest,  and sou theas t  q u a r t e r s ,  r e spec t ive ly .  The f i r s t  
d ig i t  of the fou r th  segment g ives  the qua r t e r  s ec t ion .  S imi la r ly ,  the 
quarter s e c t i o n  is divided i n t o  four  40-acre t r a c t s  numbered i n  the same 
aanner, and the  second d i g i t  denotes t he  40-acre t r a c t .  F ina l ly ,  the 
40-acre t r a c t  is  d iv ided  i n t o  four  10-acre t r a c t s ,  and the  th i rd  d i g i t  
denotes the 10-acre t r a c t .  Thus, a w e l l  i n  t he  SW1/4S~1/4NW1/4 sec. 16,  
T.  24 S., R .  29 E., i n  Eddy County is designated a s  24.29.16.133. I f  a 
well cannot be loca t ed  accu ra t e ly  wi th in  a 10-acre t r a c t ,  a zero is  used 
as the t h i r d  d i g i t ,  and i f  i t  cannot be loca t ed  accura te ly  mithin a 
40-acre t r a c t ,  zeros  are used f o r  both the  second and t h i r d  d i g i t s .  I f  
the w e l l  cannot be loca t ed  more c lose ly  than t h e  s e c t i o n ,  ;he fourth 
aegm@nt of the w e l l  number is  omitted. When i t  becomes ppss ib le  t o  
locate more accura te ly  a w e l l  i n  whose number ze ros  have been used, the 
Proper d i g i t  o r  d i g i t s  a r e  s u b s t i t u t e d  f o r  the  zeros.  L e t t e r s  a ,  b ,  c ,  
e . . .  are added t o  t he  l a s t  segment t o  des igna te  the  second, t h i r d ,  
fourth and succeeding w e l l s  i n  the  same 10-acre t r a c t .  

Figure 1 shows the  method of numbering sec t ions  wi th in  a 
t m a h i ~  and t r a c t s  wi th in  a s ec t ion .  

p TOPOGRAPHY AND DRAINAGE 
6 

The chief topographic f e a t u r e  of the reg ion  is the  val ley of the 
h - 8  River. The r i v e r  flows gene ra l ly  south-southeast through Eddy 
'ouoty, N. Mex. Although the  width of t he  a r e a  considered t o  be i n  the 
heom River drainage extends more than 100 m i l e s  from the  GuadaluPe 
LImtalns On the west t o  the  High P l a i n s  on the e a s t ,  the ac tua l  va l ley  
'lmr 1. t h i s  region gene ra l ly  is only a few m i l e s  wide. An exception is 
U. bm&d valley w e s t  of t he  Pecop River extending from ca r l sbad  south- 
ward 12 miles t o  the v i c i n i t y  of t h e  Black River.  The su r f ace  of '"' broad valley is a t e r r a c e ,  w e l l  above the  f lood  p l a i n  of the Pecos 
'lVar* b r d e r i n g  the f lood p l a i n  and higher  t e r r a c e s  a r e  a r eas  which 
V. described a s  having a modified k a r s t  topography of low relief. 
k. O f  the l a rges t  depressions developed i n  t h i s  a rea  is  Laguna Grande 
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Figure I. Sketch illustrating well-numbering s y s t e m .  



de l a  S a l  about 5 m i l e s  no r th  of the Malaga Bend. Another moderately 
large depress ion  is  Queen Lake about 1 m i l e  southwest of the Malaga 
Bend a r e a  i n  p a r t s  of s e c s .  19 and 30, T. 24 S . ,  R .  29 E .  The playa 
area covers about 60 a c r e s  and the t r i b u t a r y  a r e a  covers about 4 square 
miles. Queen Lake r e c e i v e s  only storm waters  and a t  times is dry.  
Several sma l l e r  p a r t i a l l y  f i l l e d  depressions a r e  now the  sites of farms 
and toge ther  wi th  p a r t s  o f  the  t e r r a c e  a r ea s  and f lood p l a i n s  compose 
the farmland of the  a r e a .  A l l  t he  c u l t i v a t e d  lands  a r e  under i r r i g a t i o n .  

The p r i n c i p a l  drainageway i s  the  Pecos River.  T r i b u t a r i e s  t o  
the Pecos River  i n  t h i s  a r e a  a r e  developed p r i n c i p a l l y  westward from the  
r i v e r  and rise i n  the  Guadalupe Mountains s e v e r a l  miles t o  the west. Of 
these t r i b u t a r i e s  only t he  Black River ,  which j o i n s  the Pecos River a 
few miles northwest of Malaga Bend, is perennia l  near  i t s  mouth. How- 
eve r ,  o t h e r  normally dry arroyos i n  the a r e a  con t r ibu t e  much floodwater 
on occasions.  The drainage p a t t e r n  e a s t  o f  the  Pecos River  i s  poorly 
developed. Tr ibu ta ry  draws extend f o r  only a few miles t o  the  e a s t  and 
only a t  t i m e  of heavy r a i n s  do they con t r ibu t e  any su r f ace  water t o  t he  
r i v e r .  

The Malaga Bend of t he  Pecos River  is  t h a t  reach of  the  r i v e r  
beginning i n  the SW1/4 sec .  1 7 ,  T. 24 S . ,  R .  29 E.,  and cont inuing e a s t  
i n t o  sec. 16 then sou th  then west t o  t he  NW1/4 sec. 20, T. 24 S. ,  R .  29 
E . ,  a d i s t a n c e  of  about 4 miles. (See p l .  2.) Within t h i s  s t r e t c h  t h e  
r i v e r  flows through a l a r g e  p a r t i a l l y  f i l l e d  depression t h a t  is  ova l  i n  shape 
aboutq 1.5 m i l e s  a c ros s  from no r th  t o  south ,  and about 2.5 m i l e s  from 
e a s t  t o  w e s t .  The main f l o o r  of the  depress ion  which i s  a l s o  the  r i v e r  
terrace is between 20 and 30 f e e t  above the  normal r i v e r  l eve l .  The 
approximate a l t i t u d e  o f  t h e  r i v e r  is  2,900 f e e t  a t  the  upper end of  the 
bend and 2,890 f e e t  a t  t h e  lower end. About 860 acres  of land a r e  under 
i r r i g a t i o n  i n  f l a t s  a long the  o u t e r  s i d e  of t h e  bend and about 200 a c r e s  
a r e  i r r i g a t e d  i n s i d e  t he  bend. 

DISCHARGE OF THE PECOS RIVER 

Under normal condi t ions  the Pecos River  i s  dry between 
Carlsbad and Lake Avalon about 5 miles  no r th  of Carlsbad. Perennia l  
flow s tar ts  a t  Carlsbad i n  a s e r i e s  of sp r ings  known a s  the  Carlsbad 
Spr ings  a r e a .  The s t ream ga ins  i n  flow from here southward, l a r g e l y  

from r e t u r n  flow of  i r r i g a t i o n  water i n  the  Carlsbad I r r i g a t i o n  D i s t r i c t .  
The Black River  and, a t  times, the Delaware River  a l s o  con t r ibu t e  t o  
the dry-weather flow of t he  r i v e r .  The p r i n c i p a l  d ive r s ion  from the  
r i v e r  i n  t h i s  s t r e t c h  between Carlsbad and Red Bluff r e s e r v o i r  is through 
the  Harroun cana l .  Included among the  o t h e r ,  minor, d ive r s ions  i n  t h i s  
reach a r e  those a t  two pumping p l a n t s ,  one i n  the Malaga Bend area and 
the  o t h e r  south  of t he  bend i n  sec .  6 ,  T. 25 S . ,  R .  29 E. 

i; Records of  d i scharge  of the  Pecos River  a t  the  gaging s t a t i o n  



near ~ a l a g a ,  N .  Mex., i n  the NWl/4NW1/4 sec.  19 ,  T. 24 S . ,  R .  29 E . ,  f o r  
the periods May 1920 t o  September 1925 and October 1931 to  September 1951 

published i n  annual r epo r t s  of the Geological Survey e n t i t l e d ,  
"surface water supply of the United S ta t e s . "  Data f o r  the period January 
1921 t o  December 1931 have been published i n  r e p o r t s  of the S t a t e  Engineer 
of N ~ W  Mexico. Discharges a t  the  s t a t i o n  have ranged from no flow on 
~ u g u s t  20 and 22, 1934, t o  63,700 c f s  on September 21, 1941. 

Records of discharge a t  Red B l u f f ,  N. Mex., i n  sec.  1, T. 26 
s , ,  R. 28 E . ,  f o r  the per iod  October 1937 to  September 1951 a r e  publ i-  
shed i n  r epo r t s  of t he  Geological Survey. Published extremes a t  t h i s  
s ta t ion  range from a minimum of 14 c f s  on August 19 ,  1946, t o  a maxi- 

, mm of 52,600 c f s  on May 24, 1941. Provis iona l  records f o r  t he  1952 
a d  1953 water years  show a new low of  5.4 cf s on August 30, 1953. 

Records of  discharge a t  the  P i e rce  Canyon Crossing near  Malaga, 
in  the SE1/4 sec.  28, T. 24 S. ,  R.  29 E., have been published by the  
Geological Survey f o r  t he  period Ju ly  1938 t o  September 1941. The s t a t i o n  
was re-establ ished i n  August 1951 f o r  t he  p re sen t  i nves t iga t ion ,  and provi- 
sional records a r e  a v a i l a b l e  through December 1953. The maximum gage 
height of the  per iod  of record  a t  t he  s t a t i o n  occurred on May 22, 1941; the 
discharge was not  determined. The minimum flow of record was 6.6 c f s  on 
August 14, 1953. 

During the  per iod  of the  Pecos River J o i n t  Inves t iga t ion  from 
1938 through 1941, s e v e r a l  temporary s t a t i o n s  were i n  opera t ion  on t r ibu-  
tary streams and d ive r s ion  cana ls  between Carlsbad and Red Bluff  r e se rvo i r .  

Except dur ing  heavy l o c a l  r a i n s ,  inflow t o  the  Pecos River 
between the  gaging s t a t i o n s  near  Malaga and a t  P i e rce  Canyon Crossing is 
l imited t o  s p i l l  from the Harroun cana l ,  i r r i g a t i o n  r e t u r n  flow, and the 
brine from seeps and sp r ings  i n  the  Malaga Bend. Water is d ive r t ed  by 
means of L iv ings ton ' s  pump on the south  s i d e  of t he  bend. Discharge 
records were kept  i n  t he  1940 water year  of s p i l l  from Harroun cana l ,  
when 2,800 acre- fee t  of water was re turned  t o  t he  r i v e r .  Records of diver- 
sions a t  L iv ings ton ' s  pump a r e  ava i l ab l e  f o r  the  1940 water yea r ,  when 575 
acre-fee t was d ive r t ed .  

The ga in  i n  flow between Fish ing  Rock near the upper end of the 
Malaga Bend and the Lower Wading s t a t i o n  near the  lower end of the  bend was 
measured i n  February 1954 and again i n  September 1954. I n  February 1954 
the ga in  appeared t o  be about 2 c f s  and i n  September 1954 the gain was about 
3 c f s ,  t ak ing  i n t o  account a l o s s  of about 0.6 c f s  due t o  evaporation from 
the  r i v e r  i n  September. The average ga in  i n  t h i s  reach is  about 2.5 c f s ,  of 
which approximately 2.0 c f s  is a t t r i b u t a b l e  t o  r e t u r n  from i r r i g a t i o n  r a t e r .  

There i s  apparent ly very l i t t l e  su r f ace  inflow t o  the r i v e r  
between the P ie rce  Canyon Crossing and Red Bluff  s t a t i o n s ,  o the r  than d i r e c t  
runoff r e s u l t i n g  from l o c a l  r a i n f a l l .  During some years  an apparent l o s s  i n  
flow has been r epor t ed  between the two s t a t i o n s .  



u 
Z - 

Z 
a cn 
Ycn 
I 0  
2 



~ o n t h l y  mean discharges f o r  the gaging s t a t i o n  near m l a g a  f o r  
tY wafer years 1938 t o  1953 a r e  shown l n  p l a t e  3. Also shown is the 

ra in  or  l o s s  between the Malaga and Red Bluff gages. Yearly mean 
dlrchlrges for  these two s t a t i o n s  and f o r  P i e rce  Canyon Crossing a r e  
@- 1. t ab les  1 t o  3 ,  i n  connection with the chemical analyses .  

CHEMICAL QUALITY OF THE PECOS RIVER 

I, Studies  of the chemical charac te r  of water i n  the Pecos 
besin i n  New Mexico began i n  1937. During the  e n t l r e  per iod 

,,mle,g have been taken d a i l y  from the  r i v e r  a t  o r  near the gaging 
, l r r t ions near Malaga and a t  Red B l u f f .  Sampling a t  P i e rce  Canyon 

crossing, which had been done from 1938 t o  1941, was resumed i n  
October 1951. From March 1938 t o  December 1940, d a i l y  samples were 
,,l lected from the Refinery in t ake  canal  i n  sec.  13, T. 23 S., R .  28 E. ,  
representing water i n  the  Harroun canal  d ive r t ed  from the  Pecos River a t  

dam i n  sec.  11, T. 23 S . ,  R .  28 E. Weekly samples have been c o l l e c t e d  
since January 1941. On the b a s i s  of the  s p e c i f i c  conductance of the  d a i l y  
ramplee, composite samples were made f o r  complete chemical ana lys is .  The 
composite samples usua l ly  included ten  consecutive d a i l y  samples, bu t  when 
daily conductance va lues  showed excess ive  day-to-day v a r i a t i o n ,  the  com- 
positas were made f o r  s h o r t e r  per iods i n  o rde r  t h a t  only d a i l y  samples of  
rlmilar conductance be included i n  any composite sample. Analyses of the 
composite samples f o r  the water yea r s  1941 to  1950 a r e  published i n  annual 
reports of the Geological Survey e n t i t l e d  " ~ u a l i t ~  of the su r f ace  waters  
of the United s t a t e s . "  

Water o f  the  Pecos River near Malaga conta ins  l a r g e  q u a n t i t i e s  
of calcium, magnesium, sodium, s u l f a t e ,  and ch lor ide .  Between Malaga and 
Piercecanyon Crossing a Large increase  i n  d isso lved  s o l i d s  occurs i n  the  
r iver  water. The ch ief  c o n s t i t u e n t s  added t o  the r i v e r  i n  t h i s  reach a r e  
eodium and ch lo r ide ,  with smal le r  amounts of  s u l f a t e  and magnesium. The 
mineralization of t he  water increases  only s l i g h t l y  between P ie rce  Canyon 
and Red Bluf f .  

The weighted averages of the analyses  of samples c o l l e c t e d  a t  
the Malaga, P i e rce  Canyon Crossing,  and Red Bluff gaging s t a t i o n s  f o r  the  
period of record a r e  given i n  t a b l e s  1 t o  3.  A weighted average repre-  
sents  approximately the composition of water t h a t  would be found i n  a 
reservoir  conta in ing  a l l  the  water passing a given s t a t i o n  dur ing  the  year 
a f t e r  thorough mixing. The weighted average i s  computed by mult iplying the  
discharge f o r  the  sampling period by the  q u a n t i t i e s  of the ind iv idua l  con- 
s t i t u e n t s  f o r  the  corresponding period and d iv id ing  the  sum of the  products 
by the sum of  the d ischarges .  These averages i n d i c a t e  t h a t  a s  the Pecos 
River e n t e r s  the  Malaga Bend a r e a  i t s  waters  a r e  a l ready  s o  highly mineral i -  
zed a s  t o  be l i m i t e d  i n  t h e i r  usefu lness  f o r  i r r i g a t i o n .  Only s a l t - t o l e r a n t  
crops can be grown succes s fu l ly ,  and l a r g e  amounts of water must be used and 
drainage provided t o  prevent  accumulation of  harmful q u a n t i t i e s  of s a l t s  i n  
the s o i l .  



Comparison of loads  of d i sso lved  s o l i d s  a t  the Malaga and Red 
 luff s t a t i o n s  fo r  14 years  (omit t ing t h e  high flow years  of 1941 and 
1942) show an inc rease  i n  average load of 510 tons per  day between the 
two s t a t i o n s .  During the  four  years  (omitting 1941) when records were 
also a v a i l a b l e  a t  P i e rce  Canyon Crossing the average increase  of d i s -  
oolved s o l i d s  from Malaga t o  Red Bluff w a s  520 tons per  day of which 430 
tons per  day was cont r ibu ted  t o  the  r i v e r  between Malaga and P ie rce  
Canyon Crossing.  I n  r ecen t  years  of low flow the  addi t ion  of t h i s  quan- 
t i t y  of s a l t s  t o  an already s a l i n e  stream has had the  r e s u l t  t h a t  the  
water is  so  concentrated i n  Red Bluff  r e se rvo i r  as  t o  be unusable f o r  
s u c c e ~ ~ f u l  i r r i g a t i o n .  

The ga in  i n  ch lo r ide  load  between the  Malaga and Pierce  
Canyon Crossing and Malaga and Red Bluff gaging s t a t i o n s  f o r  the period 
of record is  shown i n  p l a t e  4 .  The high ga in  i n  ch lor ide  load shown 
for  the yea r s  1 9 4 1 4 3  is assoc ia ted  with the high flows which r e s u l t e d  
from unusually heavy r a i n f a l l  i n  1941 and 1942. The records ind ica t e  
t ha t ,  f o r  t he  period of r eco rd ,  t he  ga in  i n  ch lor ide  load between 
Malaga gage and Red B l u f f ,  omi t t ing  per iods  of  high water ,  has averaged 
about 230 tons pe r  day. Most of t h i s  increased ch lor ide  comes i n t o  the  
r ive r  between Malaga and P ie rce  Canyon Crossing. 

To determine more p rec i se ly  the  l o c a t i o n  and magnitude of t he  
increase i n  d isso lved  s o l i d s  i n  the  r i v e r  i n  the  Malaga Bend a r e a ,  con- 
t inuous sampling runs of varying dura t ion  were made during the present  
i nves t iga t ion .  Two o f  these  were made i n  connection with aqui fe r  tests 
and w i l l  be considered i n  t he  d iscuss ion  of  the  aqui fe r  tests. 

On June 12  and 13, 1952, fo r  a 36-hour per iod ,  samples were 
co l l ec t ed  hourly from the  r i v e r  a t  t he  Upper and Lower Wading s t a t i o n s .  
During t h i s  per iod samples a l s o  were taken a t  4-hour i n t e r v a l s  a t  four 
intermediate  poin ts :  Fishing Rock s t a t i o n ,  Corra l  s t a t i o n  below Grand- 
daddy Spr ing ,  Head of Grandson Spring s t a t i o n ,  and Liv ings ton ' s  Ford 
s t a t i o n .  Locat ions of the  sampling po in t s  a r e  shown on the map (p1.5). 
Computations based on the  ana lyses  of the samples co l l ec t ed  during t h i s  
sampling period i n d i c a t e  t h a t  ch lo r ide  was en te r ing  the  r i v e r  between 
the Upper and Lower Wading s t a t i o n s  a t  the r a t e  of 7.5 tons per  hour,  
and t h a t  more than 60 percent  of the ch lo r ide  inflow occurred i n  the 
reach from the  head of Grandson Spring a rea  t o  the  Lower Wading s t a t i o n .  

During September 1 3  t o  15 ,  1954, a s i m i l a r  sampling run was 
made. Resu l t s  obtained from these  samples ind ica ted  t h a t  the increase  i n  
ch lor ide  between the Upper and Lower Wading s t a t i o n s  was approximately 
9.8 tons per  hour.  The increased  inflow of ch lor ide  during the September 
run i s  bel ieved t o  be due t o  the  seasonal  r i s e  i n  t he  ground-water l e v e l  
i n  the bend a s  a r e s u l t  of app l i ca t ion  of  i r r i g a t i o n  water during the 
summer. A s  t h i s  was near  the  end of  t he  i r r i g a t i o n  season,  near-maximum 
rises of ground-water l e v e l s  would have occurred. The manner i n  which 
i r r i g a t i o n  i n  t h e  a r ea  a f f e c t s  water l e v e l s  i n  the auger holes  and test 
w e l l s  was observed by Howard, White, and Hastings (1942, p. 125) , and they 







believed t h a t  changes i n  the flow of seeps along the r i v e r  and i n  load 
of dissolved s o l i d s  a r e  r e l a t e d  t o  the i r r i g a t i o n  p r a c t i c e s  i n  t h i s  
section of the  r i v e r .  

Data on ga in  i n  loads i n  terms of ch lo r ide ,  sodium chlor ide ,  
dissolved s o l i d s  a r e  summarized i n  t a b l e  4.  Records f o r  the water 

years 1941 and 1942, when abnormally high flows occurred, have been 
omitted from the  computations of the average ga ins .  Shown are ch lor ide  
gains f o r  s eve ra l  reaches of r i v e r  around the Malaga Bend, computed from 
data obtained during the  June 1952 and September 1954 continuous sampling 
runs. An es t ima te  is given f o r  the quanti ty  of ch lor ide  contr ibuted to  
the r i v e r  between Malaga and Pierce  Canyon Crossing gaging s t a t i o n s  by 
return flows of i r r i g a t i o n  water appl ied t o  the  lands i n  the bend area. 
The chlor ide  concent ra t ion  of the i r r i g a t i o n  water was determined by 
analysis  of weekly samples co l l ec t ed  from the  Refinery in take  canal near 
Loving, a d ivers ion  from the Harroun canal .  The chlor ide  concentrat ion 
of the canal  water f o r  the i r r i g a t i o n  per iod ,  March through September, 
for the years  1938 t o  1953 averaged 675 ppm. I t  is bel ieved tha t  most 
of the d isso lved  s o l i d s  from about 4,500 acre-feet  of i r r i g a t i o n  water 
are  returned t o  the r i v e r  i n  the  bend a rea .  

A s  shown i n  t a b l e  4 ,  the ch lor ide  load added t o  the r i v e r  
between the Malaga and P ie rce  Canyon Crossing gaging s t a t i o n s  fo r  4 years  
of record averaged 9.3 tons per  hour. Of t h i s  amount about 0.5 ton per  
hour is bel ieved t o  have been supplied by r e t u r n  i r r i g a t i o n  water ,  and an 
average of  8.8 tons ch lo r ide  per hour by the  inflow of approximately 0.4 
cfe of br ine .  

CHEMICAL QUALITY OF GROUND WATER 

During the e a r l i e r  i nves t iga t ions  i n  the  Malaga Bend a r e a ,  
analyses were made of a l a r g e  number of water samples from seeps,  pools,  
t e s t  w e l l s ,  and auger holes .  This  e a r l i e r  work has been summarized i n  
the 12th  and 13th  Biennia l  Reports of  the S t a t e  Engineer of New Mexico, 
(p. 58-75), and i n  the  " ~ e p o r t s  of the p a r t i c i p a t i n g  agencies ,  the Pecos 
River J o i n t  1nves t iga t ion"  (Howard, Whi te , and Has t ings  , p . 121-125) . 
Both r e p o r t s  include t abu la t ions  of typica l  analyses.  

A s  a p a r t  of  the present  i nves t iga t ion ,  samples were col lec ted  
from the more a c t i v e  seeps and sp r ings ,  from the t e s t  wel l s  remaining from 
the previous s tudy,  from the new t e s t  and observat ion wel l s  a s  they were 
constructed,  and from p r i v a t e  wel l s  i n  the a rea .  

Typical ana lyses  of samples from the seeps and spr ings  q r e  given 
i n  t ab le  5. The d a t a  i n d i c a t e  t h a t ,  a s  during the  e a r l i e r  s t u d i e s ,  small 
quan t i t i e s  of water ranging i n  qua l i ty  from r e l a t i v e l y  f r e sh  water t o  water 
nearly s a t u r a t e d  wi th  sodium d r l ~ - ~  tfie r i v e r  from seeps and 
springs i n  the Malaga Bend area. The quant i ty  of inflow t h a t  could be 
o h r v s d  was no t  s u f f i c i e n t  t o  account fo r  the  inc rease  i n  measured dissolved 



sol ids  t h a t  occurs  i n  the r i v e r  i n  the a rea .  Therefore ,  add i t i ona l  b r ine  
must en t e r  t h e  r i v e r  by means of seeps and sp r ings  i n  the bed of the  r i v e r ,  
T h i s  po in t  was d e f i n i t e l y  e s t a b l i s h e d  by the  previous inves t iga t ions  of 
~oward and White (1938, p .  73) and is  i l l u s t r a t e d  by analyses  i n  t a b l e  5 
of the p re sen t  r e p o r t  . 

Analyses of  samples from t h e  w e l l s  and test holes  a r e  given i n  
table 6. Analysis  8 ,  c o l l e c t e d  from w e l l  USGS 8 a t  the end of the 1954 
aquifer test i s  t y p i c a l  o f  analyses  of the s a t u r a t e d  b r ine  obtained from 
the basa l  b r i n e  aqu i f e r .  No apparent change occurred i n  t he  composition 
of br ine  from w e l l  USGS 8 during 28 days of pumping a t  about 300 gpm. 
Analyses 11 t o  15 ,  from w e l l  USGS 1, i l l u s t r a t e s  t he  d i f f e r e n t  concen- 
t r a t i ons  of minera ls  i n  water found a t  d i f f e r e n t  depths i n  the alluvium 
within the  bend. Analyses 23 t o  25 show the  concent ra t ion  of minerals  
i n  shallow ground waters  i n  the  Queen Lake depress ion .  Analyses 1-7, 
24,  28, and 29 a r e  of  samples from p r i v a t e  w e l l s  i n  the a r ea  w e s t  and 
south of Queen Lake. 

GENERAL GEOLOGY 

The reg ion  under i n v e s t i g a t i o n  is i n  the  geologic  province 
known a s  t he  Delaware bas in .  The northwestern border  of the  bas in  i s  
marked by the  l imes tones  of  r ee f  o r i g i n  exposed i n  t he  Guadalupe Mountains 
in  the western p a r t  o f  Eddy County and marked approximately by l imestones 
developed i n  the  s h e l f  o r  back r ee f  a r e a  and exposed i n  the  h i l l s  i n  and 
west of Carlsbad.  Eastward from Carlsbad the  r ee f  and nonreef l imestones 
are covered by younger rocks which inc rease  i n  th ickness  t o  t he  e a s t .  The 
Delaware b a s i n  extends eastward i n t o  Lea County and southward f o r  many 
miles i n  Texas. The r e e f  l imestonee and a s soc i a t ed  t a l u s  beds t h a t  border 
the Delaware b a s i n  grade  basinward i n t o  predominantly fine-grained sand- 
s tones of t he  Delaware Mountain group. 

The sandstones o f  t h e  Delaware Mountain group a r e  ove r l a in  by 
anhydri te  and s a l t  of  t he  C a s t i l e  and Salado formations. The evapor i t e s  
comprising t h e  C a s t i l e  formation l a r g e l y  f i l l e d  the  bas in ,  and the  
succeeding e v a p o r i t e s  of  the  Salado formation were deposi ted not  only i n  
the bas in  but  i n  t h e  back r e e f  o r  s h e l f  a r ea  t o  t h e  no r th  and e a s t .  After 
deposi t ion of the Salado formation,  t i l t i n g  o f  t h e  b a s i n  began which 
r e su l t ed  i n  g iv ing  the  beds a s l i g h t  r eg iona l  eastward d ip ,  Much of the 
western p a r t  of the  Salado was removed by s o l u t i o n  and abrasion p r i o r  t o  
depos i t ion  of  the  sediments o f  the  Rus t l e r  formation,  which overlapped 
the a r e a  occupied by t h e  Salado formation. A l l  t he  s t r a t a  descr ibed s o  
f a r  a r e  of Permian age. 

Subsequent depos i t i on  o f  sediments occurred during the  T r i a s s i c ,  
Cretaceous, T e r t i a r y ,  and Quarternary pe r iods ,  bu t  dur ing  in te rvening  epochs 
of e r o s i o n  t h e  beds of T r i a s s i c  age were removed w e s t  of t he  Pecos River i n  
Eddy County, t he  rocks of  Cretaceous age were removed from e s s e n t i a l l y  t he  
e n t i r e  a r e a ,  and probably a l a r g e  volume of  sands ,  c l a y s ,  and g rave l s  l a i d  



down i n  T e r t i a r y  and Quaternary t i m e  a l s o  were removed. Only a veneer 
of sediments mantles t h e  o l d e r  rocks over a l a r g e  p a r t  of  the  bas in  i n  
~ d d y  County. 

I n  t he  Malaga Bend a r ea  the  sandstones of the  Delaware Mountain 
group a r e  o v e r l a i n  by approximately 3,000 f e e t  of r e l a t i v e l y  impermeable 
evapor i tes  of t he  C a s t i l e  and Salado formations.  Other than being consi- 
dered a s  a p o s s i b l e  r e s e r v o i r  f o r  d i sposa l  of  b r i n e ,  the sandstones of  
the Delaware Mountain group have no bear ing  on t h e  problem and hence w i l l  
not be considered f u r t h e r .  

The C a s t i l e  formation crops ou t  i n  t h e  area south  of  t he  Black 
River between t h e  Guadalupe Mountains and a general  north-south l i n e  
severa l  miles west of the  Pecos River .  I n  the  a r e a  of  outcrop t h e  upper 
beds have been a l t e r e d  from anhydr i te  t o  gypsum and conta in  ground water 
i n  s o l u t i o n  passages.  Eastward from the  outcrop area where the C a s t i l e  
formation i s  covered by the  Rus t l e r  formation,  and s t i l l  f a r t h e r  east 
where the  Salado formation in t e rvenes ,  the  C a s t i l e  formation has no t  been 
sub jec t  t o  e ros ion .  I n  t he  Malaga Bend a r e a  t he  C a s t i l e  formation is more 
than 1,000 f e e t  t h i c k  and the  beds of anhydr i te  and s a l t  a r e  e s s e n t i a l l y  
impermeable. Therefore ,  t he  Casti le formation has no bear ing on the  br ine-  
d i sposa l  problem o t h e r  than i n  connection with pos s ib l e  movement o f  water 
from the  C a s t i l e  formation i n t o  the  Rus t l e r  formation i n  the  genera l  a r ea  
where t he  C a s t i l e  formation borders  the  R u s t l e r  formation. 

Salado Formation 

The Salado formation was def ined  by Lang (1935, p. 962-970) as 
the  Salado h a l i t e .  I t  was def ined  as inc luding  the  dominantly rock-sa l t  
s t r a t a  between the  C a s t i l e  formation and the  Rus t l e r  formation. Contact  
of the  C a s t i l e  and Salado formations probably i n  p a r t  i s  g rada t iona l  and 
is placed a t  t h e  horizon below which the  beds of anhydr i te  and s a l t  do 
not  ex tend  beyond t h e  Delaware basin.  The Salado is o v e r l a i n  unconform- 
ably by t h e  R u s t l e r  formation. There a r e  no known outcrops of the  Salado 
formation,  b u t  reworked remnants of gypsum l a i d  down i n  Salado t i m e  
probably a r e  exposed i n  p l aces .  

O r i g i n a l l y  t he  Salado formation extended westward near ly  t o  the  
Guadalupe Mountains. Erosion i n  pre-Rustler t i m e  removed the  Salado from 
the  a r e a  w e s t  of  a l i n e  a few miles  w e s t  of  the p re sen t  course of t he  
Pecos River .  Removal of t he  s a l t  by s o l u t i o n ,  and a l t e r a t i o n  of the  
anhydr i t e  gypsum, beneath t h e  Rus t l e r  formation has occurred i n  p l aces ,  
a t  l e a s t  a t  i n t e r v a l s ,  up t o  t he  p re sen t  t i m e .  The r e s u l t i n g  r e s idue  of  
gypsum and c l a y ,  r e f e r r e d  t o  as  residuum of  the  Salado,  i s  included f o r  
convenience i n  t h e  R u s t l e r  formation. This  r e s idue  ranges i n  age from 
pre-Rust ler  t o  Recent.  The Salado th ickens  r ap id ly  t o  t he  e a s t  and is 
p r e s e n t  eastward over a l a r g e  p a r t  of the Delaware bas in  and a r ea s  t o  the  
no r th .  No water  is known t o  occur i n  t h e  s a l t  and anhydr i te  beds of the 
Salado . 



The western l i m i t  of the  Salado formation is  not  known 
p r e c i s e l y  i n  the  v i c i n i t y  of the Malaga Bend a r ea  bu t  probably i s  not 
more than a few m i l e s  west of the  Pecos River .  I n  an o i l  t e s t  about 
2 miles no r theas t  of  the  Malaga Bend i n  the  SE1/4 s ec .  3 ,  T. 24 S . ,  R .  
29 E., t he  Salado formation was encountered a t  a depth of 575 f e e t  and 
had a th ickness  of 735 f e e t .  An o i l  t e s t  2 m i l e s  sou theas t  of the  Malaga 
Bend i n  the  SE1/4 s ec .  23, T. 24 S . ,  R .  29 E.,  pene t ra ted  approximately 
500 f e e t  of  s t r a t a  ass igned t o  the  Salado formation. The var ious  b r i n e  
test w e l l s  d r i l l e d  i n  the Malaga Bend a r e a  i n  secs .  16 and 17 ,  T. 24 S . ,  
R .  29 E . ,  encountered the  top of  the s a l t  of t he  Salado formation a t  
depths ranging between 230 and 250 f e e t  b u t  a t  approximately the  same 
a l t i t u d e  of 2,680 f e e t .  The top of the Salado formation is f a i r l y  
rugged. Local r e l i e f  amounts t o  more m a n  200 f e e t .  The top of the 
formation i n  t he  Malaga Bend a r e a  is apparen t ly  dome shaped, wi th  
g e n t l e  r e l i e f .  

Rus t l e r  Format ion 

The R u s t l e r  formation was named by Richardson (1904, p .  44) f o r  
the  s t r a t a  over ly ing  the  C a s t i l e  and Salado formations t h a t  were c l e a r l y  
o lde r  than the  r ed  beds of T r i a s s i c  age. (Not considered here  a r e  the  
s t i l l  younger Dewey Lake red beds which occur i n  t he  subsurface f a r t h e r  
e a s t  and which a r e  thought t o  be Permian i n  age.)  I n  the  type l o c a l i t y  
$n t h e  R u s t l e r  H i l l s  i n  Culberson County, Tex.,  t he  R u s t l e r  is domin- 
a n t l y  l imestone and sandstone.  To the n o r t h ,  i n  Eddy County, N .  Mex., 
gypsum, anhydr i t e ,  and sandstone compose t he  bulk of the formation. 
There are, however, two p e r s i s t e n t  do lomi t ic  l imestone members, r e f e r -  
red t o  by Adams (1944, p .  1614) a s  the  Culebra and Magenta members, 
wbtch se rve  a s  e x c e l l e n t  markers i n  the  formation. The formation 
conta ins  a l s o  a minor amount of s i l t s t o n e  and gray and red  s h a l e ,  and 
i n  e a s t e r n  Eddy County i t  conta ins  cons iderab le  s a l t .  

I n  southern  Eddy County t he  R u s t l e r  formation extends west- 
ward t o  t he  v i c i n i t y  of the  upper Black River  v a l l e y .  Fa r the r  n o r t h ,  
exposures of the  formation occur w i th in  a m i l e  o r  so  of the  e a s t e r n  limb 
of t he  Guadalupe Mountains. The R u s t l e r  c rops  o u t  a l s o  i n  a s t r i p  6 t o  10 
m i l e s  wide e a s t  of the  Pecos River  no r th  from the  Black River  f o r  s eve ra l  
m i l e s .  I n  the  a r e a  of outcrop much of the  formation is  badly contor ted 
from s o l u t i o n  of t he  rocks wi th in  the formation and of underlying rocks.  
The e f f e c t s  of s o l u t i o n  of underlying beds is shown p a r t i c u l a r l y  by l a r g e  
blocks of the  dolomit ic l imestone beds,  an a c r e  o r  more i n  e x t e n t ,  t h a t  
have d i f f e r e n t  d i p s .  Eastward from the  Pecos R i v e r ,  where the formation 
is  covered by rocks of T r i a s s i c  age the  beds of t he  Rus t l e r  formation have 
not  been subjec ted  t o  a s  much s o l u t i o n ,  and the formation has a more 
r e g u l a r  s t r u c t u r e .  Eas t  of the  Pecos River  where the  formation i s  protec-  
t ed  by the  over ly ing  r e d  beds,  t he  R u s t l e r  f o m t i 6 ~ 1  a t t a i n s  a thickness  
of about 500 f e e t .  



1 I n  the Malaga Bend and Queen Lake areas  the Rus t l e r  formation 
e i t h e r  crops ou t  o r  immediately under l ies  t he  alluvium, ( p l s .  5 and 6 ) .  
Along the  western r i m  of the  depression i n  the  Malaga Bend a r e a ,  the lower 

I dolomit ic  l imestone member (Culebra dolomite member) is  exposed i n  the low 
bluff  t h a t  marks the  r i m  of the depression and a l s o  i n  the  r i v e r  on the  
nor th  and south  s i d e s  of the bend a rea .  Within the l a r g e  depression i n  the 
bend a r e a ,  the Rus t l e r  formation i s  covered with alluvium t h a t  ranges i n  
thickness  from a featheredge t o  170 f e e t  a t  the s i te  of test hole  U W  8 
i n  the SW1/4NW1/4 sec .  1 6 ,  T. 24 S . ,  R .  29 E .  A t  t h i s  test hole  the 
c l ays  and gypsum of the  Rus t l e r  formation a r e  only 60 f e e t  th ick .  I n  the 
surrounding upland, the  Rus t l e r  formation is between 250 and 350 f e e t  
th ick .  

The Queen Lake depression has been formed by so lu t ion  and 
co l l apse  of rocks i n  the  Rus t l e r  and Salado formations. Remnants of the  
Culebra member of the  Rus t l e r  a r e  exposed i n  p laces  i n  the  knobs and 
h i l l s  bordering the Queen Lake depression.  (See p l .  6 . )  The depression 
has been p a r t i a l l y  f i l l e d  by si l ts ,  sands,  and c lays  washed i n  from the 
surrounding a r e a .  No test holes  have been d r i l l e d  t o  determine the  
th ickness  of the f i l l  o r  cha rac t e r  of the Rus t l e r  formation i n  the  Queen 
Lake a rea .  

I n  s p i t e  of  t he  i n t e n s i v e  s o l u t i o n  of the rocks i n  the  Rus t l e r  
formation i n  the  a r e a  of outcrop i n  Eddy County there  a r e  no know areas  
i n  which l a r g e  y i e l d s  of water a r e  developed from the  Rus t l e r  formation. 
Water occurs  l o c a l l y  a t  many p laces  i n  the R u s t l e r ,  the  most p e r s i s t e n t  
water-bearing beds being the  dolomit ic  l imestone. s t r a t a .  The b r ine  
aqu i f e r  i n  the  basa l  p a r t  of the Rus t l e r  formation i n  Nash Draw and the 
Malaga Bend a r e a  probably is the  most highly permeable aqu i f e r  i n  the 
formation i n  Eddy County. I t  appears t h a t ,  i n  gene ra l ,  with the leaching 
of so lub le  rocks i n  t he  Rus t l e r  formation, the c l ays  and res idue  i n  the 
formation together  with recementation of the remaining gypsum has made 
the  formation r e l a t i v e l y  wa te r t i gh t .  

1 Post-Rust ler  Deposits 

Eastward from the Pecos River i n  Eddy County red  sandy c l ays  
and sandstones belonging t o  t he  Dockum group of T r i a s s i c  age cover the 
Rus t l e r  formation. The e x t e n t  and thickness  o f  these beds a r e  not  known 
and a r e  r e l a t i v e l y  unimportant t o  the  present  i nves t iga t ion ,  bu t  these  
beds probably have an i n d i r e c t  bearing on the  quant i ty  of  water moving 
through the b r ine  aqu i f e r .  The r ed  beds of  T r i a s s i c  age i n  t h i s  a r e a  
appear t o  be only s l i g h t l y  permeable and, hence, impede recharge t o  t he  
R u s t l e r  formation i n  the  a r e a  of t h e i r  occurrence. 

A l luv ia l  depos i t s  occur almost everywhere i n  the reg ion  but are 
only a veneer over t he  a r e a  south  of the Black River  and west of the  Pecos 
River .  I n  the Black River va l l ey  and the  va l l ey  west of the  Pecos River 
between Carlsbad and the  Black River ,  the  alluvium i n  p laces  is a s  much a s  





200 f e e t  t h i ck .  The ma te r i a l s  composing the alluvium a r e  the  usual 
sacds, g r a v e l s ,  silts, and c l ays ,  p lus  conglomerates. The conglomerate 
beds, where they a r e  f r ac tu red ,  a r e  the most productive aqu i fe r s  i n  the 

1. alluvium. The sands and gravels  contain much silt and clay and, hence, 
are only moderately to  poorly permeable over much of  the va l ley  area.  

One of the  notable f e a t u r e s  of the alluvium is  its l a r g e  varia-  
t i on  i n  th ickness  from place  t o  place.  The present  channel of  t he  Pecos 
River is  c u t  through s t r a t a  o lde r  than the alluvium a t  Carlsbad and near 
the head and toe of the  Malaga Bend. A t  many p laces  i n  the va l ley  south 
of Carlsbad and i n  the  Malaga Bend, t he  alluvium extends t o  appreciably 
lower e l eva t ions  than a t  the  p laces  where the  r i v e r  channel has been cu t  
i n  the  o lde r  rocks. This  overthickening of the alluvium i n  places 
suggests t h a t  e i t h e r  t he  r i v e r  a t  one time was a t  a lower e l eva t ion  and 
followed a d i f f e r e n t  course o r ,  a s  is more l i k e l y ,  the p laces  where the  
alluvium is t h i c k e s t  a r e  the p laces  where the  underlying rocks of the 
Rus t le r ,  Salado, and C a s t i l e  formations have been removed, i n  p a r t ,  by 
so lu t ion  and the  r e s u l t i n g  depressions f i l l e d  with alluvium. 

Alluvium i n  the  Malaga Bend a r e a  

I n  the  Malaga Bend a r e a ,  the alluvium extends i n  one p lace  to 
a depth of about 150 f e e t  below the  ad jacent  bedrock i n  the r i v e r  channel, 
but over a l a r g e  p a r t  of the a l l u v i a l  f l a t s  the  base of the  alluvium is 
probably between 50 and 75 f e e t  below the  r i v e r  l eve l .  The alluvium i n  
the Malaga Bend area appears t o  conta in  l e n t i c u l a r  beds of  sand, sandy 
clay,  g r a v e l ,  silt, and c lay .  I n  t h e  f i v e  test holes  d r i l l e d  through the  
alluvium, the  sequence of a l l u v i a l  material a t  any one site could not  be 
correlate 'd i n  d e t a i l  wi th  t h a t  a t  any o the r  site. Coarse g rave l s  do 
occur a t  depth i n  Dlaces and could probably be developed t o  y i e l d  moder- 
a t e  q u a n t i t i e s  of  t h e  b r i n e  encountered i n  the  alluvium i n  depth. I n  the 
southwest p a r t  of t h e  bend a rea  a t  the  s i t e  of test w e l l  USGS 11 the 
alluvium, 81 f e e t  t h i c k ,  cons is ted  mostly of  f i n e  sand with some gravel  
and s i l t  and yie lded  only a small amount of water t o  the  test w e l l .  

Alluvium i n  the Queen Lake a rea  

Mater ia l  cons i s t ing  of sand, s i l t ,  c lay ,  gypsum c r y g t a l s ,  and 
some p ieces  of dolomi t ic  l imestone compose the  alluvium i n  the  Queen Lake 
depression.  Sandy ma te r i a l  occurs genera l ly  i n  the channel of  the  few 
s h o r t  g u l l i e s  t h a t  d r a i n  toward the playa bu t  much of the ma te r i a l  t h a t  
covers  the  s lopes  of  t h e  depression is a s i l t y  c lay .  The playa f loo r  is 
composed of s i l t y  c lay  t h a t  conta ins  many s e l e n i t e  c r y s t a l s .  The s e l e n i t e  
c r y s t a l s  e i t h e r  developed i n  the  playa depos i t s  o r  were washed i n  from the  
surrounding exposures of gypsum of t h e  Rus t le r  formation. When the playa 
is dry the  c l ays  f r a c t u r e  i n t o  a dense p a t t e r n  of mud cracks which extend 
t o  a depth of about a foo t .  The cracks c lose  when the  playa is  again 
flooded. The thickness of the  a l l u v i a l  mater ia l  is not  known but  except 
under the  playa probably i s  no more than 15 t o  20 f e e t .  I n  p laces  i n  the  



Queen Lake depress ion  the re  a r e  exposures of  gypsum, r ed  s i l t y  c l a y ,  and 
dolomitic l imestone belonging t o  t he  Rus t l e r  formation. 

TKE BRINE-AQUIEW SYSTEM 

The sp r ings  and seeps along the banks of  the Pecos River i n  the 
Halaga Bend s t r e t c h  d i scharge  water having a ch lo r ide  conten t  genera l ly  
ranging between 4,000 and 155,000 ppm. The b r i n e  sp r ing  a r e a  is confined 
almost e n t i r e l y  between t h e  outcrop of  t h e  do lomi t ic  l imestone of t he  
Rus t le r  formation i n  t h e  r i v e r  channel a t  F i sh ing  Rock Ford, NE1/4 sec.  17 ,  
T. 24 S., R .  29 E., near  t h e  head o f  the  Malaga Bend, and t h e  outcrop of 
l imestone near  t he  Lower Wading s t a t i o n ,  NE1/4 s ec .  20, T. 24 S., R .  29 E., 
a t  the  lower end .o f  t h e  Malaga Bend. The t o t a l  a cc re t i on  t o  the r i v e r  i n  
t h i s  s t r e t c h  appears  t o  range between 2 and 3 c f s .  A l a r g e  p a r t  of t h e  
spr ing flow i s  pi-obably i r r i g a t i o n  r e t u r n  from the  i r r i g a t e d  lands loca ted  
both i n s i d e  and o u t s i d e  t h e  bend. On the  i n s i d e  of  the bend i n  t h e  Grandson 
Spring a r e a ,  and on t h e  o u t s i d e  of  t he  bend between Liv ings ton ' s  Ford and 
the Lower Wading s t a t i o n  ground water a t  a depth of  only a few f e e t  conta ins  
as much a s  155,000 ppm o f  ch lo r ide .  Elsewhere i n  the  alluvium i n  t h e  bend 
the c h l o r i d e  conten t  o f  t h e  water a t  shallow depth i s  lower and increases  
with depth u n t i l  a s a t u r a t i o n  p o i n t  i s  reached,  which i s  about 158,000 ppm. 
In the  lower p a r t  of  t h e  alluvium the  b r ine  i s  under a head which is  higher  
than the  normal r i v e r  l e v e l  around a l l  except  t h e  upper p a r t  of  t h e  bend. 

A t  p l aces  i n  t he  a r e a  no r th  of t he  Malaga Bend and south  of  
Laguna Grande de l a  Sa l  (p l .  1)  water conta in ing  approximately 10,000 t o  
20,000 ppm o f  Chlor ide occurs  a t  shallow depth i n  t h e  alluvium and i n  t h e  
Rus t le r  formation above t h e  Culebra l imestone member. P a r t  o f  t h i s  water 
could be  moving toward t h e  f i l l  i n  t h e  Malaga Bend area .  Water wi th  a 
concent ra t ion  of  20,000 ppm i n  ch lo r ide  would need t o  e n t e r  t h e  r i v e r  a t  
a r a t e  approaching 5 c f s  t o  account f o r  t he  ch lo r ide  ga in  i n  the  Malaga 
Bend reach  i f  t h i s  were the  p r i n c i p a l  source f o r  t he  b r i n e  inflow. Inas- 
much a s  t he  inf low i n  t h i s  s t r e t c h  can be accounted fo r  by i r r i g a t i o n  
r e t u r n  and b r i n e  in f low,  and f u r t h e r ,  a s  concentrated b r i n e  occurs  near  
the s u r f a c e  i n  t h e  bend a r e a ,  i t  i s  concluded t h a t  very l i t t l e  water 
conta in ing  the  10,000 t o  20,000 ppm of ch lo r ide  i s  moving i n t o  t he  f i l l  
i n  the  Malaga Bend a r e a  and d ischarg ing  i n t o  t he  r i v e r  i n  the bend. Thus, 
i r r i g a t i o n  r e t u r n  water and the  b r i n e  c o n s t i t u t e  t he  normal inflow i n  the  
Malaga Bend and d a i l y  add approximately 430 tons of d i sso lved  minerals ,  
mostly common s a l t ,  t o  t h e  Pecos River .  

Robinson and Lang (1938, p. 79-100) concluded t h a t  t he  source of  
the b r i n e  i n  the  al luvium i n  t he  Malaga Bend was a b r i n e  aqui fe r  i n  t he  
basa l  p a r t  o f  t h e  R u s t l e r  formation,  and f u r t h e r  work i n  t he  a r ea  has sub- 
s t a n t i a t e d  t h i s  conclusion.  This  aqu i f e r  u n d e r l i e s  t he  bend a r e a  and 
appears t o  extend i n  a northward d i r e c t i o n  up Nash Draw. The b r i n e  i n  the  
aqu i f e r  i n  t h e  b a s a l  p a r t  of t he  Rus t l e r  formation i s  under s u f f i c i e n t  
head i n  t h e  Malaga Bend a r e a  t o  rise above the  r i v e r  l e v e l  i n  t he  bend, 
and the  c l ay  and gypsum beds a r e  s o  t h i n  and d i s rup t ed  i n  p laces  i n  t h e  



( bend a r e a  t h a t  t he  b r i n e  moves upward through them i n t o  the  alluvium and 
thence i n t o  the  r i v e r .  The b r i n e  aqu i f e r  i n  t he  basal  p a r t  of the  Rust ler  
formation w i l l  hencefor th  be r e f e r r e d  t o  informally a s  the basal  b r ine  

The basa l  b r ine  a q u i f e r ,  and the  alluvium i n  the Malaga Bend area  
t containing b r ine  and i r r i g a t i o n  r e t u r n  water ,  compose the brine-aquifer 

system. 

The Basal Brine Aquifer 

Extent  

Lang (Robinson and Lang, 1938, p. 86) noted the  occurrence 
of b r ine  i n  t h e  basa l  p a r t  of t he  Rus t l e r  formation i n  test wells i n  the 
v i c i n i t y  o f  T. 21 S . ,  R .  30 E. ,  15  t o  20 m i l e s  nor th  of t h e  Malaga Bend, 
severa l  yea r s  p r i o r  t o  the  i n v e s t i g a t i o n  of the b r ine  aqui fe r  by 
Robinson and Lang (1938). Wells d r i l l e d  i n  Nash D r a w  y ie lded  a sodium 
chlor ide  d r i n e  i n  the basa l  R u s t l e r  while wel l s  d r i l l e d  on topographic 
highs t o  t he  w e s t  and e a s t  of Nash D r a w  were dry i n  t h i s  s ec t ion .  Lang 
(Robinson and Lang, 1938, p. 86) i n f e r r e d  t h a t  the  s t r u c t u r a l  condi t ions 
tha t  caused t h e  development of Nash Draw might a l s o  cont ro l  the  occurrence 
of the  b r i n e  i n  t he  basa l  p a r t  o f  t he  Rus t l e r  formation. I n  1938 test 
holes  were d r i l l e d  s p e c i f i c a l l y  f o r  t he  purpose of f u r t h e r  def in ing  t h i s  
br ine  a r e a  i n  conjunct ion wi th  t h e  inves t iga t ion  by Robinson and Lang. 
The r e s u l t s  of t he  test d r i l l i n g  ind ica ted  the presence of b r i n e  i n  the 
basal  p a r t  of t he  Rus t l e r  formation i n  t he  v i c i n i t y  of Laguna Grande de l a  
Sal  and southward t o  t he  Malaga Bend area. The known a rea  under la in  by 
b r ine  i n  t h e  R u s t l e r  formation as ou t l i ned  by Robinson and Lang (1938, 
p l .  3) is confined t o  Nash Draw and southward t o  t he  genera l  v i c i n i t y  of 
the Malaga Bend and is shown on p l a t e  1. 

That t he  b r i n e  aqu i f e r  is continuous and is an a c t i v e  system is 
shown by a number of  f a c t s .  The b r ine  l e v e l  i n  t h e  test we l l s  f l u c t u a t e s  
seasonal ly i n  phase with the  i r r i g a t i o n  season (see f i g .  2 ) ,  i n  t h a t  t he  
b r ine  head r i s e s  during the  i r r i g a t i o n  season and dec l ines  af terward t o  
e s s e n t i a l l y  the  same l e v e l .  Water l e v e l s  i n  t e s t  w e l l s  f a r t h e r  from the 
bend a r e a ,  a s  f a r  no r th  a s  Laguna Grande de l a  S a l ,  f l u c t u a t e  i n  phase 
with the  i r r i g a t i o n  season but  the f l u c t u a t i o n s  a r e  less pronounced. The 
pumping done a s  a  p a r t  of aqu i f e r  t e s t s  a f f e c t e d  t h e  water l e v e l s  i n  
b r ine  test we l l s  2 m i l e s  from the  pumped well  on Malaga Bend i n  less than 
1 hour. The l e v e l  of  the b r i n e  i n  t e s t  ho les  from Malaga Bend northward 
up Nash Draw, when cor rec ted  to  the  dens i ty  of the  b r ine  i n  t h e  Malaga 
Bend a r e a ,  rise i n  e l e v a t i o n  t o  t he  nor th  from Malaga Bend. 

Aquifer tests i n d i c a t e  t h a t  t he  b r ine  aqu i f e r  has a  c o e f f i c i e n t  
of t r a n s m i s s i b i l i t y  of about 60,000 ga l lons  a  day per  foot  i n  the  Malaga 
Bend area .  (See p. 29). (The c o e f f i c i e n t  of t r a n s m i s s i b i l i t y  is here  
expressed a s  the flow i n  ga l lons  a  day t h a t  would move through a s t r i p  of 
the a q u i f e r  1 f o o t  wide extending the  he ight  of the  aqui fe r  under a  u n i t  
hydraul ic  grad ien t . )  The average g rad ien t  of the  b r ine  along the  aqui fe r  
between the  Malaga Bend and Laguna Grande de l a  S a l  is about 1.4 f e e t  per  





m i l e .  Assuming t h a t  t he  average width of the  b r i n e  aqui fer  is  about 
5 miles and t h a t  the  t r a n s m i s s i b i l i t y  averages 60,000, then the  amount 
of b r i n e  being t ransmi t ted  toward the bend p a s t  a given cross  sec t ion  
would be about 420,000 ga l lons  a day o r  about 0 .6  c f s .  This value is 
s l i g h t l y  g r e a t e r  than 0.4 t o  0.44 c f s .  of b r ine  discharge ca lcula ted  
from the  pickup of s a l t  i n  the  r i v e r  i n  the  Malaga Bend (see p. 6 
and 15) but  wi th in  the  same order  of magnitude. This suggests t h a t  
most of t h e  b r i n e  moving toward the  Malaga Bend is  confined t o  Nash Draw 
and the  a r e a  t o  the  south  between Laguna Grande de l a  Sal  and the  Malaga 
Bend (p l .  1). 

Discharge a r e a  

A s  mentioned, t h e  b r ine  i n  the  basa l  b r ine  aqui fer  between the 
Malaga Bend a r e a  and upper Nash Draw i s  under a progressively higher head 
northward from the  bend and hence the  b r i n e  is moving from Nash Draw 
toward Malaga Bend. The beds of c lay ,  gypsum, and sandstone i n  the  Rus t le r  
formation which confine t h e  b r ine  north of the  Malaga Bend have been 
l a r g e l y  removed by e ros ion  and so lu t ion  i n  p laces  i n  the depression a t  
Malaga Bend. I n  t e s t  hole  24 -29.16.133 (USGS 8) the  clay and gypsum beds 
i n  the  R u s t l e r  formation between the  basa l  aqu i f e r  and the  base of the 
alluvium a r e  only 20 f e e t  t h i ck .  These beds may a l s o  be some-vhat frac-  
tured ,  permi t t ing  e a s i e r  movement of b r ine  i n t o  the  basal  p a r t  of the 
alluvium. Another pa th  the  b r i n e  may take from the  basal  br ine  aqui fer  
i n t o  the  alluvium is along the  contac t  between the  Rus t le r  formation 
and the  alluvium around the  margin of the  depression i n  the  Malaga Bend 
area.  That a connection d e f i n i t e l y  e x i s t s  between the basal b r ine  aqui- 
f e r  and the  alluvium i n  the  Malaga Bend is  e s t ab l i shed  by the  f a c t  t h a t  
pumping of w e l l  USQS 8, f in i shed  i n  the  basa l  b r ine  aqu i fe r ,  a f f e c t s  t h e  
water l e v e l  i n  test w e l l  USGS 10, f in i shed  i n  the  lower p a r t  of t he  
alluvium. (See p. 31). Other e f f e c t s  such a s  annual rises and dec l ines  
i n  the  water t a b l e  i n  the  Malaga Bend area  of 3 t o  4 f e e t ,  causing an 
annual rise and dec l ine  of 1 t o  1.5 f e e t  i n  the  head of t he  b r i n e  i n  the  
adjacent  test wells f in i shed  i n  the basa l  b r ine  aqu i fe r ,  and changes i n  
r i v e r  s t age  i n  t h e  Malaga Bend ac t ing  through the  alluvium t o  cause 
changes i n  head i n  t h e  basa l  b r i n e  aqu i fe r ,  g ive  fu r the r  evidence of a 
connection between the  basa l  b r i n e  aqui fer  and the alluvium i n  the  Malaga 
Bend. 

The head of t he  b r i n e  i n  the  basa l  b r i n e  aqui fer  is  somewhat 
higher than t h a t  i n  the  basa l  alluvium i n  t h e  Malaga Bend a rea ,  and both 
heads a r e  seve ra l  f e e t  higher  than the  normal r i v e r  l e v e l  a t  the lower end 
of t h e  Malaga Bend. The b r i n e  migrates upward through the f i l l ,  commingles 
with r e t u r n  i r r i g a t i o n  water i n  the  upper p a r t  of the  f i l l ,  and discharges 
i n t o  t h e  Pecos River .  A s  no o the r  a r e a  of discharge for  t he  b r ine  i n  the 
basa l  b r ine  aqu i fe r  i s  known t o  occur ,  i t  i s  i n f e r r e d  t h a t  the  discharge of 
b r ine  i n  the  Malaga Bend a r e a  probably r ep resen t s  the t o t a l  discharge from 
the  basa l  b r ine  aqu i fe r  . 

The determinat ion of  t he  r a t e  of discharge of  b r ine  based on the  
observed inc rease  i n  t h e  ch lor ide  load of t he  Pecos River i n  the Malaga Bend 
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and the  ch lor ide  concentrat ion of the b r ine  i n  the basa l  b r ine  aqui fer  
probably i s  the  most accura te  method of computing the discharge r a t e  of 
the b r ine .  The discharge computed by t h i s  method is between 0.41 and 
0.44 c f s ,  o r  about 200 ga l lons  a minute. Inasmuch as  the aqui fer  has 
not been d is turbed  by a r t i f i c i a l  d ive r s ions ,  and the app l i ca t ion  of 
i r r i g a t i o n  water wi th in  the bend area  has been prac t iced  f o r  many yea r s ,  
the discharge should be i n  equil ibr ium with the  recharge t o  the aqui fer .  

Water i n  the f i l l  of the Malaga Bend area  

About 1.,000 ac res  of land a r e  i r r i g a t e d  i n  the  Malaga Bend 
area of which about 200 acres  a r e  c u l t i v a t e d  on the  in s ide  of the bend. 
The p r i n c i p a l  crops grown a r e  co t ton  and a l f a l f a .  I t  i s  estimated t h a t  
about 4,500 acre-feet  of water i s  applied annually t o  these  lands inclu- 
ding the  water l o s t  i n  the  d i t ches .  I t  i s  f u r t h e r  est imated t h a t  about 
one-third of t he  water appl ied seeps downward to  the  water t ab le  and 
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moves l a t e r a l l y  i n t o  the r i v e r .  I f  t h i s  is approximately co r rec t ,  then 
the average ga in  i n  t h i s  s t r e t c h  of the r i v e r  from i r r i g a t i o n  r e t u r n  is 
about 2.0 c f s .  The inflow of b r ine  from the f i l l  i n  t h i s  reach of the 
r i v e r  is  approximately 0.4 c f s .  The t o t a l  inflow from the br ine  and 
r e t u r n  i r r i g a t i o n  water accounts fo r  e s s e n t i a l l y  a l l  the  observed ga in  
i n  the  flow of the Pecos River i n  the  Malaga Bend. 

The water t a b l e  i n  the  a rea  on the  in s ide  of the Malaga Bend 
s lopes  toward the  r i v e r  t o  the  no r th ,  e a s t ,  and south from shallow w e l l  
24.29.16.311a near the  cen te r  of the bend area.  The a l t i t u d e  of the  
water t a b l e  a t  w e l l  24.29.16.311a was 2,905 f e e t  on October 1, 1953, a t  
the  end of the  i r r i g a t i o n  season, and had decl ined t o  2,901 f e e t  above 
sea  l e v e l  a t  the  end of March 1954, a period of 6 months. N e a r  the 
r i v e r  on the  south s i d e ,  water l e v e l s  decl ined from an a l t i t u d e  of about 
2,894.9 t o  2 ,894, l  f e e t  during the  same period.  The d is tance  between 
w e l l  24.29.16.311a and the south s i d e  of the bend i s  approximately 1,800 
f e e t .  Assuming t h a t  the  s p e c i f i c  yield* of the sediments is about 25 
pe rcen t ,  the volume of water discharged from a half-mile sec t ion  of the  
alluvium on the  south  s i d e  of the bend from October 1953 through March 
1954 was approximately 3,000,000 cubic-feet,  o r  an average of about 0.2 
c f s .  The average g rad ien t  of the  water t a b l e  i n  t h i s  s t r i p  on the south 
s i d e  of the bend was about 29 f e e t  per  m i l e  during t h i s  period. The 
c o e f f i c i e n t  of t r a n s m i s s i b i l i t y  of the f i l l  on the b a s i s  of these e s t i -  
mates is  approximately 10,000 ga l lons  a day per  foot .  

* The s p e c i f i c  y i e l d  of a water-bearing ma te r i a l  is the r a t i o  of 
(1) the volume of water which, a f t e r  being sa tu ra t ed ,  i t  w i l l  y i e l d  
by g rav i ty  t o  (2) i t s  own volume. 



Figu re  3  shows by means of a  north-south s e c t i o n  through the  
Malaga Bend a r e a  the  gene ra l  r e l a t i o n  of the  b r i n e  i n  t he  ba sa l  b r i ne  
a q u i f e r  and t he  lower p a r t  o f  t he  alluvium t o  the  ove r ly ing  f r e s h  water .  
The b r i n e  i n  the  ba sa l  b r i n e  a q u i f e r  i s  s a t u r a t e d  w i th  sodlurn ch lo r ide  
(common s a l t ) ;  t he  c h l o r i d e  con t en t  of t he  b r i n e  is  about 158,000 ppm 
and t h e  b r i n e  ha s  a s p e c i f i c  g r a v i t y  of approximately 1.21. The b r i n e  
i n  t h e  lower p a r t  o f  t he  f i l l  i s  a l s o  s a t u r a t e d .  The movement of t h i s  
s a t u r a t e d  b r i n e  upward through t h e  f i l l  is in f luenced  by t he  f r e s h  water 
r e t u r n e d  from i r r i g a t i o n  of  t he  l ands  i n  t h e  bend a r ea .  The con t ac t  
between t h e  s a t u r a t e d  b r i n e  and t h e  f r e s h  water is no t  sharp.  This may 
be exp l a ined  by t h e  manner i n  which t he  f r e s h  water i s  added t o  t he  f i l l .  
The t o t a l  head ope ra t i ng  on t he  b r i n e  i n  the  lowest  p a r t  o f  t h e  f i l l  is 
due l a r g e l y  t o  t h e  weight o f  t h e  over ly ing  b r i n e  and f r e s h  water.  A s  
i r r i g a t i o n  water is added t o  t he  f i l l  dur ing t h e  i r r i g a t i o n  season p a r t  
o f  i t  p e r c o l a t e s  t o  t h e  ground-water body and t h e  t o t a l  head is increased ,  
d i s p l a c i n g  t he  b r i n e  downward and outward. The b r i n e  does n o t  move down 
uniformly;  a  p a r t  o f  i t  i s  t rapped  and mixes wi th  the  r e t u r n  i r r i g a t i o n  
water, which he re  i s  termed f r e s h  water. This  combination of  b r i n e  and 
f r e s h  water i n  t u r n  mixes wi th  b r i n e  t rapped dur ing  t h e  nex t  i r r i g a t i o n  
season ,  becoming s l i g h t l y  more dense i n  comparison w i th  t h e  f r e s h  water  
dur ing  each  c y c l e  o f  i r r i g a t i o n .  The same type o f  mixing alsb occurs  a s  
t he  b r i n e  moves upward when t h e  wate r  t a b l e  begins  t o  d e c l i n e  a f t e r  t h e  
end o f  t he  i r r i g a t i o n  pe r iod .  Thus, over  t he  many y e a r s  i n  which t h e  
l ands  i n  t he  bend have been i r r i g a t e d ,  t h e r e  has  developed a  t h i ck  l e n s  
con t a in ing  an i nc r ea s ing  concen t r a t i on  of c h l o r i d e s  w i t h  dep th ,  u n t i l  a 
depth is reached a t  which t h e  upward movement o f  b r i n e  p r even t s  any 
deeper  mixing o f  unsa tu ra t ed  b r ine s .  I t  is  l a r g e l y  t he  mixture  o f  b r i n e  
and f r e s h  water  t h a t  is  d ischarged  a t  t h e  seeps  and sp r ings .  The d i s -  

charge of  t h e  s p r i n g s  is inc rea sed  as t h e  head of t h e  wate r  i n  t h e  
a l luvium i s  inc rea sed  by t he  a d d i t i o n  o f  i r r i g a t i o n  water, and hence t he  
sa l t  l oad  con t r i bu t ed  t o  t he  r i v e r  i nc r ea se s  dur ing  t he  i r r i g a t i o n  season 
and d e c l i n e s  aga in  du r ing  t h e  n o n i r r i g a t i o n  season.  Accret ion o f  s a l t  t o  
t he  r i v e r  reaches  a  low of about  7 tons  of c h l o r i d e  pe r  hour i n  March and 
i n c r e a s e s  t o  approximately 10 tons  of c h l o r i d e  pe r  hour i n  September. 
Details o f  t h e  g a i n  i n  d i s so lved  minera l s  i n  t h e  Pecos River  i n  t h e  Malaga 
Bend s t r e t c h  are g iven  i n  t h e  s e c t i o n  on t h e  q u a l i t y  of t h e  water  i n  t h e  
Pecos R ive r ,  and i n  t he  s e c t i o n  on r e s u l t s  of t he  r i v e r  sampling done i n  
connect ion w i th  t he  a q u i f e r  t e s t s .  

Source of  t he  b r i n e  

The lower conf in ing  bed of t he  ba sa l  b r i n e  a q u i f e r  i n  many 
p l a c e s  is t h e  rock s a l t  of t h e  Salado format ion,  and i t  is from t h i s  
source  t h a t  t he  o r i g i n a l l y  f r e s h  water e n t e r i n g  t he  ba sa l  b r i n e  aqu i f e r  
a cqu i r e s  i ts  s a l t  load .  From the  Malaga Bend northward i n  Nash D r a w  t h e  
b r i n e  con t a in s  p rog re s s ive ly  less d i s so lved  s a l t .  Lang (Robinson and Lang, 
1938, p .  86) sugges t s  t h a t  water  p e r c o l a t i n g  i n t o  t h e  ground i n  the  v i c i -  
n i t y  o f  Bear Grass  Draw (T. 18 N . ,  R .  30 E.) some 30 miles n o r t h  of  Malaga 
Bend may pas s  i n t o  t h e  t r unca t ed  beds of the  lower R u s t l e r  formation and 
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migrate sou th  and e a s t  i n t o  Nash D r a w ,  g radua l ly  d i sso lv ing  the  sal t  
from the underlying Sa lado  formation. 

Some recharge  t o  t he  b r i n e  a q u i f e r  occurs  a t  times i n  the  
v i c i n i t y  o f  b r i n e  test wel l  24.28.24.211 (USGS 2 ) ,  about 2 miles  west o f  
the Malaga Bend. On October 22, 1953, t h e  water  l e v e l  i n  USGS 2 r o s e  

2 f e e t  i n  a pe r iod  of  less than 2 hours as a r e s u l t  o f  very heavy 
r a in  i n  t he  a r e a .  During the  nex t  2 days t he  water  l e v e l  r o se  an addi-  
t iona l  1 f o o t .  The wate r  l e v e l  dec l ined  about 2 f e e t  i n  the  fol lowing 
11 days and cont inued t o  d e c l i n e  more slowly t h e r e a f t e r .  A rise of  
about 0 .3  f o o t  occurred i n  wel l  24.29.16.311 (USGS 1) i n  the  Malaga 
Bend a s  a r e s u l t  o f  t h i s  recharge  i n  t he  v i c i n i t y  o f  USGS 2. P rec ip i -  
t a t i o n  a t  o t h e r  times i n  t he  v i c i n i t y  o f  w e l l  USGS 2 has  caused t he  
water l e v e l  t o  rise and recede sha rp ly ,  bu t  t he se  f l u c t u a t i o n s  have 
not been r e f l e c t e d  i n  w e l l  USGS 1. I t  is i n f e r r e d  t h a t  t h e  recharge 
occurs through some s o l u t i o n  passage i n  the  R u s t l e r  formation t h a t  
extends from n e a r  t he  s u r f a c e  t o  the  b a s a l  b r i n e  a q u i f e r  i n  the  v i c i -  
n i t y  of USGS 2. The l e v e l  of the  b r i n e  i n  we l l  USGS 2 is about 2,905 
f e e t .  The b r i n e  has  a s p e c i f i c  g r a v i t y  o f  about 1.18, and the water 
l e v e l  would be a t  an  e l e v a t i o n  o f  about 2,944 f e e t  i f  t he  head were 
converted t o  f e e t  of f r e s h  water .  A s  the  water t a b l e  s t ands  about 2,923 
f e e t  above sea l e v e l  i n  t h i s  l o c a l i t y ,  f r e s h  water  normally would no t  
e n t e r  t h e  b r i n e  a q u i f e r .  I f ,  however, dur ing  heavy r a i n s  a s i n k  ho l e  
were t o  be f i l l e d  t o  a p o i n t  where t he  e l e v a t i o n  of the  water was more 
than 2,944 f e e t  above sea l e v e l ,  then recharge  could occur.  I t  appears  
t h a t  only dur ing  heavy r a i n s  does any recharge  occur  i n  t h i s  l o c a l i t y ,  
and only under excep t iona l  cond i t i ons  does any apprec iab le  volume of 
recharge  occur .  

The amount o f  recharge  t o  t he  br ine-aqui fe r  system should be 
on t he  average equa l  t o  t h e  d i scharge  of the  b r i n e  a t  Malaga Bend. 
Inasmuch a s  t h e r e  i s  no evidence of r e j e c t e d  recharge i n  the  i n f e r r e d  
recharge  area, t h e  removal o f  b r i n e  by a r t i f i c i a l  means, such as through 
wells, i n  exces s  o f  t he  decrease  i n  n a t u r a l  d i scharge  r e s u l t i n g  from the  
a r t i f i c i a l  removal, should no t  be expected t o  i nc r ea se  the  recharge t o  
t h e  system apprec iab ly .  

AQUIFER TESTS 

Two a q u i f e r  t e s t s  were made dur ing  t he  i n v e s t i g a t i o n .  The 
f i r s t  test was made i n  May 1953 p r imar i l y  t o  determine t he  cha rac t e r i s -  
t i c s  o f  the  b a s a l  b r i n e  a q u i f e r .  Measurements a s soc i a t ed  w i th  t he  test 
were begun on May 11 and concluded on May 28. P e r i o d i c  analyses  were 
a l s o  made o f  t he  r i v e r  water  t o  l e a r n  i f  the  n a t u r a l  inflow t o  t he  r i v e r  
decreased a s  a r e s u l t  o f  pumping. The second test was conducted i n  
January ,  February,  and March 1954, p r imar i l y  t o  o b t a i n ,  i f  pos s ib l e ,  
d i r e c t  ev idence  of t he  e f f e c t  o f  pumping of  t he  basa l  b r i n e  a q u i f e r  upon 
t h e  inf low o f  b r i n e  t o  t h e  r i v e r .  



Procedure 

Three t e s t  wells f in i shed  i n  the basal  b r iue  aquifer  were i n  
exis tence i n  t he  Malaga Bend a rea  i n  May 1953 - namely, USGS 1, 7 ,  and 
8.  (See p l .  5.) Of these  w e l l s ,  only USGS 8 would y i e l d  more than a  
f e w  ga l lons  a  minute. I n  w e l l s  USGS 1 and 7 ,  the  l o c a l  permeabili ty of 
t h e  basa l  b r ine  aqu i f e r  i s  very small .  I n i t i a l  t e s t s  on USGS 8 indica- 
ted t h a t  the  w e l l  would y i e l d  more than 300 ga l lons  a  minute with a  
moderate drawdown, Well USGS 8 was se l ec t ed  therefore  as  t he  w e l l  f o r  
pumping i n  conducting the  aqu i f e r  test of May 1953. I t  was not des i r -  
able  t o  d ischarge  the  b r i n e  from the pumped well  onto the  sandy f l a t s  
nearby because of  t h e  unknown e f f e c t s  i t  might have on the  quant i ty  
and q u a l i t y  of the  shallow ground water discharging i n t o  the r i v e r .  
I t  was decided the re fo re  t o  discharge the  b r ine  i n t o  the  Pecos R i v e r .  
A s  t h i s  add i t i ona l  b r i n e  load i n  the r i v e r  would r e s u l t  i n  complica- 
t ions  involving mixing of  t he  b r i n e  with the r i v e r  water and poss ib ly  
mask any changes i n  t he  quan t i t y  of b r i n e  t h a t  e n t e r s  t h e  r i v e r  under 
na tu ra l  condi t ions ,  an at tempt  was made t o  secure p ipe  t o  conduct the  
pumped b r i n e  t o  the  r i v e r  below the  bend area .  This was no t  f e a s i b l e  
f i n a n c i a l l y ,  however, and t h e  p i p e l i n e  was l a i d  t o  the  r i v e r  about 670 
f e e t  t o  the  no r th  of  w e l l  USGS 8 .  A pumping r a t e  of about 135 ga l lons  
a  minute was s e l e c t e d  t o  ob ta in  a s  much discharge from the  w e l l  a s  
poss ib l e  without  con t r ibu t ing  an excessive add i t i ona l  b r ine  load t o  t he  
river.  

Recording gages were maintained on the  o the r  2  w e l l s  penetra-  
t i n g  the b a s a l  b r i n e  aqu i f e r  i n  the  bend a rea  and a l s o  on b r ine  test 
well 24.28.24.211 (USGS 2) about 2  mi les  w e s t  of w e l l  USGS 8 ,  and on 
b r i n e  test w e l l  24.29.8.111 (USGS 3) about 1 .7  m i l e s  nor th  of  w e l l  
USGS 8. Severa l  shallow w e l l s  i n s i d e  the  bend were measured periodi-  
c a l l y  dur ing  the  t e s t .  A microbarograph was set up i n  t he  a rea  t o  
provide d a t a  f o r  c o r r e c t i n g  f o r  barometr ic  e f f e c t s  on the  basal  b r ine  
a q u i f e r .  The discharge r a t e  of the b r ine  from w e l l  USGS 8 was measured 
p e r i o d i c a l l y  during the pumping period by means of a  b a r r e l  placed a t  
t he  end of  t he  d ischarge  l i n e .  

I n  conjunct ion wi th  the aqu i f e r  tes t ,  pe r iod ic  samples of the 
r i v e r  water  a t  t h e  Malaga and P ie rce  Canyon Crossing gaging s t a t i o n s  and 
t h e  5 temporary s t a t i o n s  around the  bend (Fishing Rock, Cor ra l ,  Head 
of  Grandson Spr ing ,  Liv ings ton  Ford, and Lower Wading s t a t i o n s )  w e r e  
c o l l e c t e d  f o r  5  days p r i o r  t o ,  dur ing ,  and 3 days a f t e r  the  pumping 
pe r iod .  The con t ro l  f o r  t he  flow of the  r i v e r  through the  s t r e t c h  was 
t h e  gaging s t a t i o n s  a t  Malaga and P ie rce  Canyon Crossing. 

The t i m e  s e l e c t e d  f o r  pumping was a  per iod when water was not  
being appl ied  t o  the  l ands  i n  t h e  Malaga Bend a r e a  and when water would 
n o t  be d i v e r t e d  from the  r i v e r  below the  bend area .  Pumping began a t  
noon on May 1 6  and stopped a t  noon on May 25, a  per iod of  9 days. The 
pumping r a t e  was near ly  cons tan t  and averaged 135 gpm. 



The second aqu i f e r  test was made a f t e r  two add i t i ona l  test 
holes had been d r i l l e d .  One w e l l  24.29.16.133a (USGS 10) about 200 f e e t  
from w e l l  USGS 8 was completed i n  the basa l  p a r t  of  t he  f i l l  f o r  use a s  
an observat ion w e l l .  Another wel l  24.29.17.444 (USGS 11) was d r i l l e d  i n  
the southwest p a r t  of the Malaga Bend a rea  fo r  poss ib l e  use a s  a pumping 
well, bu t  the  y i e l d  was not  s u f f i c i e n t  f o r  t h i s  purpose and the w e l l  was 
f in i shed  a s  an observat ion w e l l  i n  the basa l  b r ine  aqu i f e r .  Well USGS 8 
was again u t i l i z e d  a s  the pumping w e l l .  Resul t s  o f  the  e a r l i e r  test made 
in  May 1953 confirmed the d e s i r a b i l i t y  of conducting the pumped b r i n e  away 
from the  Malaga Bend a rea  ( see  p.30 ),  but  t he  necessary p ipe  could not  be 
obtained fo r  the second test. Aside from increas ing  the  pumping r a t e  t o  
somewhat more than 300 g a l l o n s  a minute and pumping f o r  a longer per iod ,  
the pumping se tup  and observa t ion  w e l l s  involved, except  f o r  t he  add i t i on  
of wells USGS 10 and 11, were e s s e n t i a l l y  the  same as  fo r  the  test con- 
ducted i n  May 1953, The r i v e r  sampling program involved the same s t a t i o n s  
as i n  May 1953. Addit ional  discharge con t ro l  on the  r i v e r  was obtained a t  
the temporary sampling s t a t i o n s  by e s t a b l i s h i n g  gages and making discharge 
measurements a t  var ious  s t a g e s  of  the r i v e r  t o  e s t a b l i s h  a r a t i n g  curve. 
Again sampling of  t he  r i v e r  was begun before t he  pumping test ,  and i t  was 
continued f o r  8 days a f t e r  pumping stopped. The pumping period began on 
January 28, 1954 and was concluded on February 25, 1954. 

Water l e v e l s  i n  wells i n  the basa l  alluvium i n  the Malaga Bend 
and i n  the basa l  b r ine  aqu i f e r  f l u c t u a t e  i n  response t o  a number of 
causes; from the  r e t u r n  of  i r r i g a t i o n  water on the Malaga Bend, changes 
of s t a g e  i n  t h e  Pecos River around the  Malaga Bend, d i r e c t  and i n d i r e c t  
barometric e f f e c t s ,  and e a r t h  t i d e s .  These e f f e c t s  must be considered i n  
working wi th  the  water l e v e l  f l uc tua t ions  caused by pumping.(See f ig .4.)  

The f l u c t u a t i o n s  of water l e v e l  caused by r e t u r n  of  i r r i g a t i o n  
water t o  t he  f i l l  a r e  gradual  and of  small  magnitude over a week's 
per iod .  This  type of  f l u c t u a t i o n  causes l i t t l e  e r r o r  i n  determining the  
e f f e c t s  of pumping i f  only a few days or  a week a r e  considered. Over a 
per iod  of a month, however, some co r rec t ion  needs to  be appl ied.  For 
example, the  drawdown of wel l  USGS 11, i l l u s t r a t e d  i n  f i gu re  5 ,  is too 
g r e a t  i n  the f i n a l  weeks of pumping because the seasonal  dec l ine  i n  
water l e v e l s  i n  the b r i n e  aqu i f e r  i s  superimposed on the  drawdown. I t  
i s  es t imated  t h a t  the drawdown due t o  pumping of well USGS 8 should be 
about 0.6 foo t  less i n  w e l l  USGS 11 a t  t he  end of pumping period than was 
observed. 

During t h e  per iod  of the aqu i f e r  test no important changes i n  
t he  s t a g e  of t he  r i v e r  occurred and hence no f luc tua t ions  of water l e v e l  
a r e  a t t r i b u t a b l e  t o  t h i s  cause.  

Barometric e f f e c t s  have an immediate e f f e c t  on the  water l e v e l  
i n  these  deeper w e l l s .  A d i r e c t  e f f e c t  r e s u l t s  i n  a dec l ine  i n  the  water 
l e v e l  when the  barometr ic  p re s su re  r i s e s .  The apparent d i r e c t  barometric 
e f f i c i e n c y  of t he  wells i n  the  basa l  b r i n e  aqu i f e r  i n  the Malaga Bend is 
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CURVE A- Observed w a t e r  l e v r l .  
( I)  CURVE B-Curva  A  c o r r a c t a d  by 7 0  p e r c r n t  o f  

b a r o m a t r i c  f l u c t u a t i o n  w i t h  no lag .  - 
o CURVE C- Curve  B c o r r e c t a d  by 2 5  p r r c r n t  of - b o r o m r t r i c  f l u c t u a t i o n  with 14 hour lag. 
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70 pe rcen t .  Curve B on f i g u r e  4 shows the water  l e v e l  i n  wel l  
USGS 11 cor rec t ed  f o r  d i r e c t  barometr ic  e f f e c t s  . The r e s u l t i n g  curve,  
however, shows peaks and sags which l a g  the  d i r e c t  barometr ic  e f f e c t s  
in a r eve r se  o rde r .  This  l a g  e f f e c t  i s  probably caused by changes i n  
the load a c t i n g  on the  aqu i f e r  through the  aqu i f e r  i n  the f i l l .  By 
t r i a l ,  a  l a g  of 14 hours  and an e f f i c i e n c y  of 25 percent  produced the  
f a i r l y  smooth curve C shown i n  f i g u r e  4 .  Curve C s t i l l  shows consider- 
able minor f l u c t u a t i o n s ,  presumably caused mostly by e a r t h  t i d e s ,  bu t  t o  
some e x t e n t  by t he  e r r o r s  i n  c o r r e c t i n g  f o r  d i r e c t  and l a g  barometr ic  
e f f e c t s .  The d i r e c t  barometr ic  e f f i c i e n c y  of w e l l  USGS 10 ,  the w e l l  
f in i shed  i n  the  b a s a l  p a r t  of the  alluvium, is about 50 percent  and the 
l ag  c o r r e c t i o n  i s  about 10 hours wi th  an e f f i c i e n c y  of about 25 percent .  

Cor rec t ions  f o r  d i r e c t  barometr ic  and l a g  barometric e f f e c t s  
were app l i ed  t o  the  observed water l e v e l s  i n  the  observat ion w e l l s  i n  
c a l c u l a t i n g  t he  drawdown and recovery of water l e v e l s  during the aqu i f e r  
t e s t .  

Resu l t s  

Tes t  of May 1953 

During the  test of May 1953, water l e v e l s  began t o  d e c l i n e  i n  
the basa l  b r i n e  a q u i f e r  observa t ion  w e l l s  USGS 1 and 7 wi th in  a  few 
minutes a f t e r  pumping s t a r t e d  i n  w e l l  USGS 8. Within an hour water 
l e v e l s  began to  d e c l i n e  a l s o  i n  basa l  b r i n e  w e l l s  USGS 2 and 3, w e s t  and 
no r th ,  r e s p e c t i v e l y ,  o f  w e l l  USGS 8. A t  the  end o f  9 days o f  pumping a t  
the r a t e  of  135 ga l lons  a  minute, the  pumping l e v e l  i n  w e l l  USGS 8 was 
about 16.5 f e e t  below land-surface datum, r ep re sen t ing  a  drawdown o f  
approximately 5.2 f e e t .  Water l e v e l s  dec l ined  dur ing  the per iod 2.4 f e e t  
i n  w e l l  USGS 1, 2.3 f e e t  i n  wel l  USGS 7 ,  0.9 f o o t  i n  w e l l  USGS 2 ,  and 1.1 
f e e t  i n  w e l l  USGS 3. Based on the r a t e  of pumping and r a t e  of  dec l ine  i n  
water l e v e l s  i n  the  observa t ion  w e l l s ,  t he  basa l  b r i n e  aqu i f e r  has a  
t r a n s m i s s i b i l i t y  of about 60,000 gpd per  f o o t .  The c o e f f i c i e n t  of  s t o r age  
of t he  basa l  b r i n e  a q u i f e r  appears  t o  be on the  o rde r  of 1 x 1 0 ~ ~ .  (The 
c o e f f i c i e n t  of  s t o r a g e  i s  expressed as  the f r a c t i o n  of a  cubic  f o o t  of  
water  t h a t  would be r e l ea sed  from s to rage  i n  a  column of the aqu i f e r  having 
a  c r o s s  s e c t i o n a l  a r e a  of 1 square f o o t  a s  a  r e s u l t  of lowering the head i n  
the  a q u i f e r  1 foo t . )  

The water l e v e l s  dec l ined  a l s o  i n  shallow w e l l  24.29.16.311a near  
the c e n t e r  of  the  a r e a  i n s i d e  the  Malaga Bend, b u t  the  dec l ine  was due 
almost e n t i r e l y  t o  n a t u r a l  d ra inage ,  a s  the  r a t e  of  dec l ine  was e s s e n t i a l l y  
t he  same be fo re  and a f t e r  the  per iod  of pumping a s  i t  was during the per iod  
of  pumping. Shallow w e l l s  near  t he  r i v e r  showed f l u c t u a t i o n s  r e l a t e d  t o  the  
s t a g e  of  t h e  r i v e r  and very minor f l u c t u a t i o n s  r e l a t e d  t o  changes i n  
barometr ic  pressure .  



With regard t o  the e f f e c t s  of pumping on the  na tu ra l  inflow of 
b r ine  t o  t he  r i v e r ,  the  f l u c t u a t i o n s  i n  the r i v e r  d i scharge  and the  
a t tendant  l ag  i n  adjustment of the mixing of the r i v e r  water with the 
br ine  discharged from the  pumping w e l l  were such t h a t  no s a t i s f a c t o r y  com- 
par i son  of  loads  a t  var ious  s t a t i o n s  could be made with t h e  required degree 
of ref inement .  I t  is of i n t e r e s t ,  however, t h a t  a  c y c l i c  change i n  t he  
ch lo r ide  concent ra t ion  of the r i v e r  water a t  t he  Lower Wading s t a t i o n  was 
not iced  and appeared t o  c o r r e l a t e  wi th  changes i n  barometric pressure.  

Tes t  of January-March 1954 

The i n i t i a l  a l t i t u d e  of  the b r ine  l e v e l  i n  w e l l s  f i n i shed  i n  
the  basa l  b r ine  aqu i f e r  p r i o r  t o  pumping w e l l  USGS 8  on January 28, 
1954, was a s  follows: 

W e 1  1 - 
USGS 1 

7 
8  

11 

Al t i t ude  of water l e v e l  i n  f e e t  
2,900.2 
2,900.5 
2,899.9 
2,899.9 

A t  t he  same t i m e  t h e  b r i n e  l e v e l  i n  w e l l  USGS 10,  f i n i shed  i n  
t h e  basa l  p a r t  o f  t h e  alluvium and containing sa tu ra t ed  b r i n e ,  was 2,898.1 
f e e t  above s e a  l e v e l  o r  approximately 1.8 f e e t  lower than t h e  head of  the  
b r i n e  i n  w e l l  USGS 8 nearby and w e l l  USGS 11 across  the  bend, i nd ica t ing  
a  l o s s  i n  head as t h e  b r i n e  moves upward i n t o  the  f i l l .  

Some b r i n e  test ho le s  ou t s ide  the  bend a rea  have casing leaks.  
A s  a r e s u l t ,  khe a l t i t u d e  o f  t he  l e v e l  of  t he  mixture of  b r ine  and f r e s h  
water i n  the  w e l l s  cannot be cor rec ted  p rec i se ly  t o  t he  equiva len t  a l t i -  
tude based on concentrated b r ine .  The d a t a  on f l u c t u a t i o n s  caused by 
pumping, however, can be u t i l i z e d  i n  c a l c u l a t i n g  the  t r a n s m i s s i b i l i t y  o f  
t h e  a q u i f e r .  

The approximate a l t i t u d e  of the water l e v e l  i n  the  r i v e r  a t  
most o f  t he  r i v e r  s t a t i o n s  around the bend was a s  follows: 

S t a t i o n  
F ish ing  Rock Ford 
Head of Grandson Spring 
L iv ings ton ' s  Ford 
Lower Wading 

Al t i t ude  of  water l e v e l  i n  f e e t  
2,896.9 

Thus a t  t he  s t a r t  of  the  t e s t  the head on the lower br ine  
a q u i f e r  i n  t h e  Malaga Bend was 3 t o  10 f e e t  above the  r i v e r  l e v e l  around 
t h e  bend. 

When pumping began on January 28, water l e v e l s  lowered equal ly 
i n  the  t h r e e  wells USGS 1, 7 ,  and 11. A pumping r a t e  of 310 ga l lons  a  
minute was maintained wi th  only 1 majar shutdawn, o f  .less tbaa 1 day, from 



January 28 t o  February 25, 1954. By the end of the f i r s t  day of 
pumping the water l e v e l  i n  wells  USGS 1, 7 ,  and 11 had lowered 3 f e e t ,  
and by the  end of the  second day the lowering t o t a l e d  3.8 f e e t .  There- 
a f t e r ,  t he  dec l ines  were much more gradual and by the  end of the 
pumping per iod  the l e v e l s  i n  the 3 wells were approximately 5,O f e e t  
lower than a t  t he  s t a r t  of the  t e s t ,  (see p l .  7) but  were s t i l l  about 
5 f e e t  above the r i v e r  l e v e l  a t  the lower end of the Malaga Bend. 
During the  pumping pe r iod ,  the  water l e v e l  decl ined 2.7 f e e t  i n  w e l l  
USGS 3 ,  1 . 7  miles t o  the north of well  USGS 8 ,  and 2.3 f e e t  i n  w e l l  
USGS 2 ,  about 2.0 m i l e s  west of w e l l  USGS 8.  

W e l l  USGS 10,  f in i shed  i n  the basa l  alluvium, began t o  
I d ec l ine  wi th in  2 hours a f t e r  pumping s t a r t e d  and a t  the end of the  

pumping per iod  the  water l e v e l  had decl ined approximately 1.0 foot  
below the  prepumping l e v e l .  I f  i t  is assumed t h a t  a l l  the b r ine  from 
the  basa l  b r ine  aqu i fe r  e n t e r s  the  f i l l  along the bottom of the f i l l  
and, i n  s o  doing, l o s e s  approximately 1 .8  f e e t  of head ( the  d i f f e r -  
ence between the  prepumping heads i n  the basa l  alluvium and basal  b r ine  
a q u i f e r ) ,  then near  the  end of  the  t e s t  the flow of br ine  from the basal  
b r i n e  a q u i f e r  t o  the  basa l  alluvium was reversed ,  a s  the  d i f f e r e n t i a l  
head was reversed by about 2.2 f e e t .  This r eve r sa l  of d i f f e r e n t i a l  head 
sugges ts  t h a t  t he  amount moving back i n t o  the basal  b r ine  aqu i fe r  from 
the  al luvium was roughly equal t o  t h a t  which was moving ou t  of the  b r ine  
a q u i f e r  p r i o r  t o  pumping. The t rend i n  the dec l ine  of the water l e v e l s  
i n  w e l l s  i n  the basa l  b r ine  aqu i fe r  a f t e r  the f i r s t  few days of pumping, 
compared t o  the  i n i t i a l  t rend ,  i nd ica t e s  a l s o  t h a t  the  discharge of  the  
b r i n e  i n t o  the alluvium had diminished o r  been stopped ( f ig .  5 ) .  

The water l e v e l  i n  the shallow well  24.29.16.311a, i n  the  
c e n t e r  of  t h e  a rea  i n s i d e  the Malaga Bend, dec l ined ,  a s  i n  the previous 
test of  May 1953, before ,  during,  and a f t e r  the pumping period.  However, 
t he  r a t e  of  lowering increased somewhat during the pumping period. 
About 0.1 f o o t  of the  t o t a l  dec l ine  of  0.66 foot  during the pumping 
per iod  was apparent ly caused by the e f f e c t s  of pumping. 

In  connection wi th  the aqu i fe r  t e s t  of January 28 t o  
February 25, 1954, approximately 1,600 water samples were co l l ec t ed  from 
the  Pecos River i n  the Malaga Bend area .  Determinations of s p e c i f i c  
conductance and chlor ide  concent ra t ion  were made i n  a f i e l d  labora tory  
set up i n  Malaga Bend. The sampling program was begun on January 25, 3 
days before pumping was s t a r t e d  and continued u n t i l  March 5 ,  8 days a f t e r  
pumping stopped. Samples were c o l l e c t e d  a t  4-hour i n t e r v a l s  a t  F ish ing  
Rock Ford, a t  t he  Corra l  below Granddaddy Spring a rea ,  a t  the head of 
Grandson Spring a rea ,  from two channels a t  Liv ings ton ' s  Ford, and a t  the 
Lower Wading s t a t i o n .  Samples were co l l ec t ed  twice da i ly  j u s t  below the 
Malaga gage a t  t he  Upper Wading s t a t i o n  and a t  P i e rce  Canyon Crossing. A t  
a l l  these  s t a t i o n s  in t eg ra t ed  samples were obtained by wading the  r i v e r .  







S t a f f  gages were i n s t a l l e d  a t  the sampling points  from Fishing 
Rock Ford t o  the Lower Wading s t a t i o n  and gage heights  were measured each 
time samples were col lec ted .  During the  study a s e r i e s  of s i x  discharge 
measurements were made a t  each of the sampling points  and r a t i n g  tables  
were prepared. 

Adverse e f f e c t s  produced by pumping the brine i n t o  the r i v e r  a t  
t 
I 

the upper s i d e  of the bend r a t h e r  than below the bend are: 

1. The addi t ional  load of chloride t o  be accounted fo r  i n  the 
r i v e r  made na tu ra l  changes i n  concentration more d i f f i c u l t  t o  de tec t .  

2. The pumped br ine  flowed i n t o  the  r i v e r  with comparatively 
l i t t l e  mixing and was s tored  i n  a l aye r  i n  the bottom of a pool near the 
point  of pump discharge. Three days pumping was required t o  f i l l  the 
pool before br ine  discharged from i t  a t  the  average r a t e  of pumping. 
Af ter  pumping was stopped, severa l  days were required fo r  the br ine  t o  be 
flushed out  of the pool. The data  obtained by sampling the r i v e r  during 
these periods of adjustment is of doubtful value i n  computing chloride 
loads.  

3. Agi ta t ion  of the waters of the pool by s t rong winds caused 
l a rge  q u a n t i t i e s  of b r ine  t o  pass out  of the pool i n  s lugs ,  and caused 
sharp increases  i n  chlor ide  concentrations a t  points  below. Following 
movement of the  s lugs ,  time was required fo r  the b r ine  i n  the  pool t o  be 
re s to red  t o  overflow l e v e l  and lower chlor ide  concentrations appeared i n  
the  r i v e r  below. Var ia t ions  a s  g r e a t  a s  4,000 p a r t s  per  mi l l ion  occurred 
wi th in  2 hours during windy periods.  Toward the end of the test, sampling 
a t  Corral  and Lower Wading s t a t i o n  was scheduled a t  2-hour in te rva l s  
during and immediately a f t e r  windy periods. I t  is apparent tha t  extreme 
v a r i a t i o n s  i n  chlor ide  concentrat ions could have been missed during the  
4-hour sampling schedule. Although the b r ine  mixed poorly with the  water 
i n  the  r i v e r  pool a t  the pump discharge,  cross-section sampling showed the 
b r ine  and r i v e r  water t o  be thoroughly mixed a t  the  Corral s t a t i o n .  

P rec i se  computation of loads of dissolved matter car r ied  by a 
stream depends i n  p a r t  on p rec i se  values for  the r a t e  of flow of the 
stream. When water has a concentration of 5,000 ppm of chloride,  a change 
of 2 c f s  i n  computed discharge w i l l  produce a change of 1 ton per hour i n  
computed load of chloride.  Discharge measurements made i n  the Malaga Bend 
area  during the t e s t  period were r a t ed  "good," meaning tha t  the  e r r o r  i n  
measurement was bel ieved t o  be l e s s  than 10 percent .  A s  flow i n  the r i v e r  
ranged from 30 t o  75 c f s ,  i t  is  apparent t h a t  a 5-percent e r r o r  i n  d is -  
charge could give e r r o r s  i n  chlor ide  load g rea te r  than 1 ton per hour. 
In tens ive  analys is  of the  discharge data  obtained during the  t e s t  indicated 
a ga in  i n  flow of 2 c f s  between the  Malaga and P ie rce  Canyon gaging 
s t a t i o n s ,  which was f a i r l y  uniform throughout the  t e s t  period. I t  appeared 
t h a t  most of t h i s  increase  i n  flow occurred i n  the  lower p a r t  of the  bend, 
between the  sampling point  a t  the  head of the  Grandson Spring area and the 
Lower Wading s t a t i o n .  



Chloride l oads  a t  the  Corra l  and Lower Wading s t a t i o n s  a r e  
shown g raph ica l ly  on p l a t e  8. Also shown is  the ga in  i n  ch lo r ide  load 
between the two s t a t i o n s .  On t h i s  graph d a t a  f o r  the  Corra l  s t a t i o n  
a r e  p l o t t e d  6 hours l a t e r  than a c t u a l  t i m e  because approximately 
6 hours was requi red  f o r  a c t u a l  movement of  water between the  two 
s t a t i o n s .  This  t i m e  was determined by p l ac ing  dye i n  t he  r i v e r  and 
observing i ts  movement around the  bend, and was confirmed by no t ing  l a g s  
i n  c h l o r i d e  peaks. 

Study of t h e  ch lo r ide  load  da t a  presen ted  on p l a t e  8 ind i ca t e s  
t h a t  t he  ga in  i n  c h l o r i d e  load  during the g r e a t e r  p a r t  of t he  test 
per iod  averaged j u s t  under 7 tons  per  hour. During the last few days 
o f  samplihg t h e  ga in  appears  t o  have been less than 6 tons per  hour. 

Most of t he  f l u c t u a t i o n s  i n  t he  curve showing ga in  of ch lo r ide  
appear t o  be a s soc i a t ed  wi th  wind e f f e c t s  o r  t o  be the  r e s u l t  of d i s -  
charg ing  the  pumped b r i n e  i n t o  t he  r i v e r  a t  the  upper s i d e  of  t he  bend. 
The low p o i n t s  on January 29 and 30 a r e  caused by the  t i m e  requi red  f o r  
t he  b r i n e  t o  become mixed wi th  a l l  t he  water i n  the  r i v e r  between the  
C o r r a l  and Lower Wading s t a t i o n s .  P a r t  of the  b r i n e  t h a t  passed the  
C o r r a l  s t a t i o n  dur ing  those  days d id  no t  reach the  Lower Wading s t a t i o n  
b u t  remained mixed w i t h  t he  r i v e r  water around the  bend. February 6 
was a windy day, and i t  seems l i k e l y  t h a t  a peak concx?mtration of  
c h l o r i d e  w a s  not  sampled a t  the  Lower Wading s t a t i o n .  February 10 was 
a very windy day, b u t  i t  appears t h a t  sampling was equa l ly  represen ta -  
t i v e  a t  both s t a t i o n s .  However, on February 11, while the  b r i n e  l e v e l  
was being r e s t o r e d  i n  t he  pool  a t  t he  pump d ischarge  s i te ,  apparent ly  
a low i n  ch lo r ide  concen t r a t i on  w a s  missed a t  t h e  Lower Wading s t a t i o n .  
S i m i l a r  e f f e c t s  were produced by h igh  winds February 15 ,  18, 19 ,  and 
22, and by moderate winds on the  23rd,  24th,  and 25th. The inc rease  i n  
t h e  g a i n  i n  ch lo r ide  on February 25 and 26 is  the  r e s u l t  o f  d r a in ing  of 
t h e  h igh  ch lo r ide  water  s t o r e d  i n  the  r i v e r ,  i n  c o n t r a s t  t o  t he  condi- 
t i o n s  a t  t he  s t a r t  of t he  pumping, on January 29 and 30. 

I t  would appear ,  on t he  b a s i s  of these  d a t a ,  t h a t  t he  n a t u r a l  
in f low of ch lo r ide  i n  t he  reach  between the Cor ra l  and Lower Wading 
s t a t i o n s  decreased by about 1 ton pe r  hour by the  end of the  per iod  of 
pumping from the  b r i n e  a q u i f e r .  I t  was s t a t e d  previously t h a t ,  wi th  
water  having a c h l o r i d e  concent ra t ion  of  5,000 ppm, an e r r o r  i n  d i s -  
charge of  the  r i v e r  o f  2 c f s  would make a d i f f e r e n c e  of  1 ton  ch lo r ide  
p e r  hour.  However, dur ing  t h e  l a s t  few days of t he  sampling of  t he  
r i v e r ,  concent ra t ions  of  less than 2,500 ppm of  ch lo r ide  a r e  involved 
and thus  e r r o r s  of 4 c f s  would be requi red  t o  account f o r  1 ton  o f  
c h l o r i d e  p e r  hour. I t  seems un l ike ly  t h a t  the  va lues  of  discharge of 
t he  r i v e r  a s  used could be i n  e r r o r  t h a t  much. 

The apparent  decrease  of 1 ton  per  hour i n  t he  ch lo r ide  load 
o f  t h e  r i v e r  during the  pumping per iod  was accompanied by a dec l ine  i n  
t h e  water  t a b l e  of 0.66 f o o t  i n  t h e  cen t e r  of the  a r e a  on the  i n s i d e  of 
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the bend. A s  mentioned, about one-sixth (0.1 foo t )  of the dec l ine  i n  
the water t a b l e  appeared t o  be caused by pumping. I t ,  t he re fo re ,  seems 
tha t  about one-sixth (0.15 ton per  hour) of the decrease i n  the  ch lo r ide  
load may have been caused by the  pumping of  w e l l  USGS 8 a t  the r a t e  of  
310 g a l l o n s  a minute f o r  approximately 1 month. 

DECREASE OF BRINE INFLOW BY PUMPING METHODS 

Any system of pumping the  b r i n e  i n  t h e  Malaga Bend a r ea  t o  
d i v e r t  t he  b r i n e  now d ischarg ing  i n t o  the  r i v e r  must opera te  cont in-  
ua l ly .  An i n i t i a l  pumping r a t e  i n  excess  of the  n a t u r a l  discharge 
r a t e  should has t en  the  e l imina t ion  of b r i n e  inf low t o  the  r i v e r .  
Eventual ly ,  t h e  pumping system should ope ra t e  a t  a r a t e  approaching 
200 g a l l o n s  a minute,  t h e  ca l cu l a t ed  n a t u r a l  d i scharge  r a t e  of t he  
b r ine ,  a l though pumping may induce some a d d i t i o n a l  water t o  e n t e r  t h e  
br ine-aquifer  sy  s t e m .  

Pum~ina  from the  Alluvium 

Pumping of wells cons t ruc ted  i n  t he  alluvium of the  Yalaga bend 
a r e a  and f i n i s h e d  a t  dep ths  of only a few f e e t  i n t o  the s a t u r a t e d  b r i n e  
would have a more immediate e f f e c t  i n  e l imina t ing  the  b r i n e  inf low t o  t he  
r i v e r  than pumping of wells f i n i s h e d  i n  the  basa l  p a r t  of the al luvium o r  
basa l  b r i n e  a q u i f e r ,  i n  t h a t  a shallow-well system would remove t h e  b r i n e  
a t  p o i n t s  n e a r e r  t he  p l a c e s  of n a t u r a l  discharge.  Fur ther ,  t h i s  shallow- 
w e l l  system would have t h e  l e a s t  e f f e c t  on t he  basa l  b r i n e  a q u i f e r ,  i n  
t h a t  t h e  head on t h e  b a s a l  b r i n e  a q u i f e r  would no t  be  reduced apprec iab ly .  
This system o f  pumping then would be less l i k e l y  t o  induce en t r ance  of 
a d d i t i o n a l  water  i n t o  t h e  basa l  b r i n e  a q u i f e r  than would a w e l l  system 
developed i n  t h e  basa l  alluvium o r  t h e  basa l  b r i n e  aqu i f e r .  

One o f  t h e  disadvantages of  pumping b r i n e  from shallow w e l l s  
i s  t h a t  t he  f i l l  m a t e r i a l  i n  a l a r g e  p a r t  of t he  bend a r ea  is no t  very 
permeable, and the  y i e l d  and e f f e c t s  of  pumping a s i n g l e  w e l l  f i n i shed  a t  
a shallow depth  would no t  be apprec iab le .  Thus a b a t t e r y  of wells would 
be needed t o  remove the  b r i n e  and t o  maintain t he  head of the b r i n e  
below r i v e r  l e v e l .  The over ly ing  f r e s h  water l i k e l y  would be drawn i n t o  
t he  w e l l  un l e s s  very c a r e f u l  r e g u l a t i o n  of the  d i scharge  were maintained. 
Frequent sampling of  t he  water pumped would be requi red  i n  order  t o  
r e g u l a t e  t he  d i s cha rge .  This  method, then ,  would involve considerable  
test d r i l l i n g  and expensive upkeep and observa t ion  procedures,  and hence, 
a t  l e a s t  a t  t h i s  t i m e  i s  considered imprac t i ca l  i n  view of a l t e r n a t e  
methods of  pumping. 

Wells f i n i s h e d  and open only i n  the  lower p a r t  of  t h e  al luvium, 
a t  t h e  maximum d i s t a n c e  below the  upper boundary of the s a t u r a t e d  b r i n e ,  
would be less l i k e l y  t o  draw i n  the  over ly ing  f r e s h  water than would 
shal low wells. A s  considerably more drawdown could be t o l e r a t e d  than i n  
sha l lower  wells without  drawing i n  f r e s h  water ,  t he  wells probably could 



be pumped a t  a  g r e a t e r  r a t e  than the  shallower w e l l s .  I n  addi t ion ,  the  
l en t i cu la r  c lay  beds i n  the  alluvium would cause the  e f f e c t s  of pumping 
t o  spread more r ap id ly  than a t  shallower depths. Because of these con- 
d i t i ons ,  fewer wells probably would be needed and pumping from the  basa l  
part  of  t he  alluvium would have only a  moderate e f f e c t  i n  reducing the  
head of t he  lower b r ine  aqu i fe r .  I d e a l l y ,  a  t o t a l  of approximately 200 
gallons a  minute would need to  be pumped continuously from the system - 
t o  d i v e r t  t he  b r i n e  from the  r i v e r .  Because water-table condit ions 
e x i s t  a r e a l l y  i n  s p i t e  of l o c a l  confinement of t h e  lower p a r t  of the  
f i l l  by clay beds, t he re  is a problem of  i d e a l  spacing of wells t o  
pump only 200 gpm. I n i t i a l l y ,  however, the r a t e  would have t o  be 
somewhat g rea t e r .  Considerable t e s t  d r i l l i n g  would probably have t o  
be done t o  l o c a t e  s a t i s f a c t o r y  sites f o r  the  seve ra l  wells t h a t  
would be requi red .  

Pumping from the  Basal Brine Aquifer 

On the  b a s i s  of t he  pumping tests and o the r  information gained 
during the  i n v e s t i g a t i o n ,  t he  most f eas ib l e  method of d ive r t ing  the  b r ine  
from t b  r i v e r  appears t o  be by pumping from t h e  basa l  b r ine  aqui fer .  

Two of t h e  advamtages o f  pumping from t h e  basa l  b r i n e  aqui fer  
are: (1) No f r e s h  water is  l i k e l y  t o  be drawn i n t o  the  system from the  
alluvium i n  t h e  Malaga Bend area;  and (2) as t h e  aqu i fe r  has a  high 
t r a n s m i s s i b i l i t y  and small c m f f i c i e n t  of s to rage ,  one o r  two properly 
l o c a t e d  w e l l s  may s u f f i c e .  One disactvantage of  pumping from t h i s  
aqu i f e r  I s  t h a t  t h e  head must be reduced from its present  e l eva t ion  of 
2,900 f e e t  above s e a  l e v e l  t o  2,890 f e e t ,  a  d i f f e rence  of 10 f e e t ,  t o  
prevent  t he  b r ine  from discharging i n t o  the  r i v e r .  This lowering of 
head may induce some add i t iona l  recharge i n t o  the brine-aquif er system 
from higher  water-bearing beds i n  the Rus t l e r  formation. 

A t  t h e  sites of wells USGS 1, 7 ,  and 11, the  basa l  br ine  
aqu i fe r  w i l l  no t  y i e l d  l a r g e  q u a n t i t i e s  of t h e  b r i n e  t d  w e l l s .  A t  
w e l l  USCS 8 ,  however, t h e  aqu i fe r  probably w i l l  y i e l d  t h e  i n i t i a l l y  
requi red  amount of  b r i n e .  Although well  USGS 8 was d r i l l e d  and f in ished  
f o r  use a s  an observa t ion  w e l l ,  the  w e l l  has  a  r e l a t i v e l y  high s p e c i f i c  
capaci ty .  A s  mentioned, during the t e s t  of May, 1953, t he  w e l l  was 
pumped a t  t he  r a t e  of 135 ga l lons  a  minute wi th  a  r e s u l t i n g  drawdown of 
5.2 feet ,  a  s p e c i f i c  capaci ty  of 25 gpm per  foo t  of drawdown. During the  
test of January-March 1954, t he  drawdown was about 18 f e e t  a t  the end of 
about 1 month a f t e r  pumping the w e l l  a t  the r a t e  of 310 ga l lons  a  minute, 
a  s p e c i f i c  capaci ty of  17 gym per f o o t  of drawdown. The y i e l d  f r o s  a  
proper ly  constructed w e l l  a t  o r  very near t h e  s i te  of w e l l  USGS 8 may be 
expected t o  y i e l d  t h e  requi red  quant i ty  of b r ine  from the basal  br ine  
a q u i f e r .  The e f f e c t s  of pumping the  b r ine  i n  the  basa l  br ine  aqui fer  a t  
w e l l  USGS 8 were so uniformly d i s t r i b u t e d  over t h e  bend a rea  t h a t  one 
w e l l  here  would serve  t o  lower the  head s u f f i c i e n t l y  over the  bend area 
t o  s t o p  the  upward flow o f  b r i n e  i n t o  the  alluvium. On the  b a s i s  of the 



r e s u l t s  of the  aqu i fe r  t e s t ,  i t  i s  bel ieved t h a t  the head i n  the b r ine  
aqu i fe r  could be reduced 10 f e e t ,  t o  the l e v e l  of the water i n  the 
r i v e r  near  the  lower end of the  Malaga Bend, i n  a matter of a few days 
i f  the  pumping were maintained a t  the  s i t e  of well  USGS 8 a t  a r a t e  of 
600 t o  700 gpm. This  r a t e  could be reduced gradual ly over a period of 
a few yea r s  so  a s  t o  maintain the  br ine  head a t  the  same a l t i t u d e .  
Eventually the  pumping r a t e  would approach the  present  na tu ra l  dis-  
charge r a t e  of  the  b r i n e ,  about 200 gpm. By maintaining the  l eve l  of 
t he  b r i n e  i n  the  basa l  b r i n e  aqu i fe r  a t  o r  near r i v e r  l e v e l  a t  the  
beginning, a considerable volume of b r ine  should be induced t o  move 
from the  basa l  alluvium i n t o  the b r ine  aqu i fe r ,  and thereby hasten 
the  e f f e c t  of reducing the  n a t u r a l  discharge of b r ine  i n t o  the r i v e r .  
A s  the  head of  the b r i n e  i n  t h e  alluvium decreases with continued 
pumping the  r a t e  of movement of b r ine  from the  alluvium t o  the  
pumped aqu i fe r  w i l l  diminish. 

Inasmuch a s  pumping from a s i n g l e  well  i n  the basa l  br ine  
aqu i fe r  causes t h e  head of  the  aqui fer  t o  lower appreciably and f a i r l y  
uniformly a t  an apprec iable  d is tance  from the  pumped w e l l ,  considera- 
t i o n  has been given t o  loca t ing  the  pumped w e l l  o r  wells outs ide  the  
bend a r e a  and nearer  t o  the  d isposa l  (Queen Lake) area. Constructing 
a w e l l  near t he  cen te r  NW1/4 sec.  20, T. 24 S . ,  R .  29 E. ,  would r equ i re  
a pumping r a t e  about one-third g r e a t e r  than a we l l  a t  t he  site of  w e l l  
USGS 8 t o  ob ta in  the same i n i t i a l  e f f e c t s  of lowering the  b r ine  l e v e l s  
i n  t h e  basa l  b r ine  aqu i fe r  i n  the amount of 10 f e e t  a t  the south s i d e  
of  t h e  bend area .  I t  may not  be poss ib le  t o  develop a well  with t h i s  
capac i ty  a t  t he  site des i red .  Two o r  more wells might be required.  
Though a high-capacity w e l l  might not  be obtained a t  t h i s  site, a 
somewhat smaller  i n i t i a l  r a t e  of pumping would mean only t h a t  lowering 
of  t he  b r i n e  head would no t  take  p lace  a s  f a s t .  

Though the  b r i n e  l e v e l  i n  the basa l  b r i n e  aqu i fe r  must 
eventua l ly  be lowered t o  the l e v e l  of the r i v e r  i n  the lower end of the  
Malaga Bend i f  pumping from th.e basa l  aqu i f e r  is t o  e l iminate  the inflow 
of b r i n e ,  pumping could be maintained a t  such a r a t e  a s  t o  keep the head 
i n  the  basa l  b r i n e  aqu i fe r  only 1 t o  2 f e e t  below the  b r ine  l e v e l  i n  the  
basa l  p a r t  of  t he  alluvium a t  the  Malaga Bend. This  presumably would 
prevent  movement of b r ine  from the basal  aqu i f e r  i n t o  the alluvium and 
the b r i n e  i n  the alluvium would d ra in  slowly by na tu ra l  means i n t o  the 
r i v e r .  This  would r e s u l t  i n  a slower r a t e  of dec l ine  i n  the  na tu ra l  
discharge of  t he  b r i n e  i n t o  t h e  r i v e r  but  would mean t h a t  pumping from 
the  basa l  b r i n e  a q u i f e r  could be s t a r t e d  a t  a r a t e  of approximately 
300 gpm i f  a w e l l  near  well  USGS 8 were used o r  about 400 gpm i f  a 
w e l l  were developed i n  the  cen te r  NW1/4 sec.  20, T. 24 S., R .  29 E. 
This  method of pumping a s  compared wi th  pumping a t  a g r e a t e r  r a t e  t o  
reduce the  b r i n e  head t o  r i v e r  l e v e l  almost immediately would, of 
ourse ,  r e s u l t  i n  permi t t ing  more b r ine  t o  e n t e r  the r i v e r  over a 
longer  period of t i m e .  The advantages of the  smaller  bumping r a t e  

would be t h a t  f a c i l i t i e s  f o r  pumping b r ine  would not  have t o  be a s  g r e a t  
and, of  course,  the  b r i n e  s to rage  f a c i l i t i e s  would l a s t  somewhat longer.  



The volume of br ine  i n  the  f i l l  which w i l l  have t o  be flushed 
out t o  prevent f u r t h e r  discharge of concentrated brine o r  a mixture of 
brine and the  f resher  water i s  not  known. I t  may be of the order of 
2,000 t o  4,000 acre-feet.  The f lushing by natura l  discharge, i f  the 
brine were prevented from enter ing the f i l l ,  would take a g rea t  many 
years t o  accomplish, although appreciable diminution i n  the  s a l t  inflow 
should occur during the f i r s t  year,  followed by a somewhat l e s s e r  
decrease the  following year and so  on. Pumping a t  the r a t e  of 300 
gallons a minute from the basal  brine aquifer ,  would induce some brine 
t o  move from the  f i l l  t o  the basal  brine aquifer ,  hastening the e l i m -  
ina t ion of the b r ine  from the r i v e r .  Pumping a t  a g rea te r  r a t e  from 
the basal  br ine  aquifer  w i l l  have a greater  e f f e c t  on the brine i n  
the  f i l l ,  but  b r ine  w i l l  continue t o  dra in  from the f i l l  i n t o  the r i v e r  
for  a number of years.  A marked decrease i n  the  brine inflow t o  the 
r i v e r  should occur within a 3-year period a t  the greater  r a t e  of pump- 
ing but the reduction of br ine  inflow t o  the r ive r  might not  reach 
100 percent fo r  a long time; 75 o r  80 percent i n  the next decade o r  two 
is  more l i k e l y .  A s  mentioned, i f  pumping i s  maintained a t  a high r a t e ,  
the storage f a c i l i t i e s  w i l l  be f i l l e d  i n  a correspondingly shor ter  t i m e .  

CONSIDERATION OF THE QUEEN LAKE DEPRESSION FOR THE STORAGE OF BRINE 

Queen Lake and the associated t r ibu ta ry  drainage encompass an 
area  of approximately 4 square miles i n  p a r t s  of secs.  23 t o  26, T. 24 S. ,  
R. 28 E., and secs .  19,  29, and 30, T. 24 S. ,  R .  27 E. The Queen Lake 
playa occupies an area  of about 60 acres i n  p a r t s  of secs. 19 and 30, T. 
24 S., R. 29 E. (pls .  2 and 6). Heavy r a i n s  i n  the drainage area  r e s u l t  
i n  the accumulation of considerable water i n  the playa, coming mostly 
from the t r ibu ta ry  drainage t o  the  west. Water is l o s t  from the lake 
l a rge ly  by evaporation, the  evaporation r a t e  and surface inflow being 
such t h a t  the  playa is dry a good p a r t  of the t i m e .  

The general nature of the a l l u v i a l  material  p a r t i a l l y  f i l l i n g  
the  depression and of the exposed and underlying Rust ler  formation a r e  
discussed i n  previous sec t ions  of the repor t .  A de ta i led  geologic map 
of the  Queen Lake depression is shown on p l a t e  6. 

Shallow ground water i n  the alluvium and upper p a r t  of t h e  
Rus t l e r  formation i n  the v i c i n i t y  of Queen Lake is  moving i n  a generally 
eastward d i rec t ion  toward the  Pecos River (p l .  2).  The water table  sur- 
rounding the Queen Lake playa is a t  about the same e levat ion as  the playa 
f l o o r .  During periods when the playa is dry,  the movement of ground 

vater i n t o  the playa is not s u f f i c i e n t  t o  keep pace with evaporation from 
the  clay and s i l t  surface ,  with the r e s u l t  t h a t  water l eve l s  decline 
2 f e e t  o r  more below the  playa f loor .  The water table  around the lake  
rises s l i g h t l y  when the lake  contains water, and the lake  l eve l  a t  t i m e s  
is above the surrounding water table .  Observations ind ica te  t h a t  the 
r a t e  of l o s s  of water from the  lake  compares closely with tha t  which 
should be l o s t  by evaporation, indica t ing l i t t l e  movement of ground water 



1 Evidence t h a t  the playa is  not  absolu te ly  wa te r t i gh t  i s  the  
f ac t  t h a t  no d e p o s i t s  of s a l t s  a r e  present  on the  playa f loo r .  The water 
beneath t h e  p laya  has a ch lo r ide  content  ranging between 12,000 and 

i 45,000 ppm, suggest ing a concentrat ion o f  s a l t s  a s  a r e s u l t  o f  evapora- 
t ion.  These high-chloride waters  mix with t h e  f r e she r  waters  surrounding 
the l ake  a t  times when water i s  contained i n  t h e  l ake  and move slowly t o  
the e a s t  t o  d ischarge  i n  the  Pecos River .  

R. S. Jones made seve ra l  permeabil i ty  tests of the  playa 
sediments and ad jacen t  a l l u v i a l  ma te r i a l ,  using a s a tu ra t ed  sodium 
ch lo r ide  so lu t ion .  The average i n i t i a l  permeabil i ty  of s eve ra l  samples 
c o l l e c t e d  from the  playa sediment was 1 .0  g a l l o n  per  day per  square 
foot  and the  permeabi l i ty  o f  the  samples decreased with each succeeding 
test run.  The end r e s u l t  o f  some o f  the  tests ind ica t ed  t h a t  the 
samples had become e s s e n t i a l l y  impermeable. The cause of the  decrease 
i n  t he  permeabi l i ty  is not  known. Sodium s o l u t i o n s  commonly cause c l ays  
t o  become def loccula ted  and impermeable (Lee, 1941, p . 577-607) , bu t  
t he re  is  some ques t ion  whether concentrated b r i n e s  w i l l  produce t h i s  
e f f e c t  (Eaton, 1950, p. 123-133). A t  any r a t e ,  the  only a v a i l a b l e  infor -  
mation on t h i s  a r e a  i n d i c a t e s  t h a t  t he  passage o f  b r ine  makes the  sediments 
less permeable. Addi t iona l  d a t a  a r e  needed, and arrangements are being 
made t o  test a d d i t i o n a l  samples. 

One approach might be t o  seek a ma te r i a l  t h a t  could be added t o  
the  b r i n e ,  as ben ton i t e  is o f t e n  added t o  f r e s h  water, t o  seal the  pores  
i n  t he  bottom of the  l ake ,  i f  some remedial measures a r e  needed t o  
r e t a r d  leakage. 

Assuming t h a t  t he  r e s u l t s  of the  permeabil i ty  tests prove t o  
be  a p p l i c a b l e  t o  f i e l d  condi t ions ,  the  sediments o f  t he  lake  f l o o r  may 
become somewhat t i g h t e r  i f  a s a t u r a t e d  b r i n e  is s t o r e d  i n  t he  l ake ,  and 
a f t e r  a t i m e  t he  f l o o r  may become t i g h t e r  a l s o  because of p r e c i p i t a t i o n  
o f  s a l t s  and depos i t i on  of c lay  washed from the  shore.  The a l l u v i a l  
d e p o s i t s  along the  margin of the playa a r e  more permeable than the  p laya  
sediments but  do conta in  c l ays  t h a t  may r e a c t  with the  b r ine  t o  make the  
sediments somewhat t i g h t e r .  

Less leakage from the  l ake  would occur  i n i t i a l l y  i f  the playa 
and ad jacent  sediments were compacted. A good t i m e  t o  compact any given 

s t r i p  of  t he  su r f ace  would be when the  b r ine  begins t o  encroach upon t h a t  
s t r i p ,  moistening the  sediments. S a l t  may plug the  cracks i n  t he  outcrops 
of gypsum and l imestone,  but t he  openings may have t o  be sea led  by some 
o t h e r  means i f  app#eciable  leakage develops and cont inues a f t e r  a t i m e .  

A s  the  b r i n e  t o  be pumped from the  Malaga Bend is  s a t u r a t e d  wi th  
common s a l t ,  p r e c i p i t a t i o n  of  the  s a l t  would begin immediately, assuming 
t h a t  the  b r i n e  i s  discharged i n t o  a pool o f  s a t u r a t e d  br ine .  I f  the l ake  



brine i s  maintained a t  the  s a t u r a t i o n  po in t ,  the  depos i t ion  of s a l t  w i l l  
proceed continuously t o  form a depos i t  over the  f l o o r  of the lake and i n  
so doing should reduce the  leakage. To maintain t h i s  condi t ion a s  nearly 
as poss ib l e ,  a dike could be constructed i n  t he  draw on the  west s i d e  of  
Queen Lake along the  west s i d e  of  sec .  30, T .  24 S . ,  R .  29 E. ,  t o  keep 
out most of  t he  storm runoff .  The storm runoff thus would be impounded 
to  the west of the  l a k e  and a t  t i m e s  would inundate the land present ly  
farmed i n  t h e  draw west of Queen Lake ( f ig .  6) . 

I f  such a d ike  were cons t ruc ted ,  b r ine  s to red  i n  the  l ake  
would overflow i n t o  a depress ion  t o  the southeas t  when a s t age  25 f e e t  
above the  playa f l o o r  is  reached. The t o t a l  capac i ty  of  the Queen Lake 
depression a t  t h i s  s t a g e  is approximately 5,500 acre-feet .  

The average annual evaporat ion from a s tandard land p a n i n  
southeas te rn  Eddy County amounts t o  about 118 inches per  year .  The r a t i o  
of evaporat ion of b r i n e  i n  Queen Lake to  t h a t  of the s tandard land pan 
would be approximately 0.6.  The average annual r a i n f a l l  i n  the a rea  i s  
about 13 inches ,  On t h i s  b a s i s  about 5 f e e t  o f  b r i n e  would be evaporated 
annual ly from t h e  lake .  

I f  b r i n e  were pumped t o  Queen Lake a t  the  r a t e  o f  500 ga l lons  a 
minute f o r  3 y e a r s ,  300 ga l lons  a minute f o r  the  next  7 yea r s ,  and 200 
g a l l o n s  a minute t h e r e a f t e r  f o r  the  l i f e  of  the  r e s e r v o i r ,  the Queen Lake 
depress ion  would provide s to rage  f o r  the  p r e c i p i t a t e d  s a l t s  and b r ine  
f o r  approximately 100 yea r s .  The s t age  of t he  l ake  would rise appreciably 
dur ing  the  f i r s t  3-year per iod,  possibly t o  a l e v e l  approaching 9 f e e t  
above the p laya  f l o o r ,  and approximately 300 acre-feet of salts should 
have accumulated. The s t age  of  the l ake  would rise more slowly during the  
next  s e v e r a l  y e a r s  and the  evaporat ion r a t e  of t h e  b r ines  would approach 
o r  exceed the  d ischarge  r a t e  of t he  b r i n e  i n t o  the  lake .  

A p i p e l i n e  from well USGS 8 t o  the playa of Queen Lake would be 
about 2.0 miles long,  and from a proposed w e l l  site i n  the  NWl/4 sec.  20, 
T. 24 S . ,  R .  29 E . ,  about 1.0 m i l e  long. The p i p e l i n e  from w e l l  USGS 8 
t o  the  r i v e r  used i n  test pumping of wel l  USGS 8 showed no s ign  of s a l t  
i n c r u s t a t i o n  on the  inner  w a l l s  and i t  is a n t i c i p a t e d  t h a t  no d i f f i c u l t y  
with i n c r u s t a t i o n  w i l l  occur.  From a poin t  about 0.5 m i l e  nor th  of Queen 
Lake the  land su r f ace  s lopes  toward the lake .  The b r ine  could flow by 
g r a v i t y  i n  an open d i t c h  t o  the  lake. However, i n c r u s t a t i o n  of the  d i t c h  
would occur and the b r i n e  would gradual ly spread ou t  over the s lope  a rea .  
This  i n  t u r n  would r e s u l t  i n  the  leakage of b r i n e  i n t o  the  f i l l  along the  
s lope .  For t h i s  reason i t  may be des i r ab l e  t o  conduct the b r ine  t o  the  
l ake  e n t i r e l y  through a c losed  conduit .  The a l t i t u d e  of the  land sur face  
a t  w e l l  USGS 8 is  about 2,915 f e e t .  The h ighes t  po in t  along a p ipe l ine  t o  
Queen Lake from w e l l  USGS 8 would be about 2,970 f e e t  above sea  l e v e l  i n  
t h e  NWl/4 sec. 20, T. 24 S . ,  R .  29 E .  

A no t i ceab le  amount of almost pure n i t rogen  gas was pumped wi th  
the  b r i n e  from w e l l  USGS 8 but  t h i s  gas may not  occur with the  br ine  a t  



other  sites. A gas would accumulate a t  the high point  in  a p ipel ine  but 
whether t h i s  would cause d i f f i c u l t y  i s  not known. Consideration might be 
given t o  means of bleeding gas from the  p ipel ine .  

CONCLUSIONS 

An average of about 370 tons of common s a l t  i s  added dai ly  t o  
the Pecos River through seeps and springs enter ing  the r i v e r  along the 
Malaga Bend. I n  t h i s  s t r e t c h  the r i v e r  gains on the  average about 
2 1/2 c f s ,  a mixture of water of which about 2 c f s  is  re tu rn  from irri- 
ga t ion  water applied t o  nearby lands and about 0.4 c f s  is  a concentrated 
br ine .  

Br ine ,  almost sa tura ted  with sodium chlor ide ,  occurs a t  
shallow depth i n  the  Grandson Spring area  on the ins ide  of the bend and 
between Livings ton 's  Ford and the  Lower Wading s t a t i o n  on the outside 
and lower end of the  Malaga Bend. Elsewhere a t  shallow depth i n  the 
Malaga Bend a rea ,  the  water i s  a mixture of the  b r ine  and water derived 
from app l i ca t ion  of water t o  the farm lands. The chloride content of the 
water i n  the alluvium increases  with depth and, i n  the lower p a r t  of the  
f i l l ,  a sa tu ra ted  br ine  occurs. 

The source of the  concentrated br ine  i n  the alluvium a t  Yalaga 
Bend i s  a b r ine  aqui fer  t h a t  underl ies  the a rea  a t  a depth of about 200 
f e e t .  The aqu i fe r  i s  developed mostly i n  gypsum near the  base of the 
Rust ler  formation and i n  places d i r e c t l y  o v e r l i e s  the Salado formation 
which here contains s a l t  and anhydrite.  The b r ine  is under s u f f i c i e n t  
head i n  the  Malaga Bend area  t o  percola te  upward through th in  and incom- 
petent  beds of gypsum and clay i n t o  the a l l u v i a l  sands, c lay ,  and s i l t  
and thence i n t o  the r i v e r .  The Malaga Bend area  is the only known 
discharge a rea  f o r  the br ine .  

The basa l  b r ine  aqui fer  extends northward from the Malaga Bend 
a rea  t o  Laguna Grande de l a  Sal  and Nash Draw i n  a s t r i p  3 t o  5 m i l e s  
wide. The p r inc ipa l  a rea  of recharge is  infer red  t o  be i n  Bear Grass Draw 
i n  northern Eddy County where the truncated beds of the Rustler  formation 
e i t h e r  crop out  or  immediately underl ie  the alluvium. Some recharge t o  
the  b r ine  aqui fer  occurs a t  times i n  the a rea  about 2 miles w e s t  of Malaga 
Bend. The s a l t  i n  the  underlying Salado formation i s  undoubtedly the  
source of the  dissolved s a l t  i n  the  basa l  br ine  aqui fer .  

The t r ansmiss ib i l i ty  of the basal  br ine  aquifer  i s  about 60,000 
gpd and, on the b a s i s  of the  width of 5 miles and a gradient  of 1.4 f e e t  
pe r  m i l e ,  i s  est imated t o  be transmit t ing about 0.6 c f s  through a given 
c r o s s  sec t ion .  This value is  of the same order of magnitude a s  t h e  r a t e  
of discharge (0.4 c f s )  ca lcula ted  on the  bas i s  of the  observed gain i n  
the  s a l t  load i n  the Malaga Bend area;  the value of 0.4 c f s  i s  considered 
the  more p rec i se .  



Pumping t h e  b r i n e  t o  d i v e r t  i t  from the  Pecos River apparent ly  
can be b e s t  accomplished by pumping from the  basa l  b r ine  aqu i f e r .  One o r  
two w e l l s  p roper ly  l o c a t e d  i n  t h e  Malaga Bend and f i n i shed  i n  t h e  basa l  
b r i n e  a q u i f e r  and pumped a t  an i n i t i a l  r a t e  of  600 t o  700 gpm would lower 
t he  head t o  r i v e r  l e v e l  throughout t h e  bend a r e a  w i th in  a  s h o r t  t i m e .  
Eventual ly  t h e  r a t e  could be reduced t o  about 200 gpm, the p re sen t  na tu ra l  
d i scharge  r a t e  o f  t he  b r i n e ,  but  some a d d i t i o n a l  water might be induced 
i n t o  t h e  basa l  b r i n e  a q u i f e r  when the  head i s  lowered. I n  t h i s  even t ,  
t he  pumping r a t e  would have t o  be  maintained at a  r a t e  s l i g h t l y  g r e a t e r  
than 200 gpm t o  keep b r i n e  from e n t e r i n g  the  r i v e r .  A t  t he  higher  pump- 
i n g  r a t e  some b r i n e  should be induced t o  move o u t  of  t he  basa l  a l luvium 
i n t o  t h e  underlying b r i n e  a q u i f e r ,  thus has ten ing  the  diminution of  
b r i n e  inf low t o  t h e  Pecos River .  

The Queen Lake depression is  not  w a t e r t i g h t  bu t  the  sediments 
i n  t h e  p l aya  appear t o  be only s l i g h t l y  permeable. The c l ays  and silts 
border ing  t h e  p l aya  a r e a  and the  p laya  sediments may become t i g h t e r  when 
they come i n  con tac t  wi th  the  b r i n e ,  a l though add i t i ona l  study of  t h i s  
p o i n t  is  needed. Compaction of t h e  c l ays  and s i l t  bordering the  l ake  a s  
they become moist  would decrease  t h e i r  permeabi l i ty  and make the  depres- 
s i o n  more near ly  w a t e r t i g h t .  Cons t ruc t ion  of  a d ike  across  a draw t o  the  
w e s t  of  Queen Lake would prevent  much o f  the  storm runoff from reaching 
t h e  l a k e  and would permit  maintaining the  l a k e  b r i n e s  i n  a  more concen- 
t r a t e d  cond i t i on .  P r e c i p i t a t i o n  o f  t he  s a l t ,  toge ther  with t h e  i n f l u x  
o f  c l ays  washed i n  from t h e  s i d e s  should a i d  i n  s ea l i ng  the  f l o o r  of t he  
depress ion .  Br ine  s t o r e d  i n  t h e  l a k e  would over-flow i n t o  a  depress ion  
t o  t h e  sou theas t  when a s t a g e  25 f e e t  above t h e  p laya  f l o o r  is  reached. 
The t o t a l  capac i ty  o f  t h e  Queen Lake depression a t  t h i s  s t a g e  is 
approximately 5,500 acre-fee t . 

I f  b r i n e  were pumped t o  Queen Lake a t  t h e  r a t e  of  500 gpm f o r  
3  y e a r s ,  300 gpm f o r  t h e  next 7 yea r s ,  and 200 gpm t h e r e a f t e r  f o r  t he  
l i f e  of  t h e  r e s e r v o i r ,  t h e  Queen Lake depress ion  would provide s to rage  
f o r  t h e  p r e c i p i t a t e d  salts and b r i n e  f o r  approximately 100 years .  

I f  a  pumping p r o j e c t  i s  begun i n  t he  Malaga Bend a r e a  and 
b r i n e  is s t o r e d  i n  Queen Lake, t h e  p r o j e c t  should be considered a s  an 
experiment ,  and should be eva lua ted .  De ta i l ed  observa t ions  should be 
made of  t h e  f l u c t u a t i o n  of  t he  head o f  t h e  b r i n e  i n  t he  b a s a l  b r i n e  
a q u i f e r  and the  b a s a l  p a r t  of  t he  alluvium and of  the  water l e v e l s  a t  
shallow depths  i n  t he  Malaga Bend a r e a .  Observations on the f l u c t u a t i o n  
and a l t i t u d e  o f  water l e v e l s  i n  t h e  b a s a l  b r i n e  a q u i f e r  northward from 
t h e  bend a r e a  should be made a l s o .  This  would r e q u i r e  s ea l i ng  the  l eaks  
i n  t h e  cas ings  of w e l l s  USGS 2 ,  3, and 4 .  Data on the  discharge and 
mineral  conten t  o f  t h e  Pecos River  a t  t h e  P i e r ce  Canyon Crossing and 
Malaga s t a t i o n s  and occas iona l  measurements o f  d i scharge  and mineral  load  
i n  t he  Malaga Bend a r e a  should be ob ta ined  t o  observe the  t rend  i n  the  
i n f l u x  of s a l t s .  These var ious  d a t a  w i l l  show t h e  e f f ec t i venes s  of  t h e  
pumping system and w i l l  a i d  i n  making necessary a l t e r a t i o n s  t o  t he  
pumping system. 



Observation wel ls  in  p a i r s  should be constructed and maintained 
around Queen Lake for  the per iodica l  col lec t ion  of water samples and the 
observation of water-level f luc tuat ions .  Data obtained on the qual i ty  of 
the water and water-level f luc tuat ions  i n  these w e l l s  w i l l  provide a 
bas i s  for  any remedial measures, i f  necessary, t o  r e t a r d  leakage. A 
gage should be i n s t a l l e d  t o  record the  s tage  of the lake.  Periodic checks 
of the  volume of s a l t  deposited a l s o  should be made. 

Consideration should be given to  plugging any ac t ive  sinkholes 
located  i n  the a rea  about 2 m i l e s  w e s t  of the Malaga Bend. I f  a f t e r  a 
few years  the  decrease i n  the  inflow of br ine  t o  the r i v e r  is not 
appreciable,  o r  i f  i t  is des i rab le  t o  hasten the diminution i n  the flow 
of b r ine  t o  the  r i v e r ,  considerat ion might be given to  the construct ion 
of w e l l s  i n  the basal  p a r t  of the  alluvium t o  be pumped, o r  possibly 
d r i l l e d  and opened i n t o  the  basa l  brine aqui fer  to  dra in  the  br ine  i n  
the alluvium. 
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Table 3 .-Weighted averages of analyses of water from Pecos River a t  
lied B l u f f ,  N. Mex., for water years 1938 to  1953 

m i l l i o n  except percent sodium and conductance) 

1 I I I 
1 Dissolved s o l i d s  I Hardness I 

Sum 

1 



Table ~ . - - S U I U U ~ ~ ~  of average gains  i n  mineral load i n  various reaches 
of  the  Pecos River below Malaga, Eddy County, N. Mex. 

a/ The Geological Survey water year is the 12-month period ending September 30 of the indicated  year .  - 

Reach of  the  r i v e r  

Malaga t o  Red Bluff 

Do. 

Malaga t o  Pierce  Canyon 
Crossing 

Upper Wading s t a t i o n  t o  
Fishing Rock 

Do. 
Fishing Rock t o  Corra l  

Do. 
Corra l  t o  Head of Grandson 

Spring a rea  
Do. 

Head of Grandson Spring a rea  
t o  Lower Wading s t a t i o n  

Do. 
Fishing Rock t o  Lower Wading 

Do. 
Return flow from 4,500 acre- 

f e e t  of i r r i g a t i o n  water 
per  year (estimated Malaga 
t o  Pierce  Canyon Crossing 

Average inflow of b r i n e  
( t o t a l  ga in  less i r r i g a -  
t i o n  re tu rn )  Malaga t o  
P ie rce  Canyon Crossing 

Period a/ - 

Water years 1938-40 
1943-53 

Water years 1939, 
1940, 1952, 1953 

Water years 1939, 
1940, 1952, 1953 

June 12-13, 1952 

Sept.13-15, 1954 
June 12-13, 1952 
Sept. 13-15, 1954 
June 12-13, 1952 

Sept. 13-15, 1954 
June 12-13, 1952 

Sept. 13-15, 1954 
June 12-13, 1952 
Sept .  13-15, 1954 
Water years 1938-40, 

1943-53 

Water years 1938-40 
1943-53 

Tons 
per 
hour 

11,l 

10.6 

9.3 

.5 

.5 

.5 

.5 
- 8  

.8 
4.7 

6.0 
7.0 
9.3 

.5 

8.8 

Tons 
per 
day 

267 

254 

223 

12 

12 
12 
12 
19 

43 
113 

144 
168 
223 

12 

211 

Tons 
per 
hour 

18.4 

17.5 

15.3 

- 8  

.8 

.8 
- 8  

1 .3  

3.0 
7.8 

9.9 
11.6 
15.3 

.8 

14.5 

Chloride 

Tons 

per 
year 

97,500 

92,700 

81,400 

4,380 

4,380 
4,380 
4,380 
7,010 

15,800 
41,200 

52,600 
61,300 
81,500 
4,380 

77,000 

c--- 

Tons 
per 
hour 

21.2 

21.7 

17.9 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

15.8 

Sodium 

Tons 
per 
day 

441 

420 

368 

20 

20 
20 
20 
31 

71 
186 

238 
277 
368 

20 

348 

chlor ide  

Tons 
Per 
year 

161,000 

153,000 

134,000 

7,230 

7,230 
7,230 
7,230 

11,600 

26,100 
68,000 

86,800 
101,000 
134,000 

7,230 

127,000 

Dissolved 

Tons 
per 
day 

510 

520 

430 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
- 
- 
-- 
-- 

379 

s o l i d s  

Tons 
Per 
year 

186,000 

190,000 

157,000 

--- 
--- 
--- 
--- 
--- 
--- 
--- 
-- 
-- - 
--- 

138,000 
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Table 6.-Analyses of  water  from we l l  and test ho le s  i n  t h e  Yalaga Bend 
a rea  of t h e  Pecos R ive r ,  near  Malaga, N.  Mex. 

No. 

1 
2 
3 
4 
5 
6 
7 
8 

9 

10 
11 

12  

13 

14 

15 

16 

Desc r ip t ion  

Well 24.28.25.122 
W e l l  24.28.25.123 
W e l l  24.28.25.123a 
W e l l  24.28.26.211 
W e l l  24.28.36.144 

Do. 
W e l l  24.28.36.222 
USGS well  8 

(24.29.16.133) 
USGS wel l  10 

(24.29.16.133a) 
(depth 160 f t . )  

W e l l  24.29.16.133b 
USGS wel l  1 

(24.29.16.311); 
depth ,  33 f t  

USGS we l l  1 
(24.29.16.311) ; 
depth ,  54 f t  

USGS we l l  1 
(24.29.16.311); 
depth ,  84 f t  

USGS w e l l  1 
(24.29.16.311); 
depth ,  113 f t  

USGS w e l l  1 
(24.29.16.311) 

USGS w e l l  7 
(24.29.16.314) 

S p e c i f i c  
g r a v i t y  

a t  
20°c 
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Table 7.--Records of se lec ted  wel ls  i n  the  v i c i n i t y  of Malaga Bend, Queen Lake, 
and Nash D r a w ,  Eddy County, N.  ax . - -Con t inued  

Locat ion 
number 

22.30.17.313 

23.a9.17.232 

23.29.22.122 

23.29.28.123 

24.28.24.211 

24.28.25.122 

24.28.25.122a 

24.28.25.123 

24.28.26.211 

24.28.36.144 

24.28.36.222 

:24.28.36.312 

Method 
of l i f t  

N 

N 

N 

N 

N 

- 
N 

- 

J 

W 

N 

N 

F e e t  below 
land-sur- 
f a c e  datum 

149.67 

45.93 

23.33 

54.96 

73.15 

5.37 

5.25 

17.55 

20R 

40.70 

11.93 

20.27 

Water l e v e l  
Date of 

measurement 

May 19,1938 

Mar. 6 ,  1938 

Sept.25,1937 

Dec. 20,1937 

Feb. 2,  1938 

June 2,  1954 

do. 

do. 

May 10, 1954 

June 2,  1954 

do. 

do. 

Drawdown 
(f t )  

3.65 

No appre- 
c i ab le  
drawdown 

- 
- 

76.2 

- 
- 
- 

- 
- 
- 
- 

Duration 
of test 

(min) 

13  

26 

- 
- 

22 

- 
- 
- 

- 
- 

- 
- 

Rate 
(gpm) 

18 

42 

- 
- 

24 

- 
- 

300- 
325R 

- 
- 
- 
- 

Yield 
Date of 

measurement 

May 1938 

Feb. 1938 

- 
- 

Dec. 1937 

- 
- 
- 

- 
- 
- 
- 

Use of 
water 

N 

N 

N 

N 

N 

I 

N 

D 

D 

S 

N 

N 

Remarks 

Brine test 

Brine test 

- 
Brine test 

Brine test 

- 
- 
- 

- 
- 
- 
- 



Table 7 .--Records of s e l e c t e d  w e l l 6  i n  the  v i c i n i t y  of Malaga Bend, Queen Lake, 
and Nash D r a w ,  Eddy County, N.  Mex.--Continued 

Locat ion  
number 

,29.5.244 

,29,8.111 

,29.16.133* 

,29.16.133a* 

29.16.133b 

29.16.311* 

29.16.313 

29.16.314* 

29.16.342* 

Topo- 
graphic  

s i t u a t i o n  

F l a t  

do. 

Terrace 

F l a t  

do. 

do. 

do. 

do. 

do. 

Owner 
o r 

name 

USGS 6 

USGS 3 

USGS 8 

USGS 10 

USGS 

USGS 1 

USGS 

USGS 7 

USGS 

A l t i t u d e  of 
land-surface 
d a t u m ( f e e t  
above s e a  

l e v e l )  

3,045.1 

2,957.9 

2,911.5 

2,925.1 

2,911.8 

2,927.8 

2,920.5 

2,923.9 

2,902.1 

Date 
completed 

Apr . 1939 

Jan .  1938 

May 1939 

Sept  .I953 

June 1952 

Nov. 1937 

Mar. 1953 

May 1939 

Mar. 1953 

Type 
of  

w e l l  

D 

D 

D 

D 

A 

D 

A 

D 

A 

_I. 

Depth 
of  

w e l l  
(f t )  

153 

a93 

221.5 

160 

12 

240 

22 

230 

9 

Depth t o  
which 
w e l l  is 
cased 

(f t )  

116 

239 

221.5 

160 

12  

240 

22 

2 30 

9 

P r i n c i p a l  

Depth 
t o  top 
of bed 

( f t )  

110 

235 

199 

124 

11 

21 2 

17  

205 

6 

D i am- 
e t e r  

of  
w e l l  
( i n )  

7 

7 

7 

7 

4 

7 

2 

7 

2 

Thick-Char- 
nes s  
(f t )  

41 

108 

3 1 

40 

- 

36 

- 

38 

- 

water-bearing 

a c t e r  of 
m a t e r i a l  

Dolomite 

Gypsum 

do. 

Sand, 
c l a y ,  
g rave l  

S i l t ,  
sand ,  
c l ay  

Gypsum 

S i l t ,  
sand 

Gypsum 

Fine  
sand 

bed 

Geo- 
l o g i c  
horizon 

R u s t l e r  
f orma- 
t i o n  

do. 

do. 

Alluv- 
ium 

do. 

R u s t l e r  
f orma- 
t ion 

Alluv- 
ium 

Rus t l e r  
f orma- 
t ion  

Alluv- 
ium 



w 8 

h Y 
C , .  



I , "  I 



Location 
number 

.ble 7.--Records o f  s e l e c t e d  w e l l s  i n  the v i c i n i t y  o f  Malaga Bend, Queen Lake, 



Table 7.-- Records of  s e l e c t e d  w e l l s  i n  t h e  v i c i n i t y  of  Malaga Bend, Queen Lake, 
and Nash Draw, Eddy County, N.  Mex. - Continued 

Depth t o  
which 
w e l l  i s  
cased 
( f t )  

17 

10 

11 

- 

- 

173 

D i a m -  
e t e r  

o f  
we l l  
( i n )  

4 

4 

4 

5 

5 

7 

Topo- 
g raph ic  

s i t u a t i o n  

Terrace 
above 
1 ake 

Lake 
bottom 

do. 

Small 
kno 11 

i n  de- 
press ion  

F l a t  

do. 

Date 
completed 

Feb. 1953 

Apr. 1952 

do. 

- 

- 
Ju ly  1939 

Locat ion  
number 

!4.29.30.212a* 

14.29.30.212b 

4.29.30.233* 

4.29.31.321 

5.28.3.222* 

5.28.13.111 

Owner 
o r  
name 

USGS 

USGS 

USGS 

Guy Reed 

Chinaberry 
w e 1  1 

USGS 9 

A l t i t u d e  of 
land-surface 
datum(feet  
above sea 
l e v e l )  

2,907.1 

2,897.2 

2,897.5 

2,905.1 

2,990.8 

2,886.8 

P r i n c i p a l  
Depth 
t o t o p T h i c k -  
of bed 
( f t )  

12 

2 

4 

- 

- 

167 

water-bearing 

Char- 
a c t e r  of 
ma te r i a l  

S i l t ,  
sand 

Clay 
s i l t  
sand 

gypsum 

do. 

- 

- 

Clay 

ness  
( f t )  

- 

- 

- 
- 

- 

2 

Type 
of 

w e l l  

A 

A 

A 

D 

D 

D 

bed 

Geo- 
l o g i c  
horizon 

Alluv- 
- ium 

do. 

do. 

- 

- 

Rus t l e r  
f orma- 
t ion  

, 

Depth 
o f  
w e l l  
(f t )  

17 

10 

11 

13  

- 

173 





Table 7 . - -  Records of s e l e c t e d  wells i n  t h e  v i c i n i t y  of Malaga Bend, Queen Lake, 
and Nash Draw, Eddy County, N. Mex. 

Locat ion No.: See f i g u r e  1; * i n d i c a t e s  chemical a n a l y s i s  i n  t a b l e  6. 

Type o f  w e l l :  A ,  auger hole; D l  d r i l l e d .  

Water l e v e l :  Measured depth t o  water  given t o  n e a r e s t  0 .01 f o o t ,  r epor t ed  depth g iven  t o  
nea res t  foo t .  General ly r ecen t  water l e v e l s  given except  when not  r ep resen t -  
a t i v e  because of cas ing  l eaks .  

Method of  l i f t :  J ,  jet; N ,  none; W ,  wind. 

Yield:  R i n d i c a t e s  repor ted  y i e l d ;  o t h e r  y i e l d s  determined by pumping o r  b a i l i n g .  

U s e  o f  water: D ,  domestic; I ,  i r r i g a t i o n ;  N ,  none; S ,  s tock .  


