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On September 1, 1965 the Texas Water C m i s s i a n  (formerly,  be£ ore February 
1962, the S tare Board of Water ~ n ~ i n e e r s )  experienced a f a r  -reaching r e a l i g n -  
ment of functions and personnel, d i r e c t e d  toward the increased emphasis needed 
for planning and developing Texas' water resources and f o r  administering water 
r i g h t s .  

Realigned and concentrated i n  the Texas Water Developmenr Board were t h e  
investigative,  planning, development, research, f iaancing, and support ing func - 
t i ons ,  i nc lud ing  t h e  r epor t s  review and publ icat ion  func ti ans . The name Texas 
Water Cmmission was changed to Texas Water Rights C m i s s i o n ,  and responsibi l- 
i t y  f o r  functions re la t ing  to water - r i g h t s  adminis t r a r i o n  was vested t he re in .  

For t h e  reader's convenience, references in this report have been a l tered,  
where necessary, to ref lect  the current (pos t  September 1, 1965) assignment of 
responsibility for the f u n c t i o n  mentioned. In other words credit f ~ t  a func- 
tion performed by the Texas Water Cwrmissian before the September 1, 1965 
realignment generally will be given in this report e i ther  to t h e  Water Develop- 
ment Board or to the Water Rights Commission, depending on which agency now has 
r e s p o n s i b i l i t y  for that function. 

I/~hi.ef Engineer 
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G R O U N D - W A T E R  R E S O U R C E S  O F  

H A R R I S O N  C O U N T Y ,  T E X A S  

ABSTRACT 

H a r r i s o n  County is in t h e  n o r t h e a s t e r n  p a r t  of Texas and h a s  an area of  
892 s q u a r e  m i l e s .  mrshall ,  t h e  counry sea t ,  is 40 miles w e s t  of Shreveport, 
150 m i l e s  e a s t  of D a l l a s ,  and  7 5  m i l e s  sourh of  Texarkana. Most of Har r i son  
County is heavily forested and the surface i s  h i l l y  to rolling. The average 
a n n u a l  p r e c i p i t a t i o n  is about 47 i n ches .  

The economy o f  t h e  county is based chiefly on i n d u s t r y  and a g r i c u l t u r e .  
The a g r i c u l t u r a l  economy is based p r i n c i p a l l y  on t h e  r a i s i n g  of beef c a t t l e .  
The p r i n c i p a  1 i n d u s t r i e s  are concerned w i t h  the p r o d u c t i o n  and processing of 
o i l  and gas.  

The geologic units that are the p r i n c i p a l  source of ground water i n  Rar- 
rison County c o n s i s t  of the Wilcox Group, t h e  C a r r i z o  Sand, the Reklaw Forma- 
tion, and t h e  Queen C i t y  Sand, a l l  of Eocene age. These u n i t s  a r e ,  f o r  the 
most pa r t ,  h y d r a u l i c a l l y  i n t e r c o n n e c t e d  and generally function a s  a s i n g l e  
aquifer;  t h e  a q u i f e r  is h e r e i n  r e fe r red  to as the  Cypress  aqu i f er .  The 
aquifer, which t h i c k e n s  from a b o u t  200 feet a l o n g  t h e  eastern b o r d e r  o f  Har- 
rison County t o  abou t  900 f e e t  i n  the sou thwes t  co rne r  of t he  county,  consis ts  
p r i n c i p a l l y  o f  l e n t i c u l a r  beds of sand,  s i l t ,  and  c l a y .  The outcrop area 0 5  
t h e  Cypress aqui fer  inc ludes  p r a c t i c a l l y  a l l  of  ehe land s u r f a c e  area o f  Ra r -  
r i s o n  County.  

The Cypress aquifer contafns a la rge  q u a n t i t y  o f  f r e s h  t o  s l i g h t l y  s a l i n e  
w a t e r  in s torage- - the  upper 400 feet of  the a q u i f e r  contains a n  e s t i m a t e d  1 7  
m i l l i o n  ac re - fee t  of water t h a t  can be developed economica l ly .  

The a q u i f e r  i s  recharged m a i n l y  from the r a r h e r  heavy p r e c i p i t a t i o n  which 
f a l l s  on the county .  A t  l eas t  55,000 a c r e - f e e t  (49.1 mgd), and perhaps  s i g n i -  
f ican t l y  more, i s  a v a i l a b l e  a n n u a l l y  for development w i t h o u t  d e p l e t i n g  t h e  
a q u i f e r .  Of t h i s  t o t a l ,  a t  least 40,000 acre-feet (35.7 mgd), which might be 
s a l v a g e d ,  i s  rejected t o  streams from t h e  o u t c r o p  of t h e  a q u i f e r .  Salvage of 
a s i z e a b l e  percen tage  o f  t h l s  water would require a la rge  number of closely 
spaced s m a l l - c a p a c i t y  w e l l s .  

The ground-water s u p p l i e s  in Harrison County are  v i r t u a l l y  untapped.  Of 
t h e  34 m i l l i o n  acre-feet of ground water i n  t r a n s i e n t  storage, o n l y  about 
2,700  ac re - fee t  was pumped from the Cypress a q u i f e r  in 1964.  Obviously, t he  
p r e s e n t  r a t e  o f  ground-wa t e r  withdrawal could be increased s u b s t a n t i a l l y .  

T h e  water in t h e  a q u i f e r  g e n e r a l l y  is f r e s h  ( less  t h a n  1,000 p a r t s  per 
m i l l i o n  dissolved s o l i d s )  a l t h o u g h  i n  t he  deeper p a r t  of rhe a q u i f e r  the water  



The n o r t h e r n  one -ha l f  of the county is d r a i n e d  by Cypress Creek and its 
t r i b u t a r i e s ,  and  the southern h a l f  i s  drained by the  Sabine River .  The d r a i n -  
age d i v i d e  t r ends  rough ly  eastward through Marshall ,  thence sou theas tward .  

Continuous records of stream£ low on any  s tream within or b o r d e r i n g  the 
county are  scarce.  The U .S. Army  Corps a£ Engineers m a i n t a i n e d  a stream-gaging 
station near J e f f e r s o n  on L i t t l e  Cypress Creek (Figure 11) from 1946 t o  1964 
when t h e  s t a t i o n  was abandoned. The U .S . G e o l o g i c a l  Survey e s t a b l i s h e d  a gag-  
ing station a t  a p p r o x i m a t e l y  the same l o c a t i o n  i n  1963. The combined stream- 
flaw r e c o r d s  d a t i n g  from 1946 through 1964 show an average annual discharge 
of  Little Cypress Creek, w i t h  a d r a i n a g e  area of 675 square miles, t o  be 546 
cfs  (cubic feet p e r  second) or abou t  394,000 acre-feet  per y e a r .  For  the per iod  
of record, the lowest average m o n t h l y  f low (48.7 cfs)  occurs  in A>gust, and the 
h i g h e s t  average m o n t h l y  flow (1,258 cfs) in May. 

The c h a r a c t e r  of the p r e c i p i t a t i o n  and  r u n o f f  and the favorable topography 
make f e a s i b l e  r a t h e r  extensive development of t he  surface-water r e s o u r c e s  of 
Har r i son  County. As of J a n u a r y  1, 1965, approx imate ly  4,000 small reservoirs, 
from acre to 40 acres in size, have been cons t ruc ted  p r i n c i p a l l y  for livestock 
water  s u p p l i e s .  Severa 1 large- capac i ty  reservoirs have been constructed for 
indus  t r i a  1 and recrea t iona 1 uses . 

Records of the U.S. Weather Bureau a t  Marshall, d a t i n g  from 1933, show r h a t  
the normal a n n u a l  p r e c i p i t a t i o n  a t  M a r s h a l l  i s  46.96 i n c h e s ,  and t h e  normal 
monthly prec ip irar ion ,  in i n c h e s ,  is: 

Jan. 4.75 
F e b .  4.01 June 3.18 
Mar. 4.40 

The normal  January temperature i s  47 . I a F ,  and the  normal July temperature 
is 83.8"F. The a v e r a g e  d a t e  o f  the first k i l l i n g  f r o s t  is November 1 2  and rhe 
l a s t  i s  March 1 9 .  The mean  annual growing season  is 2 3 8  d a y s .  In Thornthwaite ' s  
(1952, p .  25-35, fig. 30) c l a s s i f i c a t i o n  of t h e  climate, H a r r i s o n  County is 
humid .  

P o p u l a t i o n  and Economy 

According to rhe U . S .  Bureau of t h e  Census, H a r r i s o n  County had a popula-  
t i o n  o f  45,594 i n  1960. The p o p u l a t i o n s  i n  1960 of the p r i n c i p a l  c i t i e s  and 
communities a r e :  Marshall ,  24,900 (1964 e s t i m a t e ) ;  Waskom, 1,336; Karnack, 700; 
HaZlsville, 684;  Harleton,  300;  Scottsville, 2 6 0 ;  ElysiaL1 F i e l d s ,  250; and 
Uncertain,  200. 

The economy o f  Harrison County i s  based p r i n c i p a l l y  on i n d u s t r y  and a g r i -  
culture . The principa 1 industries are concerned w i t h  the  product  i o n ,  praces s ing ,  
and distribution of o i l  and g a s .  O r h e r  i n d u s t r i e s  of s i g n i f i c a n c e  include: 
t h e  mining of lignite, and p r o d u c t i o n  o f  a c t i v a t e d  carbon (Atlas Chemical In- 
d u s t r i e s ,  Inc.); t h e  mining of c lay ,  and p r o d u c t i o n  of b r i c k  and p o t t e r y ;  and 
the  p r o d u c t i o n  of s o l i d - f u e l  rocket motors ( T h i o k o l  Chemica l  C o r p .  under the 
f a c i l i t i e s  o f  t he  Longhorn Army A m n i t i o n  P l a n t )  . A l s o ,  timber c u t t i n g  and 
t h e  p r o d u c t i o n  of wood p r o d u c t s  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  economy o f  
Hs r r i son  County .  



The raising of beef cattle, which has increased d u r i n g  recent years ,  has 
become t h e  nos t i m p o r t a n t  p a r t  of  t h e  a g r i c u l t u r a  1 economy. R e s u l t i n g  i nc reases  
have t h e r e f o r e  occurred in the production of feed crops (such a s  corn, grain 
sorxhum: and  h a y ) ,  and  i n  t h e  c o n v e r s i o n  of  t imbered areas and row c r o p l a n d s  to 
p a s t u r e .  Dairying is followed in importance by poultry and swine production. 
The  r a i s i n g  of cotton, v e g e t a b l e s ,  n u t s ,  a n d  f r u i t s  i s  l i k e w i s e  important 
Local ly .  

Previous Investigations 

Detailed studies of the ground-water resources of Harrison C o u n t y  have n o t  
been made p r i o r  t o  t h i s  i n v e s t i g a t i o n .  B r o a d h u r s t  and  W h i t e  (1942) d i s c u s s e d  
the  w a t e r  s u p p l i e s  a v a f l a b l e  i n  t h e  southwest corner o f  H a r r i s o n  County .  The 
w a t e r  resources o f  H a r r i s o n  County were desc r i bed  by Broadhurs t  and Breed ing  
( 1 9 4 3 ) .  The r e p o r t  i n c l u d e d  a c h a p t e r  on t h e  s u p p l y  of surface water a v a i l a b l e  
i n  t h e  c o u n t y  f r o m  t h e  Sabine Rivex and L i t t l e  Cypress Creek as well as  the 
records of wells and springs, d r i l l e r s  ' logs of s e l c c r e d  wells, and  t h e  results 
of chemical analyses  of w a t c r  f r o m  wells a n d  s p r i n g s .  The p u b l i c  water supplies 
of Hallsville, Kasnack, Marshall: and Waskom w e r e  included i n  a n  inventory of 
t h e  p u b l i c  water s u p p l i e s  in e a s t e r n  T e x a s  by Sundstrom, H a s t i n g s ,  and  Broad- 
h u r s  t (1948, p .  150- 154) . A r e c o n n a i s s a n c e  r e p o r t  on  the ground-rrater  resources 
o f  t h e  Red River ,  Su lphur  River, and Cypress Creek b a s i n s  by E .  T. Baker and 
o t h e r s  (1963), and one on t h e  Sab ine  River  b a s i n  by B. B. Baker and o t h e r s  
(19631, c o n t a i n  informa t i o n  on Ha r r i son  County. 

Well-Numbering System 

The well-numbering system used i n  this r e p o r t  i s  one adop ted  by t h e  Texas 
Water Development Boa rd  f o r  use t h r o u g h o u t  t h e  State and i s  based o n  l a t i t u d e  
a n d  longitude. Under this system, each 1 - d e g r e e  quadrangle i n  the Sta te  is 
given a number consisting of  t w o  d i g i t s .  These are t h e  f i r s t  t w o  d i g i t s  a p p e a r -  
i n g  in t h e  well number. Each 1-degree quadrangle is d i v i d e d  i n t o  7*-minute 
q u a d r a n g l e s  w h i c h  a r e  a l s o  given 2 - d i g i t  numbers from 01 to 64. These a r e  t h e  
t h i r d  and fourth d i g i t s  of the well number. Each I=-minute quadrang le  is sub- 
d i v i d e d  fnto 2*-minute quadrangles and given a s i n g l e  d i g F t  number from I to 9. 
T h i s  i s  t he  f i f t h  d i g i t  of the w e l l  number. Finally, each w e l l  within a 2+- 
minu te  quadrang le  i s  g i v e n  a 2-digit number i n  t h e  o r d e r  in which it is inven-  
toried, s t a r t i n g  w i t h  01. These are t h e  l a s t  two  d i g i t s  of t h e  w e l l  number. 
I n  a d d i t i o n  t o  t h e  7-digit well number, a 2 - l e t t e r  p r e f i x  i s  u s e d  t n  i d e n t i £ > -  
the county, 

The  p r s f i x  f o r  I I a r r i s o n  County i s  LK. All of H a r r i s o n  Countv  f a l l s  w i t h i n  
t h e  l -degree quadrangle 3 5 .  So t h e  Z F r s t  t w o  digits of a l l  well  numbers i n  t h e  
county i s  3 5 .  Harrison County cnvers a l l  or part of twenty-one 7 i - m i n u t e  
quadrangles .  On the well-locatien map of this report (Figure 111, t h e  7%-minute 
quadrangles a r e  numbered i n  t h e  n o r t h w e s t  c o r n e r  a£ e a c h  q u a d r a n g l e .  The 3- 
d i g i t  number shown a t  each well i s  t h e  number o f  the 2*-minute q u a d r a n g l e  i n  
which t h e  well is located a n d  the number o f  t h e  w e l l  w i t h i n  t h e  q u a d r a n g l e ,  

Thus, w e l l  LK-35-30-701 (a  s randby  i n d u s t r i a l  w e l l  a t  Marsha l l )  is i n  
H a r r i s o n  County (LK), i n  t h e  1-degree q u a d r a n g l e  number (35), i n  t h e  72-minute  
quadrang le  ( 303 ,  in t h e  2$-minute quadrangle (7), and was t h e  f i r s t  w e l l  (01) 
i n v e n t o r i e d  i n  t h a t  2+-minute quadrang le .  



GEOLOGY AS RELATED TO THE AVAILABILITY OF GROUND WATER 

The geologic units p e r t i n e n t  to  the ground water in the report area range 
in age from Paleocene to Recent.  T h e i r  thickness, lithology, age, and water- 
bearing properties are  s u m r i z e d  in Table  I. The geologic units crop o u t  i n  
b e l t s  that t r e n d  g e n e r a l l y  northeasterly across Harrison County and into ad j a -  
cent  count ies  (Figure 2 ) .  

T h e  r e p o r t  area lies on the northwest flank of the Sabine  U p l i f t ,  which 
crests a l ong  the Texas-Louisiana b o r d e r .  Consequently, t he  geologic u n i t s ,  
except the Quaternary d e p o s i t s ,  genera l ly  d i p  and thicken northwest toward 
the axis o f  the East Texas bas in  in contrast  to  the eastward s l o p e  of the land 
surface. 

The a v a i l a b i l i t y  of ground w a t e r  in Harrison County i s  dependent entirely 
on the hydrologic  characteristics of the geologic units o v e r l y i n g  the Midway 
Group-- chiefly those u n i t s  which, i n  ascending order, comprise the Wilcox Group, 
the Carrizo Sand, the Reklaw Formation, and t h e  Queen C i t y  Sand.  

Fol lowing,  i n  ascending order, are t h e  Weches Greensand and t h e  S p a r t a  Sand,  
which occur only as outliers capping several ridges i n  t h e  northwestern part of 
the county. These u n i t s ,  as well a s  the Qua ternary terrace and alluvial ma ter- 
i a l s  which occur a long  and i n  the major stream f lood plains a£ the county ,  
provide only  small q u a n t i t i e s  of  fresh  water to a few shallow wells. Conse-  
quently ,  the following d i s c u s s i a n s  are devoted principally to  those u n i t s - -  
the Wilcox Group, Carrize Sand, Reklaw Format ion ,  and Queen City Sand--  t h a t  
f u r n i s h  n e a r l y  a l l  t he  ground water pumped in t h e  county. 

T h e  Wilcox Group crops o u t  over a large part of the eastern h a l f  of  
Harrison County (Figure 2) .  The g roup  has a maximum thickness  of  about 700 feet 
and consists  mostly of  fine t o  medium sand interbedded with cansiderable  amounts 
of c l a y  and seams of lignite. Thick sand beds are present l o c a l l y ;  however, 
the i n d i v i d u a l  sand beds are not  continuous, and therefore are d i f f i c u l t  to cor-  
r e l a t e  between wells, even wells a short  d i s t a n ~ e  a p a r t .  Thin beds of limonite 
are common on the s u r f a c e ,  The Wilcox yields s m a l l  ( l ess  than 50 gal lons  per  
minute)  to moderate (50 to 500 g a l l o n s  per minute) q u a n t i t i e s  o f  fresh w a t e r  
(lesa than 1,000 parts per  million d i s s o l v e d  solids) to we 11s throughout  the 
county.  For p r a c t i c a l  purposes, the base a£ the Wilcox i s  appraximately the 
base of  fresh water, although slightly saline water (1,000 to  3,000 p a r t s  per  
m i l l i o n  dissolved sol ids)  can be o b t a i n e d  i n  the deeper p a r t s  of the a q u i f e r .  

The Carrizo Sand crops out i n  a narrow crescent - shaped  belt ac ros s  t h e  
e a s t - c e n t r a l  and southern parts o f  the county  (Figure 2) .  The Carrizo has a 
maximum thickness  o f  about I00 feet and consists chiefly of fine t o  m e d i u m  sand ,  
s i l t ,  and c lay .  In general, the Carrizo is d i f f i c u l t  t o  distinguish from sand 
of  the Wilcox Group below and the Reklaw Formation above. Where wells are 
known to t a p  t h e  C a r r i z o ,  it y i e l d s  small to moderate quantities of f r e s h  
t o  s l i g h t l y  s a l i n e  water .  

The Reklaw Formation crops out in a b e l t  o f  v a r i a b l e  w i d t h  a d j o i n i n g  the 
outcrop of the Carrizo Sand on the west  and northwest (Figure 2 )  , The f e n n a t  i o n  
c o n s i s t s  of clay and fine g l a u c o n i t i c  and quartzitic sand,  l o c a l l y  cross-bedded; 
thin beds of  l imon i t e  are comon i n  the o u t c r o p .  The Reklaw has a maximum 
thickness of about 100 feet and i s  capable of furnishing at l e a s t  small amounts 
of f resh to  s l i g h t l y  saline water to  wel ls  i n  the  o u t c r o p  a r e a .  
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The Queen C i t y  Sand crops out in a large p a r t  of the n o r t h w e s t e r n  quarter 
of  the county (Figure  2) and consists of  v e r y  f i n e  ro medium sand Fnterbedded 
w i t h  silt and clay and impure l i g n i t e .  Limonite forms on the weathered outcrops 
of t h e  Queen C i t y .  The sand i s  t y p i c a l l y  lenticular and c r o s s - b e d d e d .  The 
Queen City has a maximum thickness of  abou t  200 feet  and y i e l d s  moderate q u a n r i -  
t i e s  o f  f resh  t o  s l i g h t l y  s a l i n e  w a t e r  to wells. 

CYPRESS AQUIFER 

General P h y s i c a l  Features 

An aquifer is d e f i n e d  as a geo log i c  fo rmat ion ,  group of fo rma t ions ,  o r  a 
p a r t  o f  a f o r m t i o n  t h a t  i s  w a t e r  bearing. I n  t h e  report area, the W i l c o x  
Group, C a r r i z o  Sand, R e k l a w  F o r m  t ioa ,  and  Queen City Sand are, f o r  t h e  m o s t  
part ,  h y d r a u l i c a l l y  interconnected a n d  g e n e r a l l y  f u n c t i o n  as  a single aquifer. 
The a q u i f e r  i s  h e r e i n  referred t o  as  t h e  Cypress aquifer and is approximarely 
equivalent to the Cypress aquifer  in Camp, F r a n k l i n ,  Morris, and Titus Counties 
as d e f i n e d  by Broom and A l e x a n d e r  (1965, p .  23-24).  

The outcrop of t h e  Cypress a q u i f e r  i n  H a r r i s o n  County includes about  900 
squa re  m i l e s ,  or  nearly all the land surface of  H a r r i s o n  County. The t h i c k n e s s  
of t h e  Cypress aquifer ranges from a b o u t  200 feet a l o n g  the  e a s t e r n  boundary 
of t h e  county t o  a b o u t  900 f e e t  i n  t h e  s o u t h w e s t e r n  p a r t  o f  t h e  county. The 
base of t h e  aqui fer ,  w h i c h  a l s o  is t h e  base of t h e  Wilcox Group and approx i -  
rrrately the base of fresh water,  s l opes  westward, r a n g i n g  from an  a l t i t u d e  of 
193 f ee t  above sea level  i n  t h e  east -central  p a r t  o f  t h e  c o u n t y  t o  more t h a n  750 
f e e t  below sea Pevel i n  the nor thwes t  corner  of the county (Figure 3 ) .  

The rock m a t e r i a l s  compr i s ing  t h e  Cypress a q u i f e r ,  p a r t i c u l a r l y  the sand 
and c l a y ,  are  no t  u n i f o r m l y  d i s t r i b u t e d  l a t e r a l l y  or v e r t i c a l l y ;  t h u s ,  c o r r e l a -  
tion of individual sand a n d  c l ay  b e d s  from well t o  w e l l  i s  d i f f i c u l t .  I n  
general,  t h e  beds a r e  l e n t i c u l a r ,  t h e  lenses of c l a y ,  s a n d ,  and silt p i n c h i n g  
o u t ,  coa lesc ing ,  er g r a d i n g  i n t o  each o t h e r  within s h o r t  d i s t a n c e s .  The r a n g e  
i n  t h i c k n e s s  of  ind iv idr ra l  beds and the d i s c o n t i n u i t y  of the b e d s  are shown 
on the geologic sections (Figure 4), which were constructed f r o m  electric logs. 
On the logs, the sand beds a r e  represented by h i g h  r e s i s t i v i t i e s  and t h e  c l a y  
and s F l t  beds by low r e s i s t i v i t i e s .  

Source and Occurrence o f  Ground Water 

The source of ground water in t h e  Cypress a q u i f e r  i s  p r e c i p i t a t i o n  on t h e  
outcrop of t h e  a q u i f e r  i n  H a r r i s o n  County. Xuch of  t h e  w a t e r  f r o m  p r e c i p i t a t i o n  
i s  evaporated a t  t h e  land  surface,  t r a n s p i r e d  by  plants, o r  r e t a i n e d  by c a p i l -  
lary forces  i n  t he  soil; a small p a r t  p e r c o l a t e s  downward by g r a v i t y  th rough  the 
zone of aeration to the zone o f  s a t u r a t i o n  (or  t h e  level  at which a 1 1  the voids 
or pore spaces are s a t u r a t e d ) .  

Ground water occurs  under u n c o n f i n e d  o r  w a t e r - t a b l e  c o n d i t i o n s  and conf ined  
or a r t e s i a n  c o n d i t i o n s .  Unconfined water occurs  where  the  upper  surface  of t h e  
zone of saturation i s  u n d e r  a t m o s p h e r i c  p ressure  only, and t h e  w a t e r  is f r e e  t o  
r i s e  or fall i n  response to t he  changes in t h e  volume of nater in s t o r a g e ,  T h e  
upper surface o f  the zone a£ saturation is t h e  water t a b l e ,  and a well 



p e n e t r a t i n g  a n  aquifer under  water- table condi t ions  becomes filled w i t h  w a t e r  to 
t h e  l eve l  of t h e  w a t e r  table. Water- table conditions occur in the o u t c r o p  area  
of  t h e  geologic  u n f t s  t h a t  compr i se  t h e  Cypress a q u i f e r .  

C o n f i n e d  or a r t e s i a n  w a t e r  occurs  w h e r e  a n  a q u i f e r  is o v e r l a i n  by rocks of 
lower permeability, such as c l ay ,  t h a t  c o n f i n e s  t h e  wa t e r  u n d e r  a pressure 
g r e a t e r  t h a n  that of the  a tmosphere .  Such a r t e s i a n  c o n d i t i o n s  occur g e n e r a l l y  
dnwndip from the outcrop of the g e o l o g i c  units of t h e  Cypress aqu i f er .  A well 
p e n e t r a t i n g  sands u n d e r  a r t e s i a n  p r e s s u r e  becomes filled w i t h  water  to a l e v e l  
above t h e  base  o f  t h e  c o n f i n i n g  r o c k ;  and ,  if t h e  pressure head is l a r g e  enough 
ro cause t h e  water i n  t h e  w e l l  t o  rise t o  an a l t i t u d e  g r e a t e r  t h a n  t h a t  of t h e  
l a n d  surface, t h e  well w i l l  flow. The l eve l  {or s u r f a c e )  to w h i c h  w a t e r  Will 
r i se  in a r t e s i a n  wel l s  i s  c a l l e d  the piezomet r ic  surface. A l t h o u g h  t h e  terms 
' ba re r  t a b l e "  and ' ~ i e z o m e t r i c  s u r f a c e "  are synonomous i n  t he  o u t c r o p  a r e a  o f  
the aqui fer ,  t he  p i e s o m e t r i c  surface, a s  used in this r e p o r t ,  is a p p l i c a b l e  o n l y  
i n  the a r t e s i a n  area.  

Recharge, Movement, and Discharge of G ~ o u n d  W a t e r  

Aquifers may be recharged  by either natural or a r t i f t c i a l  processes. 
N a t u r a l  recharge r e s u l t s  from the i n f i l t r a t i o n  o f  p r e c i p i t a t i o n ,  either w h e r e  it 
f a l l s  o r  from r u n o f f  e n  route t o  a watercourse, and f r o m  the  infiltration of 
w a t e r  f rom s t reams  o r  l a k e s .  A r t i f i c i a l  r echarge  processes i n c l u d e  i n f i l t r a t i o n  
of i r r i g a t i o n  w a t e r ,  i n d u s t r i a l  w a s t e  water, or sewage.  I m p r o p e r l y  t r e a t e d  
waste water  and sewage may p o l l u t e  t h e  s u p p l y  of f r e s h  ground w a t e r ,  espec ia l ly  
a t  shallow d e p t h s .  

Among the more important factors governing t h e  rate of n a t u r a l  recharge a r e  
the type o f  soil, t h e  d u r a t i o n  and intensity o f  r a i n f a l l ,  the s l o p e  of  the l a n d  
s u r f a c e ,  [he presence or absence o f  a cover  o f  v e g e t a t i o n ,  and the p o s i t i o n  of 
t h e  warer table. T h e  sandy s o i l  on  the  o u t c r o p  05 the Cypress a q u i f e r  is favor -  
able t o  recharge. In general ,  t h e  greater the p r e c i p i t a t i o n  on the outcrop area 
of t h e  aqui fer ,  the greater the recharge; b u t  the d u r a t i o n  and intensity of 
r a i n f a l l  are a l s o  factors of c o n s i d e r a b l e  importance. A given amount of r a i n -  
f a l l  d u r i n g  a s h o r t  p e r i o d  usua l ly  resuLts i n  less r e c h a r g e  r h a n  the same amount 
of r a i n f a l l  d u r i n g  a longer p e r i o d .  Also,  t h e  r a t e  of recharge can be g r e a t e r  
during t h e  w i n t e r  m o n t h s  when p l a n t  growth  i s  a t  a m i n i m u m  and  t h e  e v a p o r a t i o n  
rate is lower.  

A l though  the q u a n t i t y  of recharge  to the Cypress a q u i f e r  h a s  n o t  been de- 
t e r m i n e d ,  an estimare of  t h e  minimum f i g u r e  available for r e cha rqe  can he made. 
The water table i n  rhe o u t c r o p  o r  recharge  a r e a  o f  the a q u i f e r  lies a t  a n  alti- 
t ude  above t h e  base of t h e  s t reams in most  a r e a s ,  and  the wate r  t a b l e  i s  inter- 
sected by t he  major s treams .  A s  a resul t  o f  t h e  p o s i t i c n  of  t h e  wate r  t a b l e ,  
some o f  the water t h a t  enters t h e  a q u i f e r  i n  the o u t c r o p  a r e a  moves t o  t h e  
stream v a l l e y s  and is d i s c h a r g e d  a s  s e e p  and s p r i n g  flow in t h e  o u r c r o p  a r e s .  
T h i s  is a c t u a l l y  a form of d i s c h a r g e  from t h e  a q u i f e r ,  but for purposes o f  t h i s  
report, it is r e fe r red  to a s  rejected recharge  in that the prater  d i d  n o t  reach 
t h e  d e e p e r  p a r t  of t h e  a q u i f e r  he lo^^^ t h e  l e v e l  of t h e  streams. P a r r  of the d i s  
charge i n  t he  o u t c r o p  area is consumed by c v a p o t r z n s p i r a t i o n  i n  t h e  s t r e a m  
valleys; t h e  remainder  m a i n t a i n s  the 101.1 f l o w  o f  Lhe streams in t h e  a r e a .  



On the basis of l o w  flow of Little Cypress Creek ( tr ibutary  t o  Cypress 
Creek) measured a t  two gaging stations, one near Ore City in Gregg County 
and the other near Jefferson i n  Harrison County (Figure 111, and on the bas t s  
o f  a l o w - f l o w  investigation of Potters Creek ( t r i b u t a r y  to  the Sabine R i v e r ) ,  
the volume of  f low contributed to the streams by rejected  recharge i s  about 
40,000 acre-fee t per year or 3 5 . 7  mgd (million ga l lans  per  d a y )  . This figure 
is  conservative because it does no t  include t h e  water t h a t  h a s  been consumed 
by evapotranspiration. The quantity of water that becomes recharge can be 
e s t i m a t e d  knowing the t r a n s m i s s i b i l i t y  of  the aquifer and the approximate 
hydraulic gradient .  On the bas i s  of estimates o f  these values ,  the q u a n t f t y  
moving through the aquifer under the present g r a d i e n t  ( 5  feet per mile)  i s  
approximately 15,000 acre-feet per year, or 13.4 rngd. 

Ground water moves through the sand beds i n  the Cypress aquifer from areas  
of recharge to areas of discharge a t  a slow rate, perhaps a few h u n d r e d  feet 
per year. The force of gravity is responsible  fo r  the i n i t i a l  infiltration and 
the downward movement o f  the water to the zone of saturat ion .  After reaching 
t h e  zone o f  saturation, the movement o f  the water generally has a Large h o r i -  
zonta l  component i n  the direc t fon  o f  decreasing pressure (or head) . The move- 
ment i s ,  however, rarely uniform i n  direction or velocity. The f l o w  i s  greatest 
along routes of least res i s tance ,  such a s  unconsolidated sand, and l e a s t  in 
masses of sediment having re la t ive ly  low permeability, such a s  cemented sand 
or c lay .  

The general direc t ion  a£ movement a s  w e l l  a s  the hydraulfc gradient of  the 
water in the Cypress aquf f e r  in the report area are shown by a contour map 
CFfgure 5 )  of t h e  p i e m m e t r i c  surface.  The map does no t  ref lect  t h e  a l t i t u d e  
of water l e v e l s  in a particular geologic unit comprising the aquifer,  but rather 
a composite of t h e  wates levels of the u n i t s  t a p p e d .  Thus, the water level a t  
any particular location may be somewhat d i f f e r e n t  t h a n  t h a t  shown on t h e  map. 
The movement, which is a t  r i g h t  angles to  the contours, generally is  toward the 
major streams. According t o  the contours, the ground w a t e r  moves outwardly from 
a mound a t  Marshall. I n  the western part of  the county, some water moves east -  
ward to a trough that trends northeast through A a l l s v i l l e ;  thence the water 
moves northward to  Cypress Creek and southward to  the Sabine River. 

The w a t e r  i n  the Cypress aquifer is discharged both n a t u r a l l y  and a r t i f i -  
c i a l l y .  The natural discharge Fs the Plow a£ springs and seeps, evapo ra t i on  
from the water table,  and transpiration by trees and p l a n t s  whose roo t s  reach 
t h e  water t ab le .  The discharge from springs and seeps (rejected recharge) was 
estimated previously at a minimum of 40,000 acre-feet per  year, or 3 5 . 7  rngd. 
The discharge by evaporation a n d  t r a n s p i r a t i o n  i s  n o t  known, but the quantity 
is  large because o f  the shallow depth  to t h e  wates t ab l e  and t h e  great density 
o f  vegetat ion .  The artificial discharge of ground wates is  from f l o w i n g  or 
pumped wells. This quantity  was about 2,700 acre- feet in 1964.  

Hydraulic Character is t ics  

When water is discharged from an aquifer through a well, a hydraulic gradi- 
e n t  in the water tab le  or piezometric surface i s  estab bished toward the w e l l .  
When a well is pumped or allowed to  flow, the l eve l  o f  the w a t e r  table or 
piezometric surface is  lowered; the d i f f e r e n c e  between the d i s c h a r g i n g  leveL 
and the s t a r i c  level (water level before pumping or before start o f  flow) i s  



t h e  drawdown. The wa ter table o r  p iezomet r ic  su r face  surrounding a d i s c h a r g i n g  
well assumes more or less t he  shape  of an i nve r t ed  cone which i s  c a l l e d  t h e  cone 
of d e p r e s s  i o n .  

The rate a t  w h i c h  w a t e r  is  t r a n s m i t t e d  by a n  a q u i f e r  d e p e n d s  on  t h e  a b i l i t y  
o f  t h e  a q u i f e r  t o  t r a n s m i t  water and t h e  h y d r a u l i c  g r a d i e n t .  The amount of 
water r e  leased from s t o r a g e  depends c h i e f l y  on the e l a s t i c i t y  and campress ib i  1- 
i t y  of the sands and the associated rocks and the expansion of t h e  water as t h e  
artesian p r e s s u r e  i s  lowered. 

Formulas have been developed t o  show the r e l a t i o n s h i p  among t he  y i e l d  of 
a well, t h e  shape  and extent  of the cone of d e p r e s s i o n ,  and t he  p r o p e r t i e s  o f  
the aquifer (the s p e c i f i c  y i e l d ,  po ros i t y ,  p e r m e a b i l i t y  o r  t r a n s m i s s i b i l i t y ,  
and s t o r a g e )  . The c o e f f i c i e n t  o f  transmissibility of a n  a q u i f e r  i s  t h e  r a t e  of 
flow in g a l l o n s  p e r  day through a v e r t i c a l  s t r i p  of the a q u i f e r  1 foot wide a n d  
extending t h e  full s a t u r a t e d  t h i c k n e s s  o f  the a q u i f e r  u n d e r  a h y d r a u l i c  gradient 
of  100 p e r c e n t .  The c o e f f i c i e n t  of transmtssibility determined from a n  aquifer 
t e s t  is r e p o r t e d  f o r  t h a t  p a r t  o f  t h e  aquifer  t a p p e d  by the w e l l  (the screened 
interval i n  Table  2 ) .  The w e l l s  tested i n  Harrison County d i d  not p e n e t r a t e  
the e n t i r e  thickness o f  t he  water-bearing unit; thus they do not  reflect t he  
true 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 coefficient of s t o r a g e  is the  volume of w a t e r  that a n  a q u i f e r  releases 
from o r  takes i n t o  s t o r a g e  p e r  u n i t  surface area o f  t h e  aquifer  per unit change 
i n  t h e  component af head normal t o  t h a t  s u r f a c e .  When artesian c o n d i t i o n s  
p r e v a i l ,  the coefficient o f  s t o r a g e  is a measure of t he  a b i l i t y  o f  t h e  aquifer  
to yield water from storage by t he  compression of t he  a q u i f e r  and the expans ion  
of she water as  t he  artesian p r e s s u r e  i s  lowered. The coefficient o f  s torage i n  
a n  a r t e s i a n  a q u i f e r  i s  small compared t o  t h a t  in a water-table aqui fer;  conse- 
quently, when a n  artes ian w e l l  s t a r t s  d i s c h a r g i n g ,  a cone of  d e p r e s s i o n  is 
developed through a wide area i n  a s h o r t  t i m e .  When w a t e r - t a b l e  c o n d i t i o n s  
p reva i l ,  the c o e f f i c i e n t  of s to rage  is a measu re  of t h e  a b i l i t y  of the aqui fer  
to y i e l d  w a t e r  f rom storage by g rav i ty  d r a i n a g e  of t h e  a q u i f e r ;  consequently, 
t h e  cone of  d e p r e s s i o n  extends through a relatively smal l  a r e a .  Unde r  w a t e r -  
table c o n d i t i o n s ,  t h e  volume of water attributable to expans ion  is u s u a l l y  
such a n e g l i g i b l e  p a r t  of the total volume of w a t e r  r e l e a s e d  from t he  aquifer 
that t h e  c o e f f i c i e n t  of s t o r a g e  i s  c o n s i d e r e d  approximately t h e  same a s  t h e  
spec i f i c  y i e l d .  

The yield o r  d i s cha rge  r a t e  o f  a w e l l  u s u a l l y  i s  measured i n  gallons p e r  
m i n u t e  (gprn) , gallons p e r  hour ,  o r  gallons per day (gpd) . T h e  y i e l d  depends  
on the a b i l i t y  of  the a q u i f e r  t o  t r a n s m i t  water, t h e  t h i c k n e s s  o f  t he  water- 
bearing m a t e r i a l ,  the c o n s t r u c t i o n  of  the w e l l ,  t h e  size and e f f i c i e n c y  of t h e  
pump, a n d  t h e  a l l owab le  drawdown.  

Formulas  based on the h y d r a u l i c  c h a r a c t e r i s t i c s  of a n  a q u i f e r  i n d i c a t e  
char w i t h i n  limits t h e  d i s c h a r g e  f r o m  a w e l l  v a r i e s  d i r e c t l y  with the drawdown--  
that i s ,  d o u b l i n g  t h e  drawdown will double  o r  n e a r l y  double t he  amount o f  dis- 
charge . The d is  charge p e r  u n i t  o f  drawdawn (gprn p e r  f o o t ) ,  o r  s p e c i f i c  ca pa - 
city, i s  of value i n  e s t i m a t i n g  t h e  probable y i e l d  o f  a w e l l .  

A q u i f e r  t es t s  were made i n  f i v e  w e l l s  t a p p i n g  the Cypress a q u i f e r  to 
determine t h e  ability of  the a q u i f e r  t o  t r a n s m i t  and  store water. The resuLts 
of the t e s t s  a r e  given  in Table 2. The d a t a  £ram t h e  t e s t s  were analyzed using 
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Table 3.--Use of  ground w a t e r  from t h e  Cypress  aquifer i n  Harrison Counry, 1964 

Million g a l l o n s  
Use 

P u b l i c  S u p p l y  0 -24 

Zndus tria l 

Domestic 

Livestock 

7y F i g u r e s  are approximate because  some of t h e  
pumpage is estimated. T o t a l s  a r e  rounded to 
two s i g n i f i c a n t  figures. 

Water f o r  domestic and livestock uses was obtained from approximately 
4,000 wells, of which abour 3,000 were l e s s  t h a n  50 feet deep .  Water f o r  indus- 
trial use was obtained from 22 wells r a n g i n g  i n  d e p t h  from 158 to 850 feet. 
The  yields of these  wells ranged from a b o u t  20 t o  250 gpm. P r a c t i c a l l y  a l l  o f  
t he  i n d u s t r i a l  water  was pumped by t he  pe t ro leum i n d u s t r i e s  ; about 0.52 mgd, 
or 60 percent ,  was f o r  repyessuring o i l  reservoirs, a n d  a b o u t  0.34 mgd, or  abou t  
40 percent, served c o o l i n g  and  o t h e r  k n d u s t r i a l  purposes .  

Water f o r  p u b l i c  s u p p l y  w a s  o b t a i n e d  p r i n c i p a l l y  f rom six w e l l s  i n  the 
f o l l o w i n g  c i t i e s  : 

The water needs f o r  Elys ian  Fields, Har le ton ,  Scot tsville, and Moodlawn are 
obtained l a r g e l y  from small capacity domestic wells which are privately or 
cooperatively owned; a small p a r t  of t h e  p o p u l a t i o n  is s u p p l i e d  from wells owned 
by o i l  companies.  

C i t y  

Ha E l s v i l l e  

Ka r n a  ck 

Waskom 

In 1964,  o n l y  one w e l l  (LK-35-31-703) was used for irrigation. The well 
( y i e l d  about 200 gpm) pumped s l i g h t l y  mere t h a n  20 ac re - fee t  of w a t e r .  The 
q u a n t i t y  of w a t e r  pumped f o r  irrigation o f  lawns and  small gardens has  been 
i n c l u d e d  in t h e  w a t e r  used f o r  domestic purposes (Table 3 ) .  

No. of 
wells 

3 

I 

2 

Screened 
i n t e l v a  1s 

Y i e l d  
C g 

Average 
pumpa ge (mgd 1 

i n  196G 

0.10 

.02 

.12 

I 

205 - 245 

2 8 7  

150 - 151 

80 - 100 

100 

25 - 133 



Prior to 1949, r e l a t i v e l y  l a r g e  amounts o f  ground w a t e r  f o r  m u n i c i p a l  and 
i n d u s t r i a l  u s e  w e r e  pumped by wells in and n e a r  F h r s h a l l .  According t o  B r o a d -  
hurst and  Breeding (1943, p.  91, Marshall pumped about 1 mgd from 10 w e l l s ,  six 
of  which were about 3 miles nor theas t  o f  t he  city. The depth  of t h e  wells 
ranged from 200 t o  300 f ee t  and t h e  y i e l d s  from 88 t o  145 gpm. The rest of the 
wells  were i n  t h e  city l i m i t s .  The depths of these w e l l s  ranged from 3 5 1  t o  
473 feet  and the y i e l d s  f r o m  145 to 210 gpm. 

f ndus t r y ,  p r i n c i p a l l y  t h e  Darco C o r p  . (now the A t  las Chemica 1 I n d u s t r i e s ,  
Inc . )  r e p o r t e d l y  pumped about 400,000 gpd from seven w e l l s  o n  the western edge 
of Marsha l l .  The d e p t h  o f  t h e  wells ranged from 50 to 248 f e e t ,  and the y i e l d s  
ranged from 22  to 133 gpm. 

In 1949,  f i r s h a l l  abandoned its w e l l s  and since then has s u p p l i e d  its 
w a t e r  needs as well as those of s e v e r a l  L n d u s t r i e s  from Caddo Lake. In 1964, 
Marshall used 4.1 mgd, o r  4,600 a c r e - f e e t ,  a l m o s t  t w i c e  t he  q u a n t i t y  of ground 
w a t e r  pumped f o r  a 1 1  purposes  i n  H a r r i s o n  County i n  1964. 

C o n s t r u c t i o n  o f  Wells  

About 75 percent of the estimated 4,000 water wells in H a r r i s o n  County a r e  
less than 50 feet d e e p .  These shallow wells t a p  t h e  Cypress aqutfer and s u p p l y  
most of rhe ground water f o r  rural domestic and l i v e s t o c k  needs. G e n e r a l l y ,  
t h e  o l d e r  wells were dug and  curbed w i t h  native ironstone or w i t h  brick; diarne- 
t e r s  ranged from 3 t o  4 feet. Most ef the newer w e l l s  a r e  excavated by bucket- 
type power augers to depths r a n g i n g  f r o m  20 to 50 feet, and are curbed w i t h  
3-foot lengths of 30-inch-diameter cement t i l e .  These shallow wells g e n e r a l l y  
are equipped wirh water- jet, c y l i n d e r ,  or centrifugal pumps w h i c h  a r e  o p e r a t e d  
by e l e c t r i c  motors of 1 / 4  t o  1 / 2  horsepower.  The L i f t  seldom exceeds 30 feet ,  
and g e n e r a l l y  t h e  y i e l d s  a £  the wells are  s u f f i c i e n t  f o r  domes t i c  and l i v e s t o c k  
needs. 

P r i o r  to the d r o u g h t  of the early 1 9 5 Q t s ,  the deeper d r i l l e d  and s tee l -  
cased w e l l s  f o r  d o m e s t i c  and l ives tock use were r a t h e r  uncormon i n  H a r r i s o n  
County. By 1964, however, almost 1,000 had been  d r i l l e d  by t he  h y d r a u l i c  r o t a r y  
method t o  depths  r a n g i n g  g e n e r a l l y  from I50 t o  500 f e e t .  A t y p i c a l  d r i l l e d  
domestic well i s  cased with a 4 - inch-d iamete r  s t e e l  p i p e  which i s  s e t  a t  d e p t h s  
r a n g i n g  from 200 t o  300 f ee t .  The a n n u l a r  space between the  cas i n g  and w a l l  i s  
cemented, and then rhe w e l l  i s  d r i l l e d  t o  the p r o d u c t i o n  i n t e r v a l .  The method 
of completing the production interval varies, b u t  bo th  o p e n - h o l e  and sc reened  
production intervals are common. The trend in well c o n s t r u c t i o n  is toward the 
use of screen and gravel pack in t h e  p r a d u c t i o n  i n t e r v a l .  The wells are 
equipped g e n e r a l l y  wirh water-jet, c y l i n d e r ,  or s u b m e r s i b l e  pumps which are 
operated by electric motors of l / 2  t o  1 horsepower .  L i f t s  seldom exceed 100 
feet. The pumps have capacities r a n g i n g  f rom 5 t o  10 gpm. 

Well  LX-35-28-803 ( c i t y  o f  H a l l s v i l l e )  i s  typical of  t h e  c o n s t r u c t i o n  of 
w e l l s  for munic ipa l  and  i n d u s r r i a l  u s e s  i n  H a r r i s o n  County. The well s i t e  was 
selected from d a t a  provided by b i t  cuttings, drillers' Logs, and e l e c t r i c  logs 
of two t e s t  holes. The w a t e r - w e l l  test ho le  was d r i l l e d  t o  613 f e e t ,  a l t h o u g h  
t h e  d r f  l l e r s  "log ( T a b l e  6) and the e lectr ic  l og  i n d i c a t e d  that the better water 
sands e x l s t e d  from about 162 to 200 feet. B r i e f l y ,  t h e  construction o f  t h e  
well is listed on the fo l lowing  page. 



(1) The we11 was reamed to 160 feet and cased with 10-3/4-inch surface 
casing . 

(23  The s p a c e  between t h e  surface casing and wall of the well was f i l l e d  
with cement under  h y d r a u l i c  pressure. 

(3) The p r o d u c t i o n  interval was d r i l l e d  t o  205 f e e t  and underreamed t o  a 
hale 26 inches in diameter t h a r  extended from t h e  bottom o f  t h e  casing to the 
bottom of t h e  well. 

(4 )  A t o t a l  of 205 f e e t  of 6-5/8-inch b l a n k  liner and screen was  lowered 
to the bottom of t h e  w e l l ;  the s c r e e n  (35 f e e t  i n  l eng th )  was p o s i t i o n e d  oppo- 
site t h e  water sands  when the Liner r eached  the bottom of  t h e  w e l l .  

(5) The space between t h e  wall o f  t h e  w e l l  and t h e  blank liner and  screen 
was f i l l e d  with small-size gravel. 

(6) The d r i l l i n g  mud was washed from the well and a preliminary p r o d u c t i o n  
t e s t  was made on A p r l l  9, 1939. A f t e r  pumping a t  90 gpm, the drawdown was 35 
f ee t - - a  s p e c i f i c  capac i ty  of 2.5 gpm per  f o o t  of drawdown. 

Water Levels 

Records of measurements of water levels in Harrison County are given i n  
Tab le  5 .  Where water- t a b l e  c o n d i t i o n s  prevail, t h e  d e p t h s  to water range from 
less than 5 to about 75 feet, but se ldom exceed 30 fee t  except i n  h i l l y  areas 
a £  relatively s h a r p  re l ief .  A compar i son  of the  1964 measurements w i t h  those  
of  B r o a d h u n t  and Breeding (1943) indicates no gene ra l  decline o f  w a t e r  levels 
in the shallow wells (water-table conditions). The records do Indicate seasonal 
f l u c t u a t i o n s  r a n g i n g  from about 5 t o  10 fee t  p e r  yea r  i n  response to r a i n f a l l .  
W e l l  owners r e p o r t ,  however, that i n  extended d r o u g h t  years such a s  t h e  early 
1950 's, the water levels fluctuated over an even g r e a t e r  range.  

Records of water-level fluctuations in wells tapping the d e e p e r  sands 
(artesian conditions) g e n e r a l l y  a r e  too  meager fax cornpara t ive  purposes. Bow- 
ever, t h e  a v a i l a b l e  d a t a  indicate t h a t  in those wells t h a t  formerly supplied 
the water  needs of Marshal l ,  the w a t e r  Level d e c l i n e d  approx imate ly  15 f e e t  p e r  
yea r  u n t i l  abandoned; whereas, in the wells supplying the needs of Hallsville, 
the water levels dec l ined  only  a b o u t  2 f e e t  per y e a r .  

Quality of Ground Water 

The chemical constituents of ground water originate p r i n c i p a  Lly f rom the 
soil and rocks through which t h e  water has moved. Generally, the  chemical con- 
t e n t  of  ground water increases with depth. The temperature of ground water n e a r  
the l a n d  su r face  i s  a b o u t  t he  same a s  t h e  mean a i r  temperature of t h e  r e g i o n  and 
increases w i r h  d e p t h .  T h e  l a b o r a t o r y  a n a l y s e s  of water from 130 wells and 1 
s p r i n g  t a p p i n g  t h e  Cypress  a q u i f e r  a r e  g iven  i n  T a b l e  7. F i e l d  determinations 
of i r o n ,  pH, and hardness of 6 1  samples  from the Cypress  aqui fer  a r e  g i v e n  in 
Table  8. Temperatures of most of t h e  water samples are given in Table 5. 

The major factors that determine t h e  suitability of a w a t e r  supply are the 
l i m i t a t i o n s  imposed by t h e  contemplated use of t h e  w a t e r .  The various cr i re r ia  
of water-qua lity r e q u i r e m e n t s  which have t h u s  been developed include ba c reria 1 
content, physical characteris tics (such as t empera tu re ,  odor ,  color, and t u r b i d -  
i t y ) ,  and chemical constituents . U s u a l l y  t h e  b a c t e r i a l  c o n t e n t  and the undesir- 
a b l e  p h y s i c a l  p rope r t i e s  c a n  be a l l e v i a t e d  economically,  bu t  t h e  removal of 
undesirable chemical constituents can be dtfficult and expensive.  For many 
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l o c a t i o n s  and dep ths  of s e l e c t e d  we l l s  i n  the county and t h e  hardness of water 
from the wells are shown in Figure 8. 

Water u s e d  f o r  i n d u s t r y  may be  c l a s s i f i e d  as  process water, coo l ing  w a t e r ,  
o r  b o t l e r  water. Process water is t h e  term used f o r  the water i n c o r p o r a t e d  i n t o  
o r  i n  c o n t a c t  with t h e  manufactured p r o d u c t s .  The q u a l i t y  requirements  for this 
water  may i n c l u d e  phys i ca l  and b i o l o g i c a l  f a c t o r s  in a d d i t i o n  t o  chemical fac- 
t o r s .  Water f o r  coo l ing  and  b o i l e r  uses should be n o n c a r r o s i v e  and  r e l a r i v e l y  
free of s c a l e - f o r m i n g  c o n s t i t u e n t s .  In b o i l e r  water  t he  presence of  silica is 
u n d e s i r a b l e  because i t  forms a h a r d  scale  o r  e n c r u s t a t i o n ,  the sca le - forming  
tendency increasing with t h e  p r e s s u r e  i n  t h e  b o i l e r .  The fol lowing t a b l e  shows 
t h e  maximum suggested c o n c e n t r a t i o n s  o f  s i l i c a  f o r  water  used in b o i l e r s  ( b o r e ,  
1940, p .  263):  

T h e  silica c o n t e n t  in t h e  water from 56 w e l l s  r a n g i n g  in d e p t h  from 101 to 850 
feer  was 3.5 t o  5 7  ppm. Thirty-six (about 65 percent) of t h e  samples had a 
s i l i c a  c o n t e n t  of less than 20 ppm. O n l y  4 s a m p l e s  c o n t a i n e d  more t h a n  40 ppm 
s i l i c a .  

C o n c e n t r a t i o n  o f  s i l i c a  
( P P ~ )  

40 

20 

5 

1 

Iron in excessive concen t r a t f ans  1s c h a r a c t e r i s t i c  o f  t h e  w a t e r  f r o m  wells 
in the Cypress a q u i f e r ;  in fact, the f r o n  con ten t  is t h e  m o s t  i m p o r t a n t  f a c t o r  
i n  d e t e r m i n i n g  t h e  suitability of t h e  water  for p u b l i c  s u p p l y  and  f o r  many 
domestic and industrial uses .  F o r  t h e  c o n v e n i e n c e  o f  t h e  reader ,  t he re fo re ,  
i r o n  and t h e  p r i n c i p a l  chemical  f a c t o r s  controlling t h e  solution of  iron i n  t h e  
Cypress a q u i f e r  a r e  d i s c u s s e d  s e p a r a t e l y  F n  the s e c t i o n  on "Iron Water"  i n  t h i s  
r e p o r t .  

Bo i l e r  pressure  I 

(pounds per square inch) 

Less than 150 

150 - 250 

251 - 400 

More than 400 

A c l a s s i f i c a t i o n  commonly used f o r  judging t h e  q u a l i t y  o f  a water f o r  
i r r i g a t i o n  was proposed in 1954 by the U.S.  Salinity L a b o r a t o r y  Staff (1954,  p .  
6 9 - 8 2 ) .  The c l a s s i f i c a t i o n  is based on t h e  salinity hazard  as  measured by t h e  
electrical c o n d u c t i v i t y  (specific conduc tance ,  Tab le  4) of the w a t e r  and the 
sodium h a z a r d  a s  measured by the SAR (sodium-adsorpt ion ratio) . The r e l a t i v e  
importance of the disso lved  c o n s t i t u e n t s  i n  i r r i g a t i o n  w a t e r  i s  dependent  upon 
t h e  degree to which they  accumulate in the soil--more o f  the mineral c o n t e n t  of 
the w a t e r  will accumulate i n  tight soils rhan I n  more permeable s o i l s  under 
s imi la r  c o n d i t i o n s .  Sodium can be a s i g n i f i c a n t  factor i n  evaluating q u a l i t y  of  
i r r i g a t f o n  w a t e r  because water w i t h  a h i g h  SAR will cause t h e  s o i l  structure to 
break down by d e f l o c c u l a t i n g  t h e  c o l l o i d a l  s o i l  particles, Consequently, t h e  
soil can become p l a s t i c ,  thereby causing poor  a e r a t i o n  and l o w  w a t e r  a v a i l a b i l -  
ity. T h i s  e f f ec t  is e s p e c i a l l y  true i n  fine-textured sails. Wilcax (1955,  p. 
15) s t a t e d  t h a t  t h e  system of c l a s s i f i c a t i o n  of i r r i g a t i o n  w a t e r  proposed by t h e  
l a b o r a t o r y  staff "is not d i r e c t l y  applicable t o  supplemental w a t e r s  used in areas  
of  r e l a t i v e l y  h i g h  r a i n f a l l . "  Furthermore, Wilcox (1955, p. 16) indicated t h a t  



generally water may b e  used safely for supplemental irrigation if its conduc- 
tivity is less than  2,250 micromhos per centimeter a t  25'C and i ts  SAR i s  less  
than 14. 

The SAR values of water from 48 wells tapping the Cypress aquifer from 
depths of 30 t o  850 feet ranged from 0 . 3  t o  70, and the conductivtties ranged 
from 142 to 3,170 micromhos (Table 7 ) .  The data  do  not ind ica te  a d e f i n i t e  
relation between the depth of  the well and the SAR value of the water. Of 16 
wells yielding water having SAR values of Less than 10, the depths ranged from 
30 to 411 feet; of 10 wells having SAR values  of 10 to  20,  d e p t h s  ranged from 
135 to  310 feet; of 8 wells having SAR values of 20 t o  30, depths ranged from 
205 t o  850 feet; and of 14 wells having S A R p a l u e s  exceeding 30, depths ranged 
from 200 ta 600 feet. 

Another factor used in assessing the quality of water for i r r i g a t i o n  i s  the 
RSC ( r e s i d u a l  sodium carbonate,  Tab le  4 )  in t he  water. Excessive RSC will cause 
the water to be  alkaline, and the organic content of the soil will tend to 
dissolve. The soiL may become a grayish black and the land areas affected are 
refer red  to as "black a l k a l i . "  Wilcox (1955, p .  11) states that laboratory and 
f i e l d  s tud ie s  have resulted i n  the conclusion t h a t  water c o n t a i n i n g  more than 
2 . 5  eprn (equivalents  per million) M C  is not suitable f o r  irrigation. Water 
c o n t a i n i n g  from 1.25 to 2.5 epm is marginal, and water containing l e s s  than 
1.25 epm RSC probably is safe. Nevertheless, good irrigation practices and 
proper use of  soil amendments might make possible the successful use of the 
marginal water for irrigation. Furthermore, the degree of leaching will modify 
the permissible l i m i t  to  some extent  (Wilcox, Blair, and Bower, 1954, p. 265). 

The RSC values of 48 samples from weLls tapping the Cypress aquifer a t  
d e p t h s  of 36 to 850 feet ranged from 0.0 to 11.6 epm (Table 7). Of 8 wells 
y i e l d i n g  water with WC values of 0.0 t o  1.25 eprn, depths ranged f rom 3 6  t o  411 
feet; of 7 wells with RSC values of 1.25 to 2.50, depths ranged from 140 to 
410 feet; of 33 wells with RSC values of 2.5 to 11.6, depths ranged from 95 to 
850 feet. 

On the b a s i s  of both SAR and RSC values, most of the water from the aquifer 
generally would be considered a s  undesirable for irrigation. On the ether hand,  
because of the relatively high rainfall, the sandy soil, and the topographic 
re l ie f  in Harrison Caunty, most of the water from the Cypress aquifer could be 
used probably for supplementary irrigation without serious d e t r i m e n t  to t h e  
s o i l s .  

Boron (Table 4 )  does not seem to  be a s i g n i f i c a n t  problem i n  water from 
t h e  Cypress aquifer. The boron content of water from 22 wells ranged from 0.03 
t o  1.0 ppm; water from more than 50 percent of the wells contained less than 
0.5 ppm baron. 

Contamination of Ground Water i n  Areas of 
O i l -  and Gas-Field Onerations 

The di sp osa l  of o i l - f i e l d  brines into unlined surface p i t s  i s  a p o t e n t i a l  
source of contamination of the ground water in Harrison County. The b r i n e  in 
the pit seeps into the ground and, over a p e r i o d  of time, may contaminate the 
water i n  the Cypress aquifer.  The t i m e  required for  the brine t o  a f f e c t  the 
quality of  water i n  nearby wells may vary considerably, depending upon rhe 



p e r m e a b i l i t y  of t he  soil and t h e  rate of  movement of the b r i n e .  The process may 
take several years or only a few months .  Generally, c o n t a m i n a t i o n  of  the water 
i s  i n d i c a t e d  by a s i g n i f i c a n t  increase in the salinity of the w a t e r ,  p r i n c i -  
p a l l y  i n  the  c h l o r i d e  c o n t e n t  without an accompanying inc rease  i n  the s u l f a t e  
c o n t e n t .  Once t he  source of c o n t a m i n a t i o n  h a s  been eliminated, p u r i f i c a t i o n ,  
p r i n c i p a l l y  by leaching and d i l u t i o n ,  may r e q u i r e  a c o n s i d e r a b l y  l o n g e r  time 
than the p e r i o d  of o r i g i n a l  pollurion. 

According t o  a s a l t - w a t e r  d i s p o s a l  inventory by t h e  Texas Water Commission 
and Texas Water Pollution C o n t r o l  Board (19631, 1,881,240 b a r r e l s  ( abou t  242 
acre-feet, o r  79 m i l l i o n  g a l l o n s )  of b r i n e  was produced in 1961  f r o m  the s e v e r a l  
oil fields in Harrison County. O f  this t o t a l ,  1,604,660 b a r r e l s  o r  85 p e r c e n t  
of t h e  total was disposed  through injection wells, 216,156 barrels or 11 percent 
in open su r f ace  pits, 34,851 b a r r e l s  o r  2 p e r c e n t  by misce l laneous  methods, 
22 ,886 b a r r e l s  o r  1 pe rcen t  by su r f ace  watercourses, and 2,687 b a r r e l s  o r  0.10 
pe r cen t  by unknown methods. 

Another potential source of contamination is the movement of b r i n e s  from 
the u n d e r l y i n g  salt-water-bearing f o r m a t i o n s  th rough  i m p r o p e r l y  cased oil wells 
or from improperly plugged o i l  tests. In r e c e n t  years, the Texas  Water Develop- 
ment Board has made recommendations to the oil operators c o n c e r n i n g  t h e  d e p t h  t o  
which water-bearing formations a re  to be p r o t e c t e d ,  and t he  O i l  and Gas D i v i s i o n  
o f  the Railroad Commission af Texas i s  r e s p o n s i b l e  for t h e  p r o t e c t i o n  of t h e  
warer-bearing formations. In gene ra l ,  the su r f ace  casing r e q u i r e d  i n  the f i e l d  
ru les  of the Railroad Commission, a s  af A p r i l  1964, i s  s u f f i c i e n t  t o  protect t h e  
f r e s h  t o  s l i g h t l y  s a l i n e  water  i n  t h e  Cypress a q u i f e r .  However, in t h e  northeast 
Hallsville f i e l d ,  c a s i n g  i s  not r e q u i r e d  in t h e  lower 150 f e e t  o f  the aqui fer .  

No instances of contaminatfon from brine pits o r  inadequate cas ing  can be 
documented on the b a s i s  o f  the d a t a  collected. However, wells t h a t  supply t h e  
water  needs of Waskorn r e p o r t e d l y  pumped water containing natural gas, i n d i c a t i n g  
that a t  least in t h i s  a r e a  the f r e s h - w a t e r  s a n d s  may be p r o t e c t e d  i n a d e q u a t e l y .  
Local residents r e p o r t  t h a t  gas i n  the w a t e r  was noted during the development 
of t he  nearby  gas f i e l d  i n  the 19201s,  

Iron Water 

The following discussion is a summary of t h e  chemical p r i n c i p l e s  generally 
involved i n  the d i s t r i b u t i o n  o f  i r o n  w a t e r  i n  t h e  Cypress a q u i f e r .  For  more 
detailed discussions o f  the chemis t ry  of  i r o n  i n  ground water and research on 
the  s u b j e c t ,  see H e m  (1959, 1960a, and 1940b) ,  and Hem and C r o p p e r  (1959). 

Ground water commonly tends to have a low redox p o t e n t i a l  (Eh) and is 
chemically r e d u c i n g  because i t s  d i s s o l v e d  oxygen has u s u a l l y .  been dep le t ed .  I n  
this redox environment iron is stable in the Ierrous o r  reduced form. The 
o x i d i z e d  o r  f e r r i c  form i s  s t a b l e  i n  s o S u t i o n s  i n  c o n t a c t  with a i r ,  b u t  unless 
t h e  pH is be law about 5,0 t h i s  form w i l l  be almost e n t i r e l y  p r e c i p i ~ a t e d  as 
fer r ic  hydroxide.  R e l a t i v e l y  l a r g e  amounts of f e r r o u s  iron can be r e t a i n e d  i n  
ground w a t e r ,  a l t h o u g h  i f  enough bicarbonate o r  s u l f i d e  i o n s  are p r e s e n t  the 
iron may b e  p a r t l y  p r e c i p i t a t e d  as f e r r o u s  s u l f i d e  o r  ca rbonare  (Wri t t en  com- 
munication, Hem,  Oct .  1 9 6 4 ) .  In general, decreas ing  the  pH, t h e  Eh, and t h e  
c o n c e n t r a t i ~ n s  of bicarbonate or sulfide tends t o  increase t h e  s o l u b i l i t y  o f  
i r o n .  Thus three factors-- (1) r e d u c i n g - o x i d i z i n g  c o n d i t i o n s  (Eh) , ( 2 )  degree 
of acidity or alkalinity (pH), and (3) amount of b i c a r b o n a t e  present--largely 



determine  when and where  ground waters w i l l  take i r o n  into s o l u t i o n  and when and 
where this iron will be p r e c i p i t a t e d .  

On t h e  b a s i s  of the available iron and pH de te rmina t ions  (Tab les  7 and 8 )  
and t h e  chemical principles usually involved in the s o l u t i o n  and precipira t i o n  
a £  i r o n  i n  ground water ,  the Cypress a q u i f e r  can be d i v i d e d  g e n e r a l l y  i n t o  three 
zones, d e s i g n a t e d  f o r  the purposes  of t h i s  r e p o r t  as  A, B ,  and C (Figure 9 ) .  

Zone A extends from the land surface t o  approximately the base ef the l o c a l  
surface drainage network.  Thus, t h e  thickness of the A zone ranges from a f e w  
f e e t  a l o n g  the major  streams to 150 f e e t  or more in the  h i l l y  areas  of she 
county. I n  g e n e r a l ,  the w a t e r  i n  zone  A contains little or no iron; and pH 
v a l u e s  range from 4.5 t o  6.5.  In this zone much of the ground w a t e r  mves 
f reely  from sandy recharge areas to springs and seeps along the larger streams, 
and some of t he  water moves downward i n t o  zone 8. The water in zone A contains 
dissolved oxygen and carbon d i o x i d e .  Any i r a n  i n  t h e  w a t e r  o r  in t h e  rocks 
would be  conver ted  m s t l y  t o  insoluble ferric hydroxide, as evidenced by the 
r e l a t i v e  abundance of l i m o n i t e  exposed a t  t h e  land surface. Although the w a t e r  
has  l i t t l e  o r  no i r o n  i n  solution, the carbon dioxide is sufficiently high to 
result in low pH values and t o  cause c o r m s  i o n  of iran casings, pumps, and  
p i p e s .  O n  the b a s i s  o f  chemical activity, A is a zone of r e l a t i v e l y  intense 
o x i d a t i o n .  

Zone I3 extends t o  a d e p t h  of about 100 feet b e l o w  t h e  base of zone A .  Thus, 
f rom l a n d  surface and w i t h  respect t o  surface relief, t h e  base of  zone I3 w i l l  
v a r y  from a depth o f  about 100 f e e t  a long  the major streams to 250 f e e t  o r  more 
i n  t h e  h i l l y  areas of the county. The d i s s o l v e d - i r o n  conten t  i n  t h e  w a t e r  in 
zone 3 ranges  from 0.3 pprn to at least 59 pprn, and t h e  pH from 4.5 t o  7.0.  On 
t he  bas is  o f  chemical activity, zone B i s  a n  i n t e r m e d i a t e  zone of o x i d a t i o n  o r  
a t r a n s i t i o n a l  zone from o x i d i z i n g  t o  r e d u c i n g  conditions, unstable with 
respect t o  chemical e q u i l i b r i u m ,  where oxygenated and low pH water encounters a 
r e l a t i v e l y  reduced environment. 

Zone C ex tends  from t h e  base of zone B t o  the bottom of the Cypress a q u i f e r .  
The t h i cknes s  of zone C ranges from about zero feet  (locally i n  t h e  e a s t e r n  
half of Harr i son  County) t o  a b o u t  700 fee t  i n  t h e  n o r t h w e s t e r n  part o f  t h e  
county. Generally the water i n  zone C con ta in s  less than 0.3 ppm iron, and 
pH va lues  range  from 7 . 1  to 8.5. 

The locations and depths of selected wells in the county a n d  the i r o n  
c o n t e n t  of water from t h e  wells are shown i n  F igure  8 .  

G u i d e s  f o r  the C o n s t r u c t i o n  of Wells 
t o  P r e v e n t  Production of I r o n  Water 

Shallow wells produce iron-free water if constructed t o  tap only f r ee ly  
c i r c u l a t i n g  ground water  i n  t h e  A zone (Figure 9) . Free c i r c u l a t i o n  i s  
necessary ta  maintain the o x i d i z i n g  conditions, and the thickness o f  t h i s  zone 
of  free c i r c u l a t i o n  is greater beneath t h e  h i l l s  and  ridges t h a n  beneath t h e  
va l l ey  bottoms. Even very s h a l l o w  wells i n  t h e  v a l l e y  bottoms a r e  l i k e l y  t o  
penetrate the B zone a n d  y i e l d  i r o n  water. Shallow wells on t h e  h i l l s  and 
r t d g e s  are likely t o  have a l a r g e  f l u c t u a t i o n  i n  water l e v e l  and might pos- 
sibly go dry d u r f n g  drought p e r i o d s .  As i n d i c a t e d  p rev ious ly ,  much of t h e  
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w a t e r  p r o d u c e d  from t h e  s h a l l o w  w e l l s  i s  s u f f i c i e n t l y  low i n  pH to cause 
c o r r o s i o n  of p i p e s  and f ix tures .  

I n  most o f  Harrison County, d e e p  wells  can  be  cons t ruc t ed  and developed t o  
o b r a i n  i r o n - f r e e  water if f o u r  r u l e s  a r e  fo l lowed:  (1) s e t  surface c a s i n g  down 
to a c l a y  bed o r  o t h e r  r e l a t i v e l y  impervious rock b e l o w  the B zone to minimize 
t h e  dot~nward movement o f  low-pH w a t e r  t h r o u g h  n a t u r a l  i n t e r c o n n e c t i o n s  f rum t h e  
u p p e r  zones a s  t he  wells a r e  pumped; ( 2 )  cement t h e  f u l l  l e n g t h  of the s u r f a c e  
casings--not only t o  prevent the downward movement of l a w - p H  wa te r  a l o n g  t h e  
c a s i n g s  f rom t h e  upper zones  a s  t h e  w e l l s  a r e  pumped, but also t o  r e t a r d  corro- 
s i o n  of t h e  surface  c a s i n g s  in t h e  upper zones o f  low-pH water;  (3)  s e t  screens 
only in the C zone; and ( 4 )  pump wells at r a t e s  t h a t  a l l o w  p u m p i n g  l e v e l s  t o  
s t a y  w e l l  above t h e  screens .  

If the  f o u r t h  rule is neg l ec t ed ,  and t h e  pumping  l e v e l s  a r e  a l lowed t o  
d r o p  t o  t h e  screens, iron w i l l  be r e l ea sed  t o  s o l u t i o n  by oxidation of the re- 
duced iron minerals i n  t h e  C zone.  Along with the induced o x i d a t i o n  o f  the 
normal ly  reduced i r o n  m i n e r a l s  and  t h e  c o n s e q u e n t i a l  r e l e a s e  o f  iron t o  solu- 
t i o n ,  t h e  pH of the w e l l  waters w i l l  be lowered and oxidized i r o n  will be pre- 
c i p i t a t e d  on t h e  screens, in the  well columns, and in o t h e r  water c o n d u i t s  o f  
t h e  well systems. Therefore, a s  t h e  pumping levels draw n e a r  or d r o p  t o  the  
w e l l  screens, t he  w e l l  waters can became increas ing ly  h i g h  in di s so lved  iron 
and i n c r e a s i n g l y  corrosive to the water c o n d u i t s  ; also, the water  conduits can 
be expected to become increas ingPy clogged with p r e c i p i t a t e d  i r o n  oxide. 
Although decreasing the pumping r a t e s  to r a i s e  the p m p i n g  levels above the 
screens should  reverse  t h e  detriments 1 c h e m i c a l  t r e n d s ,  remova L of  the accumu- 
l a t e d  c l o g g i n g  material i n  the cendui~s probab ly  would require f u r r h e r  c o r r e c -  
tive a c t i o n  (such a s  t r e a t m e n t  w i t h  a c i d ) .  

A V A I U S f L I T Y  OF GROUhTD WATER FOR FUTURE DEVELOPMENT 

The a v a i l a b i l i t y  of ground w a r e r  f o r  future development from t h e  Cypress 
a q u i f e r  i n  Har r i son  County i s  dependent  on severa 1 hydro l ag i c ,  chernical-  
q u a l i t y ,  a n d  economic factors. The h y d r o l o g i c  factors of impor t ance  are t h e  
a b i l i t y  o f  t h e  aquifer t o  store and transmit w a t e r  and t h e  s a t e  of recharge  t o  
the a q u i f e r .  The most important chemica l -qua l i ty  factors a r e  the  Pow pH water 
i n  sha l low wel ls  (zone A ) ,  the high  i r o n  c o n t e n t  i n  the water in zone 5, and  
t h e  prcdorntnantly h i g h  SAR a n d  RSC v a l u e s  of w a t e r  a t  various depths. Chloride 
may be a problem l o c a l l y .  The p r i n c i p a l  economic f a c t o r  i s  t h e  cos t  o f  t h e  
many w e l l s  that would be  r e q u i r e d  t o  o b t a i n  l a r g e  q u a n t i t i e s  of water. 

The most i m p o r t a n t  h y d r o l o g i c  f a c t o r  i s  t h e  l o w  c o e f f i c i e n t  of t sansmis -  
s i b i l i t y  of the a q u i f e r .  Computa t ions  based  o n  t h e  s a t u r a t e d  sand t h i c k n e s s  
( F i g u r e  LO) and a poros i t y  f a c t o r  of 30 p e r c e n t  indicate t h a t  approx imate ly  
34,000,000 acre-feet 0 5  w a t e r  i s  i n  transient storage in Harrison County; how- 
ever, o n l y  a part o f  this water i s  r e c o v e r a b l e  and a v a i l a b l e  for development.  
If it is assumed t h a t  o n l y  the water in t h e  upper 400 feet of t h e  a q u i f e r  c a n  
be  developed e c o m m i c a l l y  and that t h e se  s a n d s  have a specific yield of 15 
percent, then  t h e  amount  of water a v a i l a b l e  from s t o r a g e  would be about  
17,000,000 ac re - f ee  t . 

On the b a s i s  of the present hydraulic gradient ( 5  feet per m i l e ) ,  t h e  
a q u i f e r  w o u l d  t ransmi t  a n n u a l l y  o n  t h e  o r d e r  o f  15,000 acre-feet, n r  13.5 mgd. 
A l s o ,  a t  S e a s t  40,000 acre - fee t  o r  35.7 mgd of p o t e n t i a l  r echarge ,  which  might 
be salvaged,  i s  r e j ec red  ro streams from t h e  ou tc rop  of t h e  a q u i f e r ,  and  a n  



unknown but probab ly  large q u a n t i t y  i s  Lost by evapotranspirat ion.  Thus, a t  
l e a s t  55,000 a c r e - f e e t  (49.1 mgd), and perhaps significantly more, is pe ren -  
n i a l l y  a v a i l a b l e  f o r  deve lopmnt  wi thou t  d e p l e t i n g  the  a q u i f e r .  

A cons iderable  p a r t  of  the 40,000 acre-feet  of r e j ec ted  recharge p o s s i b l y  
cou ld  be  salvaged by the ins t a l l a t i o n  of shallow wells throughout  t h e  recharge 
area ; however, because of the low transmissibility, t h e  w e l l s  would necessarily 
be closely spaced i n  o r d e r  t o  c a p t u r e  a significant part of the w a t e r  b e f o r e  i t  
i s  d i s c h a r g e d  into t h e  streams. Although salvage 0 5  a l a rge  p a r t  of this 
rejected recharge probably would not be pract ica l ,  t h e  present r a t e  of ground- 
w a t e r  w i t h d r a w a l  (2,700 acre-feet p e r  year  o r  2 .4  mgd) could  be increased 
s evera 1 t i m e s  . 

I n  genera l ,  the total thickness of  the s a n d s  i n  the Cypress  a q u i f e r  (Figure 
10) ranges from zero feet i n  the e a s t e r n  p a r t  o f  the county to 475 feet in the 
northwestern part.  Other f a c t o r s  being equal, the q u a n t i t y  af w a t e r  a v a i l a b l e  
t o  a w e l l  increases as  t he  saturated sands increase i n  thickness ; thus, t h e  
q u a n t i t y  of water that can be pumped from a well should increase i n  a westerly 
d i r e c t i o n .  Also,  t h e  best area fo r  poten t ia l  development would be fn t he  wes- 
tern and northwestern p a r t s  of the  county, 

Many s m a l l - c a p a c i t y  w e l l s  would be  needed to develop f u l l y  t h e  water 
resources of the Cypress aquifer  in Harrison County because of the  low c o e f f i  - 
c i e n t  of transmissibility. Consequently the cost of d r i l l i n g  and equ ipp ing  
these  wells would p r i n c i p a l l y  determine the economic feasibility of deve lop ing  
ground w a t e r .  F u r t h e r m o r e ,  the cost would  be even greater if t r e a t m e n t  of 
the wa rer is required, p a r t i c u l a r l y  the ma i n t a f n i n g  o f  the dissolved- i r o n  con- 
c e n t r a t i o n s  and pH values within acceptable limits. 

Harrison County, b e i n g  i n  a h i g h - r a i n f a l l  area, has lirtle need for irsi- 
g a t i o n .  Water for a limited amount of supplemenral irrigation is a v a i l a b l e  
f rom the Cypress aquifer and could be used  d u r i n g  p e r i o d s  o f  low rainfall. 
Continuous irrigation may be detr i rnenta  1 to the s o i l  because of t h e  r e l a t i v e l y  
high SAR and RSC values . 
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Talllr q . - - L - c o r d s  r u t  w c l l s  and spr ings  i n  I l ar s f son  Colbnty--Cool iout.rl 

Dug well ,  c u r b e d  with c l a y  l i l e .  Olrl w e l l .  I 
Scrccn from 328 f t  to b o t t o m .  Pump se t  at 
150 It. 

C,H I n I k g  wel l ,  curbed w l t h  b r i c k .  I 
Used as standby well. 

011 t e s t .  g 

; 1 " nllg uell, curbed w i t h  b r i c k .  

J,E, 1 D,S 1 lump g r r  or 8.4 r r .  
1 I 

t h ~ g w p l l ,  curbcd w i t h  b r i c k .  OEd wcll. 
Scltoml gome, w c l l  unused. I 

U Dug welt,  curbed w i t h  b r i c k .  Suppl f c s  water 
Tor 2 hounss and pncking shed. 

Irr Standby well. Reported discharge  100 gpm. 

Irr 

P 

O i l  tent, comertcd ro w s t v r  u e l I ,  and pluggrd 
back t o  792 f t .  P c r f o r n t ~ d  ircm 2 5 0  to 410 
f t .  Kemsured diacha-e 1 2 7  zpm wit11  36.7 ft , 
of drawdown s l t er  24 hours pumping. Pump set  
n t  220 f t .  T-. 7?"F. 

Standby -11 .  R e p r t e d  d i a c h n r ~ e  7 0  Rpm. I 
Suppl ies  re tcr for a c h w l .  I 

C , E ,  I D I wg w c l l ,  c u r b e d  w i t h  brick. 

Scc i r , o t n u L r u  :IL t!~lcl ~ , i  table .  
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Tahlc 5 . - - K c c u r d s  o [  i t c l l a  and sprints i n  i l arr i son  Countv--Con[ lnucd 

ROl John U. Purrh I 
901 W. L. Rudd 

I 

902 E l y s i a n  F i e l d s  
I l r ~ h  School 

903 -- Bekcr wcll 1 

I 

40- L O 1  hckansas-lrlu L U  lenee 
Ctrcmical C o r p .  

t 102 T. W .  V s u ~ h n  

103 Amn~da F i e l d s  

1 0 4  E .  L i t t l e  Zif*Irs I 
1 201 Arkn nsas- tor ,  i u  iam 

Chrmlcnl Cnrp. 

A r k a n s a s - l a u i s l n n n  
Cos Co. 

Erldingtan D r i l l  lng 
Co. 

A r k n n s ~ y  -Lou La iRnR 
ms C o .  

do 

C l i f f o r d  & D n v i s  

Inrl 

1 MI 

n 

Ind  

U 

CnsLng prrforatcd lrrm 214 I t  t n  b r l t t u m .  
K c p o r t a d  d inct!argc 6 0  gpm. Cravt.1-pncked r rm 
bottom to surfncv .  Pumlr R r t  s t  2 6 1  11. 
T m ! p .  69" P . 
Carnie8 prrrornted  From 225 I t  t n  bnlrom. 
CmvuI -parked From h o t  Lom LI* flrrrfncp. Pump 
s ~ t  at 21+6 it. Rrpnrrt.d unrd for  wnrpr Clvod. 
me. Temp. 69°F .  

U a r d  a s  s t a n d b y  well. Caning p e r f o r a t e d  from 
222 f t  t o  hattom. Gravel-parked From bottom 
t o  aur face .  

k g  wmll, curbcd with cemnL 1 i l e  . I 
Mported dischasgc 80 Epm. Screen from 103 ft 
eo bnttom. Tllmp. 70°F.  

Screer f r o m  1 7 2  i t  to 'bottom. I 
D Sac4 from 16h f t  LO bottnm. W a t e r  trcstcd f o r 1  

Lron b r l o w  used .  

D,S I t r u g w e l l ,  curbed wlrh b r i c k .  I 
P Pump s c r  nc 00 f t .  Wotcc t r e a t e d  lor lrnn 

befnrc uncd . 
-- O i l  t C R t .  >i 

Ind Screen  from 165 11 t o  bottom. Rcportcd d i s -  
chnrze 200 Epm. Pump s e t  8t l R 0  l t .  Temp. 
7 0 ° F .  

Supplies water Eor coCton gin, score, n nd 5 
ttouses. Pump s e t  st 80 It. 

o r1  t e s t .  2 

Screen f r o m  95 f t  t o  bottom. Reported d i n -  
c h a r ~ c  7A gpm. Pump sct  at I10 Ct. 

L -- '1.- 
See i ~ ~ l ~ u : ~ t c ! s  n t  cnd c t  Lol>lrh. 
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Table 6.--Drillers' logs of wells in Harrison County 

Owner: Longhorn Ordnance Works. 
I 

Thickness 
(feet) 

Well LK-35 -23 -602 

Sand, fine brown, gravel  
and iron ore ----------- 3 0  

Depth 
(feet) 

i l l :  B.  F ,  Edd ing ton .  
I 

Thickness 
(feet) 

Well LK-35-23-801 

Owner: Karnack Water Supply Corp. Driller: B. F. Eddington.  

Depth 
(feet) 

' 15 

S h a l e  w i t h  s t r e a k s  
o f  sand-- - - -  ---- - ----- 8 7 

Rock*------------------- 1 

Gumbo and shale--- - - - - - -  139 

Shale ,  sandy, 
water-bear ing-------- -  3 1 

Well LK-35-28-803 

Owner: C i t y  of H a l l s v i l  l e .  Driller: Layne-Texas Co. 

106 

[Clay, w h i t e ,  sandy-------  3 

C l a y ,  yellow-------------  10 

Shale, black, s t i cky - - - - -  106 

Rock--------------------- 1 

Shale and boulders-- - - - - -  22 

Shale, sandy------------- 20 

Sand, white-------------- 3 8 

Shale, b l u e - - - - - - - - - - - - -  44 

Rock-------------------- 1 

S h a l e ,  sandy------------  7 

Sand, b l a c k - - - - - - - - - - - - -  1 7  

Shale, sandy------------ 6 

Sand--------------------  10 

Shale ,  sandy------------ 33 

(Continued on next page) 
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Table  6. - - D r i l l e r s  ' logs of wells in Harrison County--Continued 

Thickness 1 1 I Thickness 

I (feet) I (feet111 (feet) 

Well LIZ-35-28-803 - -Cont  inued 

S h a l e ,  b r i t t l e  -----------  68 

S h a l e ,  black------------- 69 

Shale, sandy -------------  46 

Sand, g ray ,  
9 1 1 592 l l  

Rock-- - - - - - - - - - - - - - - - - - -  1 

Shale and l i g n i t e - - - - - - -  10 

Depth 
( fee t1  l 

Well LK-35-29-912 

Owner: A t l a s  Chemical Industries, Inc. Driller: B. F. Eddington.  

Sand, r e d ,  water--------- 
59 I 65 

Sand, white, w a t e r - - - - - -  1 2  

Ligni te- - - - - - - - - - - - - - - - -  2 

Sand and lignite-------- 8 Sand, green, w a t e r - - - - - - -  3 8  

Well LK-35-30-401 

Owner: C i t y  of Marshall. Driller:  Ed M i l l s .  

103 

Surface s o i l  ------------- 1 

Sand and clay--- - - - - - - - - -  11 

Rock, red and yellow----- 14 

Ligni te - - - - - - - - - - - - - - - - - -  1 

Sand, gray--------------- 1 7  

Clay, gray--------------- 23 

Clay, soft dark-brown---- 8 

Ligni te- - - - - - - - - - - - - - - - - -  5 

C l a y - - - - - - - - - - - - - - - - - - - - -  4 

Lignite------------------ 8 

Clay, 8 

Sandstone- - - - - - - - - - - - - - -  1 

Clay, gray--------------  11 

Sand, gray - - - - - - - - - - - - - - 4 

Lign i t e - - - - - - - - - - - - - - - - -  1 

Clay, gray-------------- 4 

Sandstone- - - - - - - - - - - - - - -  3 

Clay, gray-- - - - - - - - - - - - -  6 

Lfgn i t e - - - - - - - - - - - - - - - - -  1 

Sand,  gray--------------  8 

Rock, hard--------------  2 1  

San? and c l a y - - - - - - - - - - -  12 

(Continued on next page)  
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Table 6.--DrillersT logs of  w e l l s  i n  H a r r i s o n  County--Continued 

L i g n i t e - - - - - - - - - - - - - - - - - -  

Sand and g ray  c l ay  - - - - - - -  

L i g n i t e - - - - - - - - - - - - - - - - - -  

Sand, 

L i g n i t e - - - - - - - - - - - - - - - - - -  

Sand,  gray--------------- 

No ---------------- 
Sandstone- - - - - - - - - - - - - - - -  

Clay, gray--------------- 

Sand, c o a r s e - g r a i n e d - - - - -  

Ligni te------------------  

Sand, w h i t e ,  w a t e r - - - - - - -  

L igni te - - - - - - - - - - - - - - - - - -  

Sand, gray--------------- 

Ligni te------------------  

Clay,  gray and sand------ 

Sand, gray--------------- 

Clay  and 1 ign i t e - - - - - - - - -  

C l a y ,  gray--------------- 

Thickness 
(feet) 

Well LK-35-30-401--Continued 

L i g n i t e - - - - - - - - - - - - - - - - -  

Sand and c lay--- - - - - - - - -  

Rock, shelly------------ 

Sand, sharp------------- 

Sandrock, soft gray  - - -- - 
Sandrock,  ha rd - - - - - - - - - -  

Rock, s o f t  gray---- - - - - -  

Rock, hard -------------- 
Sandrock-- --- ---- - -- -- - - 

Depth 
( f e e t )  

Sand and clay-----------  

Rock, hard- - - - - - - - - - - - - -  

Clay, pipe- - - - - - - - - - - - - -  

Rock, hard-------------- 

Sand, gray-------------- 

C l a y ,  p i p e - - - - - - - - - - - - - -  

Ligni te- - - - - - - - - - - - - - - - -  

Sandrock, gray---------- 

L i g n i t e ,  c l a y  and sand-- 

Thickness 
( fee t )  

Depth 
(feet) 



Table 6.--Drillers1 logs of wells in Harrison County--Continued 

Well LK-35-30-408 

Owner: C i t y  of Marshal 1. Dril ler :  Layne-Texas Co . 

Thickness 
(feet) 

Well LK-35-46-202 

Owner: Sabine-Bishop Co-op. Driller: A. E. Fawcett. 

Depth 
(feet) 

Thickness 
(feet) 

Depth 
(feet) 

clay, red---------------- 2 6 

Sand, gray, coarse-grained 
loose------------------ 38 I 

Sand and shale, gray, f ine-  
grained----------------  8 7 

~~~k--------------------- 1 

sand--------------------- 5 

Ligni te - - - - - - - - - - - - - - - - -  5 

Sand, f ine-grained, 
s i l t y - - - - - - - - - - - - - - - - -  17 

Shale, soft, and f ine-  
grained dark-gray sand 67 

Sand and shale, fine- 
grained dark-gray - - --- 3 7  

Sand-------------------- 6 

Rock, hard-------------- 1 

Sand, dark-gray--------- 30 

~~~k-------------------- 2 

Shale, brown, s t i c k y - - - -  74 

26 

I 

64 

15 1 

93 

11 5 

12 9 

147 

Topsai l  and clay--------- 10 

Shale, blue-------------- 10 

Lignite and rock-- - - - - - - -  2 

Shale, dark-colored------ 5 

sand- - - - - - - - - - - - - - - - - - - - -  13 

F 

I 

245 

262 

329 

366 

3 72 

152 

15 7 

3 73 

4 03 

405 
I 

479 

20 

20 

~ i ~ ~ i s ~ - - - - - - - - - - - - - - - - - -  3 

Shale, soft, blue, and sand, 
fine-grained-----------  42 

Rack--------------------- 5 

Shale, brown, hard, with 
layers of sand--------- 33 

I 

Shale, dark-colored----- 53 

Sand and sandy shale, 

160 

202 

207 

240 

2 2 

2 7 

40 

tested for water, no 
good------------------ 22 

Sha le ,  dark-colored- --- - 14 

Sand, good, water- - - - - - -  18 
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Table  8.--Results of field determfnations of water frw w e l l s  and springs 
in Harrison County  

(Analyses given are in p a r t s  per million except p H . )  

Depth 
o f  well 
lf tE 

25 

18 

I 6 1  

Iron 
(Fe) 

0 

O 1  

0 

34 

150 

60 

30 

S p r i n g  

39 

2 1 

200 

85 

0 

0 

0 

a 

0 

0 

a 

1 

1 . 5  

220 

2 14 

265 

135 

240 

34 

2 2 2 

250 

248 

192  

201  

1 I1 

50 

128 

125 

300 

220 

470 

335 

0 

0 

0 

1 1 

0 

0 

0 

I 

35 

5 5  

50 

55 

2 . 5  

15 

1 5  

0 

104- 

- 5  

1.0 




