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G R 0 U N D W A T E R I N THE FLO OD - P L A I N

A L L U V I U M o F THE B R A Z 0 S R I V E R

W HIT N E Y D AM T 0 V I C I N IT Y o F

RIC HMO N D ,

ABSTRACT

T E X A S

The flood plain of the Brazos River between Whitney Dam a nd Richmond,
Texas , is u nder l ain by a l luv ia l de posits that contain large quan t i t ies o f ground
wat e r . Prior t o about 1950, ve ry l i t tle use was made o f t his wat e r . The
drough t o f the ea r ly 1950' s made it necessa ry t o acqui r e a dd i tiona l quan t i t ie s
o f wa te r t o sus t ain farming on t he flood plain o f the river. The r e fo re, it was
during thi s period that ma ny irrigation we l l s were dr i l led t o ma ke use of the
water i n the alluv ium.

In the r e port area , the Braz os River fl ows from the Central Texas section
of t he Great Plains physiogra ph i c prov ince onto and across the West Gu l f Coastal
s e ction of t he Coastal Plain prov ince . The bedrock unde r lying t he river valley
cons is t s o f r ocks r a nging in age from Late Cre taceous t o Quate rna ry . Al l of the
be drock f ormations cro p out in bands r ough l y pa r a l l e l t o t he coa s t, a nd t hey d i p
ge nt l y toward the Gulf of Mexico a t a r ate slightly gr ea t e r than t he slope o f
the land surface. The Creta ce ou s expos e d rocks co ns i s t ch i e f ly o f limes tone,
ma r l, and sh a l e . Most of t hes e r ocks a re conso l i da t e d a nd do no t co nt a i n impor­
t ant aq ui f ers i n the r e port area. The Te r tia ry rocks co ns is t chi e f ly of shale ,
c lay, and sa nd, and t h ey contain seve ral of t he ma jor aqu i f e r s i n t he Sta te .

The a l luv ium of t he va l ley f or ms a se r ies of terra ces and the f lood plain.
The fl ood pl a i n is o f pr imary s igni f ica nce a s a source o f ground wa te r in t he
Bra zos River va l ley . The terra ce alluvium in places i mmediate ly adj oins the
flood pl ain and i n othe r places it is s epa rated from the flo od pl a i n by expo­
sures of bedrock. The t erra ce a l luv ium cons is ts of clay , silt , s a nd , a nd grav­
e l, some of which is s light ly cemented in pla ces. The s e t erra ce deposi t s may
be a s much as 75 f eet t hick ; howeve r , the ave rage would probab ly be cons ide rably
l e s s.

The fl ood- plai n a l luv ium cons i s t s of fi ne t o coa rse sand , grave l , s i l t,
a nd clay. The lithology differs from place t o place; the indiv i dual beds or
l enses o f sa nd and grave l p inch ou t or gra de l aterally a nd ve r t ica l ly into fi ner
or coa r s e r mater ia l wi th i n shor t di s tances . Gene ra l ly, however , the coa rsest
part of t he a l luv ium i s in t he l ower part. The t hic kness of the fl ood- pla i n
a l luv ium r a nges f rom 0 t o abou t 100 feet, and averages abou t 45 feet . The
t h i cknes s i ncre as e s downstream .



The hydro logic properties o f t he flood -pla i n a l l uvium r ange ove r wi de
limi ts. The permeabi lity o f samples t a ken du r i ng the test-drilling prog ra m
ranged from 0.001 t o as much as 18 , 000 gpd (ga llons per da y) per squa r e foot.
The lower permeabil ities represented samp l es consisting almost e nt i r e ly of c l ay
or silt; the higher permea bilit i e s represen t ed grave l . Coefficients of trans­
missibility as determined in a f ew pumping t ests r ange d from abou t 50 ,000 t o
more than 300, 000 gpd per fo ot . However , t hes e tests were short, and particu­
l arly the higher value s ma y not be reliable. On t he basis of 351 dete rmina­
tions of specific ca pac i ty, the es t ima t es o f coe f ficients of transmissibility
r anged betwee n 7, 300 and 208,000 gpd per f oot , a nd avera ged about 42, 000 . The
s pec i f ic y i e ld as determi ned f rom sa mpl e s ob tained du r i ng t he test drilling
r anged from a bou t 4 t o 35 percent , and averaged abou t 24 pe r ce nt . Because of
the me thod used i n t he de t ermina t io ns , t he se va l ue s may be somewha t high . It
seems like l y that a co nserva t ive es t ima te o f t he aver a ge specific yield of the
a lluvium wou l d be ab out 15 pe rcent.

The water i n t he f l ood -pla in a l luvium oc cur s ch i e f ly unde r wat e r - t a b l e
cond i t ions , althou gh a r tesia n condi t ions ma y o ccur l ocally wher e extensive
lenses of clay exist. The wate r t a b l e in the f lood-p l a in a lluv i um occur s a t
dep ths ranging from less than 10 to almost 50 feet be l ow the la nd surface. I n
general, the water table slopes t owa r d the river , a nd generally is a t a h ighe r
alt itude than t he river , indicating t hat the Brazos River is a n eff luent s t ream .

The recharge to the flood -p l a i n a l luv ium is ch ie f ly by precipitation on
t he f l ood - pl a i n surface. Va r ious me thods used t o estimate t he recharge gave
results ranging from les s than 2 inches per yea r t o mo r e than 5 inches. The
average during the period 1957- 61 is es t i ma t ed to have been slightly less tha n
~ inches per yea r . Rainfall du ring this period was somewha t a bove normal;
therefore, the estimate of r echarge du ring th i s pe r iod is prob ably h igh . How­
ever, if the f igure i s va lid, t he t o t a l recharge from t h is source would be
a bout 155 ,000 acre-feet per yea r du r i ng t he 1957 - 61 period. Othe r minor sources
of recharge include infiltrati on f rom str eams (both na t ura l and i nduced) , under­
flow from older terrace a l l uv ium , ve r t ica l a nd latera l moveme nt of water from
adjo ining bedrock, i nfiltra t ion of s ur fac e wat e r app l i ed f or i r r iga t ion, a nd
inundation of the flood pla in by f lood waters .

Ground wat e r i s d i scharged f r om t he al luv ium chiefly by s ee page i nto the
Brazos River , by eva porat i on a nd t r a ns pirat i on, and by we lls .

Most o f the we l l s in the flood- plain a l l uv i um a r e used f or irriga tion;
in 1964 mo r e than 1,100 irrigation we l l s were ava i lab l e for us e i n the re port
area. Mo s t of t he we l l s a re equipped wi th casing 14 t o 18 inches in diameter.
The ca sing is genera l ly slotted, a nd mo s t of the we l l s a r e grave l packed. The
irrigation we l l s r ange i n yi eld from less t ha n 250 to more than 1,000 gpm
(ga l lo ns per minute); ab out 50 pe rcent yie ld be twee n 250 and 500 gpm.

The principal us e of t he wate r on t he f lood pla i n i s fo r irrigation. Dur­
ing 1963 a bout 43 ,000 ac re - fee t was pumped, and i n 1964 abou t 49 ,000 acre -feet
was pumped to irrigate more t ha n 72,000 ac res . Othe r uses of ground wate r on
the f lood plain are insignificant.

The chemica l quality o f the wa te r in t he f lood -pla i n al luvium ranges be­
tween wi de limits. I n gener al, t he wate r is suitable for domestic and l ives tock
purposes , ex ce pt t hat it i s ha rd or very hard . Most o f the wate r ha s a low
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sod ium haza r d and a high salinity hazard fo r i r riga t ion, acco rd i ng t o t he U. S.
Sa l i ni t y Labo ratory Staff classif ication . However, unde r the co nd i t ions of
irriga tion a nd c lima te t hat a re presen t i n t he repo r t a rea, t he wat e r a ppea r s
to be s uitable f or irrigation .

On t he basis of the sa tu r a t ed t h i ckness of the fl ood - plain alluvium and a n
as sumed coe f f ic i e nt of s to rage o f 15 percent, approx i ma t e ly 2, 760 , 000 a c r e - f ee t
o f wate r was in s t ora ge in t he f l ood - pl a i n a l l uv ium in t he r e port area as o f
the spring o f 1963 . Abou t 40 pe r cen t of this wate r was i n t he pr incipa l irri­
ga ted sec t ion i n Fa lls , Robe rtson, Brazos, and Bur leson Coun ties where abou t
95 percent of t he i rrigation water is used.

The repo r t a rea has a rathe r high r a t e of average annua l r ainfa ll , r a nging
from about 32 to mo re t ha n 43 i nche s , and the flood -pla in alluvium i s readily
re ch arged duri ng norma l or a bove normal periods of prec ipi tat ion . Dur ing t he
pe r iod 1957- 61 , the av e rage annua l r ate of r echarge i n the repo r t a rea is esti­
ma t ed t o have been about 155 , 000 acre - fee t per year. Abou t 100 , 000 o f this was
in the a rea between t he Hill-McLenna n Coun ty l ine and Hempstead, wh i ch inc l udes
t he pr incipa l irr i gated area.
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G R 0 U N D W A TE R I N THE FLOO D - P L A I N

A LLUVIUM o F THE BR AZOS RIVER,

WHIT NEY DAM T 0 V I C IN I T Y o F

RIC HMO N D , T E X A S

I NTRODUCTION

Ground water pumped from the al luvia l sand and gr ave l o f the Brazos River
f lood pla in between Whitney Dam and the city o f Richmond is used a lmos t exclu­
sively f or i rrigation. Al t hough in 1950 the qua nt i ty o f wa te r thus us ed wa s
negligible and few irri gation we l ls ex i s ted in t he area , by 1963 the us e o f

water for irrigation had increased to an es t ima ted 43, 000 acre- f ee t pe r yea r .
Both the increas i ng use of wa t e r and t he probability of addi tional demands upon
the supply i n the fu ture emphasized the need for a n appra isal of the gr ound ­
wa ter resources of the a rea.

I n Se pt embe r 1962 the U.S. Geol ogical Survey , in coo pe ra t io n wi t h t he t he n
Texas Water Commission , undertook a study of t he ground wa t e r in t he a l luv i um
of t he Brazos River between Whitney Dam a nd Richmond. The investigation and
this r e su l t i ng report were t o include no t o nly t he following aspec t s o f the
al luvium- - extent, thickness, and physical a nd hydrological prope r t i e s ; amount
and areal ex ten t o f wi t hdrawa ls and recharge; a nd qua nt i ty a nd quality of gr ou nd
wate r ava i lable--but a ls o the hydrologic relationships between the a l luv i um
a nd the underlying or adjoining bed rock, and the interrelat i on between ground
wat e r i n t he a l l uvium and surface water i n the Brazos Rive r .

Previous reports o f investigations in t he a rea made litt le if any me nt ion
of the gr ound water in the a l luv ium of the flood pl a i n , a n i ndication that the
wate r was no t then wi de ly used . Reports by t he fo llowing a uthors include some
parts of this report a rea . Hill (1 901) di scus sed the geo l ogy and stratigra phy
wi th special reference t o a r t e s i a n wat e r s . Deussen (1914, 1924) likewi se dis­
cussed t he geo l ogy and und erground wate r s , wi th emphasis on the artesian aqui­
fe rs. Reports by Singley (1 893), Darton (1905), and Taylor (1907) con ta i ned
ma inly r e cords of deep (a rtesian) we l l s , a l t hough the ava i l a bility of wat e r from
sha l low we l l s was a lso mentioned briefly by Taylor. Between 1936 and 1946,
the Texas State Board of Wa ter Engineers publ i shed inventories of water wel ls
in t he f ollowing counties: Aus t i n (Ma y, 1938) , Burleson (Cla rk, 1937a ) , Fort
Bend (El ledge, 1937 , and Livingston a nd Turner, 1939) , Grimes (Turner, 1939,
a nd Cromack, 194 3), Milam (Clark, 1937b) , Roberts on (DaVis , 1942) , Waller
(Turner and Livingston , 193 9) , a nd Wa shingto n (Fo lle t t, 1943) . These re port~

conta in t ables o f we l l r ecords , we l l l ogs , a nd chemi ca l analyses of wate r
samp l es, a s well a s maps showi ng t he wel l l ocations.
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Fluellen and Goines (1 952) r epor ted on the wate r resources o f Wa l l e r
Cou nt y . The development of gr ound water for irrigati on f r om wells in the a l l u­
vium of the flood plain was summarize d by Hughes and Magee ( 1962). Reconna i s ­
sance repor ts on t he ground-wa t er resources of the Brazos Rive r ba sin (Croni n ,
Shafer, and Rettman, 1963) and of the Gulf Coast region (Wood , Gabrys ch, a nd
Ma rv i n , 1963) included reconna issance information on the gr ound wate r i n t he
Brazos River a l l uvium. The U.S. Study Commiss i on-Texas (1962, pt. 3, p. 115)
r e ported on the availability of ground wa ter from t he a l l uv i um in a pa r t of t he
report area.

The field and laboratory data on wh ich this report is ba s ed were collect ed
during the period September 196 2 to Augus t 1964. Prelimin ar y topograph ic maps
on the s cale of 1:24, 000 were ava i l a b le for mo st of t he a rea a s we r e o l de r topo­
gr a ph ic maps of va r i ed sca les f or t he r emainder o f the a rea . These ma ps were
used in the preparation o f f i e l d maps a nd o f a base map . The a l t i t ude s of wel ls
and test holes wer e taken directly or interpolated from t he topograph ic maps .
Only a few of t he altitudes were determined by instrumental levels. I n t he i ni ­
t i a l pha se of t he investigation, the lo ca t ions were de t e rmined f or all exis t ing
large-capacity wells pumpi ng from the a l luv ium (F igures 20 , 21, and 22), and
about 70 pe r cent of t hes e we l l s we r e inventoried (Tab l e 9). Appr ox ima t e l y 57
large-capaci t y wells dril led into the bedrock formations we r e also inve nto r i ed .
Among the da ta collected during t he well i nventor y were t he measured dep th t o
wa t e r in each well and t he measured or reported de pth o f ea ch we l l .

Measurements o f wa te r - leve l f l uc tua t ions we r e made quar t e r ly in 124 we l l s
(Table 11). During the 196 3-64 i r r iga t i on season , drawdown and dis charge mea­
surements we r e made in 351 we l l s . In the s pring of 1964 , depth-to-water mea­
surements were made i n al l t he wel l s i n which the drawdown a nd discharge we r e
mea sured in 1963. Included a l so a r e wat e r - l ev e l meas ur eme nt s made starting i n
1957 a s a part o f the statewide observa t ion-well program o f the U.S. Geologica l
Survey a nd the Texas Water Development Boa r d . Powe r t e sts we r e made on severa l
of the electrica l l y operated i rrigation wells, and records of power consumpt ion
we r e obta i ned from the ut ility compa nies. Geologi c studie s i ncluded the mapp ing
of the alluvium and adj oining bedrock a s we ll as t he inte r pretation o f electric
l ogs o f oil we l l s a nd of dr i l l e rs ' l ogs o f wa te r we l l s both i n t he alluvium
and bedrock. Logs of t es t bo r i ngs made a t bridge s ites a long the Brazos River
were obtained f r om the Texas State Highway Department , a nd s ev era l hundred l ogs
o f wate r we l l s and test holes drilled i n the a lluv i um were obta i ned from well
dri llers.

To ob t a i n additional geo l og i c and hydrologi c data , 122 t es t holes whos e
combined depths t ot a l ed about 5,725 feet were bored wi t h a power auge r. The
l oca t i ons of these test holes are shown in Figures 20 , 21, a nd 22, and t he
depth, altitude , and other information a r e gi ve n in Tab l e 9 . The l ogs of 12
of the test holes are gi ve n in Table 10. The phys ical a nd hydr o l ogi c properties
of selected samples (di s t u r bed a nd undis tur bed ) f rom the test ho l e s , river ba nk ,
and a gr ave l pit wer e determined in the U.S . Geologi cal Survey ' s Hydro logica l
Labo ratory a t Denver, Colorado.

Samples o f wat e r we r e collected from 158 wells in t he flood-p l a in alluv ium
and from 34 we l l s in bedrock or t errace aqu i f e rs and were analyzed to determine
their mineral content i n the laboratory of the U.S . Geological Survey a t Aus tin,
Texas . The r esu lts of these analyses a nd some by prev ious i nves tigators are
included i n Table 12 .
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The wel l -numbe ring s ys t em us ed in t hi s r e port is one ad opted by t he Texa s
Wate r Development Board f or us e t hroughou t t he St a t e and is based on l atitude
a nd l ongitude . Unde r t hi s sys tem, e ach I -de gr ee quad ra ng l e i n t he St a t e i s
gi v en a numbe r consisting of t wo d igi t s . Thes e a re t he fi r s t t wo d igi t s ap pear­
ing in the well numbe r . Each I - de gree quad r ang le is d ivided i nt o 7~-mi nu t2

qua drang l e s which a re a lso given two digit number s from 01 t o 64. The s e a re the
t hird and f ourth d igits o f t he wel l number . Each 7~-mi nute quadr a ngl e i s s ub­
div i ded into 2~-minu te quad r a ng l e s and give n a single digi t numbe r f rom 1 t o 9.
This i s t he fift h dig i t of the we l l number. F inally , each we l l wi t h in a 2t­
minu te quad rangle i s give n a 2-digit number in the or de r i n which it is i nven­
t oried , s t a r t i ng wi th 01. These a re t he l a s t two d igi t s of the we l l numbe r.
Only t he l a st three di gi ts of t he well numbers a r e s hown beside t he we l l s ymbols
on the wel l - location ma ps (F i gu res 20 , 21, and 22); t he 7~-minute quad rangles
a re numbe r ed i n t he ir nor t hwes t corne r s , a nd the I- de gr ee qua dr a ngles a r e shown
wi th l a r ge bold numbe r s. I n ad di tion t o t he 7- digit wel l numbe r, a 2- l e t t e r
pref ix i s used t o i den t i f y the county. The fo l low ing pre f ixes apply t o t he
cou nt i e s i ncluded in t his r e port.

County Pre fix Count y Pref i x

Aus t in AP Hi ll LW

Bosque BB McLe nna n ST

Brazo s BJ Milam TK

Burle s on BS Robertson WK

Fa lls JR Wa ller YW

For t Bend JY Washing ton yy

Grimes KW

The au tho rs are i nde bt e d t o the many r e s i de nt s of the r e port area who sup­
pl ied i nf orma t i on about the i r wells and granted permis sion to make depth- to­
wa t e r measurements an d o the r tests . The coope ra t ion a nd assis tance given by
pe rs onnel of f ed eral , s ta t e , county, and mun ic ipa l age ncies and depa rtments
a r e gr a t e fu l l y acknowledged. Specia l recogn i tion i s due t he Commiss ione r ' s
Cour ts o f t he count ies in t he report a rea and o f f i c ia l s o f t he Texa s St a t e
Hi ghwa y De par tment f or permission t o dr i l l t es t ho l es on the r i gh t- o f - wa ys of
cou nty r oa ds and s ta te h ighways . Tha nks a r e ex t e nded t o the wel l dr i l l e r s who
furn ished da t a on we l ls a nd test holes dri l led by t hem, especially t he James
Se i ge r t Dr i l l ing Co., Bryan, Texa s , and t he Dunn Dr i ll ing Co . , Giddings, Texas .
Apprec ia t ion is expre s sed f or t he he lp given by oil companies in fu rnishing
geo l ogic i nf o rmation and by u t i l i t y companies for da ta concern ing the us e of
e lec t r ic powe r by wells .

Special t ha nks a re extended t o t he pe rsonne l of the Geology Depa rtment of
Texa s A. & M. University, especia l ly Professor F . E. Smi th who gave much he lpful
i nf orma t ion on the geo logy of cent ra l Texas, and to personne l of the Geology
Department a t Baylor Univers i ty, especially Pro f e s s or s L . F. Br own, O. T .
Ha yward , a nd R. L . Bronaugh, f or i nforma tion on t he geo logy of t he Wa c o
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and adjoining areas. B. N. Myers , G. H. Shafer , and G. D. McAdoo of t he U.S .
Geological Survey, Texas district, assisted t he au thors i n t he fieldwork a t
various t i mes . W. D. Robbins, a l so of t he Geo logica l Survey, Texa s dis trict,
a ssisted the authors on the boat trip down the Brazos River and t ook the photo­
gr a phs shown in Figure 2.

PHYSIOGRAPHY AND DRAINAGE

The a r ea s tudied f or this report is in a s egment of the Brazos River val­
l ey be twee n Whi tney Dam in Bosque County and the city of Ri chmond in Fort Be nd
Count y (Figure 1) . Richmond is upstream from the Gu lf of Mexi co at r iver mi l e
93, and Whitney Dam at river mi l e 44 2 . The airline distance between these
points i s about 200 mi l es . The elevation of the streambed ranges from 427 f ee t
below Whitney Dam to 20 f ee t at Richmond. The gradient of the streambed between
t hese points is about 1. 2 feet per mi le . Within the report a r ea the pr i nc i pa l
t ributarie s of the Braz os a r e the fo llowing rivers--Bosque , Little , Little
Br az o s , and Navaso ta.

The Brazos Ri ver flows in a so utheaster l y direction almost pe rpend icul a r
t o t he northeastward-striking, gu lfward-dipping bedrock strata. Between Whitney
Dam and Waco , the river f lows i n a rather narrow va l l ey in places bou nded by
a lmos t ve r tical wa l l s of limestone or chalk. Sou t h of Waco , t he stream pass es
f rom t he Cent r a l Texas s ec t i on of t he Great Plains phys iogr aphic province i nto
the We s t Gulf Coastal section of the Coastal Pla i n province which is underla i n
by softer, les s r esistant r ocks. In the West Gulf Coastal s ection , t he h i l ly
and gen t ly rolling country i nlan d merges with the smooth a nd ne a rly level area
along the Gu lf Coa st . Bordered in some places by bedrock on one s i de and a l lu­
vium on the o ther, or i n ot he r pla ces by e i t her bed ro ck or al l uv ium on both
s ides, the Bra zos River f ol l ows a sinuous course acros s t he We s t Gulf Coa s ta l
Pla i n t o t he Gu lf of Mexi co .

The large t ributaries of the Brazos, such as the Bosque, Little, a nd Nava­
sota Rivers , or igi na te outs i de of the report a rea . They f l ow acros s t he flood
plain i n cha nne l s cut in t he alluvium and l oca lly in the bedrock .

Othe r s treams, some of whi ch or i gi na te on t he upl a nds ou t s ide t he r e port
area , f o llow e ither short cou r ses directly across the f l ood pla i n or meande ring
courses on the flood plain adjacent t o the valley wall before reaching a junc­
tion with the Brazos River. Streamflow is small, and many of the streams are
dry except dur i ng periods of heavy precipitation. In general , t he cha nnels of
these streams a r e shallow except i n s ome pla ces adja cent to the Bra zo s Rive r.
The gr ad i ent s are l ow, a nd water tends to pond in the channels. The pr i nc i pa l
drainageways i n t he report area are shown on Figures 23 , 24 , 25.

The channel of t he Little Br azos River follows a course on the f l ood plain
extending from sout he r n Falls County t o t he Brazos River wes t of Brya n (Figures
23 a nd 24), a distance of abou t 55 miles. Throughout much of its course the
cha nnel is adja cent to or near t he va l l ey wa l l . Runoff from t he upper reach
of t he Little Brazos ent e r s t he Braz os River abou t 6 miles s outh of the Falls­
Roberts on County line. Water ponds in the s ha llow channel , and streamflow is
s ma l l except dur i ng periods of heavy rainfa ll.

The U.S. Geological Survey i n cooperation wi th the Texas Water Dev e l opment
Boa r d ma i nta i ns f i ve gagi ng stations on t he Brazos Ri ver i n t he re por t a r ea .
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The avera ge annual d ischa rge for the period of record, and t he da t e and amount
of max imum an d min imum discharge and corresponding gage- he i gh t reading at the
five stations during the wa te r yea r (October 1962 to September 1963), are given
i n Table 1.

The f l ood plain o f the Brazos River , local l y referred t o as t he Brazos
River bot t oms or bot toml and, is t he surface that borders the Bra zos River and
that pe riod ica lly has bee n, at least i n part , covered by flood waters o f the
river sys t em. The na tu r a l regimen of s t reamfl ow of the Brazos River has bee n
altered by t he construction of dams upstream from the report area , both on the
ma i n s tem and on s ome of its t r i bu t a r i e s . The possibility of future flooding
by the main stream ma y have been reduced somewhat; however , runoff from tribu­
t ary s t r eams and l ocal stor ms ma y still inundate some of the flood pla i n i n the
r eport area.

The f lood pla i n, composed of stream-deposited sedime nts , occupies an a r ea
of about 8 76 square miles be tween Whitney Dam and Ri chmond. The wi d th of th e
flood plain va ries throughout the report a r ea, ranging from less than 1 mile
a t t he up s t r eam ma rgi n t o more t han 8 mi l es at the downstream boundary nea r t he
Gulf Coast (Figures 23, 24 , a nd 25) . I n parts o f t he repor t area, the sur f ace
of t he f lood pla i n may be as much as 100 feet o r more below t he hilly upland
surfa ce ; i n other parts, such as in For t Bend County near the Gulf Coas t, the
elevation of t he flood pl a i n ma y d i f f e r but little f r om the upla nd. The fl ood­
pla i n surfa ce is separated from the streambed by ba nks composed of a l luvium
ra nging ap proxima t e ly 30 to 50 feet in height.

The sur f ace of the flood plain is nearly flat. Some of the l and s lopes
away from na tural l evee s along the ,iver bank toward the base of the va l l ey wall
or draina geways . The s ur f a ce of the flood plain has been modi f i ed i n pla ce s by
the con s truc t ion of l evees and drainage ca na l s . Ox-bow lakes stand out a s pro­
minent geomor phic featur es , a nd swampy a r ea s and aba ndoned stream channels are
a pa r t of t he land surface.

ECONOMIC DEVELOPMENT

The flood plain of the Brazo s Rive r is , and ha s been i n the past, importan t
because of t he agricu l tural production on t he l a nd . Much of t he farmland i s
irr igated, at least on a s up plementa l bas i s. Both ground water and surface
water are used for irrigation; however , gro und wa te r i s used more wi de ly t han
surfa ce water . Hughes and McGee (1962 , p. 1) indicate that i r r iga t i on wi th
gro und wa te r began in the late 1940's and expanded rapidly during t he 1950 -57
per i od. Accor di ng to Cronin and others (1963 , p. 116) , this expansion is con­
tinuing , but pro bably at a reduced rate. Although cotton is s t i l l the princi­
pal crop on the flood pla i n, grain sorghum, alfalfa , and other cro ps a l so grow
there; some of the r emaining land i s suitable f or pasture , and s ome i s wooded .

The principa l irri gated s ecti o n on t he f lood plain i n t he r epor t area lies
between Highbank in Fa lls County and Navaso ta i n Gr imes County (Figures 20, 21,
and 22). Accord ing t o info rmation furnis he d the Texas Wa t er Development Boa rd
by the Soil Conserva tion Service, U.S. Department of Agr i cu l ture, about 95 per­
cent of the irriga t ed a cr eage in the r eport area i n 1963 was i n th i s section,
and a l a r ge number of t he irrigation wel l s i n t he study a r ea, more than 1,000,
a re l ocated he re.
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Table 1. --Maximum and minimum daily di s charge and instantaneous gage -height readings fo r seve rn 1
s ta t i ons on t ne Bra zos Ri ver , October 1962 t o September 1963, and ave r age annua l discharge

Da te and gage r eading ( f t) Date and dis charge (cfs) Average annua l di scharge

Gage datum
and length of r e cord

Gagi ng above mean
s t llt i on sea level (ft ) Dat e Max imum Date Minimum Date Maximum Date Minimum (cfs) Number of

r eading read ing dis charge discha rge years

Whi t ne y 4 17. 39 Oct . 10, 1962 13.64 Sep t. 25, 1963 3 .60 Oct . 10, 1962 14 ,800 Sept . 25, 1963 3 1 1, 740 2~

Waco!Y 356 .80 Oct. 10, 1962 14 . 72 Sept . 26, 1963 2 . 0 Oct. 10, 1962 16,300 Sept. 26, 1963 ~3 2,5 35 6 ~

Bryan!!! 192. 33 Oct. 12, 1% 2 13. 55 Sept . 3D, 1963 2. 43 Oct. 12, 1962 18,100 Aug• 15, 1963 299 ~ , 444 4 7

Hempstead 117.90 Dec. 29, 1962 16.10 Sept. 9, 1963 1. 02 Dec. 29, 1962 18, 200 Aug. 22, 1963 398 6 , 755 2 ~

Richmond 40.94 Dec . 3D, 1962 12. 02 Aug. 26, 1963 . 07 Dec . 30, 1962 17J 400 Aug. 26, 1963 229 7,3 75 43

~ Hax imum dis charge, 1898·1963 : 246, 000 cfs, Se pt. 27, 1963, gage he i ght 40 . 90 f t.
!Y Maximum s tage s ince at least 1854 wa s 54 f t on Sep t . 12, 1921. Flood of Dec . 5, 1913 r eached 51 f t. Present site and datum f r om inf ormat i on by

Texa s a nd New Or lean s Rai lroad Co. a t i ts bridge 5 mi l es upst r eam and from compar i so n of maxUnurn s t ages r ea ched by f loods of 1913 a nd 1921 a t gag e
nea r College Sta tion. Flood i n 1854 reache d about the same s t age as t hat of 1913.



Industries on the flood plain include the m~n~ng o f sand and gravel and the
production of oil as well as other industries allied with agriculture, such as
cotton ginning or the distribution of a gr i cu l t ur a l equipment and supplies.

CLIMATE

The climate of the Brazos River basin below Whitney Dam is warm a nd humid.
The summers are long, hot, and dry; temperatures above 100°F are common in the
summer at Waco. The winters are short and mild; occasional cold spells may
last as long as a week , but these are usual ly fol lowed by periods of cool plea­
sant weather. Only two months, January and Februa ry, have much freezing wea­
t he r .

The range i n average annual temperature in the report area is not great.
At Sugarland in Fort Bend County, the avera ge a nnua l temperature is 69° F, whe r e ­
as in t he upper part o f the repor t area a t Wa co , it is a bou t 67" F. The frost­
free period ranges from about 275 days a t Sugarland to about 251 days a t Waco.

The average annual precipitation ranges more widely in t he re port a rea .
At Sugarland the precipitation is slightly mo r e than 43 inches, whe re as a t Waco
it is about 32 inches. The precipitation is rather evenly distributed through­
ou t the yea r; however , the month of Ma y ge ne r a l ly has the most precipita tion.
The precipitation usually fal ls more s l owly in the winter t ha n at other t i mes
of the yea r when it of ten occurs with thunderstorms and at times fall s wi t h
gr ea t intens ity. Droughts of varying duration a nd severi ty occur but se ldom
cause comple te c r op fa ilures.

The total evaporation in 1963 as measured in standard U.S. Weather Bureau
pans was 68 inches at Thompsons, Fort Bend County, about 15 miles downs tream
from the report area, a nd 93 inches at Whitney Dam 25 miles northwest of Waco .
The range in t otal mo nth ly evaporation in 1963 wa s from a maximum of 8 .05 inches
in J une t o a mi ni mum o f 1.76 inches in Janua ry at Thompsons, and from a maximum
of 14.7 9 inches in J u l y t o a mi ni mum o f 1.89 inches in December a t Whi tney Dam.

GEOWGY

Bedrock

Se dimentary rocks ranging in age f r om Cre taceous to Quaternary und erlie and
border t he a l l uv i um of the Bra zos Ri ver be tween Whitney Dam and Richmond. The
bedrock cons ists of both cons o l i da t ed and unconsolidated rocks depos ited under
both marine a nd cont inenta l condi tions. The litholo gy and wa t e r - bea r i ng prope r­
ties of the geo logic units whi ch co mprise t he bedrock are des cribed briefly,
and t he ou tcrop area s of these units are shown on Figures 23, 24, a nd 25 .

The bedroc k strata dip in a generally s outheasterly direction t oward t he
Gu l f of Mexico (Figures 26 , 27 , a nd 28 ) . In this direction the dip becomes
stee pe r, and most o f t he uni t s be co me t h icker . Details o f the strat i graphy a nd
struc ture o f t he geo logic uni ts comprising the bedrock are not considered per­
tinent t o t his r eport. Fo r this i nformat i on the reader is referred t o the re­
port by Cronin a nd o t he r s (1963).
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The bedrock in the r e por t area y i e l ds smal l--less than 100 gpm (gallo ns per
mi nu te )- -to lar ge--more t han 1, 000 gpm- -qua nt i t i e s o f wa t e r t o a few we l l s , most
of which tap t he Wilcox Group . I n t he ou tcro p a rea s of the bedrock, wa t e r gen­
e r a l ly is under water- table condi tions; in the downdip part, artesian conditions
prevai l. I n gene r a l, water in a nd nea r t he ou t c r o p is f resh--les s t han 1,000
ppm (pa rts per mil l ion) di sso l ved sol ids - - but becomes mo re saline downdip. The
r e su l t s of chemical analyses of selec t e d samples o f wa ter from we l l s t a pping
t he bedrock are gi ve n in Table 12.

Cross-val ley profiles {Figures 26, 27, a nd 28) illustrate t he r elation of
t he buried bedrock surface t o the present l a nd sur face, the re l at i on of t he
present stream to t he bedrock, t he pos i tion o f t he pre s ent stream wi t h referenc e
t o the val l ey wa l l s, and the re l i e f of t he buried bedroc k sur f ace.

The wa l l s of the r iver channel a re composed of bedrock in many place s wi th
an al luvium cut-bank on the oppos ite side . In some r ea ches , t he s trea m f low s
on bedrock, a nd in others i t flows on a veneer of channel fi ll (bed mater ia l)
which may be as much as 20 f eet or more thick (accord i ng t o tes t bo r ings made
at bridge sites by t he Texas Sta te Highway Department). In s ome places a long
t he river bank, iso la ted exposur es of bed r ock ove r la i n by a lluv ium proj ec t f r om
a few feet to as much as 15 fee t or mo r e above the surface o f t he r i ver. The
l oca t i ons of Some of these isolated outcrops of bed rock are shown on Figur e s
23 and 24, and views of bedrock cropping ou t a long t he river a re shown on Fig­
ure 2 .

The approximate configuration of the buried bedrock s ur f a ce in mo s t o f t he
area be tween Wh i tney Dam and Washi ng ton Cou nty i s show n by means of co ntour s
on t he base of the a l luvi um (Figures 3 and 4). Data were inadequa te to s how
the base of the al l uvium where it is no t co ntoured .

Terra ce Al l uv ium

Sediments which in the past were deposi ted by the Brazos River a t var i ous
l evels above the present flood pl a i n are here in r e ferred t o as terrace a l lu­
vium. The present flood plain, t he younges t surface above t he stream, is d i s­
cussed as a separa te physiographic un it, and t he de posi t s underlying the f lood
plain a nd t he river i tself a re referred to as the f lood-pla in alluvium.

Deuss en (1924 , p . 114) has indicated tha t the age of t he t e rraces ranges
from Ple istocene t o Recent. He also sugges t ed t ha t some of the r i ver terraces
may be correlated with a seaward-facing terrace, bu t other s may be local, be ­
cause they may have been formed by tempora ry barrie r s on the stream and by
changes in t he na ture of the ma teria l which the s t ream encountered in the ero­
sion o f t he va l ley .

South of t he outcrop o f t he Wilcox Group (Figure 24) a r e wha t Deussen
(1914, p . 81, 83) has ca l l ed the hi ghes t, mi dd l e, and l owest Pleistocene ter­
races . He correlated t he lowest a nd middle terraces wi th the coastwise Beau­
mont and Lissie terraces . Simi la r ly Bernard, LeBlanc, and Ma j or (1 962, p. 206­
224) , in a di s cu s s ion of the Pleistocene geology of the lower Brazos River va l ­
ley (s omewhat t he same area worked by Deussen i n 1914) , stated " •.•Ea ch Plei!to­
cene River terrace and the modern flood plain can be traced seaward to whe r e
t he y merge wi t h equivalent coas twi s e de l t a i c plains a lso r e f err ed to as coast­
wis e terraces. " Deus se n ( 1924 , p , 114-115) recognized s eve n t e r r aces on the
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A.- Wilcox Group showing beds of lignite

B.- Massive sand in alluvium. Notice slumping

Types of Exposures

Whitney Dam and

Figure 2

Along Brazos River Between

Richmond (Sheet I of 2)

U S Geologicol Survey in cooperation with the Texes Wafer Development Boord
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c. Grovel lens in alluvium

D.- River channel in constr icted zone - looking

downstream. Wilcox Group exposed in bonks

Types of

Whitney

Exposures

Dom and

Figure 2

Along Brazos River Between

Richmond (Sheet 2 of 2)

u. S. Geolog icol Survey in coop eratio n with the Te xa s Water Developm ent Boo rd
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Bra zos River nea r Waco . The highest (hence t he o l des t ) t o which he referred as
the Uvalde terrace was about 310 f ee t ab ove t he bed of t he Braz os River . Te r ­
r a ce number 5 of De us s en ( 1924 , p . 114) , ra nging f rom 150 to 170 feet above the
be d of the river, was reporte d t o be gene ra l ly r e cogniza ble except near the sea ­
ward edge of the Coas t a l Plain. The l owest (or you nges t ) t erra c e , ranging f rom
30 t o 35 feet above the bed o f the st ream, probab ly i ncluded the flood plain
o f t he river.

The terrace-fo rming materia ls rest unconformab ly on bed rock and consist
mainly o f cla y , silt, sand, and grave l, somewhat cemented i n pla ces. Al t hough
the deposi t s may be as much a s 75 f e e t or mo re thick, the average wou l d probab ly
be cons i de r ab ly l e s s .

In ge neral t he o l de r (higher) terra c es , some of wh ich extend be yo nd the
report area, ha ve bee n diss ected mo re than the younge r (lowe r ) surfaces . Rem­
nants of the terr aces cap hilltops a nd stand as iso la ted bodies on the upland
surface, or cap r i ver-cut benches a t va r ious levels above t he flood- plain al lu­
vium. I n some places t he t errace materials , i f eve r deposited, have been re ­
mov e d by erosion . The loca t io ns an d ext ent of the t errace s are i ndica t e d o n
Fi gures 23, 24 , and 25 , and t he rela t ive pos i t i ons o f the terraces alon g the
river banks are i ndi cate d on s ome of t he pr of iles (Fi gures 26, 27 , a nd 28) .

This r e por t is conce rned with the te r ra ce al luvium only whe r e it i s hydr o­
logically connected with t he flood -p la in alluvium. Therefore, no f ur ther dis ­
cus s i on is ne ce s s ary concerning t he h igher (older) terraces, which have been
bo th geo l ogi ca l l y and hydro l ogically iso la ted f rom the f lood -plai n a l l uv i um
itself or from t he younger (lower) terraces bo rde r i ng t he flood- plain al luvium.
However, g round wa t e r is de r ived from some of t he i s o l a t e d bodies o f t errace
al luvium whe r e t he depths of the wel ls indicate t ha t t he deposits may be as
much as 40 or mo r e f e e t thick.

The positio n o f the t e rrac e a l luvium bordering the f lood-plain a l luv i um
at s ome places a long t he r i v e r is shown in the cross -va l l ey profiles (Figures
26, 27, and 28). On thes e prof i les, t he s urface of the borde r i ng t errace allu­
vium, which us ua l ly s lopes t owa r d t he riv e r , ra nges fro m about 10 t o 30 feet
above the surface of t he f lood-pla in a l luv ium. Where t he te rrace a l l uv i um is
hydraul ica lly connec ted to the flood-p la in a l luvium, t he terraces c on tribu te
wat e r dire c tly i nto t he f lood-pla i n al luv ium by unde r f low. The amoun t o f ground
water mov i ng from the borde r ing t erra ce a lluvium i nt o the flood - plain a l l uv ium
depend s not only on t he t hicknes s o f the s atura t e d zone but a l s o on the gra d i e nt
of the water t a ble and permeabi li t y of the s atur ated ma te r i al.

Th e permeabi l ity of t he water-bearing ma teria ls o f t he terrace alluvium is
not we l l known, but samp les f rom test ho les and the yie lds o f some we l ls i nd i­
cate i t is rather low. These da ta suggest t hat the amount o f wate r mov i ng from
the t errace alluvium into the f lood- plain alluvium is rather smal l.

Flood- Pla i n Al l uvium

The f l ood-pla in alluvium (Figures 23, 24 , and 25) rests unco n fo rmab ly on
the truncated surfaces of the bedrock f or ma t i ons and is compos e d of fine to
coa rs e red-tan sand, gr av e l, s ilt , and red -brown to brown cla y . The de position
probab l y was in stream cha nne l s and on the flo od plain by ove rba nk flow.
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The composit ion o f t he flood-plain alluvium diff e r s from place t o pl ace .
The indiv i dual beds or lens e s of sa nd a nd gr ave l pinch ou t or gr a de laterally
and vertically in t o fi ner o r coarse r materials. In ge ne r a l , the fine-grained
material is in the u ppe r part of the deposit; the gr av e l , whether mixed with
sand or c l e a n and well sorted, co mmo nly occurs in the lower part.

Whether the grave l was mi xe d with s and or wa s clean a nd well sorted could
not be determined fro m the samples collected from the test holes. Where the
alluvium wa s laid down by s tream-cha nnel deposition, lenses o f gravel with
va r i ab le degr e e s o f sorting co u l d be expected. Such a gr ave l lens in the allu­
v i um a long t he bank of t he Brazos River is shown i n Figure 2C.

Cla y va rying f rom r e d t o r ed- brown and ra ngi ng in thickness from about 5 to
a s much as 30 f ee t commonly occur s i n the u ppe r pa r t o f the flood-plain allu­
v i um. The composi t ion a nd t exture o f the c l ay va r i e s from place t o pla ce mainly
because o f di f fe rences in the amount of silt or sand intermixed with t he clay .
The clay ma y grade vertically into the underlying material , which is generally
a fine- grained s and or s i l ty sand, or the contact wi t h the unde r l yi ng materia l
ma y be a distinct and a bru pt change from cla y to sand.

The t hickness o f t he flood- plain a l luv ium, as indicated by t he cross-valley
profiles (Figures 26 , 27 , a nd 28), ranges from about 9 to mo r e t ha n 75 feet , the
avera ge be i ng a bout 45 fe e t. Upstream from Wa co the thickness , as i ndicated by
the depth of wel ls (Ta ble 9), is a bou t 35 feet or l e s s . Sou t h o f Rosenberg near
the downstream bou ndary o f t he report a rea , the th i cknes s is abou t 100 f eet.
The thickness increases be yond the r eport area t oward the Gulf of ~~xico .

Large quantities of s a nd a nd gr av e l a r e mined from gravel pits on the f l ood
pl a i n, the largest being i n t he v ici ni ty of Wa co and Hearne (Figures 20 a nd 21).
The t hicknes s of the a l l uv ium in t he pi t s is ap prox ima t e ly the same as indi ca t e d
by t he t e s t d r illing . A ver t ica l section at one pi t nea r Hea rne i ncluded
(starting f rom t he su r f ace) : 15 f eet o f c l ay a nd silt; 3 f ee t of sand; 8 feet
of sand a nd pea -s ize gr avel; 6 f eet o f so f t , da rk c l a y ; and 15 feet of clean
grave l a t the base . In a pit i n Brazos Coun ty , t he a l luv ium i s mo r e he t e r o­
ge neo us tha n t ha t i n o t he r pits.

In ge ne ra l, cons ide r i ng the flood-plain a l l uv ium as a unit, the s equence
of depos i t ion appears t o grade from fine gr a i ned at t he sur f a ce t o coa r s e
gr a i ne d a t the base. Al though t he ge ne ra l sequence does no t cha nge, the rela­
tive pos i t ions o f t he indi v i dua l cons t i tuents and their g ra in s i z e va ry f rom
place t o place due to the i nter finger i ng or pinch i ng ou t o f t he va r ious beds or
lens e s. The change f rom one type o f ma teria l t o a no t he r, or t he transition in
gr a in s ize both latera lly and ve r t ical ly, r a nges f rom s harp and distinct t o
gr adual . The gravel r a nges f rom pea s i ze or les s to cobbles about 5 i nche s i n
diameter , f rom c lean and well sor t ed t o uns orted. Boulder s as much a s 3 fee t
in d i a meter an d simi l a r lit hologically t o the be droc k we r e seen i n t he al l u­
v i um in a pit nea r Hearne. The gr ave l is compose d of fra gments of va r ious
types o f r ock such a s limes t one , freq uently elongated a nd flat; siliceous, wi t h
an avera ge or be tter de gree of roun dnes s; sandstone ; c onglomerate ; c lay balls;
a nd concre t ions . The lime s t o ne grave l s predomi nate in t he Waco a rea, whereas
t he gravels seemed to be predominan t ly sili ce ous i n t he a lluv ium downs tream
f rom Navasota .
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In mo s t places the bedrock is harder and more co mpac t t han the flood -plain
al luvium--thus the contact between the alluvium and the bedrock wa s readily
determined in most of the test ho les except where the bedrock cons isted of sed i­
ments of Quaternary age. Due to t he s imi lar i ty in the l i tho l ogi c characteris ­
t ics , on ly a provis ional i dent i f i cat i on o f t he contac t could be made in t es t
holes s out h of Hempstead.

Analyses of sand, silt , and small-size grave l from three d i s t ur bed samples
and 15 undisturbed samples from test holes, river bank , or gr a ve l pit are g i ve n
in Tab le 2 . Particle-size distribution curves for eight of the samples are
shown in Figure 5. The samples, however, canno t be cons i de r ed strictly r e pr e ­
sentative of the f lood-p lain a lluvium because gr ave l larger than the size of the
samp ler could not be obt a i ned .

GROUND WATER I N THE FLOOD- PLAIN ALLUVIUM

Hydrolo gic Pr opertie s of t he F lood -Plain Al l uvium

The capacity of an aqu ifer to yie ld wa t e r to wells de pe nds upon its hydrau­
lic pro pe r t i e s . The coefficients o f permeability, transmissibility , and stora ge
are terms used t o describe these properties wh i ch ma y be measured by field or
laboratory methods.

The coe f f i c i e nt o f permeabil ity is the rate of flow of wa t e r in ga l l ons per
day through a cross section of 1 s qua r e foot unde r a un it hydraulic grad i e nt .
The standard coefficient is defined for water at a temperature of 60°F. The
field coe f f ic ient of pe rmeability r equ i r e s no temperature ad jus tme nt, a nd the
un i t s are stated in terms of the prevailing water temperature.

The coe f f i c i e nt o f transmissibility is t he number o f ga l l ons o f wa t er that
wi l l move in 1 day through a ve r t i ca l strip of the aquifer 1 f oot wide a nd hav ­
ing the height o f the aquifer when t he hyd rau lic gradient is unity (Theis,
1938, p . 894) . This term represents the f ield coeffic i ent of permeability times
t he thickness o f the aquifer, in feet.

The co effi c i e nt o f stora ge o f an aqu i f e r is the vo lume o f wate r r e l eas ed
f rom or t a ken into storage per un i t surface area of the aquifer pe r un it change
in the component o f head normal t o that surface. For a n u nconf i ned aqui f e r t he
coefficient of storage is v i r t ua l l y t he same as the specific yi e l d , which is
defined as the unit volume of water that will dra in by gravity from a unit vo l ­
ume of saturated material.

Some of the wa t e r contained in t he interstices o f the wat e r - bear ing ma t e r ­
i a l wi l l drain by grav i ty ; some wi l l be retained by mol e cular at t r ac t ion . The
vo lume of wa te r retained , expressed as the r a t i o t o the t otal volume o f the
ma t e r i a l, is ca l l e d the "specif ic re t e nt i o n" of t he material. The s um o f the
specific yi e ld and specific re tent ion is equal t o the "porosity ," or the percen­
t a ge of void space contained in a ma t e r i a l .

During t he test-drilling program, undisturbed and disturbed sa mples of t he
f lood-pla in a l l uv i um we r e collected a t va r ious de pt hs in the t est ho l e s . Undi s ­
t urbed samples we r e also collected alon g the river ba nk a nd f rom the wal l of a
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Tab le 2 . - - Part ic le - s ize di stribut i on of samp le s of flood - p l ain a l l uvi um o f Braz os River f rom les t h ol c s~, ba nk o f river , and gra ve l pit

I Depth t o
Particle -size diameter, in mi llimeters (p ercentage of samp le)

We ll or Dept h wa t.e r be low Sa nd s izes Gra vel s i zes
s ampling s it e s ample s la nd su rface Clay s i ze S il t s i ze

( it ) (it ) . 004 - Very fine Fine Medium Coar se Very coarse Very Hoe Fine Medium Coar se Very coarse
.004 rom . 0625 rom .0625-.125 . 125- . 25 . 25 - .5 .5 -1. 0 1-2 2-4 4-B 8-16 16 -32 32 -64

JR- 39 -50 -108 11 -12 11. 1 6 7 .7 32.1 0. 1 0.1 -- -- -- -- -- -- -- --
JR-39-S0-824 38· -39 25 PI -- 5 .1 4 .5 17 .5 41.6 B.4 3 . 0 4 .1 7.1 B.7 -- --
JR-39 - 50-826 19 -20 15 .0 55 .5 33 .9 6. 2 3.4 .6 .4 -- -- -- -- -- --
JR-39-S0-826 Jl -32 15.0 -- 2.0 . B 12.4 77 .0 7. B -- -- -- -- -- --
WK - 59 -0 J-424 22 -23 20 PI B.B B2. B 8.0 . 2 . 2 -- -- -- -- -- -- --
WK- S9-03-4 24 36 -37 20 PI -- 5.4 7.9 44.0 37.2 3 .8 .8 . 8 . 1 -- -- --
WK-59-o3-423 20. 5 -2 1 Dry -- 3. 7 1. 5 7.3 17.6 13.1 13. 3 13.6 14.0 15.9 -- --
WK-59 -11-329 21 -22 19.8 64 . 5 35.3 .1 .1 -- -- -- -- -- -- -- --
WK-59-U-J29 42 -43 19.8 2. 2 14 .0 44.2 38.0 1.6 -- -- -- -- -- -- --
WK-59 -20 - 117 32. 5-32. 75 39 .0 13.4 7.4 7.7 21.6 3) .2 3.0 1. 0 2.5 2.2 8.0 -. --
85 - 59-29"""35 27 -28 18 .1 5. 2 24 .0 59 .8 9.0 2.0 -- -- -- -- -- -- -.
BS -59-29-811 About 46 14 PI 77.6 20.4 .6 .8 .5 .1 -- -- -- .- -- --
Sampling

site 1 Riv er bank -- -- .7 1. 4 3 . 6 12. 5 7.8 4 . 1 5. 0 8 .5 21.3 35.1 --
Sampli ng

s i te 2 do -- -- .7 1. 0 3.1 4.1 4.7 10.3 16 .0 21.2 27.9 n ,o --
Sampling Bank of

s i te 3 gra ve l pit -- .- 1.5 LO 1.4 5. 2 4 .6 7. 9 IS. 1 27.4 35.3 -- _.

BJ-59 -20 -542 59 -64 Sf -- 4 .0 3. 3 4.3 14.4 36 .2 8.4 5 . 5 10 .2 10 . 5 3. 2 _. --
WK -59-12-725 40 - SO Sf 36 PI 6.5 10 . 7 30 .3 13.4 19. 4 10 .6 3.4 2. 3 1.8 1.6 -- --
BS -5 9-2 9-525 SO -58 Sf 31.8 3.6 5.• 10.6 B. 3 18 . 0 6 . 0 6 .3 11.7 15 .6 11. 2 3. ) --
~ Col lected wi t h 1- or 2-1 nch s ampl er .
~ Est i mat ed water l e ve l .
9 Bag ( grab) s ample co l l ec t ed { rom dr i l l aug~r .
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gravel pit . The sampl ing poin ts, o the r t ha n t est ho les , a r e show n on the we l l ­
location map (F igu re 20) . The s ampl es wer e a nalyze d i n the U.S . Geological
Survey ' s Hydro l ogi c La boratory at Denver, Colorado; t he hyd rau l ic pr oper t i e s
of t hese sampl es a re summa r i z ed in Tab l e 3 .

The pe rmea b i l i ty of t he s amples , as de t e r mi ned i n the l aboratory , r a nged
from 0 .001 to 18,000 gpd (gal l ons pe r da y) pe r squa re foo t . Sampl es cons i s t ing
almos t ent i rely of c lay and si l t from t es t holes J R- 39- 50-108, JR- 39-50- 826
( taken a t 19- 20 fee t) , a nd BS-5 9-2 9- 811 had permeab i l i t i e s o f 0 . 006 , 0 .002, and
. 001 gpd pe r squa re foo t , respe c t i ve l y (Table 3) . The da t a i n Tables 2 a nd 3
fo r samples from s ampl ing s i t es 1, 2 , a nd 3 show t hat t he perce nta ge of clay,
s ilt, and fine sa nd i s l ow; t he pe r ce nt age o f gr ave l - s i ze ma t e r i a l in ea ch s am­
ple exceeded 50 percent; a nd t he pe rmea bi l i t y of each sample is hi gh.

Among the fac to rs that de t ermine the pe rmea b i l i ty o f a mat e r i a l , o t he r t han
gr a i n s ize, a re t he sorting a nd shape o f t he gra i ns . We ll -s or ted ma t e r i a l ha s
a h igher permea bility t ha n poorly sorted ma t e r ia l . I n t he l atter, t he por e
spa ces be twee n t he l a rge pa r t i c les are par t l y fi l led by smaller - size particles .
The r esultant pore spa ces a re suc cess ive l y fil l ed with finer ma t e r i a l s whi ch
even t ua l l y fo rm a ma ss with a low de gr ee o f pe r meab il i ty. Acco r d i ng t o Tab les
2 a nd 3 , t he s ampl e t ake n a t a de pth o f 31-32 f ee t from we l l JR-39-50- 826 con ­
s i s t ed o f a l most 85 percent medium- and coa r se-gr ained sand, about 12 percent
of fi ne sa nd, a nd mino r amounts of ve ry f i ne sand , c l ay, a nd s i lt; t he pe rmea ­
bil ity of th i s sample was 800 gpd pe r s qua re f oot. The s ame t ables show that
t he sample f r om we l l JR- 39-50- 824 cons isted of a bou t 50 pe r cent med i um- a nd
coa r s e-gra ined sa nd a nd lesser amou nt s o f grave l , f ine a nd ve r y f ine sand, c lay,
a nd s i l t; t his sample had a pe rmeabil i t y o f 2.

Laboratory de te rmi nat ions i ndicate only the pe rmeabi l i ty o f t he sample--a
mi nu t e pa r t of the a lluvia l deposi t . They do no t reflec t t he co mplex r ela tion­
ships t hat exis t between the va r i ous t ype s a nd gra i n size s o f mat e r ial in the
depos i t . The l a boratory va lues a re, therefore , a n i ndex o f the expe cted range
o f pe rmea b i l i t ies in t he mat e r ials o f t he deposi t.

The coe f fi c ient o f t ransmis sibi li t y is best determin ed by f ie l d pumpi ng
tes ts if t he tes ts a re proper l y r egulated . Howeve r , arr a ngi ng f or co n t r o l l ed
t ests t o obtain relia b l e da ta i s some t imes difficu l t . I n t he report a r ea, the
wel ls a re c losely spaced , t he wate r tab le i s a t a sha llow depth be l ow the l and
surface a t many places, a nd the soi l i s sandy i n some place s . Henc e pumping
t ests made dur ing the i r r i ga t i on season would be sub ject t o i nterfere nce from
nearby pumping we l l s and poss i b l e infil t r a t i on t o the wa t e r t able o f irr igat i on
water. On the ot he r hand , if t es t s wer e run dur i ng the noni r riga t i ng s eason,
t he pumped wat er woul d be wa s ted because it wou l d have t o be t rans por t ed a l ong
d i s t a nce away t o avo i d pos s i b l e l oca l infi l t ration to the wa t er table.

Howeve r, s everal sho r t - term pumpi ng t es t s , ranging f rom 3 t o 24 hour s in
du ra t ion, were made du ring the i nves tiga tion . The transmis sibi l i t y va lues de ­
termined f rom t he tests r anged from a bou t 50, 000 t o ove r 300, 000 gpd pe r foot.
The y shou l d be us ed wi t h caution , howeve r, be cause the t e sts we r e t oo s hort and ,
i n s ome t e s ts , a pa r t o f the wa te r di scharge d seeped downward t o the wa t e r
tab l e.

The s peci fi c capac ity of a wel l, wh i ch is t he r ate o f i ts yi e l d per uni t
of drawd own, i s de t ermined by divi ding t he d ischa rge i n ga l lons pe r mi nute by
t he drawdown, i n fee t. The va lue wi l l va ry with t he hydr a u l i c pro pe r ties o f
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Table 3. --Labora t ory de t ermi na t i ons of hydr ologi c properties
of sampl es of flood -pl ai n alluvium of Brazos River!!!

Well or Depth Specific Porosity Specific Coefficient of

sampling site sampled retention (percent) yi eld perme abi li t y
(ft) (per cent) (percent) (gpd per s q f t )

JR-39 -50-108 11 -12 -- -- -- . 006

JR-39-50-824 38 -39 4 .2 27.3 23 . 1 2

JR-39-50-826 19 -20 52.0 38 .5 -- . 002

JR-39-50-826 31 -32 1.1 36 . 5 35 .4 800

WK-59-03 -424 22 -23 15. 6 43.5 27. 9 15

WK -59 -03-424 36 -37 3 .5 34. 8 31.3 150

WK-59-03 -423 20 .5 -21 7. 8 24. 7 16.9 290

WK-59 -11 -32 9 21 -22 44. 1 48. 5 4 .4 . 8

WK-59 -11-32 9 42 -43 4 .4 35 .4 31.0 29

WK-59-20-117 32.5 -32 . 75EJ 13 .5 40 . 1 26 . 6 3,400

BS-59-29-435 27 -28 7.5 35 .8 28.3 9

BS-59-29-811 About 46 40 .8 59 . 5 18.7 . 001

Sampling s i t e 1 Ri ver bank 3 .8 28 .6 24 .8 2,600

Sampling s ite 2 do 11.3 32.3 21. 0 14, 000

Sampling site 3 Bank of
gr avel pi t 12 .4 34 .7 22 .3 18, 000

BJ-59-20-542 59 -649 5 .4 29 .1 23.7 43

WK-59- l 2 - 725 40 -5 09 9.6 36 .3 26. 7 4

BS-59-29-525 50 -589 9.4 25 .4 16.0 1

!!! Collected with a 1- or 2-inch sampler .
EJ Samp ler cylinder not full; probably dis turbed .
9 Bag (grab) sampl e co llected from dr ill auger.
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t he aquifer and with we l l - co ns t ruc t i on facto rs) such as : t he diameter of the
well, the t hicknes s of the aqu i fe r, t he t ype a nd amo unt o f pe r fo r a t i ons in the
ca sing, a nd the met hod and amoun t o f we l l dev e lopme nt . The length of time the
we l l has been pumped pr io r t o measu rement a nd t he r ate o f discharge a l so a f fe c t
t he s peci f i c ca pa c ity.

Dur ing t he summe rs of 1963 and 1964, a to ta l of 35 1 drawdown and di s charge
measur eme nts were made i n we l ls (143 in 1963 , and 208 i n 1964) pumping f r om the
alluvium i n t he r epor t a r ea (Table 9). Ma ny of the we l l s measured in 1963 were
r emeasur ed in 1964. The ca lcula ted s pec ific capacit ie s ranged from 6 to 134
gpm (ga llons pe r minute) pe r foot o f drawdown .

The specific capa cities are use f u l i n estimating the coeff i c i ents o f tra ns ­
miss ibi l i ty . I n gene ra l, h i gh spec ific capacities indica te hi gh transmissibi li­
ties- - low spec i f ic ca pac it i es , low t r a nsmis s i b i l i ties . In mo s t cas es t he f a c­
t ors affec ting specific capac ity do so adve r se ly, and the a c t ual co e f f ic i e nt o f
tra nsmis sibi l i t y is gene ral ly gr ea t e r than t hat computed from s pecific- capacity
da ta .

Based on the 351 specif ic capaci t i es, mo s t o f which were measured i n t he
pr i ncipa l irrigated sec t i on o f the r e por t a r ea in Burles on , Bra zos , Ro be rts on,
and Falls Count ies , the coe f fic ient o f transmissibi li t y ranged be twee n 7,300
and 208 , 000 gpd pe r foo t and averaged about 42,000 gpd pe r ft. Twenty-one pe r ­
ce nt of the va lues were less t ha n 20,000 gpd pe r f oot , 42 pe rcent wer e in t he
ra nge from 20,000 to 40,000, 19 percent in t he r a nge f r om 40,000 t o 60 , 000 , and
18 perce nt we re above 60,000 .

The speci f ic y ield o f t he s ampl es f r om t es t ho l es , as de termined by labo r a ­
t ory me thods, r a nged f r om 4. 4 to 35.4 percent, ave r a gi ng 23 .6 pe rcen t (Table 3) .
The cent r ifuge mo isture-equivalent me thod was used i n t he l a boratory t o dete r ­
mi ne the specifi c r e t e ntion of t he a lluvium s amples . Smi th (1961 , p . A- I I)
i nd i cated t ha t specific-yie ld va lues obta ined from cent r i f uge mo is t ur e - · .
equ ivalent data , e s pecia l ly f or fi ne -grained ma te r ia l, may be t oo h i gh because
the cent r ifuge tends to expe l mo re wate r t ha n wou l d drain by grav i ty . Thus, if
t he specific r e t e ntion is l ow, t he d i fference bea,een i t and t he porosi ty
(specific y i e l d) wou l d be h igh .

Cronin and o thers ( 1963, p . 119) a s sumed a spec i fic yi eld of 15 pe r cen t in
es t ima t i ng t he quanti ty o f wat e r in the flood- plain a l l uvium o f the Brazos
River . This assumed value is somewha t be low the average of the spec i f i c - yi e l d
va lues de t ermined in t he laboratory (Tab le 3) . Nevertheless, 15 pe rce nt prob­
ably is a r eas ona b l e , pos sib ly conserva tive, es t ima te of t he specif i c y i e l d o f
t he a l luv ium .

Occurr enc e of Ground Wa te r

Ground wa te r occur s i n the i nt ers tic e s o r pore spaces o f t he unconso l i­
dated sand , gr ave l, si l t, and clay of the flood -p la in a lluv i um. Al t ho ugh t he
ground wa t er i s , i n genera l, under water- tab le co ndi t ions, l ocally ar tesian
conditions occur whe re lense s o f pe rmeab le sand a nd gravel a r e in terbedded wi th
or over la in by l es s pe rmeab l e ma te r ia l. Water-table condi tions occur wherev~r

the upper surface of t he zone of satura tion is under atmospheric pressur e on ly
and i s free t o rise or f a l l wi t h t he changes i n the vo l ume of water stored .
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The l evel at which water stands in we lls tapping an unco nf ined aqu i fe r defines
t he s urface known as the wat e r table . Artes ian (confined) conditions occu r
where wa t e r in an aquifer is confined under hydrostatic pressure by relatively
impermeable beds and will rise in a well above the base of the confining bed.
The level to which the water wi l l rise in a tightly cas ed a r t e s ia n we l l is
ca l led the piezomet r ic surface .

During the test-drilling pr og r am, the wa t e r level was mea sur ed in each test
hole whe r eve r possible . The se measur ements a nd t hose made i n other we l l s sh owed
that t he depth t o wa te r be low land surfa ce i n t he r e por t area r a nged from l ess
t han 10 t o a lmost 50 fee t (Tabl e 9) •

Ground-Wate r Movement

The co nf igur a t ion o f the wa t e r table for parts of t he report a r ea during
t he winte r of 1962 and t he s pring of 1963 i s shown by means of contours on
F igures 6 a nd 7. From t hese maps the direc t ion of moveme nt of t he wate r and
t he r elation of the wat e r in the a l l uv i um t o the wat e r in the rive r can be
determined. Ground wa t e r tends to move in the direction o f the grea t e s t slope
of t he wate r t able, whi ch is perpe ndicu lar to the cont ou r l ines on the maps ,
f rom areas of recharge t o areas of discharge.

The da ta on t he cross - va l l ey pro f i l e s (Figures 26, 27, and 28) and t he
wate r - tab le maps (Figur es 6 and 7) i ndicate t hat t he ground wa ter in t he a l lu­
v ium normally i s a t or above the wa te r surface in the river . Fr om a h igh a l t i ­
t ude near the va l l ey wa l l s the wa t e r table slopes downward t owar d t he Brazos
River. The ups t r eam trend , or flexure, of t he contours on the wate r t able
indica t es t ha t t he Brazos River i s an ef fluent or ga ining s tream. During high­
wate r s tages in t he river, however, wa t e r from t he river infiltra tes the a l l u­
v ium and the gr ad i ent o f the water table in a small area adj a ce nt t o t he stream
is t emporari l y r eversed. After the riv er sta ge becomes l owe r , t he wat e r drains
from t he alluvium, a nd t he wa t e r table a gain r etur ns t o its norma l posit ion .

South of Wa co the ground water moves t oward t he r ive r in a di rec t io n rough­
l y para llel t o c ros s-va l ley profile 1 (Figur e 26) . Here t he water tab le s lopes
at abou t 3 f eet per mi le . Sou t h of Hempstea d t he s lope of the wa t e r tab le is
abou t 4 f eet per mi l e, and south of Richmond, near the downs tream bou nda ry o f
t he r e port area , the wa ter table slopes towa r d t he r i ver at a rate of abou t 10
fee t per mi l e .

The slope of the water table in Fal ls, Rober t so n, Brazos, and Burleson
Counties, the principal irrigated sections of the r e port area , can be de t e rmi ned
f ro m t he contour s on t he wa t e r t able (Figur e 6). For exampl e , a l ong a line
th rough wel ls J R-39-50- 906 and JR- 39-58- 204 , r ough l y pa ral l e l to the Fa l l s ­
Robert s on County line, the water table slopes toward the river at abou t 7 fee t
per mi l e. Southwest o f Calvert , the slope o f the wat er table is sl i ghtly l es s
t ha n 10 fee t pe r mile along a l ine t hrough wel l s WK- 59-03-502 and WK- 59-03- 703 .
Along a line r oughly parallel t o U.S. Highway 190 nea r Hearne i n Robert so n
County, the s l ope is about 7 feet per mile. Approximately 2 mi l es no r t h o f
Fa rm Road 60 in Burleson County , t he wa te r t able slopes a t abou t 6 . 7 f eet per
mile along a l i ne drawn t hrough we l l s BS - 59-28-90 l and BS- 59- 29-522 .
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EXPLANATION
o

Well used for con1ra l

--60--
Water toble con tour

Shows approx imate alt itude of water tab le
Dashed where in fer red
Contour intervol5 feet

Da1um is mean sea level

a 2 3

Figure 7

Water- Table Contour Map, Vicinity of Sugarland, 1962-63

u. s. Geologico l Survey in coopera ti on with the Te xas Water Deve lopment Boord
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The slope o f the water table a l ong Farm Road 1373 in Robe r t son Cou nty in
December 1940 and January 1941, pr io r to the completion o f Mo r r i s Shep pard and
Whitney Dams , a nd in March 1963 are shown in Figure 8. The prof i l es s how that
t he wa t e r table s l o ped toward the Brazos River even before the na t u r a l stream­
f low of the river had been a l t e r ed by the impoundment of wate r behind da ms
u pstream from the re port area.

Between t he Robert son- Br azos County l i ne and State Hi ghway 21 t he con tou r s
s how a de pres sion in t he wa te r tab l e (Figure 6) . The de pre ss ed a rea is sepa ra t ­
ed f rom t he Brazos Ri ver on t he we s t a nd s outh by a ground -water ridge . The
de pr e ssio n in the wate r t able probably ca n be attributed t o the wi thdrawa ls of
ground wate r by wells from the Sparta Sa nd , whi ch und er lie s the alluvium in t he
de pres sed area. About 4 mi les south (downdi p from the depressed a rea i n the
wate r t ab le ) , gr ound water is pumped from the Sparta Sand f or public supp l y f rom
we l l s owned by t he Texas A. & M. Unive r s i ty (Figure 21). I n addit ion , Some
wate r is pumped from wells ta pping t he Sparta Sand i n t he v icini t y o f well
BJ- 59- 2 l-7 14 (Figure 21) . Doubtlessly , the pumpage ha s res ulted i n a decl ine
i n the wat er l evel s or artes ia n pressure in the Sparta Sa nd , a nd as a cons e ­
quence , gr ound wa t e r from t he alluvium of the flood plain may now be mov ing
downward int o t he Spa r t a Sa nd in response to a difference in head.

The r ate of gr ound -wat e r moveme nt , which ge ne r a l ly is ve ry s low, i s propor ­
tional to the permeability of the water-bear ing material and the slo pe of t he
water t able . Acco r di ngly, in the alluvium of the flood plain th is r a t e undou b t ­
edl y varies from pla ce to place because of differences in t he permea bility of
the water-bearing materials and changes in the hydraulic grad ien t.

I f the permeabili t y a nd porosity of the water-bearing ma te r ia l s and the
s l op e o f the wate r tab le are known, t he avera ge velocity o f t he gr ound wate r
percol ating th roug h the mate r i a l s ca n be comput ed by the f or mula (We nzel, 1942,
p , 71):

v =
PI

7 .48p

in which

v =
P =
I =
P =

veloci ty i n f eet pe r day,
permeabil i ty in ga l lo ns per day per square f oot ,
s lope of t he water t a b le in feet per f oot (expressed a s a ratio ) ,
poros i t y, expr ess ed i n pe rcent, a nd 7.48 is a fa ctor fo r ' conve r t i ng

ga l l ons t o cubi c fee t .

The permeab i l i ty o f a s ample from test ho le J R- 39- 50- 826 wa s 800 gpd per
squa re f oo t, and t he poros ity of t he sample was 36.5 pe rcent (Ta b l e 3). The
s lope of the wate r ta ble i n t he v icini ty o f this test was 0 .00064 . Hence, the
ve loc i ty was comput ed t o be 0 . 187 feet per day, or about 70 fee t pe r yea r .

Simila r l y , t he slope o f t he wa t e r table in the v i c i ni ty o f te s t ho le
WK-59-03-423 was 0.00 133 . The value s f or permeabil ity and porosi ty o f a samp l e
from th is t est hole , a s given in Tab le 3, were 290 gpd pe r squa re f oo t a nd 24 . 7
percent , r e spe ct i vely . By subs tituting t hese values in t he same f ormula , the
ve loc i ty o f the ground wa te r at the site of test hole WK- 59- 03 -4 23 was comput ed
t o be 0 .2 08 feet per da y , or abou t 75 f eet per yea r .
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Prof iles of Water Table Along Form Road 1373, Robertson County,

Winter of 1940 - 41 and Spring of 1963

u. s. Gecloqicol Survey in cooperation with the Texce Wafer Development Board
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Wate r-Level Fluctuatio ns

Prior t o ab out 195 6, few de p th - to -wate r mea su r emen t s had be en made in wel l s
i n the f lood- pla in alluvium of the Brazos River . Heas urements were made in s ome
well s in 195 6-57 in Robertson , Bra zos , and Burleson Counties by Hughes and HcGe e
(1 962), and starting in 1957 , the Texas Board of Water Engi neers i n coope ra t ion
with t he U.S. Geo l o gi ca l Survey establ ished a ne two rk o f 28 ob s e rva t i on we l l s
in the a l luvium, whi ch were me as ure d at l east once a ye a r . Depth-to-wa ter me a ­
s urement s i n some we lls were made i n 1960 as a par t of a reconnaiss ance study
of the gro und water i n the Brazos Rive r ba s in (Cronin and ot he rs , 1963). Re ­
co rds of al l o f these measurements have been i ncorporated into this repor t.

Dur ing t he fieldwork for th is r e por t , a ne t work consisting o f 124 obse rva ­
tion wel ls was es tab lished. Wate r l evels in the se wells were meas ur ed qua r t er l y
if possible , a lthough many of t he we lls cou ld no t be measured i n t he summe r whe n
t he y were being pumped to supply water for i r riga tion. A large perce nt a ge o f
t he observation we lls a re i n the heavily irrigated section o f t he r e port a r ea .
The depth-to-water measurements for t he s e and o ther wells a r e g i ven i n Ta ble s 9
and 11.

The hydrographs of wa t e r - l eve l measurements in 28 selecte d obs erva t i on
wells are shown in F i gur e s 9 to 13 . Many of t he hydro graphs show a pattern tha t
i s s imilar and related t o t he r ainfa l l pat t ern. The drough t peri od , wh ich un ­
doubted l y had been accompanied by large withdrawa ls of wa t e r for irriga ti on,
ended about 1957 . From 195 7 t o a bou t 1960 , r ainfall was near or above normal
(Tab le 4). Consequen t ly, t he decreas e in pumpage was accompanied by an increas e
in r e cha r ge . As a r esult of t he ab ov e normal r ainfall in much o f the report
area in 1961, water l eve l s reach ed near or record highs in most o f the ob s e r va ­
tion wells. During t he next 3 yea rs, 1962- 64 , howev er, rainfall was be low
normal i n par ts o f t he report a rea. Consequent l y, pumpage o f ground water for
irrigation increased ma r ke d ly and water levels declined in most o f t he ob se rva ­
tion we l l s . Sign ificant ly, in t he winte r of 1963-64 , the wate r level in many
wel ls did not return t o the level exis t ing prior to the 1963 irrigation s eason.
I n f a c t, in 1964 t he wa te r l ev e ls i n most of the obse rva t ion we l l s were at r e­
co rd l ows.

The hy drog r a ph of well B3-59-20-603 (Figure 13) in Braz os Coun ty s hows t ha t
in ge ne ra l t he wat e r level in th i s well has decl ined steadily si nce 1957, exce pt
i n 1960- 61 whe n the leve l rose s lightly . This well i s i n the a r ea of the de­
pre ssion in the water table (Figure 6), a nd t he declining wate r l eve l may be
at tributed to t he dec line i n artes ian he ad i n the underly ing Sparta Sand , which
is in direct hydra u lic conne c t ion with the a l luv i um. As mentioned previous l y,
large quantities of ground wa te r are pumpe d f rom t he Sparta Sand a few mile s
south of the wel l.

Recha rge

The ground-wa t e r reservoir in the alluvium of the Brazos River flood pl a i n
i s recharged pr i nc i pa l ly by precipitation on the flo od plain which i s au gmente d
t o some extent by runoff from adjacent valley wall s lopes.

Oth e r s ource s of recharge to t he alluvium are i nf i l t ra t i o n from streams
(natural and induced), underflow f rom the te r race alluvium, ve r t ica l and l ateral
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Tab le 4 . - -Annua1 prec lp l ta tion, i n inches , a t Co l l ege Sta t ion, Sugar 1and,
Waco, and Whi t ney Dam, 1957 -64, and depar t ur e f rom norma l pr ecipi t a t ion

a t Sugar land and Wa co
(From recor ds of U. S . Wea t he r Bur eau)

1957 1958 195 9 1960
De par r Depar - Depar - Depar -

Preci pi- t ur e Pr ec i pi - ture Pr ec i pi- t ur e Pr ecipi - t ure
tat i on f rom t a t i on f r om tati on f rom t at i on f rom

norma l norma l normal normal

Co llege Sta t ion 56 .10 -- 43 .3 7 -- 41. 38 -- 45 .5 7 --

Suga r1and 51.66 8 .43 3 7.2 2 -6. 01 62. 94 18 .3 2 59 .18 14. 56

l;aco 48 .91 15. 96 35 .3 1 2 . 36 33.81 . 86 29 .63 -3. 42

Hhi t ney Dam 43 . 64 -- 31.91 -- 41.4 1 -- 32 .72 - -

1961 1962 1963 1964
Depar - Depar - De pa r r Depa r -

Prec i pi- t ure Prec ipi- ture Pr e cipi - t ur e Pr ec i pi - t ure
t at i on f rom ta tion f rom t a t i on f rom t a t i on from

norma 1 n orma l norma 1 norma 1

Colle ge St ati on 44 .02 -- 3 7.39 -- 29. 54 -- 34 . 78 --
Sugar land 48 .42 3 . 80 39 .49 -5 . 62 30 .85 -14. 26 35 . 70 - 9. 41

\;aco 42 . 71 9. 76 22 .60 -9 .48 19 .57 - 12. 51 29.32 -2. 76

Wh i tney Dam 47 .18 -- 30 .30 -- 19 .08 -- 29 .26 --
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movemen t of wate r f rom a d j oining bed rock , i nfiltra tion of s ur f ace water applied
fo r irr i gation , and i nundation o f the flood plain or pa r t s o f it by flood
waters . Because r echarge f rom most o f t he s e s ources may be l oc al a nd limi ted to
smal l a reas o r be ca use of an in t errelat i o ns hi p between s ome o f the s ources, it
was no t feasible t o e stima te t he amount o f r e cha r ge from thes e sou r ce s . How­
eve r, i t i s proba bly on ly a small part o f the t otal amount o f recharge.

Part o f t he pr e c ipi ta t ion fall i ng on t he fl ood pla in i s l ost by surfa ce
runoff to t he Brazos Rive r and its tr ibutar ies ; ano the r pa rt i s retai ne d tem ­
pora r i ly i n old r i ver channe l s , ca na l s, surfa ce dr a i nagew ays, and o the r depr e s ­
sions , or i n the so il c los e t o t he land surface from wh ich it evapo rates or is
t ra nspi red by pl an ts . A s ma ll part, ge ne r a lly no t mo r e than a f ew pe rce nt in
the r e port a r ea, pe rco l a t e s downward be l ow the r oot zon e and eventua l ly re ac hes
t he wat er ta ble and becomes a pa r t o f t he gr ou nd wa t e r i n stora ge in the a l lu ­
v ium.

The amount of recharge t o t he flood- plain al l uv i um from precipita tion can
only be es t ima ted . The proce du r e used i n estimating the re charge from precipi ­
tation fo l lowed tha t des c r i be d by Keech and Dreeszen (1 959, p. 45 -48 ) in wh i ch
the d iffe rence in gr ound-wa t e r f l ow est ima t ed between t he ups t r eam and down­
st ream s ection s o f s a tura t ed a l luv i um between two su cce s sive fl ow l i nes is equa l
t o t he es tima ted inf i l t ra t ion by pr ec i pi t a t ion .

On thi~ basis, the es t ima ted a nnual r echarge be tween t wo sections in Bur le ­
son County about midway be tween the east-west highwa ys 21 a nd 60 was about 5 .5
i nche s . Us i ng the s ame me t ho d , the a nnual recharge betwee n t wo sections nea r
hi ghway 190 wes t of Hea r ne i n Robe rtson County was es t imated to be about 1.7
inches . Cl a y i s predominant a t o r close t o t he land surfa ce and above t he wate r
tab le i n the v icini ty of th e s ec t ions near Hearne, whe reas t he mate r ia l above
the wa te r t a ble in t he v ic i ni ty o f the sections in Bur l eson Coun ty is mo re
sandy . This sugges ts t hat the pe rme a b i l i ty o f t he so i l is grea te r in t he vic i ­
nity of the Bur leson Coun t y sec t ions - - t hus a ccounting for t he h ighe r rate of
r echarge.

Re charge was a lso e s t i ma ted by the same method a t f our o t he r l ocations i n
Fa l ls, Rober tson, and Bu r l eson Coun ties , all in the princi pa l i rriga t e d s e c t i on.
The estimated annua l recharge compu t e d at ea ch of t hos e fou r l ocations was 2 .1
i nc he s in Fa l ls County, 1 .8 and 2 .6 inches i n Robertson County, and 5.3 inches
in Burleson Coun ty . The av e rage of t he es t ima ted annual rec ha r ge at the six
locations was s ligh t ly mo r e t ha n 3 .0 inches, or, in ge ne ra l, somewhat less than
10 pe r ce nt o f the a nnua l precipitat ion. The estima tes may i nclude some r e char ge
from s ource s othe r tha n preci pi t at i on , s uch as return wa t e r from irriga tion ;
howev er, t his qua ntity i s probab l y s ma l l .

On the bas is o f wate r - leve l fluctuation s , Cron in and other s (1963, p. 119)
es t imated t he recha rge to the a l luv ium be tween the H i l l -~kLennan County line
and abou t highway 290 wes t of Hempste a d i n Wa ller Cou nty a t about 100,000 acre ­
feet pe r yea r dur ing the 4-yea r pe r iod 1957- 61. Tab le 4 shows the annua l pre ­
cipitat ion a t fou r s ta t io ns and departure from normal prec ip itation a t two
s ta t io ns wi th in or ad ja cent t o the r e por t a r ea . The informat i on given i n the
t a ble shows tha t t he a nnua l pr e c i pi ta t ion wa s above no rma l at the stat i ons
during much of the pe r iod 1957- 61. The area of t he flood plain fo r which this
estimate was made included about 565 s quare mi l es (36 1,600 acres) . Assuming
that the recharge was d is t r ibuted ev en ly ov e r the 565 -square -mile area, the
amount of recharge per squa re mi le would have been about 177 acre -feet, or a
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little l e ss t han 3t inches pe r yea r . This fi gure i s abo u t t he same as that
determined by the other met hod de scribed above . If the f igure is va l id f or the
enti r e r e port a rea, t he t o t al r e charge f r om t h i s source wou ld be abou t 155 , 000
acre- feet pe r yea r .

Recha r ge to t he f lood - plain a lluvium migh t be i ndu ce d t o a small ex t e n t i n
places by pumping la r ge -capacity we l l s near the Brazos Rive r . The pumping cou ld
reverse the hydrau lic gr a d i e nt so t hat t he wa t e r would slope f rom the river
t oward the we l l s , thus causing the wat e r t o move i n that direc tion . As o f 1964,
however, v e r y few la r ge-capacity we l l s we r e near the Braz os River (Figures 20,
21, and 22) , and it seemS l ike l y that v e r y li t t le r e charge i s a c t ua l l y induced
from t he r i ver.

The flood plain o f the Brazos Ri ver , or parts of it i n the re port area ,
ha v e been i nu ndated at times i n t he past by floods from the Brazos Ri ve r and i ts
tributaries. The na t ural streamflow ha s been regulated somewhat by the con­
s t ru c t ion o f dams upstream f rom th e re po r t a rea on the main stem o f t he river
a nd some of its t ribu taries. However, f looding wil l pr obably cont i nue to oc cur,
and a t t i mes parts o f t he f lood pla in wi l l be inunda ted. The natura l levees
present i n places a long the stream a re ev idence o f bank ov er f l ow i n pas t hi s ­
t ory . Such overf l ow wi l l pr obab ly occur again in places. The flood-plain a l lu­
v ium would undo ub ted ly r e ceive some r e cha r ge as a result o f t he f looding and
i nundation o f t he flood pl a i n . However, t here was no fl ooding dur ing the fie ld ­
work for this re port, a nd data on which a n estimate cou l d be made o f r e charge
due t o pa s t f l oods are no t avai l able.

Discha rge

Ground wa te r i s d i scharge d from t he a l luv ium o f t he flood plain principa l ly
by seepage a nd spring flow i nto t he Brazos River , evaporat i o n and transpira tion,
and we l l s . Smaller quantities of gr ound wa t e r are dis charged by springs and
by downward pe rco lation into the und e r lyi ng bedrock .

Maps s howi ng contours on t he wa t e r t able (F i gures 6 and 7) and r e cords o f
the altitude of t he wa te r table in individua l we l l s indica te t hat ground water
is being d i s cha r ge d from t he a l l uv i um into the Bra zos Ri ver. The quant ity of
dis charge wa s not measured ; however, it can be estimated knowing the transmis ~

sibility of the a l luv ium and the a pprox ima t e hydraulic gra d i e nt in t he reach of
t he Brazos River between t he Falls-Roberts on County line and Br yan . The sa tu­
rated thickness o f the alluvium adjacent to t he r i v e r in t he 56.4-mi le reach
averages about 20 fee t (Figure 19) . The permeabi l i ty o f t he a l l uvium a long the
line of 20- foot t hi ck nes s i s ab ou t 800 gpd pe r square foo t , which mu l t ip l ied
by the t hi ckness, g ives a tra ns missibility of 16 , 000 gpd per f oot. The average
gr ad i e nt of the wa t er table a long this li ne is abou t 9 feet pe r mile . On the
ba s i s of these va l ue s , t he qua n t ity o f wa t e r movi ng through the 20-foot section
of the alluvium on the l eft side t o the Braz os Rive r is approx i mate ly 25 a cre ­
feet per da y ( 8 mgd), or about 9, 000 a cre-feet per yea r . Thus in t he 56 . 4-mi le
reach, seepage t o t he Brazos Ri ve r from the l e f t bank alluvium amount s t o abou t
0.22 cfs (cub ic fee t pe r second) pe r mi l e . The smal l amount o f a l luv ium a long
t he right bank probably contributes a small quantity o f flow t o t he river . The
alluvium a lo ng bo th banks, therefore, is es t ima t ed to d i s cha rge a bou t 0.3 c f s
pe r mi le i n the 56 .4-mi le rea ch studied.
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Reco rds of s t reamf low a t Waco, Marl in, and Bryan sugges t t ha t seepage of
ground wa t e r f rom t he al luvium into t he Brazos Rive r may be somewhat greate r
than t he 0 . 3 cfs pe r mi le es tima t ed above .

The ga in in l ow f low, exc lus ive of gaged tributa ry inflow, of the Bra zos
Rive r be tween t he gaging s t a t i ons at Waco and Bryan was 67 cfs, or 0 .56 cfs pe r
mile du ring t he pe r iod December 19, 1951 t o J a nuary 31, 1952 . The gain betwee n
Marl in and Bryan averaged a bout 54 cfs, or 0 .63 cfs pe r mile of reach during t he
pe r iod October 3- 11, 1948 .

Thes e va lues of l ow f low pr e sumably r ef lec t not on ly contributions from
ground-water s to rage d i rec t ly t o the Br a zos River , bu t also eff luent f rom s ewage
t r eatme nt plants, ungaged t r i butary inflow, inc l uding i n terf low in the r eaches .
For purposes o f comparison the ungaged tribu tary inflow was estimated from mis ­
ce llaneous d isch arge measu r ement s ma de on the Li t tle Brazos River dur ing the
period 1962-64 (Table 7), drainage f rom t he Li tt l e Ri ve r be low t he gaging sta­
tion at Cameron, and drainage from other smal l er tribu t aries. Of the 6 7 cfs
ga in be tween Waco and Bryan, 11 c fs was sewage eff luent and 10 cfs probably was
inflow f rom tributa ry s treams such as the Litt l e Brazos River. Thus , the dis ­
cha rge f rom the alluv ium (base-flow accretion) between Wa co and Bryan probab ly
was 46 cfs, or abou t 0 .38 cfs per mi l e . Simi la r ly t he 54 cfs gain between Mar­
lin and Bryan i ncluded at least 8 c fs of sewa ge eff luent and ungaged tr ibutary
i nflow. Of t he 8 cfs, 7 c f s was attributed t o inf low . On t h is basis, there ­
fo r e, the gain in base f low between Ma r lin and Bryan was about 46 cfs, or 0.55
cfs pe r mile .

The a bove- desc r i bed two met hods of compu t i ng ground -wa ter d ischarge (based
on ground-wa te r and s t reamf low da t a ) give r esul t s ra ng i ng f r om 0.3 to 0.55 cfs
pe r mile . Unce r t ainties a re invo lved in bo th methods of computa t ion, however,
and t he true value of dis charge is probably somewhe re between the two.

The quantity of ground wate r dis charged by evapotranspi rat ion is no t
known, but probably is subs tantia l . I n many place s i n the r e port area, the
wate r table is shallow (Table 9), thus affo rd ing an opportunity for trees and
other types of vegetat ion t o withdraw ground wate r di rectly from the ground­
water r es e rvo i r or t he overlying cap i lla ry f r inge .

Ground water is di s charged also t hr ough wells, principally for irrigation.
The qua ntity of wate r pumped f rom t he a l luv ium i n the report area was about
49,000 acre -feet i n 1964 (Tab l e 6) . A pa r t of th is, howeve r, probab ly was
exce s s t o t he needs o f the c ro ps and wa s returned t o t he aquifer.

The moveme nt of grou nd water downward t o an underly ing bed rock aqui fer
occur s o nly whe re t he piezometric surface i n t hat aqui f er i s lower t ha n t he
wat e r t a b l e i n t he a l luvium. Such a cond it ion may exis t i n a small area in
Brazos Count y where t he piezome t r ic surface i n t he Spa rta Sand is lower than
the water table i n t he immedia t e ly over lyi ng a l luvium . Simi lar conditions may
occur in the flood pla in south of Nava so ta where large quantities of ground
water have been withdrawn f r om fo rma t ions (such as the Lissie Formation) that
u nderlie the alluv ium. Actua lly most of t he pumpage was from wells outside the
report area, but the effect of this pumpage has extended toward and possibly
reached the river.
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CONSTRUCTI ON AND PERFORMANCE OF WELLS

When an irr i ga t i on well i s to be dri lled int o t he a lluv i um, t he a rea i s
usua l ly exp lo r ed by s eve ra l test holes t o find t he most f avorable l ocation.
The t h icknes s and gra i n size o f t he wat e r -bea r ing ma teria l a r e t he mo s t i mpor ­
t a nt hyd ro log ic f a ctors cons ide red i n s e l ec t ing t he we l l site. A reverse­
ci rcu l a t ion r otary- t y pe dr i lling r i g i s used t o dr il l t he hole , which may be
36 or 42 i nche s i n d iame te r . The hole is ge ne ra l ly dr i lled about 2 t o 5 feet
below t he base o f t he al luvium into t he bed rock. The enti r e de pth o f t he hole
is cased . The cas i ng used i n t he older wel l s gene ra l ly cons i s t s of 18-inch
co rruga ted ga lvani zed cu lver t pipe, wi th t -inch mesh, woven-w i re screen placed
opposi te the coa rser sand and gravel . Many of t he wel l s having t his t ype o f
cas ing have been r eworked , and t o r ch- slotted steel liners have been pl aced
inside the o ld cas ings . Cur rently, most of t he we lls be i ng dril l ed are cased
with t orch- slo tted s teel casing 14 t o 18 i nches i n diamete r . Approx ima t e l y
pea -size grave l is us ed to f il l t he annu l a r space between t he ca s ing and the
wall of t he ho l e . The wel l is then deve loped with a test pump; grave l is added,
if necessary , t o r e pl a ce t he sand pumped du r ing the well develo pment . Following
development, a shor t test is r un t o determi ne t he capacity o f t he wel l and the
size o f the pump and power plant needed . Throughout t he r e port a rea, the typi­
ca l we l l is equipped wi th a 6- o r 8-inch t urbine pump, se t wi thin approx i ma t e ly
2 feet of the bo t tom of the wel l, a nd ope ra t ed wi t h power su pplied by an
i nte r na l- combus t ion e ng i ne . Some wel l s are equipped with 4-, 5-, or 10-inch
pumps. A large co ncent ra t i on o f wel l s a l o ng Farm Road 50 , between ab ou t Hearne
a nd Mumfo rd i n Rob e r t s on Coun t y , i s power ed by e l ec t r ic mo to r s.

A f ew dug wel ls ca s ed wi t h 30- i nc h conc r e t e rings a l so a r e used f or i r ri ­
gat ion. In some pl a ces, mob i l e su rface pumps are used to pump wat e r from gra­
ve l pi ts fo r i r r igat ion.

Some s igns of cav ing a rou nd t he irrigation we l ls were observed during t he
f ieldwork . Such cav ing is an i ndi cat i on t hat when t he wel ls are pumped , sand
a long wi th wat e r has been withd rawn f rom t he a l luvium .

The ground water i s conveyed from the well to the fie ld s t hrough unl i ned
open ditches, by dist ribu tion pipe (general ly 4- t o 6-inch-d iame t e r a lumi num
pipe, 20 feet i n length), or by a combina t ion of bo th . Sprinkl e r s ystems are
used in a f ew places, chiefly where pastures a re being irr i gated.

Dur ing the pumping seasons o f 1963-64, 408 measurements were made o f t he
yie lds of i r r iga t ion wel l s pumping from the a lluv ium of t he f lood pla in and 351
drawdown measuremen ts were a l so made . For compar ison purposes, some o f the
wel ls were measur ed during bo th the 1963 and t he 1964 pumping seasons . The
yield and drawdown measurements, along wi th t he other r ecords of t he wel l s, ar e
given in Table 9.

The r a nge s of yield and specific capac i ty mea sured are shown i n Table 5.
Sl igh tly mo re t ha n 50 percen t of the yie ld measurement s were in t he 250 t o 500
gpm range, a nd a lmos t 56 percent of the s pe c ific capac ities were less tha n 25
gpm per f oot o f drawdown . On the bas i s of measur ements made in i rrigation
wells on 12 f arms in Bur leson, Brazos, and Robe r tson Coun ties du r ing t he 1956­
57 pumping sea sons , Hughes and Magee (1962) have shown tha t the yie ld s of th~

wel ls ranged from 112 to 1, 380 gpm. The yi elds o f 12 pe r cen t of these we l l s
were be low 250 gpm, and 33 percent wer e in t he 250 t o 500 gpm r ange; 35 pe r ce nt ,
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in t he 500 t o 750 gpm r ange ; 16 percent, in the 750 t o 1, 000 gpm r a nge ; and 4
percent, i n t he ove r 1 , 000 gpm r ange.

Where irrigation wel l s a re c l os e ly s paced , pumping lift s may be increa sed
by interferenc e be tween we l l s; and t he yie ld of we l l s may als o be r educed. The
t heore tica l ex t ent of t he cone of de pr e s s i on of a we l l tha t has been pumping
for 30 days a t r ates o f 250, 500 , 750, 1, 000, and 1,500 gpm is s hown i n Figure
14. I n the pre paration of t he gr aphs, three assumptions have been made : t ha t
the trans missibility i s e i t he r 20,000 or 40, 000 gpd per foo t; t ha t t he stor age
coeffic ient (spec i f i c yie ld) is 15 perce nt ; an d t hat a l l the wate r i s be ing
wi thdr awn f rom stora ge . If t he transmissibility is 20,000 gpd per foo t, t hen
for a well pumpi ng 500 gpm f or 30 days , the d r awdown woul d be about 6 fee t a t
a dista nce of 400 f ee t from t he pumped wel l, and 2 f eet a t a d i s t a nce of 1,000
fee t. However, if the trans mis sibility is 40,000 gpd pe r foo t, t he drawdown
would be almost 4 feet a t a dis t ance of 400 fee t f rom the pumped well.

Table 5.--Specific capacity and yield of irriga t ion wel ls in the flood-plain
alluvium of the Brazos Ri ver between Wh itney Dam and Ri chmond, 1963-64.

Yield Specifi c capaci ty
Number of .Propor tion Range Number of Proportion.

Range mea sure- in range (gpm pe r f oot measure- in range
(gpm) men ts ( percent) of dr awdown) meots (percent)

Les s tha n 250 40 9.8 Les s than 25 196 55.8

250 t o 500 206 50 .5 . - 25 to 50 116 33.0

500 to 750 117 28.7 50 ·t o 75 23 6.6

750 to 1,000 26 6.4 75 to 100 10 2.8

1,000 + 19 4 .7 100 + 6 1.7

Total 408 100 - - 351 100
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USE OF GROUND WATER FOR IRRIGATIO ~

Approx ima tely 98 percent of the ground water pumped f rom the alluvium in
the report area is used fo r i r riga tion princ ipa l ly of co t ton, bu t a lso of gra in
so rghum, co r n , a lfa l fa, and pasture land . Only a smal l amoun t i s us ed fo r indus ­
tr i al purpos es , principa lly in the process ing of sand and gravel . No ground
wate r i s pumped from the al l uvium for munic ipal use, although a sma l l quantity
is pumped for domestic and livestock ne ed s. Most of t he domestic needs a re
suppl ied by wells t apping the deeper aquifers.

Irriga t i on with water from t he alluv ium began in 1948 i n Ro be r tson Coun ty
(Hug hes and Ha gee , 1962 , p , 1). The number of irr iga t ion wells dr illed a nd put
i n opera tio n i ncrea se d at a rapid rate during the drought of 1950-57. By Augus t
1961, abou t 950 irrigation wel ls had been drilled between Waco and Hempstead
(Croni n and others, 1963, p . 116), and by 1964 , at least 1,112 irrigation wells
tapping the a lluv i um were available for use. The locations of these wel ls a re
s hown on F i gures 20, 21, and 22; however , on ly th ose we l l s fo r which da t a are
avai l a b le a re numbered and included in Table 9. Of the 1 ,112 i rrigation wells
l oca t e d , probab ly l e s s than 10 percent were unused i n 1964.

Ta bl e 6 shows tha t about 43,000 ac re -feet of ground water wa s pumped from
the a l luv ium of the flood plain for irrigation during 1963 and about 49,000
acre -feet in 1964 . The e s t ima t ed a crea ge irrigated with gr ound wa te r in 1964
was about 72,5 00 acres .

I n t he pri nc ipa l irrigated a rea i n Falls, Robertson, Brazos, and Bur les on
Count i e s , the fi gures sh own in t he ta bl e wer e based on biweek l y checks o f the
number of wells pumping, the average measur ed discha rge of s ome of the wel ls,
and the estimated number of hours the pumps were o pe r a t ed . In area s whe r e few
irrigation wel ls wer e in o pe ra t i on, the pumpage wa s bas ed on field es t imat es o f
acres irr iga ted and on t he dut y o f water. The es t i ma t e o f acres irri gated wi th
ground water in 1964 (Table 6) was based on information f ur nished t o the Texas
Wate r Development Board by the Soil Conse rvation Service, U.S. Department o f
Agr icul t u re ,

In 1958, about 4 7, 000 ac re-feet o f gr ound wate r was pumped on a n es t ima t ed
58 , 000 acres between Whitney Dam a nd Hempstead (Cron in and o t he r s , 1963, p . 116­
11 7). The sa me so urce no t ed t hat o nl y about 20 ,000 acre-feet o f wa t e r was
pumped f or irrigation in ea ch o f the ye a r s 195 9 a nd 1960 whe n precipitation was
near o r ab ove norma l .

Ground wate r for i rriga tion also i s ob tained fro m at least 20 well s that
tap the format ions un de r lying the alluvium. I n Rober ts on County, five we l l s
r e por t edl y a re screened o ppos i te the Carr iz o Sand or Wilcox Group, o r both .
The wel ls are fairl y s hallow, the maxi mum depth being a bou t 320 feet. Sou t h of
Hempstead , about 15 wells on the flo od pl a i n ob tain wat e r f or irrigation from
depths r a ngi ng from 160 t o 500 feet or more . The f ormations s creened in t hes e
wel ls cou ld no t be determined, but probably i nclude t he Willis Sand, Lissie
Fo r mation , a nd t he Beaumont Clay . I n Washingt on Coun t y , the depths o f several
wel ls i ndi cat e that some water is obtained fro m the f ormations underl ying t he
a lluvium . Some of these wells pump water probabl y from bo t h the alluv ium and
the unde rly ing formations . Althou gh the quanti ty of wate r pumped from t he
dee pe r f ormations wa s no t e stimate d , it u ndo ub tedly i s sma l l compa r ed t o t he
amount o f water pumped from t he a lluvium.

- 50 -



Tab le 6 . - -S ummary of purnpage from the flood -plain a l l uvi um fo r irrigation,
1963 -64, and ac r es i r rigated with gr ound water in 1964 on t he f l ood plain

of the Brazos River be tween Whitney Dam and Richmond

1963 1964

County Pumpa ge for
Acres

Pumpage for
i rrlgation!l/ i r riga t i on5'
(acre -Ee ec) i rrlgatectEI (acre -fee t )

Austin 300 344 300

Bosque 0 0 0

Brazos 7,000 15, 100 9,900

Bur l es on 9,300 15, 9ll 10, 100

Falls 4,200 4 ,200 4 , 700

Fort Bend 800 1,000£1 800

Grimes 150 100 150

Hi ll 0 0 0

McLennan 150 217 150

Milam 200 250 300

Robertson 20,600 34,290 22,000

Wa ller 150 517 150

Was hi ngt on 300 644 300

Total 43,150 72,573 48,850

5' Es t i mat ed from bi-week1y check of number of wells pumpi ng, es timated
hours pumped, and measured well discharges.
~From estimates furnished to the Texas Wa t er Development Board by

Soi l Conservation Service, U.S. Department of Agriculture .
£1 Field estimate of 1,000 acres, or l es s .
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USE OF SURFACE WATER FOR I RRIGATION

An estimated 24 ,000 a cre- fe e t of sur face wate r was pumped from the Brazos
River within t he re por t area t o irrigate an es timated 23, 000 acres of crops and
pas t u r e l a nd on the fl ood pl a in i n 1964 according to da ta furnished the Texas
Water Development Board by the Soil Conservation Serv i ce , U.S. Department of
Agriculture. Mos t of the surface water used for irrigation on the flood pla in
is applied t o land wh i ch is withi n approximate ly 1 mile of the r iver .

QUALITY OF WATER

The di s cus s i on of t he chemical quality of the water i s ba sed on the ana ly­
se s of 173 samples collected during the investigation from we l l s pumpi ng from
the flood- plain alluvium, 29 samples from wells tapping bedr ock aquife r s, S sam­
ple s from wells producing wa t e r from the terrace allUVi um, and 80 samples from
va r i ous aqu i f e r s collected during previous investigations. The ana lys es of the
present s ampl es and some of the previously-collec ted samples were made in the
l a bor a t or y of the U.S . Geological Survey, Aus t i n, Texas. The same orga ni za t i on
undertook the co l lec t ion and analys is of surface-wa ter samples f r om the Brazos
River. Those samples collected and analyzed by agencies o t he r t han the U. S .
Geological Survey a re identi f ied in Tab le 12 . The l oca t i ons of t he wel l s from
which samples of water were collected a r e i nd i ca t ed by lines ov er t he wel l num­
bers on Figures 20, 21, and 22. The l ocations of s ome o f the wells and t he
s urface-water sa mpl i ng po i nt s are als o shown on Figures 15, 16, and 17.

Tables 7 and 12 conta i n t he resu lts of the chemical ana lyses of the ground­
wat er samples and of the su r face-wa ter samp les from the Brazos Rive r and some o f
its tributaries.

The t ypes o f wa t e r represented by the chemica l analyses are shown gr a phi­
cally (Figures 15 , 16 , a nd 17) by mea ns o f patterns mod i f i ed from a s ystem s ug­
ges t ed by Stif f ( 1951, p. 15). In this modifie d s ys tem, t hr ee para l le l hori­
zontal axes and one ve r t i ca l axis have been used, with the lat te r defining the
zero points. Concentrations in epm (equivalents per million) f or three cations
ca n be plotted--one alon g each axis t o t he left of the zero point - - a nd three
anions, in a similar manner, on the right. When an analys is is plo t t ed, two
series of points result-- one o n ea ch axis t o the left , a nd o ne o n each axi s t o
the right o f the center zero. Connecting t ogether the points represent i ng
anions and the points representing cations c rea t e s a closed f i gure or "pa t t e r n"
whose sha pe is more or le ss character istic of a gi ve n t ype of wat e r .

The analyses o f the ground-wate r samp les from t he f lood-pla in a l l uv i um
(Table 12 and F i gures 15, 16, and 17) show t ha t the chemi ca l composition of t he
water va r i e s from plac e t o pl ace, even wi t hi n s ho r t d i s t anc e s . In nume rou s
s ample s the principal ca tion and an ion a re calcium and bi carbo na t e , re spe c tive ­
l y. On the othe r hand, many va r ia t ions from t his t ype o f water occur, probably
beca use o f such environme nta l fac to r s as mi ne r a logica l di fferences i n the sedi­
ments that comprise the flood plain and the und erlying bedrock; varia t io ns in
t he rate of ground-water movement; and pos s i b ly differences i n the r ate of
evapotrans pira tio n.

The ana lyses o f some wa te r samp les co l lected from we l ls i n t he vic ini ty of
the Fal l s -Robert son County l i ne show high sodium, chlor ide, and dissolved- so lids
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content. The reasons for this are not def initely known; however, they may be
related t o the close assoc iation of the flood -plain alluvium with the underlying
rocks of the Midway Group (Figures 23 and 24) which contain highly mi ne r a l i zed
water.

Several o f the wells listed in Table 12 were sampled more than once . Well
WK-59-12-102 , for example , was sampled in 1961, 1963, and 1964. The ana lys es
indicate that the dis solved-so lids content decreased from 1, 840 t o 1, 250 ppm
(parts per million) during the interval between samplings. Furthermore , these
ana l yses indicate a decrease in the quantity of some constituents , such as
calcium, sodium, sulfa te, and chloride, and an increase in the bicarbonate
content. The to tal hardness of the water decreased from 1,090 t o 751 . However,
in general, a comparison of analyses of wa t e r samples collected pr ev i ou s ly and
recently does not indicate any major change in the chemical composition of the
gr ound water in the flo od- plain alluvium.

Oil i s produced from several o i l fields who l ly or partly i n the f lood
plain. The conce nt r a t i ons of dissolved solids in samples of wat e r from two
we l l s abou t 1 mile apart in or adjacent to a small oil field in Fa l l s County
we r e 1, 940 and 575 ppm, respectively (Table 12). The sulfate , ch lor i de, a nd
s odium co nt en t of wa t e r from well JR-40- 48-301 wer e 408, 575 , and 295 ppm,
respectively--and from we l l JR-39-41-101, they were 43 , 16, and 83 ppm. The
analyses suggest possible contamination from the oil field, but direct ev i dence
of this is not ava i l ab l e .

The Calvert oil field is on the flood plain about 3 miles wes t of the t own
of Calvert. Wells WK-59-02-305, WK-59-02-306, WK-59-02-601, and WK-5 9-03-101
are in o r adja cent to the o i l field. The concentration of dis solved solids in
samples of wa t e r from these we l l s ranged from 911 to 1, 360 ppm (Tabl e 12).
The sodium, sulfate, and chloride content i n samples of wa t er f r om t hese wel l s,
whi l e more t han in s ome wat e r samples from the a lluvium, we r e no t as high as in
so me of those f rom we l ls in non-oil-producing areas. This comparison suggests
that co nt ami na t ion of t he gr ound wa t e r in the f lood -plain a l l uv ium by oil- f ield
brines is not a prob lem i n the Cal vert oi l field. According t o re ports by
oper ators, salt wa t e r produced wi th t he oi l in t his field is used i n t he secon­
da ry r ecovery of o i l.

In t he downstream pa r t o f the report area , o i l fields in Aus t in and Wa l ler
Count ie s occupy a pa r t of the flood plain. Because wells ta pping the f lood­
plain alluvium i n or adjacent to these well fie lds were not in o peration, s am­
pl es of water for chemical analysis were not collected.

Definition o f Terms

In t he following pa r t s of this report, ma ny technical terms concerning
qua l i ty of wat e r are us ed which may not be familiar t o a l l readers. The se
t e rms a re defined as follows:

Alka l i ni ty is ca used primarily by the presence of carbonates and bi carbo­
na tes, and less frequently by hydrOXides, bor a t es , silicates , and phos phates.
These component s are determined collectively by titration wi th a sta ndardized
solution o f a strong acid and are reported as carbonate a nd bicarbona t e.
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Equivalents pe r million (e pm) is a un i t f or express ing the concen t ra t ion o f
chemical cons t i t ue nt s i n terms o f the in t e r reac t ing va lues of t he e lectrical l y
charged partic les , o r i o ns , i n solution . One e quiva lent per mi l l ion o f a posi­
t i vely cha rged ion wi l l r ea c t wi th one equ i vale nt pe r mi l l i on of a nega t ive l y
charged i on. Pa r t s pe r million a re conve r t ed t o equ i va l e nts pe r mi l l ion by
mu l tiplyi ng by the re cipro ca l o f t he combi ni ng we i gh t of t he i on, as f ollows :

Cation Fa c t o r Anion Fa c t o r

Cal c ium (Ca~ 0 .0499 Carbonate (C03 - -) 0 .0333

Magnesium (Mg~ . 0823 Bicarbona te (RC0
3

- ) . 0164

Sod ium (Na"") . 0435 Su l fa t e (SO - - ) . 0208
4

Po ta s sium (K"") .025 6 Ch l or ide (C1- ) .0282

F l uori de W) . 0526

Nitra t e (N03-) . 0161

Pa r ts per mi l l ion ( ppm) is a unit for express ing t he conce nt ra t ion o f chem­
ical con s titue nt s by weigh t , usua l ly a s gr ams o f cons t i t uen t s pe r mi ll io n grams
of so lu tion.

Pe r ce nt sod i um i s a rat i o , expre ssed i n percent age , o f sod i um t o t he sum
of t he posit ive ly charged i o ns (calc ium, magnes ium , sod i um, and po ta s s ium) - - a l l
ions in equiva lents per mi l lion.

Res idua l sodium carbonate (Ea ton, 1950) i s t he amoun t of ca rbonate plus
bica rbon ate, expressed i n equivalents pe r million, t hat wou ld remain i n solu tion
if all t he calc ium and ma gnes ium were precipita ted as t he ca r bona t e . Res i dua l
sod ium ca rbonate =

- +t +t+ RC0 3 ) - (Ca + Mg ).

Sa l ini t y i s t he dissolved- mineral conte nt or t ota l concent ra t ion o f s o l i ds
i n solution .

Sodium-adso rption r a tio (SAR) i s re la ted t o t he ad sorpt i on of s odium by
the soil and i s an index of t he sodium, or a lkal i, haza rd o f t he wate r . Con­
centra tion s of cons tituents are in equiva lents per mi l lion .

Spec ific conductance is a measure of the abili t y of a wat e r t o co ndu c t an
e l ec t r i ca l cu r rent, and is expressed in mi cr omhos a t 25° C. Be i ng re l a ted t o,
the number and specific chemica l t ypes of ions in so lu tion, t he s pecifi c
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cond uct an ce ca n be used for a pproximat i ng t he s a l i ni ty of t he water. The fo l­
l owi ng gen e r a l r elations a r e a pplica ble :

Specific co nduc t a nce x 0.65 = ppm disso lved s o l i ds .

Spec i f i c conductance = t o t a l epm
100 2

Weighted average r epres ents appr ox imately the chemical character of the
wate r i f a l l the water pa s s i ng a point i n t he stream during the year we r e im­
pounded and mixed in a reservo i r . We i ghted average i s ca l cu l a t ed by div i di ng
the sum o f t he products of water discha rge and concentration of individual
analyses by t he sum of the wate r dis cha rged f or t he period that the a nalyses
represent .

Compar i s on of Wa t e r in Flood-Pl a i n Al l uv i um
wi t h Surface Wa t e r

The discha rge -we i ght ed- ave r a ge che mic a l ana l yse s for t he Brazos River a t
Whitney Dam, nea r Br yan, and a t Richmond a nd f or the Little River at Cameron,
during the wate r year 1963 (October 1962 to Septembe r 1963) give n i n Tab l e 7,
a r e based on s ampl es co l lec t ed da i l y at sampl i ng s t at i ons operated by t he U.S.
Geological Survey in coopera t ion wi th the Texas Wate r Development Board and the
Brazos Rive r Aut ho r i ty . The samp ling station on Little River is abou t 20 mi l es
west o f the r eport area. Also i n Table 7 a re the analyses o f mi sce l laneous
samples of wat e r co llec ted f rom the Bosque and t he Li t t l e Brazos River s , bo t h
tribu t a ry s treams of the Brazo s River . The weighted-average a na lyses a nd
analyses of some o f the misce lla neous samples are shown o n Figures 15, 16 , and
17, as are the l ocations of t he samp l ing points.

Both the weighted-average ana lyses o f t he Little River a t Cameron a nd the
ana lys is o f a s ampl e of water co l lec t ed f rom the Bosque River near Waco on
May 22, 1963 ind ica t e t hat the principal cat ion and anion in t he wat e r o f the se
s t reams are ca l c ium and bica rbonate . As indi cated by the weighted ave r age a nd
the analysis, t he d i s s o lved- s o l i ds co ncen t ra tions were 301 ppm f or wate r in the
Lit tle River at Cameron and 230 ppm f or water in the Bosque Rive r at the samp­
ling points. These s t r eams origina te outs ide the report area ; they have t heir
headwaters in, and f low across, a rea s unde rlain chiefly by l i mes t one and o the r
rocks o f Cre taceous age. The only excep t ion i s in the lower rea ch of the Little
River, where the s t r eam f l ows ov e r r ocks o f Tert i ary age (Figure 24). These
s treams are co ns i de red to be eff luent streams where they cros s t he a lluv ium
of the flood pl a i n . Therefore, t he chemica l qua lity of the wat e r in t he streams
would not a f fec t that o f the grou nd wa ter i n t he flood- pl a i n a l luvium.

Sampl es of wate r from the main s tem of t he Brazos River a r e co llec t ed daily
at t hree scheduled s ampling stat ions which are immedi ately below Whitney Dam,
at State Hi ghway 21 near Bryan, and a t Richmond (Figures 20 , 21, and 22) . The
weighted averages of the cons t i tuen t s i n these samples du r i ng t he water year
196 3 (Table 7 and Figures 15, 16, and 17) indi cate t ha t the wat e r a t t he station
be low Whitney Dam i s o f a sodium-chloride t ype and at State Highway 21 nea r
Bryan and at Richmo nd the wa te r is o f a mixed type. The di s so lved- solid s con­
centration was 896 ppm below Whit ney Dam, 703 ppm at State Highway 21 nea r
Bryan, and 513 ppm at Richmo nd. The sodi um and ch lo ride concentrations de­
creased abou t SO pe rce nt between the samplings taken at t he station be low
Whi t ne y Dam a nd those at the sta tion a t Richmond.
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The qua l i ty of t he grou nd wate r i n t he a lluvium adjacen t t o t he Brazos
Ri ve r ma y be affecte d by wate r in the river if, whe n the st r eam i s a t h i gh
stage, surface water moves into t he a l luv ium as bank stora ge or possibly as
r e cha r ge , either natural or i nduce d by pumpi ng . Similarly, the qual ity of the
ground wate r i n the alluv i um cou ld be af f e cted by f l ood s which inundate the
flood plain a nd wh i ch would probab ly fu rn i sh some r echarge t o t he flood-plain
al l uvium. The wa te r -table con tou r s (Figures 6 and 7) indicate, however, that
t he ground wa te r in t he f lood-pla in al luv ium i s moving t oward t he Br azos Rive r .
This fa ct sugges ts that the qua l i ty of wat e r i n t he flood- pl ain a l luvi um is
not, in ge nera l, a ffe c t e d by t he quali ty o f t he wate r in the Braz os River.

The quant i ty of water d i scha rged by t he Little Br azos River i s norma l l y
s mall as indicate d by t he mis cel la neous di s charge measur eme nt s ma de a t St a t e
Hi ghwa y 21 i n Brazos Coun ty (Tab le 7). Because of its pos i tion nea r t he base
o f the va l l ey wa ll, t he s t ream r e ce i ves sur f a ce-wa te r r unoff from t he a djacent
be drock, t he older al luv ium ter races, and t he alluvium of the f lood pla in . A
part o f the stream dis charge is a lso due t o ground -wa te r discha rge in t he l ower
reach of the stream as indica t ed by the contour s on the wat e r t able shown on
Figure 6 . I n t he uppe r r ea ches t he stream is frequently dry .

The dissolved-solids concent ra t ion in the samples of wa t e r co llec t e d from
the Litt le Braz os River a t Sta te Hi ghway 21 in Br azos Coun ty range d f rom 331 t o
948 ppm. The h ighes t con centrations of dis so l ved so l i ds we re i n sa mples col ­
lec ted J uly 25, 1963 and Augus t 26, 1964 , whe n the co nc en t ra t i ons wer e 948 and
929 ppm, respectively. The reason for the high dis s olved- s olids cont e nt i s no t
known definitely; however, some o f it may ha ve co me from surface runoff of
gro und water used for irrigation.

The discharge of t he Litt l e Brazos Ri ver a t Sta t e Hi ghwa y 21 was 3 .80 c f s
when a sample of wa te r was co llected on December 18, 1963 . The sma l l amount of
dis charge s uggests tha t t he f low co nsis ted of ground-wa te r di scha rge . The re­
sul ts of the a na lys is o f t his s ample (Tab l e 7 and Fi gur e 16) a re simi la r t o
those o f t he a nalys e s of wate r samples co l lec ted f rom wel l BJ-5 9- 20- 603 nea r
the Li t t l e Brazos River and upst ream f rom t he sampl i ng po in t (Figure 16 and
Table 12).

Comparis on of Wa te r in Fl ood- Plain Al luvium
with Wate r i n Bedroc k

The sco pe of t h i s i nv es tiga t i on did no t include a deta i l ed discuss ion of
the occur rence of ground wa ter in the bed rock ad jo i ni ng a nd unde r l ying t he
flood-plain a l l uv ium . Further informa tion on t he s ub j ect i s ava i lab le i n s uch
reports a s t hose by Deussen (1914 and 1924) and by Croni n a nd o thers ( 1963) .

I n Table 12 appear t he resul ts o f t he a na lyses of wat e r sa mpl e s co l l ec ted
du r i ng t he cu r rent a nd former investigat ions from some we l ls t a ppi ng bed rock .
Some o f t he a nalyse s a lso are i llustrated graph ical ly on Figures 15, 16, and 17.

Ground water occur s under wate r-tab l e conditions i n t he outcrop a reas o f
the bedrock; a nd downdi p, as the depth inc r ea ses, it is unde r a r t e s ia n condi­
tions. Mos t of t he fo regoing samp les were co l l e cte d from t he a r tes ian pa r t s_
o f t he aqu i f e r s .
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The analys es show t hat i n cont ras t t o t he wat e r i n the f l ood- pla in a l lu­
vium t he pr i nc i pal co ns t i t ue nt s are sodium and bicarbonate . I n ge ne r a l , the
ana lyses also indicate that the dissolved-solids content of t he wa t e r in the
be drock is lowe r than t hat i n the ground wa t e r from the flood-plain alluvium.

SUi ta bi l i ty of Wa te r from t he Flood-Plain Al luv i um

Domes tic and Live s tock Purpos es

Water used f or domes t ic purposes should be c lear, plea sant t o taste , o f
reasonable tempera ture, and free from pathogenic organ i sms . This report is
concerned only wi th t he chemical co ns ti tuent s o f t he grou nd wat e r . To i ns ur e
against bacte r i a l contami na t ion, user s s hou ld ava il themselves o f the services
o f the i r appro pria te publ ic heal th agencie s.

The only na tionwide standards pe r ta ining t o po table wate r a re t hos e pr e­
scribed by t he U.S . Pub l ic Health Se rvice ( 1962) . Thes e standards , which a pply
specifical ly t o water used fo r cu l ina ry and dr inki ng purposes on commo n carriers
e ngaged i n inters t a te comme r ce , have a l so be e n endorsed by t he Ame r ican Wa t e r
Wor ks Associat ion a s minimum standards fo r all public wat e r supplies (U. S .
Pub l ic Health Service, 1962, p . 4). The s ta nda rds pe rta ini ng t o chemica l con­
s tituents a re, i n part, as follows :

Sugges ted maximum
Cons t ituent co ncentratio n ( ppm)

Chloride 250

Fluo ride 0.8 to 1.0~

I r on 0 .3

Manganese 0.05

Nitra te 45

Sulfa te 250

Tota 1 dLs so l ved s olids 500

~Based on annual average of maximum da ily
air t e mpe r atur e s of 80 .0, 79.6, and 78.lo F a t
Sugarland , Col l e ge Stat io n, and Waco, r espec­
tive ly .

Excessive concentrations of certain chemica l constituents may be undesir ­
ab le for various reasons. I ro n and manganese in high concentratio ns a re objec­
t ionable because they no t on ly impa r t a disagreeab le taste t o t he wate r bu t a lso
s ta i n fabrics, co oking utens ils , and pl umbing f i xtur es. Water co nt a ini ng l arge
quantities of magnesium in combination with sulfate has cathar t ic properties.
Chloride in excess of 250 ppm imparts a characteristical ly salty taste to t he
water.
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The results o f the analyses of wate r samp le s fro m the f l ood -plai n al luvium
(Tab le 12) indica te that almost 80 pe rcen t of the ana lyse s excee ded t he limi t
for d i sso lved sol ids i n t he preced ing tab le of standa rds, and about 60 percent
of the samples exceeded t he limit for i ron . The concen t ra t io ns of ch lo r ide a nd
s u l f a t e exce e ded th e limit s i n a bout 20 and 15 perce nt of t he a nalyse s , r e s pe c­
tively.

Hardne ss of wa te r is cau s ed pri nc ipa lly by ca lc i um a nd ma gnesium a nd gen­
e r a l ly i s expr essed as pa r t s per mil lion of calcium ca rbo na te . Ex ces sive ha r d­
ne ss adverse ly affects t he su i t abi lity of wate r f or domest ic and othe r uses .
Hard water is objectionable in washing processes, because in combina tion with
soa p i t produce s a n i ns oluble cu rd a nd fur ther requ ires la rge quanti tie s o f
soa p t o produce a la ther. The use of ha rd wate r in boi lers, wa t e r heate r s ,
radiators , and pipes i s objec tionable becaus e o f forma t ion of scale . Spec ific
limi t s ca nno t be s e t fo r hardness, bu t t he followi ng numerical r a nges and
ad jective r ati ngs a re gene ra l ly used to class i fy hardness .

Hardne s s ran ge Class ifica t ion
(ppm)

0 t o 60 Soft

61 to 120 Modera t e ly hard

12 1 to 180 Ha r d

More t han 180 Very ha rd

Acco rd i ng t o this classif i cation, practical l y al l o f the wa t e r in t he flood ­
pl a in alluv ium is ha rd or ve r y ha rd.

The U. S . Pub lic Heal t h Serv ice limi t on fl uoride gi ve n in t he preceding
t a ble o f sta ndards i s base d on t he annual ave ra ge of maximum da i l y ai r tempera­
t ure s. The opt imum fluoride l eve l fo r a given communi ty depends on c l i ma t i c
cond i t ions , because t he amount o f wate r (a nd consequently t he amount of
fluorid e) inge ste d by ch i ld ren is in f luenced prima r i ly by a ir tempe ratures .
Exce ssive concent ra tion of fluo r ide in wate r may cause t eeth to become mo t t led .
Optimum fluo r ide concentra tions ma y reduce the incidence o f too th de cay in
ch i ld ren wi t h no il l e ffec ts and ca ries ra tes ma y be 60 t o 65 pe rcent be low the
rates i n communit ies us ing wate r suppl ies with l ittle or no fluo ride (Dean,
Arno ld, and Elvove, 1942, p. 1155- 11 79; and Dean and others, 1941, p . 761-792).

The o pt imum l evel o f f luo ride content in t he r e port area, accord ing to the
Public Health Service s tandards, i s 0 .7 t o 0 .8 ppm. The f l uo r ide conten t of the
wa t e r in the fl ood-pla in a l luv ium r a nge d from 0.1 t o 1 . 2 ppm; howeve r , t he con­
tent in only one o f t he samp les was gr e a t e r tha n 0 .8 ppm, and the grea t majori ty
was be low 0 .7 ppm.

The concentrat ion of nitra te i n wa t e r is important because nitrate-rich
wate r may cause i llnes s when used for infant feeding. Some ni t rate can be ~i s ­

so lved f rom ni t ra te-bea r ing rocks; but, mo re commonl y , la r ge concentrations o f
ni t ra te a re de rived from surfic ial s ources . Dug we l l s o r other shallow we l l s ,
which general l y a re no t well sea led, co u l d be s us ceptib le t o contaminat ion f r om
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surficial sources. Nitra te is cons idered the final oxidation produc t of nitro­
ge ne ous ma t ter, and its presence in wa t e r in conc entrations o f more than several
parts per mi l l i on ma y indicate previous co ntamina t ion by s ewage or o the r or gan i c
matter (Lohr and Love, 1954, p. 10) . In a reas whe r e t he nitra te con t ent of t he
water i s in excess of 45 ppm, t he publ ic should be warned of t he pote ntia l dan­
ge r s o f using t he water for infant f eed i ng . Concentra tions of n i tra t e i n excess
of 45 ppm in water used f or infant f eeding have be e n re la ted to t he i nc ide nce of
infant cya nosis (methemoglobinemia or "b l.ue baby" disease) , a reduc tion of t he
oxygen content i n the blood cons t i tu t i ng a form of asphyxia (Maxcy , 1950,
p , 2 71) .

The conce nt ra t ion o f n i t r a te wa s ab out 45 ppm in seven of the samples of
wate r co l lec ted from wel l s pumpi ng wat e r f rom the flood-pla in al luv i um. Five
of t he s ampl e s we r e from we l l s i n McLenna n County. The nitrate cont e nt in some
o t her samp les was rather hi gh but did not exceed 45 ppm.

The rela tion of the quality of water to the health o f l i ves t ock is not we l l
de fined. Qua lity-of-water limits for lives to ck are va r i a bl e , and t he l i mi t o f
t ole r ance depends o n many fa ctors , such as t he kind of anima l , a ge , phys io lo­
g ica l cond i t ion, a nd s eason o f the yea r . Hel le r ( 193 3, p . 22) ha s sugge s t ed
t hat the to ta l amount o f so luble sa l ts i n t he dr i nk i ng wa t e r , rather tha n t he
k ind of s a lt, is the i mportant factor . McKee and Wo l f (1963, p. 113) have
i nd i ca t ed that Some i nvest i gators have found t hat co nc e nt r a t i on s as high a s
15, 000 ppm are s afe for l i mi t ed pe r iods bu t dange rous for continuous us e . All
of t he wate r i n the flood-plain alluv i um in t he r e por t area is s uitable f or
l i ve stock use .

Irrigat i on Purpos es

The suitabi l i ty of wate r f or i rriga tion depends prima r i ly on i t s chemical
quali ty and, in les ser degrees, on o ther factors such as soil t ext ure a nd com­
posi tion ; types o f c rops; irr iga tion practices; c l imate; and , t o s ome extent ,
economi c co nside r at ions . The chemical a na lys es of wa t e r identi f y t he more
i mpor t a nt elemen ts and compound s present and t heir c oncentrations. Different
appr oaches have been used i n the c l ass if ica t ion of wa t e r for irrigat ion . How­
eve r, di ff icul ty woul d a rise in the us e o f any classification which attempts
t o adequa te ly r elate wate r qua l i ty t o a l l o f the va r i a b l e s that mus t be co n­
s i de r ed in t he eva lua t io n o f wate r f or irrigat i on.

I n this r epo r t , the i ndi ces used t o show t he sui tabi l i ty of wat e r f or
irrigat i o n a re SAR (sod ium- ad sorp t ion r atio) , s pecific conductance , RSC (r es i ­
dua l sodium carbona te), and bo ro n conten t .

The U.S . Sal i nity Laboratory St a f f ( 1954, p. 79- 81 ) has deve l o ped a rating
d iagram (F i gure 18) for c la s s i fy i ng irr i gation wat e r s in terms of sa lini t y a nd
s odium (a l ka l i ) hazards. The SAR i s used t o i nd ica t e t he sod ium or alka li
haz a rd. A high pe r ce nt age o f sodium common ly causes clay particles i n soil t o
di spe rse a nd t here by red uces t he pe rmeabil i ty o f t he so i l . The specific con ­
ducta nce is used to ind icate t he salinity hazard .

In classif i cat ion of i rrigation waters, the assumpt ion is that t he wa te r
will be used und er ave rage conditio ns wi th r es pect t o s oi l texture, i nfiltra­
t ion rate, drainage, qua nt ity of wat e r used, c lima te, a nd sa l t t olerance of
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Figure 18

Classification of Water Used for Irrigation
(Diagram ctt ee U_ S. Solinity Lab oratory Stat f , 19 54 , p. 80 )

u . S. Geologica l Sur vey in coopera t ion with the 'rexcs wcte- Development Boord

- 67 -



crops. Large deviations f rom the avera ge fo r one or mo r e of these variables
ma y make unsafe the us e o f wa te r whi ch, und e r avera ge conditions, would be good-­
o r may ma ke safe t he use of wat er whi ch, also under avera ge cond i t i ons, would
be of doubtful quality. This r elationship t o average conditions must be kept
in mi nd i n connec t i on with a ny ge ne r a l met hod for the classification of irri­
gation wat e r s. Wi l cox ( 1955 , p . 15) s t a t ed that t he s ystem o f classification
us ed by t he U. S. Salinity Laboratory St a ff " .•• i s not directly a ppl i ca b l e to
suppleme nt a l wate r s used i n a r ea s of r elat i vely h igh rainfall. " Thus , in part
o r poss ib l y in a l l o f t he report a r ea , t he system may no t be directly appli­
cab le. The U. S . Salinity Labo ra to r y St aff (1954, p. 81) has give n t he f ollow­
ing in t e rpretation o f t he diagram f o r t he c l a s s i fi ca tion o f irrigat i on waters:

"Sa lini t y Ha zard

"Low-sa lini t y water (Cl) can be us ed fo r irrigation wi th
most c rops on most s oi ls with l i t tle likel i hood t hat soil
sa linity wi ll deve l op. Some l each i ng is required , but
th i s occurs under norma l i r riga tio n pr ac tice s except in
s oils o f extremel y l ow pe rmea b i l i ty.

' ~edium-sal inity wate r (C2) ca n be used if a mode r a t e
amoun t o f lea ching occurs. Pla nts wi th mode ra t e s a lt
t olerance ca n be grown i n mos t cases wi t hou t special
practices for salini ty control.

'~igh- salinity wate r (C3) cannot be used on s oils wi t h
r estricted dra inage. Even wi th adequa t e drainage , special
management f or sa l in i ty co ntrol may be required a nd pl ants
wi t h goo d salt tole r a nc e shou ld be se l ected.

'Very high sa l i nity water (C4) i s not suitable for i r r i ­
ga t ion unde r ordinary cond itions, bu t may be used occa ­
siona lly under ve ry special circums tances . The so ils
must be pe r meab l e, dra ina ge mus t be adequa te , i r r iga tion
water mus t be applied i n ex cess to provide considerab l e
leaching, and ve r y sa l t- t olerant crops shou ld be s el ected.

"Sod ium Haza r d

"The c lassifi cation of irrigat i o n wat e r s wi th respect t o
SAR is bas ed pr imari l y on t he effec t of exchangeable so­
d ium on t he phys ica l condit ion of the soil. Sod ium­
s e ns i t i v e pla nts ma y, howeve r, s uffe r i nj ury as a r esu lt
o f sodium accumulatio n in plant t issues when exchange abl e ­
sod ium values a re l ower than t hose effect i ve i n ca using
de te r iora tion o f t he physica l condi tion o f the soi l .

'~ow-sod ium water (Sl ) ca n be us ed for irrigat i o n on a l ­
most a l l so i ls with lit t le dange r o f the development of
ha rmfu l levels o f ex cha ngea ble sod ium . Howeve r , s odium­
sensi tive c rops s uch as stone- f rui t trees and avo cados
may accumu l a te inj ur ious concentra tions o f sodium.
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"Hedium- sodium wa t e r (S2) wi ll present an apprec iable
sodium hazard in fine -textured so i ls hav ing high ca tion­
exchange capaci ty , espec ially under low- l eaching condi ­
tions, unless gy ps um is present in t he s oi l . This wate r
may be used on coa rse - texture d or o rgan i c soi ls wi th
good permeabili ty .

'~igh-sodium wate r (S3) may produce harmful leve ls of
exchangeable sodium in most s oils and wi l l require special
so i l management - -good dra inage, high l ea ching, and or­
ganic ma t ter add itions . Gypsiferous soils may not deve lop
harmful l ev e l s of exchangeable sod ium from such wate rs.
Chemical amendments may be required for r e pla c eme nt o f
exchangeab le sod ium, except that amendments ma y not be
feas ible with waters o f ve ry h igh salinity .

' ~e ry h i gh sodium water (S4 ) i s ge ne r a l ly unsatisfactory
for i rr iga tion purposes except a t low and perhaps me d i um
salinity, whe re the solut ion of calc i um from the soil o r
use of gypsum or ot he r amendments may make the us e of
these wate rs feas i ble . "

The values for s peci fi c co nducta nc e and SAR (Tab le 12) f or 204 wa t e r sam­
pl es obtained from wells tapping t he f lood- p la i n al luvium in t he re port a r ea
are shown on Fi gure 18. Approx i ma t e ly 75 perce nt o f the v a lue s fall i n the
subdivision of the dia gram labeled C3-S1, ind icat ing a l ow s od ium haza rd and
a high sa linity hazard. ~bst o f the va l ues tha t plo t in t he medium or h igh
sod ium hazard and h igh or very high salini ty hazard (subd ivisions C3-S2,
C4- S2, a nd C3-S3) are f rom wells in the v i c i ni t y eithe r o f the Fal ls-Robertson
Coun t y l i ne or in the a rea o f t he c one of depression in the wa t e r table in
Braz os County . One value f rom a we l l in the l atter v ic i ni ty exceeded the SAR
scale values shown on the d ia gram.

Acco rd ing t o the U.S . Sa l inity Laboratory Staff 's (1954, p. 71) d iscuss i on
on t he qua li t y o f irr i ga t i on wate r, " ...Wate rs in t he range of 750 to 2,250
micromhos per centimeter are wi de l y us ed and s atisfactory crop gr ol<t h is ob ­
ta ined under goo d manage ment and favo r able draina ge co nditions, but s al ine
condi t i ons wi ll de velop if l eaching and dr a inage a r e inadequate."

Bicarbonate concentrat i ons grea t ly in excess of calc ium and ma gne s i um
conc entrations in irr i ga t ion water ma y re s ul t in residua l s odi um ca rbona te in
t he soil, thereby causing t he so i l to ob t a i n a hi gh pH and to become gr a y or
b lack due to the so lut ion of organic ma tte r . Such a so i l condition i s known a s
b lack alkali . Wilcox (1955, p. 11) s tates t ha t , according t o laborator y and
f ie ld studies, wate r conta i ni ng mor e tha n 2 .5 e pm RSC is not suitab le f or irri ­
ga t i on . Water containing 1 .25 t o 2.5 epm is ma rg i na l, whi l e wat e r conta ini ng
l e s s than 1.25 epm RSC probably is safe. However, goo d irrigation practices
and t h e use of proper amendments migh t make possible the successful use of
ma rg i nal wate r fo r irr i ga tion . Fur t he rmor e , the degr ee of leaching wi l l mod ify
the permis s i ble limit to s ome extent (Wilcox, Bl air , and Bower, 1954, p . 265).
Eigh t een of t he samp les o f wate r c ol l e c t e d from irriga tion wells pumping f rom
the f lood -plain a l l uvium ha d RSC va lues gr ea t e r t ha n 2 .5 epm, 15 of the sampl es
had between 1.25 and 2.5 , a nd 139 had l e s s t ha n 1.25 e pm RSC . -
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Boron J o ne of t he mos t cri t i cal elements in i rr i ga t i o n wa te r J is e ssential
for pr oper plant gr owt h i n sma l l amount s but may be t oxic t o s ome pla nts in
co ncent r a t ions on ly s l igh t l y a bove t he needed amount s . Because of t h is s ensi­
t i vity , t he t o l era nce t o bo ro n o f t he c r op to which water is applied is consid ­
e r ed i n eva lua ting t he sui t ability o f wa te r for irrigation. Scofield (1 936,
p. 286) ind i cated that boro n co ncentrations o f as much as 1 ppm a r e usua lly
pe rmiss ible f or irrigating boro n-sens i t ive crop sJ and conce nt ra t ions o f as much
as 3 ppm a r e pe rmiss ib l e for the more bo ro n- to l erant crops.

The fo l low i ng t a b le s hows a c lassi f i ca tion of wa t e r accor d ing t o bo r on
c ontent.

Sens i tive Semitolera nt Tol e ra nt
Cl ass es of wa t e r crops c rops cr op s

Rating Gr a de (ppm) (ppm) (ppm)

1 Exce lle nt Less tha n 0. 33 Less than 0 .6 7 Less than 1. 00

2 Good 0. 33 t o 0 .6 7 0 .6 7 t o 1. 33 1. 00 t o 2 .00

3 Permissible . 67 t o 1.00 1. 33 t o 2 .00 2 .00 t o 3 . 00

4 Doubt fu l 1.00 t o 1. 25 2 .00 t o 2 .50 3 .00 t o 3.75

5 Unsuita b le Mo r e t ha n 1.25 Mo re t ha n 2 .50 More t ha n 3 . 75

The r esul t s of the ana l yses give n i n Table 12 show t ha t only f ive of 184
s amples o f wa te r f rom we l l s i n the f l ood- pla in a l luvium co nt a i ne d boron i n
excess of 1. 0 ppm . The boron con centra t i on i n t hese samples r anged f r om 1 .1
t o 1 . 8 ppm. Two o f t he samp les were from wel ls i n Falls Coun t y , two from Rob­
ertson County, and one from Brazo s Count y. The a na lys es indicate t ha t, i n
ge nera l, bo ron i s not a pr ob lem i n wa t e r from t he floo d-p la in a l l uv ium .

AVAI LABILI TY OF GROUND WATER I N TIlE FLOOD-PLAIN ALLUV IUM

Approxima tely 2, 760 , 000 a cre - f ee t of ground wat er was stored i n the a l l u­
vium of the flood pla in of the report area i n the spring of 1963 (Table 8) .
The es t ima te i s ba sed on an assumed coe f f icient of stora ge o f 15 pe r cent and
t he sa t ur a ted t hickne s s o f the a l luv i um as i nd i cated on Figure 19 or by t he
satura ted t hi ckness i n indi vidua l we l l s or t est ho les i n a r ea s whe r e da ta
were insu f f ic ient f or fur ther i nter pre t a t i on.

I n s ome s ec t i ons o f the r eport a r ea, as i ndi cated by t he l ocations of
t he we l l s (Fi gu res 20, 21, and 22), t he grou nd wat e r in t he a l l uvium is litt l e
used. Al t hough t he t ota l amount o f gr ou nd wa t er i n s t orage i n the a l l uv ium i s
i mportant , of e qua l o r gre a t e r i mporta nce i s the amount i n s torage i n s e ctio ns
of t he r e port a rea whe re l a r ge quantities o f ground wa t e r a r e pumped fo r irri­
ga tion.
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Table 8 . - -Wa ter in storage i n the flood -plain a lluvi um of
the Brazos Rive r be tween Whitney Dam and Richmond, 1963

County Vo l ume of wat e r in storage
(acre- fee t)

Aust in 192,000
Bosque 3,000
Brazos 199,000
Bur leson 344,000
Fa ll s 266,000

For t Be nd 808,000
Grimes 85,000
Hi ll 3,000
McLennan 112 , 000
Milam 13,000

Robert s on 30 7,000
Waller 307,000
Wash ington 118 , 000

Total 2,757,000

In t he spring of 1963 about 40 percent of the ground wa ter avai lab l e was
i n the pr inc i pa l irrigate d sect ion i n Falls , Robe r tson, Brazos, and Bur l e s on
Count i es . Wel l s i n t hat sec t ion pumped a bout 95 pe rcent of t he total wi th­
drawn f rom t he a l luvium in t he report area du r ing each of t he yea rs 1963 and
1964 . Approximate ly 65 pe rcent of the water est ima ted to have been pumped i n
Braz os County in 1964 was from wells nor th of State Highway 21, a n area which
conta ined only abou t one- four th o f t he estimated amount of ground water avail ­
ab le i n t he county i n the s pr ing of 1963. I n Fa l ls County, the estimated t otal
amount o f ground water avai lable i n the spring of 1963 appea rs to have been
r athe r l ar ge when compared with t he es t ima ted pumpage in 1964 . Howeve r , ove r
85 percent of the ground wate r est imated to have been pumped in 1964 was with­
drawn f rom we l ls in the area south of Highbank. About 45 percent of the esti­
mated amoun t of ground water ava ilable in Robertson County in the spring of
1963 was in t he area south of U.S. Highway 79 where about 62 percent of the
water was pumped in 1964 .

I n any dis cussion of avai lab i l i ty of ground water, one of the most i mpor­
tan t elements to co nside r is t he r ate of r echarge t o the aqu ifer . At t he e nd
of t he r ece nt drought period i n 1957, t he wate r t able was at a l ow level fo r
t he pe riod o f r ecor d. However, du ring t he 4-year period 1957-6 1 (a period of
a bove-normal precipitation), the water levels rose t o levels equa l t o or above
t hos e occupied previous to t he deve lopmen t of ground water for irrigation. Thi s
i ndicates t ha t t he aqui fer in t he flood -pla in alluvium of the Brazos Rive r is
r eadily r eplenished by rainfa ll . I f the pe riod 1957-6 1 can be co nsidered as
repre s e ntative , the average annua l rate of r echarge i n t he r e por t a rea is abou t
155, 000 acre-fee t pe r year . The recharge i n the a rea be tween the Hil l - McLennan
County line a nd Hempstead (which includes the principa l irri ga t ed area) du r ing
the 1957- 61 period was estimated to be about 100,000 acre -fee t per yea r (Cronin
and o thers, 1963 , p , 119) .
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The forego ing es tima tes of r echarge i ndica t e t hat inte rmittent l owering of
t he water ta ble by la r ge withdrawa l s of wate r f or shor t pe r iods o f time might
be o f f s e t if fol lowed by periods of normal or above normal r ainfa ll when r e ­
ch arge would increa se and pumpage would de crea se. Howeve r, continuous wi th­
dr awa l s o f gr ound wat er in excess o f r echarge would r e sult in a l owering of
t he wa t e r t able accompanied by a decrea se in t he y i e l d of t he wel l s due to the
de crease in t h i ckness of t he wate r -bear ing ma te r ials .

- 74 -



REFERENCES CITED

Bernard , H. A. , LeBl a nc , R. J. , and Major, C. R. , 1962, Recent and Pleistocene
geolo gy of Southeas t Texas, in Geolo gy o f the Gulf Coast and Central Texas,
guidebook of ex cursions : Houston Geol . Soc . , p. 175-224.

Burkett , J . M., J r . , 1959, Geo logy o f the city of Wa co and its environs : Bay­
lo r Univ . un pub . Master' s thesis , 139 p .

Clark , W. 1. , 193 7a , Rec ords o f we lls , drillers ' logs,
showing l oca t ion o f we lls i n Bur leson Cou nty , Texas :
neers duplicated r e pt . , 46 p.

water a na lys es , and ma p
Texas Board Wate r Engi -

~~~193 7b, Records o f wel ls , dri llers ' l o gs , wa te r analys es, and ma p show i ng
l ocation of wel ls in Mi lam Coun ty, Texas : Texa s Board Wa t e r Engineers dupl i­
ca t ed r ept . , 57 p .

Cr omack , G. H. , 1943 , Records o f wells and springs, dri lle rs I l ogs , wa te r anal ­
ys es, and ma p s howi ng l oc at i ons o f wells and springs in Grimes County , Texas :
Texas Board Water Engineers dup licated rep t . , 37 p .

Cr onin , J . G., Shafer , G. H. , and Rettman, P. L. , 196 3, Recon naissa nce i nves t i­
ga tio n of the ground- wa t e r resources o f the Braz os Riv e r bas in, Texa s : Texas
Wa te r Comm. Bull . 63 10 , 152 p .

Darton, N. H. , 1905, Preliminary lis t o f deep borings in the United St a tes :
U.S . Geol . Survey Wa ter-Supp ly Paper 149, 153 p .

Dart on , N. H. , Stephenson, L. W., and Ga rd ne r, J ulia , compil e r s , 1937, Geo l og ic
map of Texa s : U.S . Geo l. Survey geo logic map .

Davis , L . G. , 1942 , Records o f wells and s pr i ngs , drillers' l ogs , wate r ana ly­
ses, a nd ma p show ing loca tions o f we l ls a nd s pr ings in Rober t son Coun ty ,
Texas : Texas Board Wa te r Eng i neers duplicated r ept . , 61 p .

Dea n, H. T . , a nd o the r s, 1941 , Domesti c wat e r a nd dental cari es: Pub l ic Hea l th
Re pt s , , v , 56, p , 761-792.

Dean , H. T. , Arnold, F . A., and Elvove, El i a s, 1942 , Dome s t ic wate r a nd de ntal
caries: Pub lic Health Rep ts . , v. 57 , p . 1155- 1179 .

Deuss en, A., 1914 , Geology a nd unde rgr ound wa t e rs o f the southea s t ern pa r t of
t he Texas Coastal Pl a i n: U. S . Geol. Surve y Wa t e r -Supp ly Paper 335, 365 p .

~~__ 1924 , Geolo gy o f t he Coasta l Plai n of Texa s wes t o f the Br a zos River :
U.S . Geol. Survey Prof . Pa per 126, 138 p .

Eaton, F . M., 1950 , Signif i ca nce of ca r bo na tes i n irriga t i on wa t e r s : Soil Sc i .,
v , 69 , p , 123 - 133.

El l edge , G. A. , 1937, Reco rds of wells , dr i l lers' l o gs , and water a nalys es , a nd
ma ps show ing l oca tions of wel ls i n For t Bend County, Texas: Texas Boar d Wa t e r
Enginee rs duplicat ed r e pt . , 91 p .

- 75 -



Fl ue lle n , T . R., and Go ines, W. H., 1952, Wate r r esource s of Wa ller Coun ty ,
Texas : Texa s Board Wa te r Enginee rs Bu ll . 5208, 57 p .

Follett , C. R., 1943, Reco rds o f we lls and s prings , dr i lle r s ' l ogs , wa t e r a na l ­
yses, and map show i ng l o cations of " e l l s a nd spr ings i n Was hington Count y,
Texas: Tex as Boar d Wate r Engineers dup l ica ted re pt. , 45 p .

Heller , V. G., 1933 , The e f f ec t o f sal i ne a nd a l ka l i ne "a t e r s on domes t ic a n i ­
mals : Oklahoma Agr . and Mech. Col l ege Ex pt. Sta . Bu l l . 217, 23 p .

Hi l l, R. T ., 1901, Geogra phy and geo logy o f t he Black and Gr a nd Pra i r i e s , Texas :
U.S . Geol . Survey 21s t Ann . Rep t ., 666 p .

Hughes , W. F . , and ~~gee, A. C. , 1962, An economic ana lys i s of irrigated co t ton
produc t i on, Mi dd l e Braz os Rive r Va l.l e y , 1955 - 58: Texa s Ag r , and Mech .
Colle ge , MP-580, 12 p ,

Keec h, C. F. , and Dreeszen , V. H. , 1959 , Geo l ogy a nd gr ound-wa t e r r es our ces of
Cla y Cou nty , Nebr a ska : U.S. Geol. Survey Wate r -Suppl y Pa pe r 1468, 157 p .

Li vi ngs t on, Pe nn, a nd Turner, S . F . , 1939, Records o f we l l s , dr i l le r s' l ogs , and
wate r analyses, a nd map showi ng l ocation o f wel ls i n Fort Be nd County, Te xa s :
Texa s Board Wa te r Engineers du plicated r e pt. , 11 p .

Lohr, E. W., and Love , S . K., 1954, The indus tria l ut i l i ty o f pub l i c-" a t er sup­
plies i n t he United Sta tes, 1952 , pt. 2 : U.S , Geo l . Surve y Wa t er- Su pply
Pa per 1300 , 462 p .

Mc Kee, J . E. , and Wo lf, H. S ., 1963, Wa te r qua lity crite ria , 2nd ed .: Sta te of
Califo rn ia Wa te r Quality Cont ro l Board , Pub . no .3-A , 548 p .

Maxcy, K. F ., 1950, Report on the rela tion of ni t r a te co ncent ra t ions i n well
waters t o the occur rence of methemog lob inemia : Nat ' l Res ea rch Counc il Bul l .
Sanita ry Eng , , p . 265 -271, App , D.

~~y, R. E ., 1938 , Records of " e lls and sp r ings, dr i lle rs' l ogs , wate r ana lyses ,
an d map showing l ocat i on of " e l ls and s prings in Aus t i n Coun t y, Te xas : Texas
Board Wa t er Eng i nee rs dup l i ca ted r ep t ., 36 p .

Renick, B . C., and Stenze l , H. B. , 1931, Cont ribu t ions t o geo logy, Lowe r Cla i ­
bo rne on the Bra zos Rive r, Texa s: Univ . Texas Bul l . 3101, pt . e, 239 p .

Russe l l, W. L ., 1960 , J a cks on Group, Catahoula and Oakvi l l e Format i ons and asso ­
c iated st ruc tu res of northe rn Grimes County, Texas, i n Gu idebook fo r annual
fie l d t rip: Gulf Coast Section of SEPM, Hous to n Ceo L, Soc , , 49 p ,

Sco f i eld , C. S ., 1936, The sa lini ty of i rriga t ion water: Smithso nian Ln s t ,

Ann. Re p t , , 1934 - 35, p , 275 -287 .

Sing ley, J. A., 1893, Pre limina ry r e port on the a rtesian "e l ls of the Gu lf
Coa s t al Slope: U.S . Geo L, Survey 4th Ann . Rep t , , I II p ,

Smi t h , F . E . , 1956, Lo"e r Cla ibo rne f ield t r ip, i n Guidebook Lo"e r Cla ibo rne
fie ld trip : Sou th Texas Geol . Soc ., 7 p .

- 76 -



Smith, F. E . , 1962, Tertiary and uppermost Cretaceous of t he Brazos Ri ver Val
l ey, Southeastern Texas, in Geology of the Gulf Coas t and Centra l Texas,
guidebook of excursions: Houston Geol. Soc., p . 132- 174 .

Smith, F . E., and others, 1958 , Upper and Midd le Tertiary of the Brazos Rive r
Val ley, Texas, in Guidebook for annual f ie ld t ri p : Gu lf Coast Sec tion of
SE PM, Houston Geo1 . Soc., 26 p .

Smith , W.O., 1961 , Mechanism of gravi ty drainage and i t s relation to spec ific
yield of uniform sands: U.S. Geo1. Survey Prof . Paper 402-A, 12 p.

Stiff , H. A., Jr., 1951, The interpretation of chemica l wate r analysis by means
of patterns: Jour. Petroleum Technology, p. 15.

Tay lor , T. U., 1907 , Underground waters of the Coasta l Plain of Texas: U.S.
Geo1. Survey Water-Supply Paper 190, 73 p.

The is , C. V., 1935, The r ela t i on between the l owe r i ng of t he piezomet r ic s ur­
face a nd the rate and dura tio n of discharge o f a we l l us ing ground -wa te r
storage: Am. Geophys. Union Trans ., pt. 2, p. 519- 524 .

______ 1938, The significance and nature of the cone of depression in gr ou nd­
water bodies: Econ. Geology, v . 33, p. 889- 902 .

Turner, S . F., 1939, Records o f we l l s , drillers' logs, wate r analyses , a nd map
showing l oca t i ons of well s in Grime s County , Texas: Texa s Board Wate r Engi­
neers dupl icated rep t., 5 p.

Turner, S. F . , and Livingst on , Penn, 193 9, Records o f wel ls , drillers' l ogs,
wate r analyses , and ma p s howi ng l ocat ion of we l l s i n Waller County , Texas:
Texas Board Water Engineers duplicated rept. , 20 p .

U.S. Army Corps o f Eng i neers , 1946, Report on s urvey of Brazos River and tri­
butaries , Oyster Creek, and J ones Creek, Texas : U.S. 81s t Congress , 2nd
Session , Hous e Document No . 535 .

U.S . Public Hea l t h Service, 1962, Public Health Service drinking water stan­
dards: Public Hea l t h Service Pub. 956 , 61 p .

U.S . Salinity Labora tory St af f, 1954, Di a gnos i s a nd i mprovement o f saline a nd
alka li soils: U.S . Dept. Agr . , Agr. Handb. 60 , 160 p.

U.S. Study Commission, 1962 , The report of the U.S. Study Commissio n-Texas ,
Pt. I , The Commission Pla n, 199 p . ; Pt. II, Reso urces and problems, 365 p . ;
Pt. I I I , The e igh t basins , 21 7 p.

Wa lton, W. C., 1962 , Selected ana l yt i ca l me t hods for well and aqui fer evalua­
tio n : I llinois St a t e Water Sur vey Bu l l . 49, 81 p .

Wenzel , L. K. , 1942, Me thods for determining pe rmeab i l i ty of wat e r - bea r i ng
materials wi th special reference t o d i scha rg ing-we l l me thod s : U.S . Geol .
Surve y Water-Supp l y Pape r 88 7, 192 p .

Wilcox, L . V. , 1955 , Classif icat ion a nd us e of i r riga t ion wat e r s : U.S. De pt .
Agr. Circ. 969, 19 p .

- 77 -



Wilcox, L . V., Blai r, G. Y., and Bower , C. A., 1954, Ef f ect o f bicarbonate on
sui tab i l i ty of wa t e r for i r rigat i on : Soil Sc i . , v . 77, no . 4, p . 259- 266 .

Wood , L. A., Gabrysch, R. K., and Marvin, Richard , 1963, Recon nais s a nce i nves­
t i ga t io n of the ground-wa t e r resources of the Gulf Coast region, Texas :
Texa s Wa te r Comm . Bull. 6305, 123 p.

- 78 -




