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R E C O N N A I S S A NC E o F T H E C HEN I C A L

QUAL I T Y o F S U R F A CE H A TE RS o F

T H E TR I NI TY R I V E R

ABS TRACT

BA S I N T E X A S

The natu r a l r unoff in the Trini t y Ri ve r ba sin is o f good ch e mica l qua li ty
and i s su itab l e for mos t mu n ic ipa l , industr i a l , and a gricultural purpos e s .

The k inds a nd qu an t it i e s o f mine r als d i s so l ved i n surfa ce water o f the
basi n a re r elated t o t he geology o f t he r uno f f a r ea and to r ainfa l l and s t r ea m­
f l ow ch a r a c t e r is ti cs ; bu t t he quality of t he wa t e r i n many pa r t s of the ba s in
ha s bee n de gra de d by munic ipa l and ind ust r i a l wastes .

The roc ks expose d in the Tr i ni ty Rive r ba s i n a r e sed i me n t a r y de pos i t s that
ra nge i n a ge f r om Pe nns y l va nia n t o Quate rna ry . The rocks o f Pe nns ylva ni a n a ge
c rop out i n t he nor t hwe s t e rn pa rt o f the ba s i n a nd dip to the nor t hwes t . The
s uccess i ve l y yo unger r ocks c ro p ou t t owa r d t he coa s t and d i p t o t he s ou theast .

Wa t e r from the ou t cro p a r eas o f Pe nns y l va ni a n a nd Cre taceous r ocks ge ne r a l ly
has d i s so l ved - s o l ids conce nt ra tions r a ngi ng f r om 100 t o 250 ppm (pa r ts pe r
mi l l i on ); wa te r d ra i ning t he r oc ks o f Te rtia ry a nd Quaternary a ge ge ne ra l ly co n­
t a i ns l e s s t ha n 100 ppm dissolved s ol ids . Hi gher c oncent r a t i ons a r e fo und in
s eve r al a r eas where mu ni c i pal or indus t rial was t e s are dis charged into the
s t rea ms .

In the no r t hwe s tern par t o f t he bas i n, water from r ocks of Pe nns ylva ni an
a ge is mo de r at e ly ha r d ; in the nor the rn par t of the ba s i n, wate r fr om r ocks o f
Cr e t a ceous a~e is hard ; and i n t he ce ntra l and sou thern pa r t s o f t he ba s i n ,
wa t er f r om t he you nge r fo r mat i on s i s ge nera l l y s of t.

The ch l oride concen t r a t i on in surfa ce water o f much of the basin i s l e ss
that 50 ppm . Hi gher conce nt rations a r e f ound i n the Elm Fork Tri ni ty Ri ver,
Rich land Creek, Teh uacana Cr ee k, and Me na rd Creek subba s ins where oi l -field
br i ne s a r e re a ch ing t he s tre a ms . The Trini t y Ri ve r d owns t r e a m f r om Da l las con­
t a i ns higher conce nt r a t ions because o f t he mu nicipa l wast es tha t are d i scha rged
i nto t he r i ver i n t he Da llas - Fo r t Wo r th a r ea .

Al l t he wa t e r - su ppl y r e s e rvoirs in t he bas in conta i n wa te r o f good qua li t y .
The disso l ved -s o lid s co ncentra t i on i s us uall y les s t ha n 350 ppm. Wate r ava i l ­
a b le f or stora ge at potentia l r e servo i r si t e s is a lso of good qua l ity with the
ex ce pt i on o f Ri ch l and a nd Tehu a cana Cr ee ks whe r e re s e r voi r s wou ld store wate r
o f doub t f u l qua l i ty be ca us e of o i l - f i e ld br i ne po llu t i on .



The di s pos a l of mu n i c ipal and i nd ustr ial waste s poses seri ou s wa t e r - qu a l ity
prob l ems that mus t be r e s o l v e d be f o r e th e wa t e r r e s ou r ces o f th~ Trin ity River
ba s i n c a n be e f f e c t i v e ly deve lo pe d .
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R E C ON N A I S S A N C E o F T HE CIl EnICAL

QU A L I T Y o F SUR F ACE {,:r A T E RS o F

THE T R I NI TY R I V E R

I NTRODUCTIO N

BASIN, T E X A S

The invest iga t ion o f t he chemica l qua lity o f the surface wa t e r s o f t he
Trinity Ri ver ba s i n , Te xa s , is par t of a statewide reconna issance . 111is repo r t
is the fif th i n a s e r i es pr ese n t ing t he r e s ul t s of t he s tudy a nd summa ries of
ava i lab le ch emica l -qua l i ty da t a . Repor ts on t he Sabine, Neches, San Ja c i nt o ,
and Brazos Rive r bas ins ha ve been pr e pa r ed , a nd fu ture re ports a re p lanned for
each maj or river ba s i n i n Te xa s .

Knowl e d ge of the q ua li t y o f wa ter t ha t wi l l be ava i l a b l e is e s s e n t i al i n
planning any wa t e r -us e projec t , be ca us e t he c hemical charac t e r o f the watpr
dete rm i ne s i t s s ui t a bili t y f or d o mesti c , i r r iga t i on, o r ind us tr ia 1 pu rposes.
I f r a w water i s no t sa t isfa c t ory for a s pe c ific use, then chemical ana l ys e s a rc
necessa r y t o determi ne t he t y pe and ex t e n t of tre a t ment needed .

I n a ddit ion t o de t e r mi ning the s u i tab i l i ty of wa te r fo r spec i f ic uses ,
chemi c a l - q ua l i t y da t a a r e needed f or t he ( 1) i nven t ory o f water r e s ou r c e s , (2)
de tec t i o n a nd co n t r o l of pollu t i on o f wa te r s u pp lies, i ncludi ng the set ting o f
wa t e r -qua l ity co n t r o l sta nda r d s , (3) stud y of t e chnique s f o r p r even t i ng salt­
wate r e nc roac h me n t into coasta l st r eams a nd aqui fers, (4) p lann ing f or rcus c o f
wat e r , and ( 5 ) dem i ne r a lizatio n of wate r ,

A network o f da i ly c he mi ca l - qua l i t y s t at ions on pr inc i pa l s t r eams in Te xa s
i s o pe r a t e d by t he U . S . Geo l og i ca l Su rve y i n coopera ti on wi t h t he T l'XClS Water
Deve l opment Board and with Fe d e r a l and l o c a l a ge nc ie s. Howe ve r , t h is ne twor k
has no t been adequa te to inve n t ory com p l etely the c hemica l quali ty of chc s u r­
f a c e wa t e rs o f the St a t e. To su p p l e men t the i nfo rma tion be ing o b tn Lnc d b y the
ne t wor k , a c oo pe r a t i ve s tatewi d e re c onnai s s an ce was unde r taken h y t he U ,S .
Geo log i c a l Su rvey a nd t he Te xa s Wat e r Developme nt Board . I n t h i s s t udy, sa mple s
f or che mica l ana lyses ha ve been co llected period i ca l l y at nu merous sites
t h roughout Te xa s s o that s ome q ua lit y-of -wa t e r i n f o r ma t i o n wou ld be availabl e
f o r loca t i o ns whe r e wa te r - de ve l o pme n t proj e cts are c o n temp l a t e d . These da ta
aid i n t he deli neat i o n o f a r eas hav i ng wa r e r -que l t r y prob l e ms and i n the ident i­
fica tion o f pro ba b le s ource s o f pol luti on , th us indicating areas i n which mo re
de ta i l ed i nvesti gations a re needed.

Du ri ng t he pe r i od September 19 61 t o Se ptembe r 196 5 , wa t er-qua l i ty dat a
were co llec ted f o r the p r inc ipal streams, the major r es ervoirs, a n umbe r of
potent ia l r e se r vo i r s i t es , and m8ny tribu taries in the Trinit y Rive r basi n .

- 3 •



Agencie s t hat have co opera t ed i n the col lec t ion of chemi cal -quali ty and
streamf low data inc lude the U.S . Ar my Corps of Enginee rs , t he Tarrant Coun t y
~a t e r Control and I mproveme nt Di s t r ict No.1 , t he Cha mb e rs -Liberty Coun t i e s
xev r ga t t on Distric t , t he Tri nity River Author ity, and the c i t ies o f Dal l a s , Fort
~or th , a nd Houston .

TRINI TY RI VER DRA I NAGE BASIN

General Des c r i pt i on

The Trin i ty River heads in no r t h- ce n t r a l Texas and flows in a ge ne r a l
sou t hea s t e r l y d i re c t ion to t he Gu l f o f Me xico . The d rainage bas in i s bou nded
on t he no r th by the Red Ri ver basin, o n t he ea s t by t he Su lphu r, Sabine, and
Neche s River basin s , a nd on t he wes t by t he Brazos and Sa n J a c i n t o Rive r bas ins
(Fi gu r e 1) . The dra inage basin, whi ch i nc l udes al l o r pa r t of 37 counti e s , ha s
an a r ea o f ap proxima t e ly 18,000 s quare mile s .

The headwate r s trea m in t he Tr i ni t y Ri ve r bas i n , t he We s t Fork Tr ini ty
Rive r, r i s e s i n sou t he a s te r n Ar ch e r County , and is j o i ned by t he Clear Fork a t
Fort Wo r t h , t he Elm Fo r k at Dal l as, a nd t he Ea s t Fork i n Kaufman Coun t y . The s e
f our f orks a nd Dent on Cr ee k, a ma jor t r i butary t o the Elm For k , are t he maj or
st r ea ms t ha t f o r m t he Tr i n i t y Rive r . Downst r ea m f rom Kaufma n Count y, the ma j or
tr i bu t a r ies a r e Ce da r a nd Ri ch l and Cr e e ks .

The basin slope s f ro m a n a l t i t ude of abou t 1, 200 fee t i n the hea dwate rs t o
sea level . The no r t he r n pa r t o f the basin i s ch a r a c t e r i ze d by a se r ies north ­
trending l i near be l t s of a l te r na t i ng , smooth t o s l i ght l y r oll i ng, t r ee l ess
prai r i e s a nd ro l ling t i mbere d h il ls . The ce nt r a l pa rt o f t he ba si n is a gen t ly
ro l ling area , most of which 1s hea vily timber ed . The sou the rn pa r t o f t he ba s in
is a relat i ve ly fla t coasta l pr a i r i e .

The ave rage annual pr e c i pita t ion ra nge s f r om about 27 i nches i n t he nor t h ­
wes t er n pa rt of t he ba s i n t o ove r 52 i nches i n the sou t he r n pa r t. The ma x i mum
ra inf a l l usua l l y occ urs dur i ng Apr i l a nd May , except in t he l owe r pa rt o f the
bas i n wher e rai nfall is fa i rly eve nl y di str ibu t ed t h r ough out t he yea r . ~~ a n

a nnua l prec ip itat i on in the ba s i n ) ave r a ge monthly pre cipita t ion a t t h r e e U. S .
Weathe r Bu reau s t a t i ons, and a nnua l pr e c i pi ta t ion for the period 1930-65 a t one
sta t i on a r e s hown i n Figur e 2.

Runo f f is de f i ne d a s tha t pa r t o f t he pr e c i pitat i on appea r i ng in s u r f a ce
st reams , and is t he s a me as s t r ea mf low u na f f e c t ed by a r t ifici al dive rs ions or
s to r a ge (La ngbei n a nd I ser i , 1960 , p . 17) . The natu ral r uno f f pa ttern i n the
uppe r part o f t he bas in has been g reat l y af fec t ed by the cons truc tion of r es er­
vo i r s i n t he Da llas - Fo r t Wo r th a r ea a nd by numer ous smal l floodwa t e r - retardi ng
s t ruc tu r es .

About 15 pe r ce n t of the pre c ipi tat ion a ppea r s in t he s trea ms as runo f f .
Runo f f da ta p lot ted on t he ma p i n F i gu re 2 show t hat ru noff from subbas i ns
var i e s f rom 2.0 inches in t he u ppe r part of t he ba s i n to 7 .0 i nches in t he cen­
tra l part . Thes e r u nof f value s were compu te d f ro m s t re amf l ow r e cor ds tha t we r e
ad jus t ed sli ght l y to inc l ude wat e r i n s to r age i n t he u ppe r bas i n at the c l ose
o f the pe r t cd o f rec ord. At Romayor , t he l owe r mos t s t reamf low s tat ion where
da il y d is charge i s compu t e d, annua l r u no f f ave r ages 5 . 6 inch e s . Annua l r unoff
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at Romayo r compu ted f r o r-r h i s to r i c a l streamflow records 0925-65) ave r'a ge s 5 . 6
inches showing tha t s t o r a ge i n t he up pe r basin has not si gni ficantl y affec ted
a ve ra ge ye a r l y runoff i n the l owe r basin . Runoff at Ro ma yo r , expre ssed a s
inches per ye a r and as mea n discha rge in cu bic fee t per second ~ i s s hown f or
the pe r i od 192 5-65 i n Fi gure 2 .

Pr ec ipitation a nd ru n o ff are su bj e ct t o much g rea te r v a r i a t i o ns than a re
indi cated by t h e annua l and monthly ave ra ges . The yea rly mean dis charge o f t he
Tri n it y Riv e r at Romayo r has ra nged fr om 913 to 16 ,930 c f s ( cub ic I oe t per
seco nd ) , but i ns t a n t a ne ous f l ows have rn nged from 102 to l l1 ~ OOO cfs • Thu s in
s p i t e of r e l ativel y h i gh e v c t-a ge s , s t r e a rnf l ow is unev enl y di stri but ed io t ime ,
and stora ge proj e c t s a r e neces s a ry to make su r fa c e wa t er av a i La b Lo in d e pe nda b le
qua nr t c te s . Seasona l d i stribut ion o f rainfall is the majo r f ac tor; but storm
intens ity , tempera ture, types and dens it y o f vegetation , su r face s l ope , soils,
a nd pe rmea bi lity o f aquifers a lso affec t the amount and dist ributi on o f runoff
fro m a draina ge ba s i n .

Popula tion and ~unici pCll it i e s

The popula t ion o f t he Trinity River bas i n wa s almost 2 .5 mil l i on in 1965 .
Ab out 1. 9 mi l lio n pe o p l e live in t he Da l l a s - Fort Wort h a rea an d almost 40 0 , 00 0
mo r e liv e i n t he per i pheral ci t i e s o f Gar la nd , Gra n d PrBirie , Irv i ng, ~~squitc ,

Den t o n , vaxutia cn r e , Arlin g t on , Hurst, Ennis , Gaine s v il l e , and Mc Ki n ne y. Othe r
cit ie s and t owns in t h e c e ntral and south ern pa r ts o f th e ba s i n a nd th e e s ti ­
ma ted 1965 popu lat ions (Te xa s Almana c, 1966) a re : Cors i cana, 21, 500; Te r r e ll ,
14, 855; wea the r fo r d , 13 , 500; Cr ockett , .5 , 200 ; a n d Liber ty, 6,970 . Pa lest ine,
Athens, and Hunts vil le , on ly pa r t ly in the ba s in , had estima t ed po pu la tions in
1965 o f 14 , 000 , 10 , 619, a nd 13,522, r e s pe c t i ve l y. About 84 percent of the
popu l a t ion is c la s s i f i ed as u rban ; t h e r e mai nder is fairly e ve n l y distri bu t ed
in the r ura l areas of the bas in .

Economic Oevelopment

TIle economy of t he basin r a nge s f rom va ry ing types of i n dus t r y in t h e
popu lat io n cente r s to d iversifi e d f o r ms of a g r Lcu l t u r-e in t he rural areas.
Dalla s , Fo r t wo r t b , a nd the c i t i e s no a r b y a r e l eading ce n t e r s of f i na nc e , i nsur ­
a nce , mea t packing , ae r o s pa c e research, ai rc r a f t manu f a cturing , and pe t r o l eum­
re late d act ivities . Farther sou th, t he economy i s de pe nden t upon a gricu l t u re
and the product ion o f o il and ga s . I n th e no r t hern h a lf o f t h e bas t n , ge ne ral
fa rming produces co tton, g r a i n, l ivesto ck , a nd dairy p rod u c t s . Nca r the coast,
rice i s the most impo r tant crop .

Deve l opment o f Sur f a ce - Water Res ource s

Th e Trinity Rive r basin cove r s 7 pe rce n t o f the S ta t e ' s t o t al n r 0a , c on tri ­
butes almos t 16 pe r c e nt of the St a te ' s to t a l runoff, and has ove r 20 pe r c e n t o f
the St ate ' s po pula tio n (F i gu r e 3) . Many ge ne r a l - pu rpos e wa te r - d c v o l opnco t

proje c t s hav e been ne c e s s a r y t o ma k e wa t e r a v a il a b le to the pop u l at i on centers
of the ba s i n . Table 1 li st s t he capa c i t i e s , owne r s, and us e s of the reservo irs
havin g ca pa c i t i e s of 5 , 000 acre -fe e t o r more . Loc a ti o ns of t he r e s erv o irs are
shown i n F i gu r e 4.
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The Tex a s Wa te r Developme nt Board (1966 . p. 31) r e ported t hat 402,000 acre­
f ee t of water was us ed by c i t i e s a nd i ndus t r i e s i n t he Tr i ni t y River basin in
1960 and that irriga t ion usage in 1964 was abo ut 62,000 ac re-fee t . Hare than
two- th irds of the water used in the brts in was from surface-wat e r s ources. Prin­
c ipal users of surface wa ter a re the ci t ies of the Dal las -For t Worth area .

The city of Dalla s ob tains its water supply principally from Ga r za -Li t t le
Elm and Grapevine Res e rvoirs . supplemen t ed by Lavon Reservoir and Lake Tawakoni
( in the Sabine River basin). White Rock La ke i s available as an emer gency
supply.

Several other c i t i es i n t he Dal las area , inc lud ing Denton , Gar land ,
McKi nney. and Me squ i te , a lso obtain water from t he s e s ources.

Fort Worth ob t a i ns mos t o f it s wat er suppl y from a ch a i n of three r e s er­
voirs--Bridgepor t Reservoi r . Ea gl e Hounta i n Res ervoi r . a nd Lake Worth- - on t he
Wes t For k Trinity River , and fu rn i shes part of the s upp ly fo r severa l ad joining
c i t ies. Benbrook and ~ava r r o Mill s Res e r voi r s are ava i lab l e a s ad dit i ona l
supp lies fo r For t Wo r th. Cedar Creek Res ervo i r was r ecently co mpleted as a
supply fo r Fort Wo r t h a nd vicinity .

Othe r munic i pa l i t i e s ob ta i n ing wat e r supplies f rom r es e rvo i rs inc lude Bowie
(Lake Amon G. Car t e r ) . Ar lington (Lake Ar l ington), Corsicana (Lake Halbe rt ) .
Waxahachie (La ke Waxaha chie) . Weat he rfor d (Lake Wea t her f ord), and Te r r el l
(Ter r ell Rese rvoi r) ; Bardwell Reservoi r wi ll supp l y the ci ty o f Ennis .

Projects unde r cons t ruction i n t he Trinity River basin i nc lude Lake Ray
Hubbard for addit ional municipal supply fo r the city of Dal la s , and Livingston
Reservoir which wi ll be t he l a r ges t reservoir i n t he Trinity Rive r bas i n a nd
wi ll f u rn ish munic ipal . i ndu s t ria l, and irriga tion water for Hous ton and
vic inity .

The Soi l Cons e r va t ion Se rvice of the U.S. Depa rtment of Agr i culture was
au tho r ized by t he Fl ood Control Act o f 19 36 to investigate and prescribe mea­
sure s fo r runof f and water f low re t a rda t i on and s oil eros ion pr event ion . As o f
Sep tember 3D , 1965, 499 Soi l Conse r va tion Servic e f l ood wate r retarding st ruc ­
tures ha d been built i n t he Tr i n i ty Ri ver bas i n . These struc t ur es partly con­
tro l flow from 1 . 139 s quare mil es.

CHEMICAL QUALI TY OF THE WATER

Chemical-Quali ty Records

The U.s . Geological Survey has collec ted chemical -quality r ecords in the
Trinity River basin since 1945 when a sampl ing station was es t ab l ished on the
Trinity River a t Romayor. This station was discontinued for several months
du ring 1949 . but was r eactivated and r ecords a re currently (1965) be ing co l ­
lected a t this s ite. I n add i t ion t o the Romayor station. the U.S. Geologica l
Survey i n 1965 was opera t ing five o ther da i ly chemical -quality s ta t ions . ~umer­

ou s s ampl e s for ch emical analyses have been co llected at miscellaneous s ites
t hroughou t the basin s i nce 1952.
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Col lection o f chemi cal-qua lity da t a f o r t hi s reconnaissance study be ga n i n
1961. Sa mpl es we r e col lected pe r i odi cally f r om t he pr inc i pa l t ributary st reams
a nd f r om 13 r eservoirs.

Data were collected over a wide range of discha rge r a t e s . At low f l ows ,
concentrations of disso lved s o lid s a r e like l y to be hi ghe s t ; and t he dat a com­
monly i nd i ca t e wher e pollution or sal ini ty problems exist. Dat a col lect ed
dur i ng medium and high fl ows ind icate the probable qua lity o f the water t ha t
would be stored in r e s e r vo ir s . St ream-gaging stat i on s we r e se lected as s a mpling
sites whenever possible so tha t chemi cal con t en t could he cons i der ed in r e lat i on
t o water di scharge . At s it es other than s t rea m- gag i ng s ta tions, water d ischa r ge
was usually mea s u r ed when the s amples wer e col l ected .

The pe r iods o f r ecord at a l l da t a-co l l ection s ites a r e given i n Tabl e 4,
a nd t he l oca t ions are s hown i n Figure 9 . The chemical - qua l it y da t a for the
da i l y s t a tions a r e s ummar ized i n Tabl e 5, and t he complet e records are published
i n an a nnua l series of U. S . Geologica l Survey Wat er-Supply Papers a nd i n reports
o f the Texas Wat er Developmen t Board . (See t ab l es a t end o f Re f e r enc e s . }
Results of a ll t he pe r i od i c and mi s c el l a neous analyses are given i n Tabl e 6 .

The Te xa s Sta te De par t me n t o f Hea lt h makes availa ble to the Geologic a l
Survey the data co l lected in its s tatewide stream-sampl ing program, which
i n c l ud es t he periodic determination of pH, biochemical oxygen dema nd, t o t a l
sol i ds, dissolved oxygen, chlo r ine demand , and sulfat e a t 33 locations in t he
Trinity River basin. The data-co l lection s ites o f t he Texas Stat e Department
of Heal t h are l i s t ed in t he f o l l owi ng t a bl e . Some o f t hem ar e at U.S. Geolo ­
gical Survey s t rea m- ga gi n g stations . The nu mbers refer t o sites s hown i n
Figure 9.

~e f e r e n c e Te xa s Sta t e Depa rtmen t o f Health
no . data-co l l e c tion si t e s

2 wes t Fo r k Trinity River near J a cks bor o
-- West Fork Trinity River at Hhit e Sett l ement Road i n Fort \..Jo r t h
-- Clear Fork Tr i ni ty Riv e r a t Hende r son Stree t in For t wor t h

-- wesc Fork Trin ity Riv er at North Mai n St ree t i n Fo r t Worth
- - We st Fork Trini t y River a t NE 12th St r e e t i n Fort Worth

-- We s t For k Tr inity River at E. Fir s t St ree t in For t wor t h
- - West Fork Trinity River a t Randal l Mill-Hurst Road i n Fo r t Worth
-- West For k Trin ity Rive r a t Elde rville Road in For t Horth

-- West Fo r k Tr i nity River at bridge on Farm Roa d 157 in Fo r t Worth
20 We s t Fork Tr i ni t y River a t Gr a nd Prairie

West Fo r k Trinity 0 " at Old Single t on Road i n Da ll a s- - .cr v e r
29 Elm Fork Tr inity Rive r near Sange r
-- Elm Fork Trin ity River a t Cra vwy l e r Road in Dalla s
-- Tr i n ity River a t Westmor eland bridge in Dallas
-- Trin ity Rive r a t Fo r res t Avenue bridge in Da llas

(Cont i nued on next page)
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Reference Texa s State Depa r t men t of Hea lth
no. dat a - co l l ect i on sit es

-- Trinity Ri ve r at South Cent ra l Exp ressway i n Dallas
-- Trinity Ri ver a t SE Loop 12 i n Dallas
-- Trinity Rive r a t Dowdy Fer ry Road in Dallas
61 Ea s t For k Tr inity River near Lavon
64 Eas t For k Tr i n i t y River nea r Crandall

65 Trinity River nea r Rosser
66 Trinity River at Trinidad
-- Trinity River near Cayuga
77 Richland Creek near Ri chland
-- Chambe r s Creek near Italy

84 Chambe r s Cr eek nea r Cors icana
90 Trinity River near Oakwood
95 Tr inity Rive r near Crockett
97 Tr inity River near Midway

102 Tr inity Rive r at Rivers ide

-- Tr inity River nea r Point Blank
109 Tr i nity River a t Romayor
110 Trini ty River at Liberty

St reamf low Records

St reamflow r eco r ds in the Trini ty Rive r basin beg in i n 1903 when the U.S .
Geolog ical Survey estab l ished a streamf l ow meas uring sta tion on t he Tr in ity
Rive r at Dallas. More t ha n 25 ye ars of d ischarge r eco rd s a re ava ilable fo r 12
s tat ions i n t he Trinity River ba s i n and over 10 yea rs of r eco r d a re availabl e
a t seve ra l o t he r sit es in the basin.

In 1965 the U. S. Geological Survey operated 57 streamflow s t a tion s , 4
r e s ervoir co n t en t sta t i ons , and 12 part i a l r ecord sta t ions . The U. S. Ar my Cor ps
of Engineer s operated rese r voir co nten t stat ions on f i ve other r ese rvo i r s i n
the ba s i n . The pe riods of reco r d fo r a l l t he s treamf l ow an d r e s e rvoi r stations
are give n in Table 4, an d t he locati ons a re s ho\vu in Figure 9.

Reco rd s of d ischarge, stage of streams , an d co ntent s and s tages of res er­
vo i r s f r om 1903 to 1960 have been pub lished in t he an nual s er ies of U. S . Geolo­
gical Survey Water-Supply Papers . (See t abl es a t end of Re f e r enc e s , ) Begin­
ning with the 1961 wat er year , streamflow records have be en released by t he
U.S . Geol ogical Survey i n annua l repor ts for each sta te (U. S . Geo logica l Survey ,
1961, 1962, 19 63 , 19 64b . 1964c ) . Summaries of discharge records have been
publ i shed giving mont hly and annua l tota ls (U.S . Geological Survey , 1960 . 1964a;
Texa s Board of Wa te r Eng ineers , 1958) .

Environmental Factors and Thei r Effec ts
on the Chemical Quality of the Water

All wate r from na tu r a l sources contains mineral cons t i t uen t s d issolved
f rom the r oc ks and mi ne rals of the earth 's c r us t . The kind and quantities of
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dis s olved miner a l s in su rface water depend upon a number o f envi ronmen t a l fa c­
tors , some of the mos t i mpo r t a nt of whi ch a re geology, pat terns and c harac ter­
i s t i c s of st reamf l ow, and t he a c t ivi ties of man .

Geo logy

I n a r ea s whe re munic ipal and i ndu st r ial inf l uences are smal l , the amount s
and ki nds o f mi ne rals d issolved i n surface waters de pend principal ly on t he
chemical compos i t ion and physica l s truc t ur e of the r oc ks and so i l s t rave r sed by
t he wat er.

The ava i l abi l i t y of t he minerals i n r ocks and soils i s de crea s ed by l each­
i ng . I n arid or semiarid r egions most soils and t he rocks f r om wh i c h they orig­
ina ted a re incompl et ely l ea c hed and still contain l a r ge qua n t ities o f readi ly
s olubl e mate r i a l . I n some areas o f h i gh rain f all, r ocks t hat o r i gina lly co n­
tained l a r ge quant itie s of r eadily solubl e mine r a ls have been l eac hed by circu­
lating water unti l the man t le rock and res i dua l soils co n t a i n relat i ve l y smal l
amounts of r e adi l y so luble mi ne r a l s . I n the Trinity River basin where the
average annual prec ipi ta t ion var i es from l e s s t ha n 30 i nche s i n the northwestern
part of the ba s i n to ov e r 50 i nches in the sou thern pa r t , t he amount of l eachi ng
tha t ha s occur r ed vari e s geographic a lly. Consequen tly , t he di ssolved- s olid s
content of s ur f a c e r uno ff an d ground-wate r inflow t o st reams i s greate r i n the
northwestern part o f the ba s i n and dec r ea ses t oward the coast.

The geology of the Tr i n i ty Ri ver ba s i n r e flects the various deposit i ona l
pha s e s and e nvi r onmen t s dur ing Pennsy lvanian , Cr e t aceo us , Tertiary , a nd Qua te r ­
na r y geo l og i c t imes (Peckham and others, 1963 , p. 16 ). (See Figure 9) .

During Penns ylvanian time, depos i tion of sediments in a large s ea pr oduced
a sequenc e of marine sand , shale, and l i mes t one . Rocks of Pennsyl vanian age
c r op ou t in the northwes tern par t of the Trinity River basin and d i p r egional ly
to the northwest .

Sed imenta ry r ocks of Creta c eous a ge are ex po s ed in t he northern pa rt of
t he ba s i n and dip in a genera l eastward di r e c t i on . The s e s ed i ments are chara c­
t e r i zed by typical nea rsho r e sand , shale , and l imest one .

Water from outcrop area s o f r ocks of Pennsylvania n and Cr e t a ceous a ge gen­
e rally have d i s s o lved- s o l i ds co nc en t r a t ions r an ging f r om 100 t o 250 ppm (parts
per mi l l ion). The water i s o f the mi xed type with calci um and bica r bona t e t he
predominant ions .

During the Te rtiary and Qua t e r na ry Periods, an a l t e r na ting sequen ce of
marine and con t i nen ta l depos i t s wa s f or med as a r es u l e of repeated t r ansgres­
s i ons and reg r e s sions of t he sea . The sedim en t s ar e composed o f c l a y , s ha le ,
marl , and minor amounts o f sand . Rocks of Te r t i a r y and Quate rnary a ge c r op out
i n t he c en t ra l and sou t he r n parts o f t he ba s i n and dip i n a ~ene r a l sou t hea s t wa r d
di r ect ion .

Wa t e r draining the rocks o f Tertia r y and Qua te rnary a ge ge ne ra lly con t a ins
l e s s than 100 ppm dis solved sol ids. The wa t er is of the mixed eype wi t h no
predominant ions .
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Str eamflow

The pat terns and cha racte ristic s of Rtreamflow usually aff ec t the chemical
charac te r of wate r in streams. I n mos t streams where t he flow is not r egul a t ed
by ups tream reservo i rs, the concen t r a tion of d issolved-mi ne r a l constituen tR
va ries inversely with t he fl ow of t he st ream. The base f l ow, or sus tained l ow
flow, of a s t rea m i s pr edomi na ntly wat er t ha t ha s entered the s tream as ground­
wa t er di scha rge . Usua l l y t h i s water has been i n contac t wi t h rocks an d s oils
fo r a suf fi c i en t time t a d i s so lve part of the i r solub le mi ner als . Conve r se l y ,
a t hi gh st age s mos t of the f l ow of a s t ream consists o f surface-water r unof f
tha t ha s been i n con t ac t wit h rocks and soils for on ly a shor t time. There fo re ,
t he d issolved-so lids concent ra tion of a stream i s usual ly lowes t du r ing periods
of high fl ow.

I n t he Trin i ty River bas in most of the tota l f low in s t r eams consist s o f
surface runoff, bu t streamf l ow r ecord s show tha t the low flow o f ma ny streams
is mainta ined by graund wa t er .

The r el a t i on of dissolved-sol i ds concentrat ion t o wat e r d i scha r ge i n three
tr i bu t ary st reams is shown in Figure 5 . The East For k Tr in i ty Rive r and Bear
Creek drain met ropo l i t a n areas i n t he nor t hern par t of the basin . The
dissolved- solids concen t r at i on of t he s e s t reams i s i nfluenced by mun ic ipa l a nd
i nd us t ria l wastes. Dur ing per i ods of high flow, t he ef fec ts of t he was te
d ischarged in t he streams a re minimized as surface runo ff o f l ow concen t r a t ion
dilut e s the waste. Catfish Cr eek has d isso lved-sol ids conce nt ra t i ons nea r 100
ppm even at l owe s t ra tes of d i schar ge. The ground wat e r r ea ch i ng t h is s tream is
l ow in d issolved ma t e r i al , becaus e r ain f a l l has a l ready leached the so lub l e
mate r ials from the r ocks and soi ls . The refore t he d i s so l ved-s o l i d s concen t r a ­
t i on va r ies on ly slight ly with wate r d i s c ha r ge .

The r ela tion o f dissalved-sol i ds concent ra tion to water d ischar ge for t he
Tr in ity Ri ver at Romayo r is shown by the du r ation cur ve s in Figure 6 . The
cur ves sh ow the inverse relati onship o f r a t e s o f water dischar ge t a the concen­
tra tion of dissolved sol ids in the st r eam dur i n g wat er ye ar s 1958- 65 .

Activities o f Man

The activities of man often ha ve a det er i ora tive e f f ec t on t he chemical
qua l i t y of water. DepIcting s treamfl ow by dive rsion [or munic ipal a nd indus­
tr i al use , d i spos i n g of a il-fie l d brines and municipal and industria l was tes ,
and al ter i ng s treamflow by storing wa t er a l l produce cha n ge s in quality.

Oil is p r oduced i n many a rea s in the Trinity Rive r basin (Figure 7) .
Br i ne is produced i n near l y all oil (ields ; and it may , i f i mproperly handled ,
eventual ly reach t he streams . The composition of oi l -f ield br i ne varies , but
the prin ic ipal ch emical constituen t s in orde r o f magnitude a re ch l or i de , sod i um.
calcium , and sulfa t e. Some brines a re r ea ching the surface water i n the El m
For k Trini t y Ri ve r subbasin and c ausing l ocal "deter io ration of wa t e r quality ,
but the effect on the quality o f wa ter s to red downst ream i n Garza - Li t t l e El m
Rese rvo i r ha s been mino r . Br i nes have been reaching the surface wa t e r s in the
Rich land and Teh uacana Creek subbasins. Osborne and Shamburge r (1960 ) re port ed
on the e ffec ts of oil-f i eld br i ne on t he surface and ground wat e r i n t he l ower
watershed of Chambe r s and Richland Creeks . Among other f ind ings , t heir r e po r t
conc luded t hat app ro x ima t ely 83 ,700 barrels of t he tota l da ily br i ne yield
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(9 5.300 ba r r e l s ) was being dis posed o f on t he surfa c e , a nd t ha t app rox i~a t ely

61 , 500 barre l s pe r day (4 .0 cf s) of the brine dra i ned di r ec tly to tr i bu~aries

whi ch flow i n t o Chambe rs and Richl and Creeks. Chemical -qual i ty reco rd s col­
l ect ed a t t he da i ly s ampl i n g st a t ion Rich land Creek ne ar Fai r f i e l d (Table 5 ,
si t e 86) show t ha t t he amoun t of brine r ea ching t he st reams i s suf ficien t t o
gr ea t ly i mpa i r t he use f ul ne s s o f t he wate r . Chlo r ide concen t ra tions usua lly a re
greate r t han 1 . 000 ppm. a nd a t t i me s have ex c eeded 7 ,000 ppm. Teh uacana Cr eek ,
whi ch en te rs Tr i n i t y Rive r a shor t d istanc e downs t ream f rom the mo uth of Ri ch­
l and Creek , is a l s o de graded by t he dischar ge of oi l -f i e l d brine (Tabl e 6, s it e
87 ) . The a nnua l loads o f sal t co n t r i bu t ed by the s e streams canno t be e stima t e d
with a ccur a cy be caus e str eamfl ow da t a a r e not avai l a bl e . The s hor t pe r i od of
c oncur r en t chemi ca l qua l i t y record at t he Tr i nit y Ri ver s t a t i ons nea r Ros ser and
near Croc ke tt ( Febr uary to Sept embe r , 1964 ) give s s ome indica t i on of the ef f ect
of t he Ri ch l and Cr eek infl ow on t he chlo r ide concen t r a t i on of t he Trinity .
Du r i ng th i s pe riod the weigh t ed - aver a ge co nc en t r a t ion of chlor ide wa s 35 ppm a t
the Rosser sta t i on but i nc r ea s e d t o 115 ppm a t t he s ta t ion near Crocke t t .
St r eamf low in t he Trini t y River during 1964 wa s l e s s t han t he l on g t e r m ave r a ge.
a nd the e f fec t o f sa l i ne i n f l ow on water quali t y would be not so prono unced
du r i ng ye a rs of normal f low. Some brines appea r to be r eaching t he s ur f a c e
wa t e r i n the Mena rd Cree k subba s i n . bu t t he e f f e ct on the ma i n stem of t he
Tr i n i t y has not been no t i c eable .

Muni c i pa l us e of wat e r t ends to i nc rea s e t he co ncen t r a t i on o f d i sso l ved
solids i n a s t r eam s ys t em. The deple t i on o f flow by diver s i on and cons ump t i ve
use , t he los s of water be cause of i ncr ea s ed evapora t i on , and the d ispo s a l o f
mun i c i pa l wast es i n t o a stream result i n higher ave r a ge concen t ra t ions o f
d i s s ol ved so l i ds i n t he r emai n i ng wate r . I n t he up pe r Tr i n i t y Rive r bas i n , t he
s t or a ge a nd d ive rs i on o f wat e r fo r munic i pa l use a nd t he d i sposa l o f munici pal
and i ndus tr i a l was t es have ca us ed se rious wate r quali t y pr oblems. A s ewa ge and
indus t rial was tes su r vey made by t he Texas Sta t e Department of Heal t h in 1958- 60
conc l uded i n pa r t t hat :

The evalua t i on o f wa t er qua l i t y da t a o f t he uppe r Tr i ni t y
Ri ver i nd ica t es the Tr i n i t y Ri ver and some t r ibu t a ries to
c on t a i n wate r o f gene r a l l y poo r or ga nic qual it y. This
s urvey ha s dis clo s ed t ha t th i s poor organic qual i ty i s a
r e sult of i nadequate col lec tion and t r ea t men t of sewa ge
and i ndus t r ia l wa s t es, coin ciden t wi th r e s t r i ct ed f l ow
char ac t er i s tics o f t he Trin i ty River . The abi l i t y of t he
Trin i t y Ri ve r t o ac compl i sh s e lf- s t a bil i za tion i s
r e ta rded by l ow f lows and t he discha r ge e ffl uent f rom
indus t r i e s and t he sewage tre a t men t pl an t s o f the c it i es
through whi ch it f lows . The trends fo r population inc r ea se
and wate r usage. and the est ab l i s hment of add itional indus­
t r i es i n t he Fo r t Wo r t h-Da l las met ro po l i tan area wil l
und oubtedl y i ncrea s e t he ne ed for better and i mp roved was te
t r ea t men t fa c il i ties .
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... At t he conf luenc e of Nar i n e Cree k , b eg i n n ing wit h th e
West Fork Tr i ni ty Riv er, in For t Wo rth, and exte nd i n g
d own st r eam to Rosser, i n Kaufman County, t he Tri n i ty Ri v e r
i s dev o i d o f o xygen an d is un ab le to a c com plish se l f­
s t ab i l i z a t i on . Oxidation o f o rg a nic mat t er i s r e tarded
a nd s eptic cond itions and of fensive odo r s ar e usually
pr es ent. Th e wat er is t u r b i d and di s colo r ed. Slud ge
ba n ks may b e ob s e r v ed at numer ous l o c a tions . There i s
insuffic i e n t oxygen fo r fish li f e to propa ga te .

Downst ream f r om Ro s ser t he municipa l , i n du s tria l, and a gricu ltura l u s e of
Ha t e r f rom t h e Tr i n i ty Riv e r has not c aus ed an y signifi can t c hang e s in Ha ter
qu a l it y , but e f fe c t s of t h e mun ic ipa l a nd industr i a l was tes fron t h e Fo rt Wor t h ­
Dal l a s a rea co ntin ue t o be no ti c eable t h r oug ho u t the r each o f the r i v e r .

Th e wa s t e l o ad carrie d by t h e uppe r Tr ini t y Rive r c a n a lso have s ignifican t
e f fe c ts on t h e wate r i mpou n de d i n downs tre am r e servo irs. Connell ( 19 64) Has
especially c onc e r n e d a bou t t h e i nc r e a s ing ph o spha t es in Te x a s reservoirs and
the po t ential pho s phat e load i ng of many of t he pro jected reserv oirs . He l i sts
t he p r inicipa l source of ph o sphate a s mun i c ipa l a nd i ndu s t rial wastewater, but
also says su r face r uno ff may cont r i bute sign i f icant l y to ph o spha t e conten t o f
streams and r eservoirs , f r om lea ching and e r osion o f min e r a l ph o sph a t e fr om
soil, de c a y o f ve g e ta tion and a n i ma l wa s t es , and use o f pho sphate f e r t ili z e rs
and p hosphorus-conta i n i ng insec tic i de s . Connell li sts t h e f o l l oHi n g s e rious
quali ty t h r eat s cau sed by phosphate l oading of p r oj e c t ed r eservoirs:

First, p rod uc tion o f e xces sive b iolo g ica l a c tivi ty and
a s s ociat ed odors and tast es rendering t h e wate r dif f i cult
and e xpens i ve t o purify f o r dome s tic u s e .

Second , pr omo t ion of hea v y alga l bloom and s ubsequ e n t
oxygen- c on suming decay o f organic ma t t er s u ff ic i en t to kil l
f ish and t o render wate r undesirab l e f o r r ecre a tion
act ivitie s .

Th ird, product ion of s u f f i c i ent o r ganic ma t t e r - - sl imy soupy
growth-- t o r e nder wa t er d i f f icu lt and expen s i ve t o proc ess,
di s tribute an d u s e for i n du str i a l purposes .

Fourth, v ery object i onable c a l c ium pho s phate s c a l i n g in
c oo l i n g and bo iler wa t er uses.

A pr i ncipa l and r e lative ly n ew sou r c e of phospha te is the h ousehold and
laundry u s e o f d e t erg ent s. The t wo princi pa l a c t i ve ingredie nts of dete r gents
a r e alkyl benzen e s ul f ona tes (ABS) , the "sud s a n d f oam" p rodu c i n g c omp onent s ,
and po l yphosphates (hydrolyzable pho s pha t e s ) , the pr i ncipal " bui lde r s " compo­
n e n t. Th e p rev i ou sly used non - biod e grada b l e s uds a n d f oa m producin g com po nent s
have bee n r e p l a ced by b iodegradable forms, b u t t he re i s no a vailable informa­
t i on t h a t af fords p r omis e o f e l i mina t ion of phospha tes in d e t e r g e n t s wi t h i n t h e
f o rese eab l e f u t u re.

I n " p re-de tergent " day s , Conn ell s ay s raw s ewag e wa s observe d t o c o n t ain
f r om 5 to 1 2 ppm P0 4, and s e c o ndary e f f l u e nt s from 0 .3 t o 2 .5 ppm . Assa y o f
r aw and ef fl uent s ewage i n 19 64 showe d wid e va riation s a t muc h higher l e v e l s:
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20 t o 70 ppm and 5 to 60 ppm, respectively . Algal b l ooms may be pro~oted by as
sma l l amount s as 0.05 to 0 . 1 ppm of inorganic phosphate , o r 0 .2 t o 0 .6 ppm o f
ino r ganic plus organic pho sphate (phosphate e xpr e s sed i n equ i va l en t P04)'
Ot her f act ors favoring development of a l gal bloom are presen ce of es sential
nu t r i e nts, quies c ence, clear water , a nd abundant sun l i ght. The s e c on d Lt i ons
wi ll f r e quentl y be atta ined i n many r eservo irs.

The U.S . Geological Survey has been making det erminations of phospha t e at
three s i t es on t he Trini ty since 1964. The Tr ini ty River at Rosser f requen t ly
con tains over 10 ppm pho s pha te (expressed in equivalen t P04 )' and the weighted
ave r a ge f or t he 1964 water year was 2 .4 ppm. At the Crocket t s t a t ion fo r the
period February to Sep t embe r 1964 , t he weight ed -avera ge concen t r a t ion was 2 .2
ppm.

Relation of Qua l i t y of Wa t e r t o Us e

Qua l i ty-o f - wa t e r stud i es usually a r e conc e r ned with determin ing the suita ­
bi l i ty o f water- -judgp.d by t he chemical , physical , and biol ogical ch a r ac t e r ­
i sti cs - -for its proposed use . I n t he Tr inity Rive r basin , surface water is
us ed p r i marily f or mun icipa l and i ndus t ria l supp l ies and for i r r i ga t i on . This
repor t co nside r s only the chemica l charac ter of the wat er an d i t s r e l at ion to
t he pr i ncipa l uses.

Al l natural water conta ins dissol ved-mineral mat ter. Most of th is mineral
matter i n wate r i s d i s s oc ia ted into char ged particles, or i on s . Principa l
ca tions (po s i tive charged) in na tura l wa t e r are calcium (Ca), magnesium (Mg) ,
s odium (Na ), po t ass ium (K), and i r on ( Fe ). The pr incipal anions (negat ive
charged ) a r e carbona te (C0 3) , bicar bonate (HC0 3) , su l f a te (S04) , chl or i de (C1),
fluoride (F), and nitra t e (N03 )' Other cons t ituen t s and propert i es a re often
de t ermined to he lp de f i ne the chemical and physical qual ity o f wat er. Tab l e 2
l i s t s the co ns t i t uen t s and prope r t ies commonly determined by the U.S. Geo l o gica l
Survey, a nd i nc ludes a resu me of their sour c es and s i gni f icance .

Sur face water of the Trinity Rive r ba sin is gene r ally of acc e ptab l e
chemic a l qua l i t y . With a mi n i mum o f trea tment, t he wat er is su i tab l e f or
domestic, industrial , and i rrigation use .

Domest ic Pur poses

The use o f wa t er fo r domes t ic pu rpos es ge ne r a l ly is it s most essen t i a l
use . Because o f di f f erences in ind i viduals, varying amount s of wa te r used ,
and other f a ctor s , i t is diff icul t t o de f i ne t he saf e l imit s for t he mine r a l
con stituents us ual l y found i n water. The limit s us ua lly a ccepted i n the Unit ed
States f o r drink i ng wat er are the drink i ng-wa te r standa r d s es t abl ished by the
Un i ted States Public Heal th Se r v i c e . Or i g i na l l y establ ished i n 19 14 t o cont r o l
the quali t y o f wat er use d on inters t a t e car r i ers f o r dr i nk ing and fo r c ul i na ry
pu rpos es , these standards have be en rev i sed severa l t imes. The lat est rev i sion
was i n 1962 (U.S . Public Hea lth Serv i ce , 1962). These s tandards have been
accep t ed by the Ameri can Water Works Assoc i ation and by most o f t he s t a t e
depa r t men t s of publ i c health as mi n imum s tanda r ds f or al l public water s uppl ies .

The max imum concent r a t ions per mi t t ed by thes e standa rds a r e gi ven f or
sel ected co ns t i t uen ts in the table on the fo l lowi ng page .
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Maximum
Constituen t concen t ra t ion

(ppm)

Sulfa te 250

Chloride 250

Nit ra te 45

Fluoride ~ 1.0

Disso lved sol i ds 500

~ Based on t e mpera t ure r e cords for
Cars Lca na ,

I n the Trinity River basin t he concen t r a t ions of these cons ti tuen t s a re
gene r a l ly l owe r t han the maximum co ncen t rat i ons r ecommended by the U.S. Public
Health Serv i c e .

Indus trial Use

The quali t y requirement s va ry greatly fo r a l mos t eve r y i ndus t r i a l applica­
t i on , as is ind i cated by the wat e r - qua l i ty t olera nce s g iven in Tab le 3. One
r equirement o f most i nd us tries is that the concen t rations of the va rious consti­
tuent s o f t he wate r r ema i n r elatively constant . When concen t rat ions of undesir ­
able substances in wate r vary . constant moni to r ing is r equired and operating
expens es are increas ed .

Hardne s s i s one of the mor e i mportan t proper t i e s of wat e r t hat affec ts its
utili ty for industria l purposes. Excessive hardness i s obj ectionab le becaus e
i t contr i but es t o the formation of scale in s t eam boilers, p i pes , wate r hea t ers ,
rad i a t ors , and va r i ous o t he r equ ipment whe r e wa t e r i s heated, evaporated , or
treated wi th alka l i ne mate r i als . The accumula t i on of sca l e inc rea s e s c os t s fo r
fuel . l abor, r epai r s , and repl a cemen t , and lowers the qual i t y of many we t ­
proce s s ed produc t s . However , some ca lcium ha r dness may be des irab l e beca use
ca lc i um carbona t e s ometimes form s pr ote c t i ve co a t i ngs on pipe s and othe r equi p­
ment and r educe s cor ros i on .

The corrosive property of a water r e ce i ves considerabl e attention in
indust r ial water supplies . A high concentration of dissolved solids in a water
may be closely associated with the co r ros ive property of the wa t e r, particularly
if chloride is present in apprec iable quant it ies . Water tha t contains a l a r ge
concent ra tion of magnesium chlor ide may be highly corrosive because the hydro l ­
ysis of t his sa l t y i e lds hydrochlo r ic acid.

Becaus e the surface wate r o f the Trinit y River ba s in is ha rd and on l y
moderately l ow in d i s so l ved s ol i d s , t r ea t ment is ne c es s ary to make it suitabl e
for use by most indus tr i e s .
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I r r i gation

The chemica l composition of a wate r is an i mportant f ac to r in de te r mi n i ng
its us e f u l ne s s fo r i r r i ga t i on , be c ause the qua l i ty of the wate r should not
adversely affec t the produc tivi ty of the l and irriga t ed . The e x ten t to which
chemi ca l quality l i mi t s t he sui t abili ty of a water for i r r i ga t i on depend s on
many fac tors , s uc h as: t he na t u r e, compos i t ion . and d raina ge of the s o i l and
subsoi l ; the amounts of wa t er used an d t he me thod s of app lying it ; the kind of
cro ps grown; and t he climate of t he r eg i on , inc luding t he amounts a nd d i s t r ibu­
tion of r a i n f a l l . Bec aus e the se fa ctor s are h i gh ly variabl e , ev er y method of
c l a s s i f y ing waters f or irrigat ion i s somewha t a rbit r a r y .

The most impor t a nt ch a r ac t e r i s t ics in dete r mining t he qua l it y o f i r r i ga tion
wa te r , ac cording to t he U. S. Sa l i n i ty Labora to ry St a ff (1954 . p . 69) , a r e : ( 1 )
t ota l concentration of soluble salt s , ( 2) r elat i ve proportion of sod i um t o
o the r cations , (3) concen t ra t ion of bo ron or o the r elements t ha t may be t ox i c,
and (4) the exc e s s of equivalents of bicarbona t e ove r eq uiva l ents o f c a lc i um
plus magne s i um.

High concentrat ions of d i s s ol ved sa l ts in irriga t i on wate r may ca use a
bui l dup of sal ts in t be soi l so l u t ion, a nd may make the s oil s al i ne . The
inc r ease d sa linity of t he soi l may dras tical ly reduc e crop y i elds by decr ea s ing
the ab il i t y of t he pl an t s to take up wat er and es sentia l pl an t nu t r i ents from
t he soil solut i on . The t en de ncy of ir r i ga t i on wat er t o caus e a h i gh buildup of
sa lts in t he soil i s called t he sa linit y hazard of t he wa t e r . The spec if i c
conduc t ance of t he wat e r is used a s an i ndex of the sa lin i t y ha zard .

High concent rat ions of sod i um (Na ) re l a t i ve to t he co nc en t r a tions o f cal­
c i um and magn e s ium i n irr i gat i on wa t er ca n adver s e ly a f f ec t soil s truc t ur e ,
Ca t i ons i n the s oil solution become fixed on the surface of the s oil par t i c les ;
c a lc i um (Ca) and ma gne sium (Mg) ten d to flocculate the particles , whe r ea s sodium
tends t o def l occulate them. This advers e ef f ec t on so i l s tructure caus ed by
high so dium co nc en t r a t ions in an irri ga t i on wa te r i s cal l ed t he sod i um ha za rd
of t he water. An index us ed f or pr edic t ing the sod ium ha za rd is the sod i um­
adsorp t ion ratio (SAR) , wh i ch is de f ined by t he equat i on :

Na+

where t he co nc en t r a t i ons o f the i ons are expr e s sed in equiva lent s pe r mil l ion .

The U.S . Salinity Labora to ry Staff has prepared a c l a s s i f ica tion for ir ri ­
gat ion waters in terms of sa l i n i t y a nd sodium haza rd . Empi r ica l eq ua t i ons were
us ed i n deve l oping a d i a gram, r e pr oduc ed in mod i f ied form a s Figure 8, whi ch
us e s SAR and specific cond uc tanc e i n c lassifyi ng i r riga tion waters. Th i s
c lass i fica tion, al though embody i ng bo th resea rch and f ield observa tions , s hou l d
be used only for general guidance be ca us e many ad dit i onal fact or s (suc h as
av a i l a b i lity of water f or leachi ng, rat i o of app l ied water t o pr ecipita t ion ,
an d crop s grown) a l so a f f e c t t he su ita bil i t y o f wat er f or i rr i ga t i on. With
r espe ct t o salin i t y and sodium ha za r ds , wate r s a r e di vided i n t o [OUT c l a s s e s :
l ow, med i um, high, and ve r y high . The c las s i f i c at ion range encompa s s e s t ho s e
wate r s which can be us e d fo r ir rigation of mo s t c r ops on mos t soi l s as wel l as
those waters whi ch a re usa l l y unsuitable fo r ir r i gat i on .

- 28 -



100 2 3 • 5 6 7 8 10 0 0 Z 3 • 5000

::.c 3 0~ <t,.-
s: ... Trinity R iver ct Romayor

28 • Trinity River Crockettneor

• Tr inity River near Rosser
26

~ 1% Percentage of t ime thot speci fic
co

'" conductance ind ica ted h" been
s:

2' excee ded

'ir2 2

'"if>
-o -20- 0
0 -N 00 - 18
s: E

0 c
0

0 '" N - 16
~ ~

~

0 E -0
~

"E -o
0 0

-o
,

0 E 12
if> 0

'"0 10if>

8

1%

• 6 ...
0

• 50%...

•2

100 250
Speci fi c conduc tan ce

2

750
In mi cromhos

3

225 0
at 25° C

4

l ow medium high very h igh

Sa l i nit y haz ard

Figure 8

Classification of Irrigat i on Wat ers

u . S GeolO\l;co l Sur ve y in coope rat ion wilh 1he Tues WeIe r Deve lo pme nt Boo rd

- 29 -



Repr e s entative da ta f rom ana l yses of wat er f rom t he Tr ini ty Ri ve r a r e
p lo t ted i n Fi gure 8 . Al s o plo t t ed . for the Trinity River a t Romayor , is t he
pe r centage of time t hat certa i n value s of spec i f i c condu c tance we r e exceeded .
The da t a show t hat the sod ium hazard f or wa t er of the Trini ty Rive r bas i n i s
l ow and t ha t t he sal i n i t y hazard genera l ly range s f rom med ium t o h i gh .

A few determina t ions of boron i n wat e r s of the Tr ini t y Ri ve r bas i n have
been ma de by t he U. S. Geo l og i cal Survey . The s e deter mina tions indica t e t ha t
bor on i s no t present in suf fic ien t qua nt i t y t o be a probl em i n ir riga t i on wa t ers.

Sur fac e wa t e r fo r ir r i gat i on i n t he Tr i nit y Rive r basin is used pr i nc i pa l ly
fo r r i c e grow ing. Al though the co ncen t ra t ions of chemical cons t i t uen t s toler ­
a t ed by r ice var i es wi t h t he s t a ge of growt h , i nve s t i ga t o r s generally agree
t ha t wate r con ta i ning l ess than 600 ppm of sodium chl o r ide (350 ppm of chlo r ide )
is no t ha rmful t o r i ce a t a ny s t a ge o f growt h (Irel an , 1956 , p. 330) . Surface
wat er of the Trini t y Rive r bas i n gene r a l ly mee t s t he qua l i ty r equ irement s for
rice irr igation , but i r r igato r s i n t he l ower ba s i n are a t times unab l e to us e
wat er from the Trini t y Rive r because of s a l t wa t e r from Trini ty Bay in t r udi ng
up t he river . Chemica l quali ty r ecord s col l ec ted a t the Deve r s and Lone St a r
pumping pl ants (Tr i n ity River ne a r Mos s Bl u f f a nd at Anahua c) ind i ca t e t hat
dur i ng t he mon ths of J ul y , Aug us t , a nd Sept ember and some t i me s i n June and
Octobe r , f low in t he river is not su f f i c i ent t o keep t he sa l t wat er from be ing
pu s hed up the r i ve r channel .

Geo gr a ph ic Va r ia t ions in Wate r Quali ty

Var iat i ons of d i s s olved sol i ds , hardn es s , and ch l orid e i n the s t r eams in
the Tr i nity River ba~in a re shown i n Figure s 10, I I , and 12 . Thes e value s are
based on the d i s charge- we i ghted ave r a ge concentrat i ons, as calculated from
chemical -qua lity data . The d ischarge-weigh t ed "ave r a ge r epr e s ent s approximately
t he chemical cha racte r of t he wate r if a l l the water passing a point in t he
s t r eam during a pe riod were impounded in a r e s e r voir. and mixed, with on adjus t­
men ts for evapo r at i on . r ain f a ll , or chemi ca l changes t ha t migh t occur dur ing
s torage. No at t empt wa s made t o adjust f or f u t ure s t or age and d i version fea ­
t ure s t hat might be construc ted i n t he bas i n . For many of the s treams chemica l­
quali t y data are l imited , espec i a l l y da ta on the ch emi ca l qua li t y of fl ood
fl ows ; therefor e, the div i s i ons shown on the ma ps a r e gen er a l . Al l t he streams
wi ll at times have conc entrat ions ex ce eding t ho s e shown , bu t t he ave r a ges shown
on the maps a t a po ten t i a l rese r vo i r s i te are ind i ca t i ve of t he t ype of wa te r
t hat would be sto r ed i n a r es ervo i r .

Di sso lved Sol i ds

The co nc en t ra t ions o f dissolved so l id s in surface water o f t he Trinity
Rive r basin are shown on Figu r e 10 . Wa te r f r om t he ou t c r op area s o f r ocks o f
Pennsylvanian and Cr e t a c eous a ge i n the northe rn pa rt o f th e ba s in usual l y ha s
d issolved-so lids co nc en t r ations rangi ng f r om 100 to 250 ppm. Concen t r ations
are h i ghe r in t he Elm Fork Tr i n i t y Ri ver s ubbasin a ppa rent ly because of o i l ­
fi e ld brine po l l u t ion . Water f r om t he ou t c r op a reas of r oc ks o f Tertiary and
Qua te r na ry age genera l ly has concen trations near 100 ppm, except in the Tehua­
cana and Richland Creeks s ubbas ins whe r e co ncen t ra tions a re over 500 and 1 ,000
ppm, r e spec t i ve l y , because of oi l -fie ld br ine pollut ion . The main stem
Trini t y Rive r conta i ns concen t ra t ions r anging from 250 t o 500 ppm throughou t
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most of its r each. Th e higher c onc en trations in the Tr i n i t y River are t he
result of t h e munic ipa l a n d industrial was t es that a re d i s c ha r ge d i nto the river
in the Fort Worth-Da l las a rea.

The disc harge -weighted average c on c en t r at i ons of di s s o l ved solids o f the
Trin ity River at Ro sse r and Romayor f o r the period 19 58-64 were 296 a nd 23 8 ppm,
respect ively. Th e a n a lyses showin g annual ma x i mum and mi nimum dissolved-solids
concentrat ions and the weighted avera ges f or the s tations are shown i n Tab le 5 .

Time-we ighted av e rages are usually h i gher that di scha r g e -we i g h t ed av e r ages.
Th e dura tion c urve fo r c once n t rations o f disso lved so l ids f o r t he Tr i ni ty River
a t Roma yor (Figure 6) s hows t ha t 300 ppm d i s s olved sol i ds h a s been equa l e d o r
exceeded 50 percen t o f t he time.

Hardness

Surface water of t he Trinity River basin var ies c on s i de r a b l y i n hard ness
(Fi gu r e 11) . In the no rthwes te rn part of the b a s i n , wate r f r om the rocks of
Pennsylvan ian age is moderately ha r d (61 t o 120 ppm) a nd in t h e northe rn part
of t he basin , wa t er from t h e rocks o f Cretac eous age is ha rd ( 1 21 t o 180 ppm).
I n t he central and southe rn parts of the basin, water from the younge r forma ­
tions i s generally sof t, hav i n g less t h a n 60 pp m ha r dnes s.

Chloride

Th e c on cen tra t i on of c h lor i d e in surfac e waters of muc h of the Trinity
River basin is l es s t han 50 ppm (Figu r e 12 ). Chloride concentrations ove r 50
ppm a re f ound only where t he a c tivi ties o f man h ave influenced the quality o f
the s ur face wa t e r. I n the Elm Fo r k Tr inity Rive r , whe r e o i l - f ield br i ne i s
reaching t h e surface s treams , c hlorid e concent rations over 300 p pm have been
observed even during re l a t ive l y high flows. I n the Richland Cr eek s u bbas in
c h l oride c oncentrat ions of 1,000 ppm or more a re c ommon , because of o i l-fiel d
brine d i s p o sa l pra c tic es, a n d chlor ide concentrations ov er 50 ppm have been
observed i n Menard Cre e k , a ppa r ent ly be c a u se of oil-field br i ne. Th e main stem
of t he Tr i n i t y River usuall y ha s chloride concentrations over 50 ppm because o f
the munic i pal wa st es f rom t he Da llas-Fo rt Wo rth a r ea and b e caus e o f t he mo r e
concentrated infl ow from Richla nd Cre e k .

Other Consti t uen ts

Other cons t ituents o f impor tanc e in the ev alua t ion o f t he qualit y o f a
water inc lude sil i ca, sodium, b i c ar bonat e , sulfa t e , fluoride, and nitrate .

Most o f the strea ms in t he Trinity River ba sin c onta i n from 10 to 20 ppm
silica , and the annua l we igh t e d-a verage c oncen tration in t h e Trini t y Rive r has
usually been between 10 and 15 ppm . Howev e r, s ome o f t he st rea ms i n t h e sout h ­
central part of the ba s i n t hat d rain ou t c r o ps o f r ocks o f Te rt ia r y age o f ten
contain mor e than 20 ppm s il ica.

Sodium concent r ations are genera lly l e ss t han 50 ppm in mos t of the
st r eams . I n t hose wate rs hav i ng h igh chloride conc en t ra t ions, sod i um occur s i n
quant ities ap prox imately equiva lent t o t he chlo ride. I t is there f o r e present
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in high e st concent ra tions in t h e El m fork Trini ty Riv er, Richland Creek , and
Tehuacana Cr e ek s ub bas ins . The a nnual we i gh t e d - av e r age s o d i um concen t r ation of
the Trinity Rive r a t Rosser and Romayor is usuall y less t ha n 50 ppm .

Bi c a r b onate i s the princip a l a n ion in wat e r drain i ng f rom roc ks of Cre ta ­
ceous age . I n the l owe r par t of the b a s i n, wa ter draining the younge r fo r ma­
tion s contains much s maller concentrations , usually l ess t ha n 50 ppm. Th e
weigh ted-average concentration o f bicarbonate for the lO -year per i od 1955-64
for the da i l y sampl ing s tations at Rosser and Romayor was 14 9 ppm a n d 109 ppm ,
respectively.

Su lfate concentrations are genera l ly l es s t han 50 ppm in most o f the tr ibu­
ta r y streams i n the basin, although h i gh e r conc entrations a re found i n t h e pol­
lut ed streams . The weighted-average concentration for t h e Tr i n i ty River nea r
Ross e r ha s ranged from 33 to 15 1 ppm a n d at Romayor from 24 t o 60 ppm. Fl uor i d e
c on c en t r a t i ons seldom e x c eed 0 .7 ppm and general l y range f r om 0 . 2 to 0.5 p pm.

Th e concent ration o f n i tr a t e in su rface wat e r o f the Trini ty River b a sin
is sub j e ct to wi de fluctuations . Runoff not po l lu t ed by municipa l wa s tes
usually contains l e s s than 1.0 ppm o f n i tra te . Mos t of the streams in t h e
s ou t he r n part of the basin contain less than 1 . 0 ppm nitrate . In the n o rthern
part o f the basin whe r e some of the streams receive municipa l wast e s, nitrat e
concentrations o f 40 ppm a re not uncommon. Th e we i gh t e d - av era ge con cent rat ion
f or the Trinity River n e ar Rosser has ranged from 5.6 t o 49 ppm and near Romayor
from 1 . 8 to 5.3 ppm.

Water Quality in Rese r voir s

The pr incipal res e r voirs in t h e Tr i n i t y River basin were sampled du r i n g
the reconna i ssance and t he chemica l analyses are given in Ta b l e 6. Analyses
are a l s o available f or ma ny of the small reservoi r s used f o r public s up p l y
(Sundst rom and others, 194 8 ) .

Bridgepor t Reservo ir.-- The water in Bridgeport Re s e r voir i s c alc ium b i c a r ­
bonate i n type and is mod e r a t e l y hard . Di s s o lve d - s o l i d s concen tra tions ha ve
r anged from 140 to 180 ppm.

Lake Amon G. Cart er .--Lake Amon G. Car ter c ontains wate r that i s mode ra tely
hard. An ana lysis in 19 5 9 and a n o t h e r in 1964 showe d d i s s olv e d - s ol i ds concen­
tra tions of 11 1 and 1 2 3 p pm, r e s pe c t i v e l y .

Eagle Moun t a i n Re s e rvo i r . - - Th e water in Eagl e Moun t ain Res e rvo i r i s of t h e
mixed t y p e wi th b i c a r b onat e t h e principal anion . Th e wa t er i s hard and usu a l l y
contains about 190 ppm of dis solved s o l i d s .

Lake Wo rth . - -Lake Worth is just downs tream from Ea g l e Mounta i n Re s erv oir;
t herefore the water is of v e r y simil ar qu a l i t y .

Benbrook Reservoir .--The wate r in Benbrook Reservo ir is calcium bicar bonate
i n type and is hard. The dissolved-so lids c on c e n t r at i o n is usually be t ween 130
a n d 140 ppm.

Lake Arlin g ton.--The a na lys is o f one sample collected in January 1964
showed tha t the water was hard and contained 237 ppm d is solved s olids .
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Moun t a in Creek Lake .--Moun t a i n Creek Lake ha s shown var i a bl e quality dur ing
t he pe r iod fo r wh i ch ana lyses a re avai l ab l e (Jan ua ry 1964 to J u l y 19 65} :
d i s solved -so l ids conc en t r a t ion has r anged from 229 t o 380 ppm and t he sulfate
content f r om 68 t o 131 ppm. The analysis of a s ample co l l ec t ed on April 2,
1965, s howed a nitra te conten t of 4 .8 ppm, an indication t ha t o rgan i c pollut i on
may be oc cur r ing .

Garza-Li t t le Elm Rese rvoir .--The wa ter in Garza-Little Elm Reservoir is
ha r d. Dissolved -solid s concen t rat ions have r a nged f r om 220 t o 291 ppm.

Grapevine Rese rvo i r . - - Grapevine Res e rvo i r impounds wat er t ha t is ca lc i um
bica r bona te i n t ype an d is ha rd . The d i s so lved -solids co ncen t r at ions of t he
t wo sample s co l l e c t ed in 196 4 we re 185 and 196 ppm.

White Rock La ke . --Out f l ow samples wer e co llecte d a t t he spi llway ne a r t he
dam. The s e s ampl es ind ica te t ha t the water i n Whit e Rock Lake is hard , with a
dissolved - s ol i ds concen t ra t ion of a bout 225 ppm.

Lav on Res er voir . - - The wate r i n Lavon Res ervoir i s calc i um bicarbona t e in
type and is ha rd . Dissolved-s ol id s concen t r a t i on ha s usua lly been ab out 200
ppm .

Lake Ray Hubha r d . --Lake Ray Hubba rd is under cons t r uc t i on an d was not
i mpound i ng water du ring t his s t udy . When t he rese r vo i r is compl e t ed it shou ld
i mpound wa t e r s imi l a r t o t hat i n Lavon Reservoir . The wate r wil l be ca l c i um
bicarbona te i n t ype , will be ha rd . a nd wil l contain a bou t 250 ppm dis s o l ved
so l ids.

Terrel l Res e r vo i r . - -The most r e cen t ana lysis of the water i n Terrel l Reser­
vo i r was made in 1952 . At tha t t i me t he wa t er was moderately ha rd (69 ppm) and
co ntained 125 ppm dissolved sol ids .

Ceda r Cre ek Reservoir . - - This reservo i r was fil l i ng fo r the f irst t ime dur ­
ing t he co urse of this i nve s t i gat i on . Pa s t chemi ca l -qua li t y reco r ds fo r Cedar
Cr eek ind i cate tha t the wate r s t ored i n Cedar Cree k Re s ervoir should be moder­
ately ha r d and conta i n about 100 ppm di ssol ved sol i ds .

Navarro Mills Res e rvoir .-- The water i n Nava r r o Mill s Res e r vo i r i s ha rd and
in the s ummer of 1965 contained 198 ppm dis solved solids.

Lake Wa xahachi e . - - Har d wat er , co n t a ini ng abo ut 150 ppm di s s ol ved solid s ,
is stor ed in La ke Waxahachie. The princ ipal dissol ved cons t i t uen t s a re ca lc i um
and bi ca rbona t e .

Bar dwel l Res er voi r . - -Bardwe ll Rese rvoi r was nea r compl e t i on in 196 5 and
be gan impounding water November 20, 1965 . Ana lyses of misce l laneous samp les
co l l ec t ed f rom Waxahac hie Creek during 1961- 64 i ndica te that the wa ter i mpounded
wil l be ha rd and contain about 300 ppm disso lved solids.

Livingston Reservo i r . - - Liv i ngs ton Res ervoi r was in the preliminary stages
of construc tion dur i ng t h i s s tudy . The qua l i ty of t he wate r t ha t will be store d
s houl d be s imilar t o t ha t o f the Tr inity Rive r at t he da i l y chemi c a l quality
s ta t ion a t Roma yor. The disc ha r ge weighted-ave r a ge of dissolved sol i ds of the
Tr i ni t y River a t Romayor f or the pe r iod 19 58-64 wa s 238 ppm .
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Wa t er Qua l i ty a t Po t ent ia l Res e rvo i r Si tes

One of t he pr i ncipa l purpos e s of t he r econnai s s anc e was t o a ppraise t he
qua l i ty o f the wat er wh i ch wi l l be available f or storage in pot en tia l rese rvoirs .
Many r e s ervoi r sites proposed by va r ious Federal , St a te . a nd l oc a l a ge nc i e s a r e
shown on Figure 4 .

Br idgepor t En l ar gemen t . - - The enla r gement of Bridgeport Res ervoir should
not cause any c hange i n t he qua l i t y of the wat er stor ed. The wat e r shoul d still
be modera t e l y ha r d and co nta i n les s t han 200 ppm d i s s o l ved s olids.

Boyd . - -The wa t er ava ilab le fo r sto r age a t t he Boyd si t e i s calc i um bica r ­
bona t e i n type and i s mod erately hard ; the dissolved - s o l i ds conc ent ra tion i s
usua l ly abou t 200 ppm .

Big Fos s il Cr eek . - -Wate r s t ored a t t he Bi g Fossi l Cr eek s i t e would be ha rd
and conta in abou t 250 to 300 ppm dis solved sol i d s .

Lakeview. --A res ervo i r a t the Lakeview s i t e wou l d impound wat e r s i mi l a r
i n quali t y to tha t stor ed i n Moun t a i n Creek Lake. The qua l i ty o f t he wa t e r
would proba bl y be sl igh t l y bet t e r t han t hat now s t o red in Mount a i n Creek Lake
beca us e the inc reased stora ge cou l d r eta in mo r e f lood f l ow to d i l ute the mor e
co ncen t r a t e d l ow f lows.

Aubrey. - -The Aubr ey si te is j ust ups t r e am from Garza-Li t tle El m
on t he El m Fork Trinity Rive r . Water impounded a t t hi s s i t e wi l l be
d isso lved solids r ang ing f rom 250 to 300 ppm .

Roanoke . - - A res er vo i r a t t he Roanoke s i t e would be j us t upst r eam
Grapevine Rese rvo i r and would impound wate r very simil a r i n qua lity .
would be ha rd and contain abou t 200 ppm dissolved s ol i ds .

Re s e r vo i r
hard, with

f r om
The water

Lavon Enlargement. - -The en l a rgemen t o f Lavon Rese rvo i r should no t have any
effec t on the qua l i ty o f the wa t e r i n s torage .

Italy . - - The qual i t y of t he wat er a t t he I t a l y s i te ca n be inferred from
the a na lyse s f or Chambers Creek nea r Cor s icana . The wate r at I taly shou l d be
of sl ightly be tter qua l i t y than it i s a t Cors i cana. The water s tored would be
ha r d bu t con t a i n l e ss than 300 ppm d i s s olved s ol ids .

Ri ch l and Creek. - -Sal t wate r produ ced wit h oil i n Nava r ro Count y i s ent er ing
sur f ace s t reams in t he Ri c h l and Creek drainage area. Wa te r t ha t would be s t or ed
a t t he Richland Cr eek dams it e woul d be of doubtful qua l i ty o r un f i t fo r munic i ­
pal use un less an al t e r nate method f or disposal of t he sa l t wa ter is adop t ed .
The natura l r un of f f rom t he a rea i s of accep t ab l e qua lity, but wil l not a t al l
times be adequate t o d ilut e t he oi l -fie ld was t es .

Tehua cana Cr eek. --Sal t water fr om oi l f i e lds i s a l so r eachi ng t he s t r eams
i n t he Tehuac ana Cr e ek wat ershed. Alte r na te disposal me thods sh ou ld be adopted
t o i nsure t hat wa te r wi ll be o f ac c ep t ab l e quality a t t hi s si t e .

Tennes s e e Col ony . --A rese r voi r on the Tr i n i ty River at t he Ten ne s see Colony
s i t e wil l store wat e r con t a i n i ng les s t han 300 ppm d i s s olved s ol i ds. The
Ten nes s ee Colony si t e i s between t he chemica l - qua l i t y s t at ions Trinity Rive r
nea r Rosser a nd Tr i n i ty Ri ver a t Romayo r wher e , fo r t he pe r iod 19 58-65 , t he
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we ighted-average d i s s o l v e d - s o l i d s conc entration has been 296 a n d 238 ppm,
respectively .

Uppe r Keechi Cr eek . - -Chemica l analys es o f Uppe r Kee c h i Creek ne a r Oakwood
ind ica t e t hat a reservoir wou l d imp ound wat e r t hat is mod e ra t ely h a rd and con­
tain a bou t 150 p pm dissolved solids.

Big El khart Creek.--A reservoi r on Bi g
conta i n i n g about 1 50 p pm di s s o l v ed s ol i ds .
s olved const ituents an d wou l d be s oft.

Elkha rt Creel, wo u Ld impou nd water
Th e water would b e l ow in all d i s -

Hou s to n Coun t y Lake.--Houston Coun t y Lake is being built on Lit t l e Elkhar t
Cr e e k . Misc ellane ou s a naly ses co l lect e d f rom Litt le Elkhart Cree k near Gr ape­
l and indica t e tha t the wate r im pounded wi l l be l ow in all dis s olv e d consti tuen ts
a n d c onta i n less t h a n 100 ppm disso lve d s olids .

Hur ricane Bayou. - - Ve r y limi t ed data i s avai lab l e on the qua lity o f the
water i n Hur r icane Bayou , bu t t he qua li t y can be infer r e d [rom a nalyses f o r
n ea r by Li ttle Elkhar t Creek . The res e rvo i r should s t ore s of t wat er h av i n g a
d i s s olve d - s olid s c ont e nt o f near 100 ppm.

Lower Keechi Creek . --Chemica l a n a l y s e s of Lo wer Ke e chi Cr eek near Center­
v i l l e indicate that a reservo i r on Lower Ke e c hi Creek wou l d store water c ont a i n ­
ing abou t 200 ppm dissolved solids .

Bedias Creek. - - Accord i ng to pe r i od i c chemical-qua l ity da t a f o r Bedias and
Ca ney Creeks near Ma di s onv il l e , water i mpounded in a reservo ir on Bed i a s Creek
wou ld b e s o f t a nd contain less than 100 ppm di s so l v ed solids.

Nelsons Cree k a nd Harmons Creek .--Very li ttle wat e r-qua l ity da t a has been
collected on Nel s ons and Harmons Creeks . Ana lys e s o f nearby Caney Creek indi ­
ca t e that reservoirs on Ne lsons and Harmons Cr e eks wou ld store water conta i n ing
about 100 ppm d i s s o l v e d so lids .

Mustang Creek .-- Analyses fo r Whit e Roc k Cr e ek near Trinity i ndica t e tha t
a r es ervoir upstream on Mus tang Cr e ek Hould s t o r e wat er conta ining ab o llt 10 0
ppm di s solved s o l i ds.

Gai l Creek . --A r e s ervo i r on Gail Cre ek would impou n d sof t wa ter con taining
abou t 100 ppm dissolved solids .

Caney Creek.- - The qua l ity o f wate r in Can ey Cree k c an be in f e r r e d from
a nalys es for n earby Kickapo o Creek. A r e s ervo ir on Caney Cre ek wou l d store
water containing less than 200 ppm dis solved s ol id s .

Long King Creek .--The Ha t er in Long King Creek i s usua l ly of good qual i t y .
A rese rvo ir woul d store wa te r co n t ain i ng less than 150 ppm dis solve d solids .

Wal lisville .--A d am on t h e Tr inity River a t t he Walli sville s ite c o ul d
store water for use i n the coastal reg ion and a l s o would prevent sa lt -Hat e r
e n c r oa c hmen t into the lower rive r . wat e r avail able at t hi s site wou ld be very
similar in quality to the wa t e r s a mpl e d at the daily quality s t a t Lon at Romayo r
where the weighted -aver age di s solved-solids concentration ha s r ange d from 178
to 405 ppm. Add ition a l i n flow wi l l b e r e c e i ved from Big Cree k whi ch is v e ry
low i n d isso lved s olids , a nd from Men a r d Cree k which is low in d i s s o l v e d s o lid s .
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Probl ems Nee ding Additional I nve s t i ga t i on

This reconnaissance of the ch emical qual i ty of the Tr ini ty River bas in has
shown t hat the natural runo f f o f t he basin is of good chemi ca l qua l i ty . Howeve r ,
the disposa l o f indus t r ia l and mun ic ipal was t e s ha s c r ea t ed wa t er- quali t y pro­
bl ems i n some a r ea s .

The l ower r eaches of Rich l and . Chambers. an d Tehua cana Cr eeks are po l l u ted
wi t h salt wate r pr od uc ed wi th oil or gas . and Elm For k Tr i ni t y Ri ve r sub ba s i n
and Menard Creek a t t i me s co n t a i n high ch l oride concentrations, ap parent ly
becaus e of o il-f i e l d pollution.

Oil i s prod uc ed in ~any areas in t he Trini ty Rive r ba s i n and br i ne is pro­
duced i n near ly a l l oil fie lds . In 1961, app ro x imately 94 mi l l ion ba r r e l s
(12, 140 a cre-feet ) of br ine was produced i n the Trin i t y Rive r bas i n (Te xa s Wate r
Commission and Texas Wa ter Pollution Con t ro l Board . 1963) . Approxi mate ly 64 . 5
pe rcent of t he br ine pr oduced wa s r ein j ec t ed i nt o well s. The r emaining sal t
wa te r was eithe r placed i n un lined surface pi t s or discharged di rect ly i nto
surface wate r course s .

The uppe r Trini t y River ge ne r a l ly con t a i ns wate r of poo r orga ni c qua l i ty
because of i nadequa t e co l lec t ion and treatment of sewa ge and i ndu str i al waste s
coi nc i d en t with depleted f low in t he Trinity River . Cont inued muni c i pal and
i ndus t r i a l growt h in the upp er ba sin will caus e an ifi crease in t he waste­
disposal burd ens of t he stream sy s tem. Additional impoundm ent of water in
res e r vo i rs up stream will caus e a f urther r eduction in s t r eamf l ow now utilized
fo r t he assimi la t i on o f munic ipa l wastes . Cons equen tly, con t i nued mun ic i pa l
and i ndus t r i a l growt h will r equire tha t was tes be co nsis t en t l y treated t o the
max imum extent if gross pol l u tion o f streams is t o be avo i d ed i n the futur e.

Encroachment of s ea wate r from t he Gul f of Mexico t h r ough Trinity Bay at
times makes the wat e r of t he lowe r reac h of t he Trini ty Rive r unsui t able fo r
irr igation o r fo r mun icipa l or indus t r i a l use . Further dep l e t ion of s us t a i ned
f low as a r e sul t of i ncreased consump t i ve use and ups t r eam s t orage wi ll agg ra­
va t e the encroachmen t problem un t il the pr oposed sa l t-wat e r ba r rie r i s bu i l t.
The effect of the dec reased f low on the marine l ife in bays and estuar i e s should
be auticipated and studied .

Impou ndment of water wi ll resul t i n chan ge s of water qual ity. Benef icial
effects wil l i nc lude : the r educt ion i n tu rb i d i ty , s i l ica , co l or , and co l i f o rm
bacter ia; lessened va r i a tions in c he mica l qu a l i ty; t he en t r apmen t of sedi ment ;
a nd a redu ct i on in temp e r atu r e. On the o the r ha nd , det r imen ta l effec ts o f
impo undment wil l include : an inc r ease in t he growt h of algae ; t he reduc t ion of
dissolved oxygen; and an i ncrea s e of dissolved s olids and hardness a s a resul t
o f evaporation . The continued ex t e ns i ve dev e lopment of the wa te r r es our ces in
the Trin ity Ri ver basin wi l l necessi t ate deta i l ed studies o f t he c ha nge s i n
wate r quali t y.
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Osborne, F . L., Jr ., 1960, Br ine prod uc tion and disposal on t he l ower wa t e r she d
of Chambers and Ri chland Creeks , Nava rro County, Texas, with a s ect i on on the
quality o f water by V. M. Shambur ge r , Jr. : Texa s Board Wa ter Engineers Bul l.
600 2 , 66 p.

Peckh am, R. C. , Soude rs, V. L . , Di l la r d , J . W. , and Bake r , B. B. , 1963, Recon­
nai s sanc e i nvest iga tion of the grou nd-wa t e r r e sour c e s of the Tr i n i t y River
bas i n, Texas: Texas Wa te r Carom . Bul l . 6309, 110 p .

Rawson , J a ck, 1967, Study an d i n t erpretation o f chemi ca l quality of s ur f ac e
waters in the Br azo s Riv e r basin , Te xas: Tex as wa t er neve l . Board Rep t . 5.'> ,
11 3 p .

Sunds trom, R. W. , Has t i ngs, W. I,..T., and Broadhurst, \,'. L. , 194R , Pub l i c water
suppl ies i n easter n Texa s : U. S. Geo l . Survey Water -Sup ply Pnpe r 104 7 , 285 p.

Texa s Al manac , 1966: A. H. Belo Corp., Dal las, Texa s , 736 p.

Texas Board of Water Engin ee r s ,
Texas t hrough Se ptembe r 195 7 :
50 3 p.

1958 , [ompil ation o f sur f a ce-wate r r e cord s in
Texas Bonru Wa t er Engi nee r s Bull . 580 7-A ,
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Texas Stat e Depar tment
tria l wastes survey:

of Health , 1960 , Upper Trini t y River
Texas State Dept. Hea l t h duplica t ed

sewage and indus ­
r ep t. , 177 p.

Texas Wate r Commi s s ion and Texas Water Po l lut i on Cont r o l Board , 1963 , A s t a t i s ­
tica l analys i s of dat a on oil - field brine production in Texa s f or the yea r
1961 f rom an inven tory condu cted by t he Texas Ra i l road Commis sion: Summa r y
vo lume. 81 p.

Texa s Water Deve l opment Board , 1966 , A summary of the preliminary plan f or pro­
posed water- resourc es development in the Trinity River ba s i n : Texas Water
Devel. Board duplicat ed rept .• 66 p.

U. S. Geolo gical Sur vey, 1960 , Compi l ation of r ecor ds of sur f ace waters of the
United Sta t e s through September 1950 , Pa r t 8 . Western Gul f of Mexico bas ins :
U.S. Geo1 . Survey Wa ter-Supp ly Pape r 1312 , 633 p.

_______ 1961 . Surface water r ecords of Texas , 1961: U. S. Geo1 . Survey ope n- f i le
rept.

_______ 1962, Sur face wate r r ecords of Texas . 1962: U. S. Geo1 . Sur vey open-fi l e
r ept.

______ 1963, Sur face water r e cor ds of Texas . 1963 : u.s . Geo l. Sur vey op en -file
rept.

_______ 1964a , Compi lation of r ecords of surface waters of t he Unit ed Sta t e s ,
Octob er 1950 to Sept ember 1960 , Part 8 . Western Gul f of Mexico ba sins : U.S.
Geol . Survey Water-Supply Pape r 1732, 574 p .

_______ 1964b , Surface wate r records of Texas, 1964 : U.S . Geol. Sur vey open­
f ile rept .

______- 1964c , Water qual i ty records in Texas, 1964 : U.S . Geol . Survey open­
fil e r ep t .

U. S. Public Heal t h Servic e , 1962, Publ i c Heal th Ser v ice dr i nking wa te r s t and a rds :
U.S. Public Hea l t h Se rv i c e Pub. 956, 61 p.

U.S. Salinity Labor a tory Staff. 1954, Diagnosis and improvement of saline and
a lkali s oils : U.S . Dept . Agriculture Handb . 60 . 160 p .
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Quality-of-water records for the Trinity River basin are published in the
following U.S. Geologica l Survey Water-Supply Papers and Texas Water Development
Board reports (including reports forme rly published by t he Texa s Water Commis­
sion and Texas Board of Water Engineers):

U. S. G. S. T.W.D .B. Wa te r U. S.G. S. T.W.D.B.Water
Year Water-Supply Report No. Year Water-Supply Report No.

Pa per No. Paper No.

1940- 45 -- *1938-45 1955 1402 *1955

1946 1050 * 1946 1956 1452 Bull. 5905

1947 110 2 * 1947 1957 1522 Bull. 5915

1948 11 33 * 1948 1958 1573 Bull. 6104

1949 1163 * 1949 1959 1644 Bull. 6205

1950 1188 * 1950 1960 1744 Bull . 6215

1951 11 99 * 195 1 1961 1884 Bull . 6304

1952 1252 * 1952 1962 1944 Bull. 6501

1953 1292 * 1953 1963 1951 Rept . 7

1954 1352 * 1954

* "Chemical Composition of Texa s Surface Waters" was designated only by
water year from 1938 through 1955 .

- 39 -



The f ol lowi ng U. S . Geolog i c al Sur ve y Wa t e r- Suppl y Papers co nta i n results
o f stream meas ureme nts i n t he Tr i n i t y River basin , 190 3-60:

Year
Water -Suppl y Year

Water-Supply Year \-I'a ter- Supp1y
Paper No . Paper No. Paper No.

1903 99 1924 588 1943 978

1904 132 1925 608 1944 1008

190 5 174 1926 628 194 5 1038

1906 210 1927 648 1946 1058

1907- 08 248 1928 668 1947 1088

1909 268 1929 688 1948 1118

1910 288 1930 703 1949 1148

1911 308 1931 718 1950 1178

1912 328 1932 733 1951 1212

1913 358 1933 748 1952 1242

1914 388 1934 763 1953 1282

1915 408 1935 788 1954 1342

1916 438 1936 808 1955 1392

1917 458 1937 828 1956 1442

1918 478 19 38 858 1957 1512

1919-20 508 1939 878 1958 1562

1921 528 194 0 898 19 59 ] 632

1922 548 194 1 928 19 60 1712

1923 568 1942 958
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