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QUALITY o F W ATE R o F

BIG M IN ERA L A RM AN D T R I B UT A R I E S

L A K E TEXOM A, T E X A S

Ja nu ar y

F e br uar y

1 8- 2 0 a nd

1 0- 11 , 19 6 6

INTRODUCTION

On Janua r y 18-20 and February 10-11, 1966, a quality- of-water s urvey was
made o f the Bi g Mineral Arm and its tributaries , Lake Texoma , Texas (Figure 1).
The purpose wa s to de t e r mi ne suitability of wa te r in the Ar m fo r munici pa l
su ppl y . Water quality was de t e rmi ned a t various l ocations a nd depths in Bi g
Mineral Arm and was also determined at three verticals in the main body (Red
River) of Lake Texoma for comparison with the quality of Big Mineral Arm (Fig­
ure 2). Sampling s i t e s on 16 of the largest tributaries t o Bi g Mineral Ar m
were visit ed on January 18-19, 1966 ( a period of l ow-flow o f the tributaries) ,
and samples were collected a t 10 s i tes where there was flow. Heav y r ains in
the second week o f February ca used substantial runoff in the dra i nage a r ea of
Big Mi ne r a l Arm. Samples from the 16 inflow sites we r e co l lected on February
10-11, 1966, to compare t he chemical qua l i ty of t he wa t er du r i ng high r u noff
wi t h that of l ow flow .

The quality- of-water su rvey was do ne und er a co operative agr eement wi t h
the city of Sherman and the Texas Water Development Board . Field a nd laboratory
work required to sample and a na l yze the inflows into Bi g Mineral Arm during
February were done as a part of chemical-qualit y r econnaissance of the Red
River basin, which i s a coo perative pro ject o f the Texas Water Develo pment
Board and the U.S. Geologi cal Survey .

QUALITY OF WATER OF BIG MINERAL ARM

On J anuary 20 , 1966, the wate r i n Big Mine ra l Arm of Lake Texoma was e ssen­
tially the s ame in che mica l qua l i ty from top to bo t tom (Tabl es 1 a nd 2) . From
the analyses it s eems reas onable t o infer that comple t e mixing ma y be the nor ­
mal cond i t i o n during the winter . In winter, the a i r t empera ture i s us ua l l y
lower than the t emperature o f the wa t e r in the lake, and thus t he t op l ayer o f
wate r is cooled , increasing its de nsi t y. Whe n the density of t he lake wa t e r
near the surface become s grea t er than the dens ity o f the wat er a t the bottom,
the t o p l ayer of wate r moves towa rd t he bo t tom a nd u l tima te ly t he lake becomes
comple te ly mixed .
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Table 1 . - -Di agr ammatic tab l e showi ng depths, s pecific conduc tances, and chlor i des
i n th at order for sampling s ites i n Big Minera l Arm, January 20 , 1966

[Exa c t l ocation of sampl i ng points s hown on Figur e 2 . Spec if ic conduc ta nce in
mic ro mhos at 25°C and chlo r ide in parts pe r million . .]

DR
Top -1940-400
12 £t-1940-398

A
R

Top-2340-495
36 £t -2350-500

PI
Top -2420-515
55 £t -26 70-578

P
3

Top-2360 - 502
42 Et -2 360-498

A
c

Top -2340-495
51 Et -2340-495

P
8

Top- 2 120- 442
30 £t-2190-482

B
c

Top -231O- 485
34 £t-2340-495

P4
Top - 2270-482
44 £t - 23 50- 495

c
c

Top- 1950- 400
25 ft -1 9 70 -408

D
c

Top -1940-398
11 £t -1940-400

P
16

Top -1870-382
9 £t-1880-382

P
10

Top- 194 0- 398
16 £t - 1930-400

P
14

No sample

P11
No s amp le

BL
Top -2240-4 70
22 £t-2290-482

P
5

Top- 22 10- 46 5
34 £t -22 00 -465

P
2

Top -2480-532
40 £t -2500-540

P
6

No
sample

P
12

4 Et - 1920-395

P
1 5

3 Et-1930-395

P
13

No sample

EL
4 Et -1890-388

ER
6 £t-1890-390

P
18

2 Et - 1800-368

P
17

3 £t-1890-385
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Ta ble 2 . __Che ml cal anal ys t'S o f wa ter fro m Bi g Min" r al Ar .. and mai n bod y of La ke Texo""" J a nuary 20 , 196 6

Lake su r fa ce e l e vat i o n 613 .2 fe e t

Res u l ts in pa rts per millio n e xc e p t a s ind ica t e d

Ir on Il1s80lved solids Hardnes8 Speclfl
(Fe) BI- ( cal cula t ed ) as CaCOI So- coo-Mag- PO- Car- dlumS it" Dt-pth ~U.c

Cal - car- Fluo- NI- Di u olve d duct-T" mp. ... Sod' um tae- boo- Sulfa te Chl oride Cal - .... n ..l dof In ( of) (StOo) So l u- dum
.Ium (Nal

bon-
ate (SO.) ten r ide irate o xyge-n Parts TooJl dum, Noo- anon pH ,"co t I e c r t oe fee t Tota l (Ca) alum at. IF) (NOJ ..rp- mlcro-t i on (Mi) (K) ICOJ

(DO) pe, pe' Mag- car·

i
(HCOJ ac r e- boo- li oo

~.?" a'million no- catlo/00' .'um at. 25·C)

, I To, 48 -- -- -- -- .. .. I " 0 31 . n s .. .. 11.5 -- -- 4" 36' .. 2 .4 20 7. , 8 2

" >0 -- -- -- -- . - -- . - .- -- m -- -. 11. 3 -- -- _. -- -- 2 .6 70 -- 8 2

' 2 To, 48 2. 8 -- -- 134 36 l28 136 0 320 m 0. 3 1.8 n.s 1 ,420 1.93 48 4 312 .., 2 .48 0 7. ' 8 I
40 " -- .. _. .. .. .. 13' 0 312 540 .- -- n.5 .. -- 482 l10 _. 2 .500 7. , 8 I

' l To, 48 -- .. .- _. .. .. -- -- -- >02 .- .. 11.6 -- . - -- -. .. 2 . 360 -. 8 .1
42 48 -- -- -- . - .- -- -. -- _.

"8 .. -. H .9 -- -- .. _. -- 2 , 360 -- 8. 1

A To, 48 2 . 8 -- . - l21 33 )01 132 0 3DO '" .2 1.2 11.6 1 .330 1 .81 4>2 " 4 e . l 2 . 340 7. ' 8. 0c

" 48 -. .- .- -- -. .. l28 0 302 '" .. .. 11. 6 -- .. 4 >8 J» .. 2.140 1. 4 8.0

A, To, 48 -- -- -- .. .. -- -. -. -- '" . - . - 11 .6 -- -- -. .. -- 2 , 340 .. 8. 0
36 48 -- _. -- _. .. .. -- -- .- ' 00 .. .. 11. 6 -- . - -- .. .. 2 , 350 -- 8 .0

' 4 To, 48 -- 0. 01 0. 01 -- .- . - -- _. -- 482 .. .. 11.6 -- -- .. .. .- 2,210 .. 7. ,
44 48 -- .01 .01 .. .. -- -- -- .- '" .. .. 11. 6 .. -- _. -- -- 2. )')0 -- 7. ', To, 48 3. 0 .. .- ras rs m 132 0 292 48 ' . 4 1.2 11.5 1 . 300 1. 17 4>6 "8 e ,0 2 . 310 7 . , 8 . 0,
14 48 -- -- -- _. -- -- .- .. _. 49> .. -- n . s . - .- -- .. .. 2.340 -- 8 . 0

8 , To, 48 -- -- .- -- -- -- -- -- .. 410
_. .. 11. 5 -- .- _. -- .. 2 .240 -- 7. '

22 48 _. _. .- .. .. .. -- -- -- 482 .. . . U . S -- -- .. _. -- 2 .290 .. 7.'

es To, 48 -- -- -- _. -. -- . . _. _. 46> .- -- 11.6 .. . - -- .. _.
2 .210 -- 7. '

" 48 -- _. -- _. .. _. -- -- .. 46> .. .. 11.6 -- -- .. _. _. 2 .2 00 .. 7 . s

e 7 To, 41 -. .- -. .. . - .- _. _. -- 462 " -- 11 .8 -- -- -- .- .. 2.2 00 .- 7. s
18 " -- -- -- .- .- .- -- -- _. 480 .. .. 11 .8 -- .. .. -- -- 2 .210 . - 7. '

' 8 To, 48 -- .. -- _. .. -- -- -- -- 442 .. .- 11 . 5 -- -- -. .. -- 2 . 120 .. 7. '
30 48 -- -- -- -- .. .- _. .. -- 482 .. -- 11. 5 .- .- . - -. .. 2 . 190 -- 7. 8

C To, " -- -- .. _. _. -- -- -- -- 400 _. .. 12.0 -- -- . - .- .. 1 ,9 50 -- 7 .'c

" " -- -- -. .. .- -- .- -. . - 408 . - .. 12.0 -- -- .- _. .- 1, 970 .. 7.8

" To, 48 -- -- -- -- .. -- 12 4 0 240 '" .- _.
12.0 -- -- 384 282 .- 1 . 930 7.4 7. 7

12 "
_. _. _. _. .. _. _. . - -- 398 .. . - 12 .0 .- -- -- .- _.

1 ,920 -- 7 .7

'10 To, 4' -- -- .- .. .- -- -- .. _. 398 .- .- 12 .0 -- -- -. .- .- 1 ,940 .. 8.1
16 " -- _. -- _. .. _. . - -- -- 400 .. .. 12.0 -- -. .- -- .. 1 . 930 . - 8 . 1

, 12 4 43 -- _. -- _. .. . - .. . - -- ass .. .. 12 .3 -- -- .. . - -- 1. 920 . - 8 1

0 To, " -- .01 . 01 .. .. .. . - .. -- ase .. .. 12. 0 -- -- .. _. .- 1 , 940 .. 8 1c II " -- . 01 .02 -- -- -- -- -- _. 400 .. _.
12. 0 -- .. -- -. .. 1 .940 _. 8 I

0, To, " -- -- -- .- .- -- -- -- _. 400 .. .. 12.0 -. .. . - .- .- 1 . 940 .. 8 I
12 " -- .. .- .- .. _. -- -- -- loa .. .. 12 .0 -- -- -. .- -- 1 ,94 0 -- 8 I

' 15 3 41 .. .. .- .. .. .. 122 0 238 '" .. -- 12 .6 -- -- '" '" .- 1 .930 7 . l 8 .0

' 16 To, "
_. .. .- .. .. .. .. -- -- 382 -. -- 12 .4 .- -- -- .. . - 1 . 870 -- 8 . 1, ca . . -- -. .. .- -- -- .. . - 382 -- _.

12. 4 -. .. -- _. .. 1.880 .- 8.1

[ , 4 " 2.8 -- -- 10. 21 zas 122 0 226 l88 . l .., 12 .4 1 ,0 50 I .14 '" 214 ,.) 1, 89 0 7. 4 8 . 1

[ , s 44 -- _. .- _. .. -- -- -- .. 390 .. .. 12. 3 -- -- _. _. -- 1,890 -- 8 . 1

'11 l 43 -- -- -- -- .. -- -- -- .. m .. .. 12 .4 -- -- .. . - -- 1. 890 .. 8 . 1

'"
2 40 -- . DO .01 _. _. -- 130 0 224 l68 .- . - iz .8 -- -- '" 268 .. 1,800 7.3 8 . 0



The greatest difference of specific conductance a nd chloride from the top
to the bottom in Big Mineral Arm was a t sampl i ng sites P4 and PS ' where the con­
ductance ranged from 2,120 to 2,190 micromhos at 25°C at P4 and the chloride
concentration ranged from 442 to 482 ppm (parts per million) at P8• The dif­
ference in dissolved-solids concentration, inferred from the s pecific conduc­
tances , from top to bottom was ne gligible at mo st points throughout the lake
(Tables 1 and 2).

Although all the water in Bi g Mineral Arm was slightly saline (slightly
less than 1,050 to 1,330 ppm dissolved solids) , the dissolved-solids concen­
tration decreased toward the upstream sampling sites (Table 2). The most sal­
ine water in Big Mineral Arm was at sampling site AR near the main body of Lake
Texoma (Figure 2), where the specific conductance was 2,350 micromhos at 25°C
and the chloride concentration was 500 ppm at a depth of 36 feet. This water
was less mineralized than the water in the main body of the lake. The least
saline water in Big Mineral Arm was at sampling site PIB, the most upstream
sampling site, where the specific conductance was 1,800 micromhos at 25°C and
the chloride concentration was 368 ppm. Thus, the water in Bi g Mineral Arm
largely was diluted by tributary inflow into the Arm.

Although the water in Big Mineral Arm was somewhat less mineralized than
that of the main body of Lake Texoma, the water in Big Mineral Arm had the same
proportion of dissolved constituents as shown by diagrammatic representations
of both waters (Figure 3). The discharge-weighted average analysis for the
Red River near Gainesville, Texas, for the 1963 water year, the last year of
complete record, also shows about the same concentration and characteristic
proportions as found during the lake survey .

In summary, the study of January 20, 1966, shows that the water in Big
Mineral Arm was well mixed , was the same type water as that in the main body
of Lake Texoma , and was di luted by tributary inflow into the Ar m. Because of
its salinity at the t ime of the survey, the water in Big Mineral Arm would not
meet the standards of the U.S. Public Health Service (1962) for municipal sup­
plies. However, the water was of better quality than that us ed by some munici­
palities in West Texas .

QUALITY OF WATER OF TRIBUTARIES TO BIG MINERAL ARM

During the quality-of-water survey of t he tributaries, J anuary 18-19, 1966,
a period of low flow, there was flow at only 10 of the 16 inf l ow sampling sites
visited. A wat er sample was collected at site 9a on a tributa ry to Elba Creek
a short distance upstrea m from site 9 on Elba Creek be ca use the water in the
tributary to Elba Creek a ppea red to be an oily emulsion a nd was directly down­
stream from producing oil wells. On l y five o f the sample s of inf l ow had
dissolved-solids concentrations low e nough t o meet the U.S. Public Health Ser­
vice Standards for municipal supplies (Table 3). The water of the other tribu­
taries was too hi ghly mineralized to meet the standard s for municipal use.
Also, the concentrations of some individual dissolved constituents in water in
five of the tributaries were too high to meet the standards. The highest con­
centration of any individual constituent was the 2,520 ppm chloride in Sandy
Creek (site 5) .

- 6 -



Red River near Gainesville . Texos
Weighted overoge--1963 water yeor

Moin body Lake Texomo -- site Pz
Top somple--January 19. 1966

Big Mineral Arm- - site A c
Top sample--Jonuary /9. 1966

Big Mineral Arm- -s ite Be
Top somple--Januory 19. 19 6 6

CI
10

Big Mineral Arm--site EL
4 feet deep--Januory 19,1966

Equiva lent s per mi llion

I 1~'_ HCO,+CO,Co

Mg

No+K 10

Figure 3

Selected Chemical Analyses of Lake Texoma and Red River Waters

u. S. Geologicol Sur vey in cooperation with the Texos Woter Development Boord and the City of Sherman
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Ta b l c J . - -Chem ica l ana l ys e s o f in flow wate r dur ing l ow a nd high fl ows i nt o Bi g Minera l Ar m, J a nuary 18 - 19 and Pe b r'ua r y 10-11, 1966

Result s i n " a rt s e r mi l li on e xe c t as ind i ca te d

~880lved solids Hardnes s Spoclfl,
Bl- (ca lcu la tf"d ) as CaCOs 50- con-

Date Cal - Mag- Po - car - Car- Flu o Nl- Ni- I dlum duct -
01 Discharge Temp . SUlCI clom rie- Sodium las- boo- boo- Sulfate Chlor ide ride Ira te tr ite' Tons Cal- Non- ad-

(" F ) (SlQ,) (Ca) stem (Na) slum ate (SO,) (Cl) Parts c1um , Isorp-
auce pH

collec tion (cis ) at e (F) (NOJ ( NO ~,) (mtc ro-
(Mg) (K)

per Mag- car -
(HCO') I(COJ

per
acre- bon- lion ",hOO atmillion ne- ratioloot slom ate 25'C)

S IT E 1 . CEDAR CREEK 0 . 5 MI LE NORTH OF CEDAR HILLS

27
19

7.4
, 9

S I TE 2. WALl-'UT CREEK 1 . 4 MI LES NORTH OF GO~VILLE

31
14

7. ,, .,
S I TE 3. DRY BRANCH 0 5 MILE NORTH OF GORDONV ILLE

118
42

4.4
4 . 8

S I TE ~ . BRUSHY CREEK AT FM ROAD 901 , 1 .5 HILES SOUTH OF GORDONVI LLE

14 b . 1

SITE 5. SANDY CREEK AT FH ROAD 901 , 3.9 MILES NORTH Of SADLER

18 0
10 3

S I TE 6. MINERAL CREEK AT FM ROAD 901 , 1 . ~ MI LES N(~TH OF SADLER

,.,
6. "1.

340 7 .6
65 6.4

S IT E 7. MUSTA1'lG CREEK .2 MI LES EAST Of SADLER

" ,
19 6 4

S I TE 8 . BEAVER CREEK I MILES EAST OF SADLER

13 9 7.
13 ,

SITE 9 . ELBA CREEK 4 . 8 MilE S EAST OF SADLER

16 7.2
11 6 .7



Table 3 . · ·Chemica l analyses of in fl ow wate r du r i ng low and high flows into Big ~l inera1 Arm , J a nu a r y 18.19 and Februa ry 10 - I I , 1966• • Conti nued

d· t dt s er millioR "esu s rn poe p n e x ce p as In lea e

~lTed oolldo Hardness Spoel/le
BI- (calculated ) U CaCO, Se>- eon-

Dale
IlIItea

Cal- Mag- PO- ear- Car-
FI~ NI- N( - d1um duct-

al Dlae_po Temp. dum rie- SodIum taa- bon- bon- Su1Iate Chloride ride Irate tri te Tons Cal- Non- ad- pH(OF) (81<1,) alum (Na) alum ate (SO,) (CI) Paria ctum, ~rp-
aoce

collecUon (cia) (Ca) ate (F) (NOJ (NO",) (mtcrc-(Mg) (IC) (COJ per per Mag- ear-
tlo.(HCOJ acre- boo- ~.? atmIl1Ion

loot oe- ate ratlo 2S'C)alum

SITE 9a . TRIBU TARY TO ELBA CREEK , 0 .6 MILE SOUTHEAST OF SITE

Jan . 18 , 1966. 648 7. ,
S ITE )0, UNNAMED CREEK 6 .2 MILE S EAST OF SADU:R

Jan. 19, 1966 •••
Feb . Il . . .5 3 .9 G.5

SITE )1, MARTIN BRANCH 8.7 MILES S OUTHW EST OF POTTSBORO

J a n . 19, 1 966 •
Feb . Il . . 19 6 . I

SITE 12 , HARRI S CREEK 7 . 9 !'fiLES SOUTHWEST OF POTTS BORO

Jan . 19, 1966.
-c Feb . II, 1966 • . 23 6. 6

SITE 13. MYER BRANCH 7.0 MILES SOUTHWEST OF POTTS BORO

J,, ". 19 , 1%6.
Feb. I I IS 6 1

: SITE 14. UNNAMED CREEK 6.3 MILES WEST SOUTHWEST OF POTTSBORO

Jan. 19. 1 96 6 . 233 I . 4
F e b. II . 28 6. I

SITE 15 . UNNAHED CREEK 4.6 MILES WEST OF POTTSBORO

J an. 19, 1 96 6.
Fe b. II . I I 6.8

SITE 16. SCOTT BRANCH 6 MI LES WEST OF POTTSBORO

Jd n . 19. 1 96 6 .
F~'b . II 33 5. 2

A Es t i mated .



The dissolved-solids concentration of inflow during January 18-19 is about
the maximum to be expected because the flows at all sites except site 6 (Big
Mineral Creek) were relatively small. The total amount of salts contributed to
the lake during these low · flows would obviously be small.

Water samples collected at the same inflow sites on February 10-11, 1966,
during high flows, were of much better quality than the low-flow samples col­
lected in January. Only at site 3 (Dry Branch), did the dissolved-solids con­
centration exceed 500 ppm. Here the concentration of dissolved solids on
February 10 was 685 ppm, of which 480 ppm was sulfate (250 ppm sulfate is the
upper limit established by the U.S. Public Health Service). The concentration
of ch lo r ide (251 ppm) at si te 5 (in Sandy Creek) exceeded on ly sligh t ly the
U.S . Public Health Service l i mit of 250 ppm. The wate r a t all othe r s i tes met
t he U.S. Public Health Service Sta ndards. The diagramma tic representa tion of
the chemical analyses of inflow water during high and low flows (Figure 4) shows
tha t the dominant type water was calcium sulfate and shows that this is in
contrast to the dominant sodium chloride water in Big Mineral Arm, main body of
Lake Texoma, and Red River (Figure 3).

CONCLUSIONS

A review of the analyses of water samples from the 16 sampling sites and
the d iagrammatic representation of these analyses (Figure 4 and Table 3) give
an indication of the tributaries that may be sources of good water and also
show problem areas and possible sources of contaminat ion.

The quality of water at sites 1 and 2 was good a t low and high flows, but
at site 3 the concentration of sulfate is high (1,180 and 480 ppm) at low and
high flows, respectively. Baker (1960) shows that some areas of the Woodbine
Formation yield ground water of high sulfate concentration. Well A-16, which
is described in the above report, is near site 3. This well, producing from
the Woodbine, had a sulfate concentration of 1,050 ppm. Water from site 16
had similar ratios of constituents to water from site 3, although the water
contained a much lower concentration of dissolved solids during high fiow.

Site 4 had water of good quality during high flow. There was no flow at
this site during the January survey.

At sites 5 and 6 the water had a high chloride content during low .and high
flows; sodium plus potassium and calcium were the predominant dissolved cations.
The pers istence of a sodium or potassium chloride type water even during high
flows may be an indication of contamination by oil-field brines. A report of
oil -field brine disposal by the Texas Water Commission and Texas Water Pollution
Control Board (1963) shows that in 1961 most of the brine disposal in the oil
fields of the area was by open surface pits.

The water at sites 7, 8, and 9 was of good quality during low and high
flows. A saline tributary (site 9a), probably was affected by oil-field waste,
but its flow was not large enough to increase appreciably the salinity of the
water at site 9.

There was no flow at sites 10, 11, and 12 during the survey in January,
but during the ·February survey the water at all three sites was of good quality.

- 10 -



LOW FLOW

January 18-19, 196 6

Site I

Site 2

HIGH FLOW

February 10-JI, 1966

<l>

2. 5 x scale

Site 4

2.5 x sca le

Site 6

Equivalents per mi ll ion

10
Not K

Co

M,

5

Scal e

5 10
CI

Figure 4

Chemical Analyses of Inflow Water During Low and

High Flows into Big Minera l Arm

u. S. Geologic al Survey in cocperc t lcn with the Iexc s wote r Development Board and the City of Sherman
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LOW FLOW

January 18- 19, 196 6

<1>
-e ------- -r-----,, ,

" ,
" ', ,

'; /, ,, ,
L ,

5 J. scal e

Site 7

Site 8

Site 9

S ite 90

H IGH FLOW

Febr uary 10-11, 1966

<D
<D

Site 10 <b
Site II <G

Equivc tent s per mill ion

10 5 0 5 10
No + K CI

Co HC0 3 +C0 3

M,
Scale

504

Figure 4 - - Continued
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The low flow at site 14 was low in dissolved-solids content and only one
of the dissolved constituents, nitrate, exceeded the maximum permitted by the
U.S. Public Health Service Standards. Nevertheless, the high nitrate (48 ppm)
and the proportions of the dissolved constituents point to possible contamina­
tion by sewage. During the high flows of February, the quality of the water
at this site was excellent.

The water at sites IS and 16 was of good quality (except for a high sulfate
concentration at site 16) after the high flows in February. There was no flow
at sites IS and 16 during the survey in January.

In summary, the analyses of inflow water into Big Mineral Arm of Lake
Texoma show that most of the inflow water was of acceptable quality for munici­
pal supplies. Some of the water of tributary streams was of good quality even
during the period of low flow, but the amounts of flow were too small to affect
appreciably the quality of the water in the Arm. The water in Big Mineral
Creek, the only tributary with significant low flow, 1.2 cfs (cubic feet per
second), was slightly saline.

At high flow, all but two of the inflow samples (at sites 3 and 16) were
of good quality. These more mineralized waters came from smaller watersheds
whose contribution would be only a small part of the total inflow into Big
Mineral Arm.

RECOMMENDATIONS

At the time of the survey in January, the water in Big Mineral Arm of Lake
Texoma was slightly saline and essentially the same as that in the main body
of Lake Texoma. If the water in the Arm is to be used for municipal supply, it
would be desirable to provide for some dilution with water of better quality,
or to devise some means of preventing free mixing of water from Big Mineral
Arm with that of Red River.

A more intensive investigation is needed to isolate the specific sources
of contamination and to determine remedial measures to reduce the salt load
in Sandy and Big Mineral Creeks. This study is needed because: (1) the
poor quality of the low flows at sites 5 and 6 (in Sandy and Mineral Creeks,
respectively) and a comparison of constituents of the water at these sites at
both low and high flows indicate that much of the mineralization of the water
on these tributaries is probably due to contamination by oil-field brines, and
(2) these two tributaries are probably the largest contributors of inflow to
Big Mineral Arm.

Although the high sulfate of both low and high flows on Dry Branch (site
3) and the similarity of dissolved constituents of the high flow at site 3 and
site 16 on Scott Branch indicate that the probable cause of mineralization is
natural, more studies should be made to confirm this indication.

Because part of the mineralization of the low flow at site 14 may be
caused by manls activities, further work must be done to determine exact sources
of contamination and to determine remedial measures.
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With the reconnaissance -type data collected in this investigation--a lake
survey and samples of high and low inflows of the tributaries--the future qual­
ity of inflow into Big Mineral Arm can be predicted only in broad terms; that
is, the weighted-average concentration of dissolved solids probably will be
less than 500 ppm. So that more exact quantitative predictions of both the
quantity and the quality of water of inflows into the Big Mineral Arm can be
determined, more intensive studies should be made. A good record of quantity
and quality should involve years of above and below normal rainfall as well as
average years.
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