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Table 4.--Chemical analyses of water from wells and springs, Brown Couflty--Continued

Dep th Sodium Specific

Well Owner
of Da te of S i 1 ica Cal- Magne- and Bicar- 5ul- Chlo- Fluo- Ni- Dis - Total Percent conduc tance

Hell collection (5i02) cium sium Potassium bona te fa te ride ride tra te solved hardness sodium (Micromhos
pH 5AR

(ft) (Ca) (Mg) (Na + K) (HC03 ) (504) (Cl ) (F) (N03) solids as CaC03 at 25°C.)

42-15-918lJ) J. A. Nelson 260 June 5, 1962 10 16 8 980 560 416 920 3.0 4.4 2,630 ?l 97 4,320 7.8 51

16 -402lJ) O. Lehman 40 May 14, 1962 10 1,560 153 251 84 264 1,940 .9 2,460 6,680 4,520 11 9,880 6.2 ,1.6

403lJ) G. Reed 236 Aug. 12, 1963 9 24 10 1,290 510 570 1,340 60 < .4 3,501 102 -- 5,540 7.9 --
404lJ) J. N. Wils~n 245 May 14, 1962 8 20 9 1,270 500 518 1,340 -- 1.5 3,410 87 97 5,240 7.5 59

405lJ) C. Harris 213 May 15, 1962 8 22 10 1,100 502 600 1,030 -- 3.0 3,020 96 96 4,860 7.5 49

406lJ) W. Lehman 229 May 16, 1962 12 21 10 1,200 492 .490 1,260 -- 3.5 3,240 92 97 5,280 7.5 54

407lJ) do 121 do 7 175 31 576 364 276 485 -- 648 2,380 564 69 3,520 6.9 11

408lJ) O. Lehman 166 June 11, 1963 8 442 86 1,000 444 730 1,190 .4 1,107 4,781 1,460 -- 6,610 7.5 --
701lJ) J. Tilton 108 May 23, 1962 11 20 10 363 630 162 138 -- 0 1,010 91 90 1,670 7.2 17

702lJ) Reflex Glass Bead Co. 120 May 15, 1962 8 66 44 1,030 338 782 1,060 -- 8.0 3,160 3"6 87 5,040 7.4 24

704lJ) W. Z. Ferguson 185 do 10 17 9 842 338 794 570 -- 5.2 2,410 80 96 3,740 7.5 41

705lJ) V. D. Cavel 260 May 18, 1962 9 16 8 812 376 628 620 -- 2.5 2,280 74 96 3,630 7.5 41

707lJ) F. Blair 340 do 9 11 6 877 664 242 820 -- 5.1 2,300 51 97 3,830 7.5 53

709lJ) J. A. Bailey 19 May 15, 1962 41 383 95 453 336 344 1,130' -- 94 2,710 1,350 42 4,380 6.8 27

?l0lJ) B. R. Cason 19 do 30 94 15 12 330 16 22 .7 3.8 356 296 8 588 7.0 '.3

712lJ) J. E. Priddy 25 May 18, 1962 37 95 23 32 318 40 39 .9 51 474 332 17 760 7.0 .8

713lJ) T. Duncan 260 May 21, 1962 14 46 33 467 340 558 286 .9 0 1,570 250 80 2,420 7.3 13

714lJ) J. Everett 320 May 18, 1962 10 26 13 751 312 766 490 .7 5.6 2,220 118 93 3,250 7.2 30
,

716lJ) C. M. Perin 160 May 21, 1962 36 68 27 175 540 106 74 1.6 0 754 280 58 1,190 7.2 4.6

717lJ) O. Koch 25 do 38 128 22 20 500 25 9 .8 4.5 493 410 10 787 7.0 .4

?l8lJ) C. A. Burger 40 May 22, 1962 24 108 73 72 524 68 87 0 127 817 507 22 1,300 7.2 1.3

?l9;Y F. Baker 18 June 12, 1962 20 86 35 50 364 12 81 .1 3.0 466 298 -- 825 7.2 --
720lJ) Mrs. M. Blair 14 May 22, 1962 41 95 78 113 584 105 140 1.8 16 877 558 31 1,440 7.2 2.1

722lJ) W. D. Coppic 365 May 18, 1962 10 18 8 1,130 474 696 1,010 -- 8.0 3,110 79 97 4,960 7.5 55

723lJ) do 8 do 11 76 11 359 434 205 305 1.5 15 1,200 234 77 1,980 7.5 10

724lJ) J. T. Evans 290 May 31, 1962 8 30 7 700 678 226 585 3.1 0 1,890 102 94 3,160 7.2 30

801~ J. Harper 118 June 12, 1962 12 17 7 500 834 270 145 .7 5.8 1,367 72 -- 2,200 7.5 --

802!'! J. Tilton 60 July 9, 1962 14 31 21 1,100 425 680 990 2.1 < .4 3,047 163 -- 5,210 ·8.0 --
See footnotes a t end of table.
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Table 4.--Chemical analyses of water from wells and springs) Brown County--Continued

Oep th Soditml Specific
of Da te 0 f S i li ca Ca1- Magne - and Biear- Su1- Ch10 - Fluo- :-Ji- Dis - Tota 1 Perc en t condue tanee

SARWell Or..iner
hlell co llec t ion (Si02 ) eium sium otassium bona te fa te ride ride tra te solved ha rdness sodium (Mieromhos pH

(tt) (Ca) (Mg) (Na + K) (HC03) (S04) (C1 ) (F) (N03) so 1id s as CaC03 at 25'C.)

42 -16 -901!'! H. Thomason 16 Sept. 14, 1962 17 40 5 10 123 24 7 0.6 0.7 171 122 -- 267 7.4 --
902!'! Wade Thomason 21 do 14 179 39 238 231 137 520 .6 53.5 1,295 607 -- 2,300 7.5 --
903!'! L. Q. Miller Spring Oct. 16, 1962 15 625 155 2,805 436 16 5,980 .1 < .4 9,811 2,199 -- >12,000 7.4 --
904!'! M. Polk Spring do 16 381 101 1,697 367 15 3,340 .1 4.9 5,735 1,366 -- 9,500 7.4 --

23-201!>! G. Woolridge 144 J~ne 19, 1962 10 114 40 105 408 142 130 3.0 4.8 749 449 34 1,.270 6.7 2.2

205!'! T. B..Mosier 98 June 28, 1962 18 150 55 70 359 330 67 .4 < .4 867 604 -- 1,450 7.5 --
206!'! F. C. Mosier 60 do 15 206 49 76 425 354 96 .4 < .4 1,005 719 -- 1,660 7.5 --
207!>! O. Stephens 27 June 19, 1962 13 510 127 274 480 1,460 338 -- 2.0 2,960. 1,800 25 3,640 6.6 2.8

208!'! F. L. Anderson 37 July 2, 1962 17 210 44 128 403 127 340 .2 14 1,078 707 -- 2,050 7.4 --
209!'! W. B. Seymore 54 July 9, 1962 14 156 31 75 354 86 220 .2 3 759 519 -- 1,400 7.8 --
211!'! C. Ryan 43 do 14 228 31 175 375 323 345 .3 6 1,307 700 -- 2,320 7.7 --
212!'! S. Stevens 44 do 17 139 14 50 390 34 85 .1 31 562 405 -- 1,100 7.6 --
214!'! R. A. Perry 30 do 19 268 66 138 366 204 303 .6 328 1,506 945 -- 2,500 7.6 --,
215!'! do 83 do 19 438 90 425 447 438 1,100 .5 16 2,746 1,470 -- 4,800 7.5 ---
301!>! J. Brown 68 June 15, 1962 9 296 45 58 492 494 93 .2 0 1,240 924 12 1,720 6.6 .8

302!>! E. Glenn 52 do 7 304 58' 194 . 382 696 270 .4 0 1,720 997 30 2,400 6.8 2.7

3OJ!>! J. S. Ragsdale 30 do 19 119 9 9 294 92 7 .5 4.2 405 334 5 640 7.1 .2

305!>! G. Stewart 51 June 14, 1962 9 85 49 63 448 12 121 .2 n. 560 414 25 1,030 7.1 1.3

306!>! 470 2,480 1,220
J

do 29 do 17 238 153 476 102 1,240 -- 22 46 4,520 6.8 5.9

307!>! F. E. Strange 69 do 10 198 52 179 564 197 292 .4 21 1,230 708 35 2,030 6.7 ·29

J09!>! 1. J. Hall 200 June 5, 1962 9 9 4 536 656 158 350 2.6 2.1 1,390 39 97 2,330 7.5 37
.-

310!'! L. E. Wicks on 266 June 14, 1962 14 5 4 447 595 128 265 2.0 < .4 1,158 30 -- 1,950 8.0 --
31r!'!. J. C. Hester 65 June 22, 1962 27 114 139 132 561 116 318 1.9 126 1,248 865 -- 2,290 7.9 --
312!'! H. O. lnglet 200 do 13 110 91 340 527 109 590 .7 14 1,526 657 -- 2,950 7.7 --

.313!>! W. M. Homer 145 June 21, 1962 16 162 92 135 588 71 325 .4 76 1,170 782 27 1,990 6.8 2.1

314!>! R. Gable -- June 22, 1962 21 124 17 15 418 17 28 .4 15 443 380 8 736 6.5 .3

3'15!'! J. A. Swenson 20 June 28, 1962 24 174 15 38 427 74 76 .2 40 648 500 -- 1,190 7.5 --
316!'! do 29 do 15 119 49 275 285 99 532 .2 < .4 1,229 504 -- 2,430 7.2 --

See footnotes at end of table.
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Table 4.--Chemical analyses of water from wells and spri.ngs, Brown County--Continued
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Oep th Sodium Spe"cific

of Da te of 5 i 1ica Ca1- Magne- and Bica r- Su 1- Chlo- Flua - Ni- Dis- To ta 1 Percent conductance
pH SARWell Owner

\.Je 11 co llec t ion (S i02) ciuffi sium otassitun bona te fa te ride ride . tra te so Ived hardness sodium (Nicromhos
(f t) (Ca) (Mg) (Na + K) (HC03 ) (S04 ) (C1 ) (F) (N03 ) solids as CaCO) at 25'C.)

42-23-317~ E. Davenport 21 July 12, 1962 31 112 51 66 441 50 83 1.0 102 713 489 -- 1,140 7.9 --
31~ F. Morgan 24 July 23, 1962 26 128 18 14 365 73 32 .2 15 485 392 -- 767 7.9 --
32~ L. Walker 20 July 24, 1962 23 95 15 16 361 31 8 .3 < .4 366 298 -- 602 7.7 --

324~ E. Davenport 70 July 12, 1962 14 89 141 261 531 434 340 .5 < .4 1,540 804 -- 2,400 8.0 --
325~ C. C. Hanley 165 Aug. 23, 1962 12 11 5 671 708 124 570 3.3 2.9 1,746 50 -- 2,800 8.2 --
330~ J. O. Howell 44 Sept. 5, 1962 16 628 221 483 566 1,393 1,090 .3 < .4 4,109 2,476 -- 5,180 7.2 --
331~ W. P. Fletcher 44 do 42 363 199 295 410 343 '579 23 1,148 3,173 1,724 -- 4,100 7.4 --
332'H R. A. Price 38 do 18 614 192 159 538 1,402 560 .2 10 3,220 2,328 -- 3,920 7.2 --
333~ O. A. Flynn 32 do 58 210 83 276 509 201 490 .1 lU 1,679 865 -- 2,560 7.4 --
3340 W. W. Pate 38 Sept. 6, 1962 12 522 265 494 323 696 1,690 .3 16 3,854 2,393 -- 5,620 7.3 --

335~ W. C. King 32 do 26 88 59 148 539 66 185 .3 < .4 838 462 -- 1,360 7.5 --
336~ C. D. Parnell 62 do 14 237 146 76 561 476 290 .4 < .4 1,515 1,190 -- 2,180 7.3 --

337~ E. B. Elliott 37 Sept. 13, 1962 22 192 428 1,062 663 1,029 2,136 .7 130 5,326 -- -- 7,400 7.8 --
338~ A. L. Klein 26 do 23 84 48 59 503 42 64 .5 3.8 571 406 -- 955 7.7 --
339~ G. Stewart 52 Sept. 27, 1963 14 152 37 83 520 142 104 .9 34 826 530 -- 1,300 7.6 --
501~ O. Strange 11 July 10, 1962 23 296 92 330 317 507 706 2.4 < .4 2, UO 1,125 -- 3,700 7.5 --
502~ F. Strange 600 July 9, 1962 13 24 U 320 386 83 292 1.6 < .4 933 105 -- 1,790 7.8 --
503~ O. Strange 600 do 13 149 55 580 349 628 .610 .6 < .4 2,207 602 -- 3,700 7.5 --

504~ do 60 do 19 556 U8 650 486 895 1,274 .1 16 3,767 1,880 -- 6,000 7.2 --
505~ C. Hunter 65 -- 14 86 35 693 403 513 682 1.6 < .4 2,223 360 -- 3,820 7.7 --

507~ J. Browder 11 July 10, 1962 24 48 166 270 547 273 383 7 49 1,489 ,810 -- 2,650 7.7 --
508~ A. E. Conklin 16 do 14 126 13 105 315 107 141 .4 15 676 370 -- 1,240 7.2 --
601~ J. A. Cates 40 July 12, 1962 16 123 133 251 449 425 415 .8 75 1,659 855 -- 2,500 7.8 --
602~ Mrs. L. A. Pa te 28 July 24, 1962 21 133 55 91 412 90 210 .4 68 871 559 -- 1,430 7.5 --

606~ J. A. Kennedy 14 Aug. 12, 1962 24 93 60 86 376 69 US 1.5 182 815 478 -- 1,250 7.6 --
607~ do 13 do 27 80 23 150 478 91 ll5 2.0 < .4 723 294 -- 1,190 7.7 --
6085' A. H. Dean 15 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
609f!/ do 260 Aug. 14, 1962 10 36 15 1,150 543 564 1,235 3.0 < .4 3,280 152 -- 5,120 7.7 --

See footnotes at end of table.
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Oep th I Sodium ! ,Specific
of Date"of " Silica Ca1- Magne- and Bicar- Su1- Ct'.lo- Fluo- :\i- Dis- j Total -Percent conductance

Well Owner SAR
',:e11 , co 11 ec tion. (5102 ) cium s iUffi otassium bonate fa te ride ride tra te solved "hardness sad ium (Micromhos

pH

(f t) .: (Ca) (Mg) (Na + K) (HC03') (5°4) (Cl) (F) (N03) so 1 id 5 as CaC03 at 25°C.)

42-23-610"1 <. 0.4
"

P. Jarratt 36 Aug. 12,,1962 27 42 81 316 1,085, 68 128 3.0 1,199 435 --- 1,900 8.0 --
, , :

611"! do 18 ,do 41 56 125 116 872 48 101 3.0 <' .4 1 • 919 652 -- 1,530 7,7 --
'.

612"1 J _ Shultz'
,

- 13,. 1962 76 18 407 ' 28 : '1.2" 18 Aug. 23 34 11- .6 8 398 330 -- 660 --
613"1 do '10 do 29 . 94 32 24 466 34 ,9 .8 . < .4 451 366 -- 73O 7.3 --

"
"

614"1' N°. HcGaugh~y . 15 do 30 '98 45 65 537 36 70 .6 < .4 608 429 -- 1,015 7.5 --

- ' 616"1 W. J. Strickland 16 Aug. 12, 1962 24 77 20 28 271 60 29 .6 33 404 275 -- 592 7.8 --
?

.
618"1 J. C. Traweek 210 do 12 11 6 850 564 125 881 3.0 < .4 2,165 53 -- 3,600 7.8 --

619"1' G. Barnes es tate 122 do 11 39 30 868 412 127 1,093 1.8 < .4 2,373 221 -- 4,150 7.9 --
621'!!

,.

P. Geron 300 July 11, 1962 13 56 34 2,300 447 5 3,330 3.0 < .4 5,961 253 -- 10,350 8.0 --
622"1 H. :Iar 1. ()y.,1E: 300 do 13 50 8 1,650 590 322' 1,950 3.0 < .4 4,286 153 -- 7,400 8.0 --
623"1 L. Sikes 315 do 10 70 29 1,460 698 380 1,706 3.0 14 4,014 295 -- 7,040 7.9 --
624'!! R. N. Greer 160 Aug. 9, 1962 12 20 11 1,243 564 5 1,692 3.0 < .4 3,263 94 -- 5,530 8.0 --
626iJ J. L. Morris -- Aug. 10, 1962 10 8 7 541 627 69 424 4.0 < .4 1,371 49 -- 2,450 8.0 --
801'!! C. F. McCormick 13 July 11, 1962 14 92 4 75 232 84 65 .4 29 475 24" _. 921 7.4 --
803"! M. :.:. French 14 do 13 102 11 100 203 77 88 .4 213 704 300 -- 1,200 7.3 --

I
I

902"! R. Pierce 300 do 14 14 8 1,000 208 220 1,040 6 < .4 2,904 68 -- 4,825 8.1 --
906,~; T. Huggins 48 do 21 104 17 30 - 327 50 42 .4 17 442 330 -- 782 7.3 --

24-103"! Bangs School District 16 June -12, 196? 43 70 136 339 634 315 485 2.3 4.2 1,707 735 -- 2,650 8.0 -- .

108"! J. R. Brush 110 June 14, 1962 35 116 180 300 651 224 500 .8 257 1,932 1,030 _. 3,050 7.5 --
110"1 T. C. Dodd 46 do 16 23 7 2 93 5 8 • 1 < .4 115 84 -- 190 6.4 --
115"! J. A. Bell 22 Sept. 14, 19&2 55 73 86 53 432 95 :92 1.7 102 781 535 -- 1,175 8.0' --
ll6~ H. U. '~'''ilson 39 do 22 75 66 114 407, 72 175 1.7 88 813 458 -. 1,320 1.6 --

",
117"; M. Hereford 21 Sept. 13, 1962 23 176 188 170 404 161 448 .8 628 1,994 1,212 -- 3,000 7.7 --
118!'! H. Wi lson -- 230 June 6, 1962- 14 13- 3 615 669 200 429 2.6 < .4 1,606 45 _. f,700 7.7 '-

..

ll9!'i L. E. Wickson .. 6 June 14, 1962 21 284 270 306 415 274 1,264 2.5 < .4 2,626 1,820 -' 4,550 7.4 --

123"! D. Jennings 28Li Aug. 14, 1962 16 30 37 269 537 140 135 1.6 < .4 893 227 _. 1,370 7.6 -.

124~/ F. Day 54 SepL. 6, 1962 23, 1,344 522 2,116 389 35 6,908 .1
< '~lll'139 55 -- >12,000 7.2 -- ;

125"1 -- Garms.es ta te 18 Sept. 8, 1962 43 76 81 206 620 133 220 1.7 5.5 1,071 520 _. 1,690 7.7 --
See footnotes at end of table.
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Table 4.--Chemical.analyses of water from wells and springs) Brown County--Continued
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Depth Sodium. Specific
of Da te of S i 1iea Cal- Magne- and. Bicar- Sul- Chlo- Fluo- Ni- Di5- Total Percent conductance

SARWell Owner
we 11 collection (SiD 2) ctum sium otassium bona te fa te ride ride tra te solved hardness sod ium {Micromhos

pH

(ft) (Ca) (Mg) (Na +'K) (HC03 ) (S04) (Cl ) (F) (N03) solids as CaC03 at 25°C.)

42-24-127~ T. M. Young 58 Sept. 8, 1962 27 84 33 82 432 63 65 1.3 12 580 346 -- 945 7.5 --
128~ C. Horseman 25 do 48 161 31 65 334 118 66 .3 237 890 528 -- 1,260 7.6 --
129~ D. S. Smith and 17 do 32 84 12 15 266 39 23 .3 13 349 259 -- 530 7.6 --

Mrs. E. L. Nelson

130~ G. W. Wi lliams 20 do 44 116 29 59 437 49 58 .5 36 606 410 -- 945 7.6 --
131~ C. Berry 16 do 35 110 32 38 364 35 61 .5 74 564 406 -- 882 7.7 --
132~ Mrs. M. Morton 16 do 46 173 47 131 413 101 171 1.7 247 1,126 626 -- 1,650 7.6 --

I

113~ J. D. Eason 19 do 38 59 29 80 383 50 42 .8 18 505 268 -- 806 7.7 --
136~ R. D. Sandersou 260 Sept. 14, 1962 17 32 39 222 476 101 160 2.3 < .4 807 240 -- ,1,350 7.7 --
137~ L, R. Guyer 235 do 15 29 32 207 452 82 153 2.1 4.0 746 202 -- 1,300 7.9 --
142~ B. Allen 203 Sept. 3, 1962 15 36 35 250 540 133 130. 1.4 < .4 866 232 - 1,390 7.8 --
143~ H. C. Ma thews 125 Aug. 31, 1962 10 50 41 121 393 95 70 2.5 35 618 293 -- 995 7.9 --
202~ L. A. Horton 23 June 12, 1962 27 388 54 91 434 334 320 .1 217 1,645 1,190 -- 2,550 7.6 --
20~ R. M. Perry 22 do 24 120 24 7 461 28 12 .1 2.4, 444 400 -- 760 7.4 --
204fY E. R. Haynes 25 do 22 240 203 ' 400 503 365 1,080 .7 5 2,563 1,440 -- 4,350 7.6 --
205~ A. B. Culberson 27 do 14 60 114 233 860 153 171 1.8 < .4 1,170, 620 -- 1,900 7.8 --
206~ B. O. Boler 23 -- 27 79 49 72 490 105 41 2.8 4.3 631· 440 -- 1,030 7.4 --
21~ -- Cheatham estate 28' Sept. 3, 1962 24 315 270 871 434 1,250 1,425 3.2 < .4 4,372 1,900 -- 5, 909 7.4 --
212;Y Mrs. L. A. Spain 16 do 28 39 50 237 677 107 95 3.3 7 899 303 -- 1,400 7.6 --.
302~ H. E. Bell 26 Sept. 19, 1962 15 99 11 20 315 35 32 .1.0 4.9. 373 293 -- 625 7.5 --
401~ D. Jennings 157 Aug. 14, 1962 7 25 15 64 210 48 34 .6 <'.4 296 122 -- 513 7.4 --
404~ C. Mathews 125 Aug. 31, 1962 13 50 ~2 152 550 , 141 68 1.8 < .4 759 381 -- 1,200 7.5

407~ M. H. Hill 65 Aug. 15, 1962 20 608 498 3,833 440 1,512 7,388 2.5 < .4 14,078 3,560 -- >1,2,000 7.3 --
408~ do 20 do 23 95 105 328 610 382 390 2.0 < .4 1,625 668 -- 2,450 7.4 --
413~ do 50 do 11 65 42 27 356 37 46 1.0 < .4 404 336 -- 711 7.8 --
415~ R. Y. Starkey 100 Aug. 31, 1962 14 117 13 149 500 28 112 .. 2 90 769 348 -- 1,220 7.6 --
417fY J. J. Stanley 60 Aug. 21, 1962 15 80 53 30 381 52 85 .8 < .4 502 417 -- 875 7.6 --
418~ M. Boysen 60 Aug. 22, 19,62 10 73 50 26 414 30 60 .5 < .4 453, 391 -- 797 7.8 --

See footnotes at end of table.
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Table 4.--Chemical analyses of water from wells and springs, Brown CountY--Continucd

Dep th Sodililll Specific

Ov..'ner
of Date of Silica Ca1- Magne ~ and Bicar- Sul- Ch1o- Fluo- ;\i ~ Di5- Total Percent conductance

Well
\,'e 11 co llec t ion (Si02 ) cium sium bona te fa te ride ride solved hardness 0'licromhos pH SAR

otassililll tra te sad ium
(ft) (Ca) (Mg) (Na + K) (HC03) (S04) (C1 ) (F) (N03) so 1 id s as CaCO) at 25°C. )

42-24-419~ M. Boysen 130 Aug. 31, 1962 11 29 7 496 604 13 445 2.2 < 0.4 1,300 100 -- 2,200 7.8 --

420~ H. B. Seymore 118 Aug. 16, 1962 6 3 4 768 600 40 801 2.8 < .4 1,933 24 -- 3,280 8.6 --
421~ P. Barnes 141 Aug. 22, :1~62 7 29 15 377 393 127 325 1.3 37 1,111 132 -- 1,850 7.8 --

422~ S. Stephens 140 Aug. 21, 1962 20 46 24 95 369 55 55 .7 < .4 477 212 -- 787 7.9 --
423"J H. E. Hilson 145 do 14 106 61 90 399 95 154 .3 69 785 518 -- 1,380 7.6 --
425'" B. E. Harper 110 Aug. 22, 1962 23 72 25 57 411 26 30 .5 < .4 435 284 -- 718 7.6 --
426'" J. E. Hhitesides 18 Aug. 31, 1962 16 835 167 2,390 332 19 5,200 .1 < .4 8,790 2,775 -- >12,000 7.2 --
SOl'" Mrs. G. M. Grooms 125 Sept. 18, 1962 7 54 35 2,251 458 17 3,306 1.1 < .4 5,896 -- -- 9,050 7.5 --
504'" C. Grooms 130 do 10 26 22 1,062 527 928 610 1.2 < .4 2,918 154 -- 4,710 7.8 --
506S' do 84 do 14 20 14 306 530 62 210 1.7 3.1 892 108 -- 1,550 7.8 --
507'" Mrs. -- Humphreys 50 Sept. 3, 1962 21 100 14 8 382 15 3 .4 < .4 349 306 -- 578 7.9 --
508'" J. E. Whitesides 19 Aug. 31, 1962 19 264 47 366 353 72 894 .9 4.2 1,841 851 -- 3,150 7.5 --
509'" do 16 Sept. 18, 1962 22 33 77 308 624 236 205 9.6 17 1,215 401 -- 1,900 7.9 --
510'" do 165 do 11 35 28 1,912 641 43 2,825 1.5 < .4 5,161 202 -- 8,150 7.8 --
512~ H. Sikes 20 Aug. 30, 1962 18 488 65 509 343 343 1,315 .6 5.3 2,913 1,487 -- 4,570 7.3 --
513'" J. Harper 20 do 23 565 78 565 403 413 1,490 .4 17 3,349 1,730 -- 5,080 7.4 --
514'" do 55 do 22 360 57 386 349 323 906 .6 60 2,286 1,137 -- 3,540 7.3 --
701'" B. Stephens -- Aug. 23, 1962 10 5 2 308 503 63 152 2.2 < .4 789 19 -- 1,280 8.1 --
702'" do Spring do 13 59 7 78 93 79 109 1.3 2.7 419 176 -- 717 7.0 --
704'" R. A. Wigington 135 Aug. 24, 1962 10 48 9 355 503 158 275 1.5 < .4 1,102 156 -- 1,800 7.7 --
705!l} 0. J. Holleman 140 do 11 9 3 580 655 107 432 4.8 < .4 1,469 35 -- 2,420 7.7 --
707!l} J. C. Horton 150 Aug. 22, 1962 18 142 18 64 392 44 116 .4 36 631 426 -- 1,042 7.4 --
710'" J. Horton 118 do 14 13 6 210 402 49 88 1.5 2.4 582 57 -- 950 8.0 --
711'" do 120 do 16 16 10 165 359 36 85 1.0 < .4 506 83 -- 862 8.2 --
714!l} D. Early Sprin~ Aug. 23, 1962 3 487 100 915 37 686 1,992 2.0 < .4 4,203 1,625 -- 6,220 7.0 --
716'" do 53 Aug. 22, 1962 15 311 51 285 294 242 704 .4 93 '1,846 987 -- 2,920 7.4 --

7ls'" H. Jones 160 Aug. 24, 1962 9 48 15 251 477 107 150 .7 < .4 816 -- -- 1,350 8.0 --
721~ V. W. Wallace Spring Aug. 29, 1962 9 38 5 14 11S 22 20 .6 < .4 166 115 -- 292 7.3 --

See footnotes at end of table.
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Table 4.--Chemical analyses of water from wells and springs, Brown County--Continued

Dep th Sodium Specific

Well Ot:JDer
of Da te 0 f Si lica Cal" Magne - and Bicar- SuI" Chlo- Flua - t\i- Dis- Total Percent conductance

\.Je 11 collection (Si02 ) cium sium Potassium bona te fa te ride ride tra te solved hardness sodium (Micromhos
pH SAR

(tt) (Ca) (Mg) (Na + K) (HC03 ) (S04) (Cl ) (F) (N03) so 1 id s as CaCO) at 25°C.)

42-24-722~ B. Thomas 160 Aug. 27, 1962 16 31 30 94 359 37 55 0.9 < 0.4 441 201 -- 740 7.9 --

723~ do 200 do 10, 92 37 267 386 _ 153 328 1.3 2.6 1,081 384 -- 1,800 7.8 --

724~ Mrs. G. W. Guyer 145 Aug. 24, 1962 '10 7 4 368 509 84 238 2.4 2.6 966 33 -- 1,600 8.1 --
/

727~ w. aden 157 Aug. 27, 1962 11 9 5 349 554 86 190 2.8 < .4 926 42 -- 1,540 8.0 --

802~ V. W. Wallace 172 do 11 5 4 241 445 47 34 1.1 < .4 562 28 -- 995 8.1 --

803~ \,. Frye 100 Sept. 20, 1962 15 67 33 276 377 352 164 1.3 1.6 1,095 305 '-- 1,700 7.5 --

903~ D. C. Brown 21 Sept. 19, 1962 13 41 44 11 225 25 44 .2 46 345 284 -- 575 8.1 --
31-201~ Mrs. A. Forman 17 Sept. 25, 1962 17 128 11 34 328 36 51 .4 80 518 367 -- 823 7.5 --

202~ A. F. Stewart 30 do 13 110 9 26 288 14 59 .1 52 425 312 -- 710 7.5 --

205~ -- Woolridge 38 Sept. 21, 1962 17 85 21 23 336 20 13 .3 42 386 300 -- 682 7.6 --

207~ W. G. McMurray 28 Sept. 25, 1962 18 203 26 74 382 153 125 .9 151 939 614 -- 1,500 7.7 --
208~ A. L. Cole 31 do 23 88 14 235 265 147 241 4.3 79 961 277 -- 1,520 7.5 --

210~ R. Windham Sprin Sept. 26, 1962 21 113 12 132 340 86 138 .7 60 730 330 -- 1,145 7.6 --

211~ Mrs. S. R. Storm 21 Sept. 25, 1962 31 234 52 545 428 459 528 2.5 296 2,459 797 -- 3,270 7.2 --
213~ C. B. Seymore 30 Sept. 27, 1962 15 258 21 177 183 109 556 .9 48 1,275 731 -- 2,150 7.8 --

214~ do 35 do 20 317 45 101 220 132 305 1.5 554 1,583 974 -- 2,440 7.4 --

302~ C. Harris 150 Sept. 21, 1962 10 8 3 503 586 107 355 4.3 1.6 1,280 32 -- 2,080 8.1 --

303~ do 250 do 50 22 < 1 1,436 0 111 2,010 1.2 < .4 3,767 57 -- 7,812 11.4 --

307~ A. F. Miller 210 do 19 109 14 276 386 46 383 .5 34 1,071 329 -- 1,850 7.4 --
308'!! L. A. Boenicke 185 do 4 8 3 1,014 637 23 1,180 2.5 < .4 -- 32 -- 4,350 7.8 --

309~ A. W. Boenicke 31 do 18 122 7 50 290 39 83 .3 66 528 331 -- 842 7.7 . --
501~ B. Ii. McIver 32 Sept. 27, 1962 15 112 9 42 276 47 47 .7 82 491 315 -- 770 7.5 --

502~ C. Sheffield 9 do 18 276 35 444 227 272 925 1.3 4.1< 2,088 830 -- 3,600 7.6 --

803~ -- Ruggles 8 Sept. 29, 1962 15 326 43 407 224 84 1,066 .1 107 2,158 991 -- 3,500 7.6 --

804~ do 343 do 3 97 38 240 60 5 610 .6 2. -- 399 -- 2,100 7.1 --

805~ J. F. Rice 18 do 18 120 19 138 268 109 118 2.0 237 893 375 -- 1,280 7.8 --

90~ v. Carr, Jr. 8 Oct. 1, 1962 18 321 37 435 262 109 1,155 .1 .8 2,205 955 -- 3,900 7.7 --

902a J. D. Clark 117 Oct. 2, 1962 3 1 17 584 367 253 561 1.0 < .4 1,167 111 -- 2,600 8.0 --
See footnotes at end of table.
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Table 4.--Chemical analyses of water from wells and springs, Brown CountY--Continued

Dep th Sodium Specific

Well
of Da te of Si I ica Ca1- Magne- and Bicar~ Su1- Ch1o- Fluo- Ni- Dis ~ Total Percent conduc ta nce

Owner tvell collection (Si02) cium [Potassium bona te fa te ride ride hardness (Micromhos
pH 'SAR

sium tra te solved sodium
(ft) (Ca) (Mg) (Na + K) (HC03) (S04) (Cl) (F) (N03) so 1 id s as CaC03 at 25°C.)

42 -32-304'!! Mrs. E. J. Ball 80 Oct .. 5, 1962 15 132 50 161 421 84 338 2.0 3.8 993 534 -- 1,760 7.8 --
39-303'!! J '. D. Clark 1,470 Oct. 2, 1962 16 15 7 472 431 21 523 4.5 < .4 1,271 65 -- 2,240 7.8 --

305'!! L. C. Keegans 13 do 12 91 7 15 299 22 15 .3 3.8 313 257 -- ,520 7,6 --
~

306'!! J. H. Bond 85 Oct. 3, 1962 23 98 24 97 397 121 55 .2 27 640 345 -- 983 7.4 --
40-102'!! L. H. and B. S. Locker 150 do 12 19 4 366 613 4 242 1.2 < .4 950 62 -- 1,550 8.0 --

105'!! Mrs. E. Newsan 156 do 13- 16 9 396 536 5 331 1.0 < .4 1,035 77 -- 1,740 8.1 --
201'!! c.- A. Bourn 300 do 12 114 52 2,053 417 12 3,122 .4 < .4 5,592 500 -- 8,300 7.3 --

'!I Analysis by Texas State Department of Health.
PI Analysis by U.S. Geological Survey.
EI Analysis by The University of Texas.
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Table 5.--Reported brine production and disposal in 1961, Brown County

Area Disposal in Disposa 1 in Other Tota 1 brine
shown on Field pits injection wells disposa 1 production
Figure 7 (bb 1) (bbl) (bb 1) (bbl)

1 Blake-Caddo. 1,825 0 0 1,825
County Regular. 215,414 111,705 3,238 .330,357

Total 217,239 111,705 3,238 332,182

2 County Regular. 10,116 0 0 10,116
I

Tota 1 10,116 0 0 10,116

3 Thrifty. 123 0 0 123
County Regular. 106,412 306,680 362 413,454

Total 106,535 306,680 362 413,577 .

4 Brownwood. 0 0 0 0
County Regular. 9,473 37,595 0 47,068

Tota 1 9,473 37,595 0 47,068

5 Janellen. 0 0 0 0
County Regu lar. 43,667 188,260 360 232,287

Total 43,667 188,260 360 232,287

6 County Regular. 11,617 32,850 0 44,467
,

Total
Brown County 398,647 677,090 3,960 1,079,697
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Table 6.--Chemical anaylses of oil-field brines, Brown County
(Constituents are given in parts per million)

After Laxson .and others, 1960, Resistivities and chemical analyses of formation waters from the west central Texas area: West Central Texas
Section of the Society of Petroleum Engineers of A.I.M.E.; and BJ Service, Inc., 1960, The chemical analyses of brines from some fields in
north and west Texas.

Ayerage
Calcium Magnesium Sodium BicarbonateProduc ing zone Field depth Sulphate Chloride Dissolved Specific

(feet) (Ca) (Mg) (Na) (RC03) (S04) (Cl) solids gravity
pR

Pennsylvanian System

Cross Cut Sand Caruth No.2 1,200 2,350 793 18,800 297 4 35,300 -- 1.043 6.9

Do. County Regular -- 3,120 1,680 20,720 605 90 42,500 68,000 1.048 6.5

Do. Do. -- 4,800 1,824 23,710 149 10 50,500 80,830 1.057 6.7

-
Do. Do. -- 6,370 . 1,520 27,500 155 -- 58,000 105,500 1.069 6.4

.-.-

I Blake Sand Blake No. 1 1,100 4,300 1,455 18,500 558 427 40,000 -- 1.054 6.0

ICaddo Cross Cut 2,131 5,940 3,140 31,800 132 49 67,500 -- 1.086 7.1

2,400 - t50Marble Falls Rafner 8,030 1,855 30,250 229 66,100 -- 1.073 6.3

Fry Sand County Regular -- 7,330 1,890 30,000 150 100 64,000 95,000 1.073 6.7
.<-

-

Do. Smith-E llis -- 7;440 830 26,400 207 380 56,000 91,260 1.06 6.1

Ordovician System
-

Ellenburger - County Regular. -- 1,006 336 16,350 378 40 28,000 45,690 ,1.028 7.3
-

.. Do. - Do'. -- .. 1,055 285 14,250 495 125 24,300 42,300 1.028 6.8
- ,

Cambria n Sys tern

. Cambrian·~:

:;~.. ",,'.

44 .90,410

,,,, lJ ' h
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SUPPLEMENTARY DISCUSSIONS OF QUALITY OF
WATER, GEOLOGY, AND HYDROLOGY

Geology of North-Central Texas

Regional Structure

The counties included by the Texas Water Development Board in the study of
ground-water resources in north-central Texas are in the Grand Prairie and
Osage Plains geographic provinces of Texas. The Grand Prairie region is de
fined as a belt of counties west of the Balcones fault zone and north of the
Llano uplift, and has been described as a modified northeastward continuation
of the Edwards Plateau'. At the surface in the Grand Prairie region are Creta
ceous rocks of the Comanche Series dipping gently to the east and southeast.
Some faulting is exhibited in the Cretaceous formations near the Balcones zone,
but in general no major structural feature are reflected by these beds other
than the regional eastward dip. To the west of the Grand Prairie region is the
Osage Plains province extending from the Edwards Plateau and Llano uplift north
ward to the Red River. Surface formations in the Osage Plains of north-central
Texas are of Pennsylvanian and Permian age except where these rocks are over
lain locally by remnants of Cretaceous sediments or Recent alluvial deposits.
Pennsylvanian and Permian beds of the region form a westward dipping homocline
with an average dip of 50 feet per mile. Formations significant to the occur
rence of ground water under study in the Osage Plains have not been affected
by major structural deformation. The principal, large, buried structural
features, illustrated in Figure AI, include the Bend flexure, the Red River,
uplift, eastern Midland shelf, and the Concho arch and developing Concho fore
land.

Depositional History

The geologic environment in which the rock units underlying north-central
Texas were laid down and the stratigraphic relationship of these units one to
another determine the character of the water-bearing formations, which are the
sources of ground water. Structural movement and crustal settling and shifting,
which followed the deposition of the rocks in the area, influenced the mode of
occurrence of ground water. An understanding of these complex historical
events is important to a comprehension of how ground water occurs and how it
can best be developed.

The sequence of geologic events significant to the occurence of, ground
water in north-central Texas began in Ordovician time.

The massive epicontinental seas in which the Ellenburger sediments were
deposited ranged in depth from about 600 feet to shallow banks and mud flats
with a subsidence of the sea floor necessary for accumulation of sediments.

'This is evidenced by the calcitic and dolomitic facies which range from sub
lithographic to pelleted and ripple-marked limestones, and fine- to coarse
grained, commonly vugul.ar dolomite that contains probable wind-borne sands.
As a result of probable non-deposition ,and post-Ellenburger erosion, the Ellen
burger sed iments vary in thickness from a few feet to aboti t 800 fee t' in 'north
central Texas.
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The .P.ennsylvanianand Permian seas that depos ited sed iments in the north
ce!1- t ral Texas area were shallow, probably less than 100 feet deep. This is
evidenced by the,large amounts of s,andstone, the repetition and extent of coal
deposits, and. the presence of frequent local unconformities. Present also are
conglomerates, mud cracks, ripple marks, cross-bedding, and fossils that are
found in shallow-water environments. Thus, ground water occurs in this area
in formations of sediments deposited very nearly horizonally in shallow seas
that were alternately advancing and retreating. Such a depositional environ
ment resul ted .ina complex sys tern of lateral and vertical changes in the
character of the materials deposited. Few widespread continuous mantles of
sediments such as those that characterize the Gulf Coast region of Texas are
found •. However, in' contrast to the local, discontinuous, highly variable,
shallow-water, clastic deposits characteristic of these periods, certain lime
stone units,are relatively widespread. These limestones were deposited in
extensive shallow seas advancing from the north and east, and are traceable as
continuous units throughout much of the area under study. Thus, these lime
stone beds, while only locally significant as water-bearing units, are extremely
important as horizon markers in identifying the age and character of the inter
vening sediments.

Ordovician Deposition

The 10wer'Ordovician rocks of north-central Texas include the Ellenburger
Group. In the Colorado River basin northwest of the Llano uplift, the Ellen
burger Group is composed of the Tanyard and Gorman Formations. The Ellenburger
Group is characterized by thick beds of limestone and dolomite with varying
amounts of chert and scattered sand grains. It appears that the bulk of these
sediments were formed as chemical precipitates. This is evidenced by the
scarcity of terrigenous material, and limestones which are almost wholly cal-
c itic.

From the number of springs along the outcrop, and the limited subsurface
information concerning the occurrence of usable water in the Ellenburger Group,
it ~s apparent that the water would most likely occur in joints, fra~tures,

and solution openings in the dolomitic facies of the Tanyard and Gorman For
ma tions.

Pennsylvanian Deposition

The upper Pennsylvanian rocks of north-central Texas include the Strawn,
Canyon, and Cisco Groups, each of which has been subdivided into several for
mations and members. In the Colorado River basin the Strawn Group is composed
principally of alternating beds of sandstone and shale,' probably representing
near-shore deposits with the source area for the sediments being a land mass
to the east and northeast, which is now concealed under younger strata. Beds
of the Strawn Group overlap to the west so that the total thickness of the
Group is probably not greater than 1,200 feet at anyone point. Cretaceous
rocks overlying these older beds in the area of the Bend flexure prevent trac
ing individual units of the Strawn on the surface from the Colorado River basin
into the Brazos River basin. In general, the Strawn of the Colorado River
basin contains coarser sediments than in the Brazos River basin, although beneath
Cretaceous sediments to the north in Wise County the Strawn again assumes'a
near~shore facies marked by coal beds and lenses of sand and'sandy shale.
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The Canyon Group in north-central Texas is characterized by thick lime
stone beds alternating with shales, and contains relatively little sandstone.
The source of the sediments in the Canyon was from the east, and was 10\<7er
than during Strawn deposition as shown by the decrease of terrigenous clastic
material, which marked much of the Strawn deposition. Sandstone lenses occur
ring in the Canyon Group, of extreme importance to the occurrence of ground
water in local areas, probably were deposited in channels formed during periods
of nonmarine occurrence. In Jack and Wise Counties the character of Canyon
sediments--conglomerates, irregular sands, and several coal beds--indicates an
approach to the shorel ine. Also in the southern region of the Colorad'o River
basin some conglomerates are found in the basal Canyon. The surface expression
of the Canyon Group in the Brazos River basin is separated by Cretaceous rocks
from Canyon beds in the Colorado River basin, and no definitive stratigraphic.
correlation of individual formations has been made from one basin into the
other.

There was no widespread eros ion of Canyon depos its' except perhaps in the
western Llano area. Tectonic activity to the north included the gradual uplift
of the Red River arch, possible folding in the Wichita system, and other dis
turbances in the mid-continent area. Canyon sedimentation was also affected
by the continued development of the eastern Midland shelf and the subdued, but
still prominent, Concho arch and the Bronte axis.

Sedimentation continued into Cisco time, as evidenced by the .lack of a
marked unconformity between the Canyon and Cisco strata. Local disconformities
and channeling are apparent in both the outcrop areas of these beds and in the
subsurface, indicating that the shelf environment of late Canyon time became
more and more deltaic locally during Cisco time. The Cisco Group in the north
central Texas region is comprised chiefly of shale, sandstone, conglomerate,
and limestone, with local coal beds. Eastward the sand and conglomerate
deposits increases in thickness while to the west the conglomerate and the coal
disappear. In the northern part of the area the limestone disappears from the
Cisco Group as deposition'occurred in a nonmarine or partially marine facies.

Depo~ition in the late Pennsylvanian was affected by uplift in the Llano
area as the initial westward tilting of the Concho foreland began toward the
Midland basin. This westward tilting was to continue throughout Permian time.
The Bend flexure, previously called the Bend arch, which extends from the Llano
area to the Red River uplift, came into existence during late Pennsylvanian
and early Permian times as a result of the differe~tial subsidence of the Mid
land basin and the eastern Midland shelf, and the consequent westward tilting
of the Concho foreland.

Permian Deposition

No major unconformity marks the contact between Pennsylvanian and Permian
rocks, indicating relatively continuous deposition from the Cisco of the upper
Pennsylvanian into the Wichita of the lower Permian. Local disconformities and
channeling are apparent both in the surface and the subsurface, however, with
the shoreline of the Permian sea having oscillated back and forth while it
continued its slow migration toward the west as the tilting of the Concho fore
land into the Midland basin progressed. The extensive Permian sea was shallow
over the north-central Texas area, resulting in deposition of sediments under
widely varying conditions.
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Rocks of the Wichita Group have been mapped at the surface from the Red
River to the Llano uplift. In the Colorado River basin, the Wichita Group,
representing the oldest Permian deposition, is characterized by a marine shale
and limestone facies, whereas northward the marine beds decrease in importance
and red beds are more prominent •. Near the Red River, deposition of the Wichita
Group was in a marginal marine environment marked chiefly by a red-bed facies
of shale and sandstone. Deposition was apparently continuous in Wichita time,
and no pronounced unconformities have been found in the group .

Mesozoic (Cretaceous) Deposition

The close of Wichita deposition marked the end of the Permian Period and
the Paleozoic Era in north-central Texas, and great changes in the position of
the land masses in Texas were to characterize the beginning of the Mesozoic
Era in the State. The early Mesozoic was a period of continental elevation,
and no Triassic or Jurassic deposition is known to have occurred in the area
included in this study. The first marine deposition that occurred in north
central Texas after the close of the Permian was in early Cretaceous time.
As a result of the massive change in land-surface elevation in the first half
of the Mesozoic, however, drainage in the Texas area had been reversed by the
tim~ Cretaceous deposition began. Instead of northwesterly drainage into in
land Paleozoic seas, drainage from the earliest Cretaceous period onward was
toward the southeast in the direction of what is now the Gulf of Mexico. Thus
the regional dip of Cretaceous rocks overlying the Pennsylvanian and Permian
sediments of north-central Texas is toward the southeast.

West of an irregular, northeast-trending line through Brown, Eastland,
Jack, Wise, and Montague Counties, the only Cretaceous rocks remaining after
extensive periods of erosion are remnants and outliners which, although not
extensive, are locally significant as sources of ground water and as recharge
areas for underlying older rocks. East of this irregular line Cretaceous
beds are found at the surface in a continuous band eastward to the outcrop of
Eocene sed imen ts.

All of the known Cretaceous deposition in the area of study belongs to
the Comanche Series. The Comanche has been divided in ascending order into
the Trinity, Fredericksburg, and Washita Groups, and both the Trinity and the
Fredericksburg ·are found in this area. Generally, all of. the Comanche sediment;
belong to a nea~-shore or shallow-water environment.

Quality of Ground Water

All ground water contains dissolved mineral constituents. The type and
concentration depends upon the source, movement, and the environment of the
ground water. Water derived from precipitation is relatively free of mineral
matter but because water has considerable solvent power, it dissolves minerals,
from the soil and rocks through which it passes. Therefore, the differences
in chemical character of ground water reflect in a general way the nature of
the geologic formations and the soils that have been in contact with the water.
The concentration of dissolved solids generally increases with depth, especiall
where the movement of the water is restricted. Rocks deposited under marine
conditions will contain brackish or highly mineralized water unless flushing
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by fresh wa ter has been accompl ished. This flushing ac tion will occ\Jr in the
outcrop area and to a limited distance downdip, depending upon the permeability
of the rocks.

The chemical quality of ground water which has not been artificially
altered is relatively constant, as is the temperature of gr~und vater, ~hich

makes it highly desirable for many uses.

In addition to the natural mineralization of water which occurs in its
environment, the quality of ground water can also be affected by man. Municipal
and domestic sewage systems (including septic tanks), industrial waste, and
oil-field brine which is improperly disposed of can enter into ground-water
bodies and render them unfit for most uses ..

Included among the factors determining the suitability of ground water as
a supply are the limitations imposed by the contemplated use of the water.
Criteria have been developed covering most categories of water quality, includ
ing bacterial content, physical characteristics, and chemical constituents.
Water-quality problems associated with the first two categories can usually be
alleviated economically, but the removal of undesirable chemical constituents
can be difficult and expensive. For many purposes the dissolved-solids content
constitutes a major limitation on the use of water. One general cla~sification

of water based on dissolved-solids content (Winslow and Kister, 1956, p. 5) is
as follows:

Descript ion Dissolved-solids content,
(ppm)

Fresh Less than 1,000

Slightly saline 1,000 to 3,000

Moderately saline 3,000 to 10,000

Very saline 10,000 to 35,000

Brine More than 35,000

The United States Public Health Service has established standards of
drinking water to be used on common carriers engaged in interstate commerce.
The standards are designed primarily to protect the traveling public, and are
often used to evaluate public water supplies. According to these standards,
chemical constituents should not be present in the water supply in excess of
the listed concentration shown in the following table, except where other more
suitable supplies are not available. Some of the standards adopted by the
U.S. Public Health Service (1962, p. 2152-2155) are as follows.
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Substance Concentration
(ppm)

Chloride (Cl) 250

Fluoride (F) ("< )

Iron (Fe) 0.3

Manganese (Mn) 0.05

Nitrate (N03) 45

Sulfate (S04) 250

Total dissolved solids 500

* When fluoride is present naturally in drink
ing water, the concentration should not average
more than the appropriate upper limit shown in
the following table.

Annual average of maximum Recommended control 1 imits of

daily air temperatures (OF) fluoride concentrations (ppm)
Lower Optimum Upper

50.0 - 53.7 0.9 1.2 1.7

53.8 - 58.3 .8 1.1 1.5

58.4 - 63.8 .8 1.0 1.3

63.9 - 70.6 .7 .9 1.2

70.7 - 79.2 .7 .8 1.0

79.3 - ~0.5 .6 . 7 .8

Water having concentration of chemical constituents in excess of the
recommended limits may be objectionable for many reasons. Water containing
an excess of 45 ppm of nitrate has been related (Maxcy, 1950, p. 271) to the
inc idence of infant cyanos is (methemoglobinemia or "blue baby" disease). The
high concentrations of nitrate may be an indication of pollution from organic
matter, commonly sewage. Iron and manganese in excessive concentrations cause
reddish-brown or dark gray precipitates, which stain clothing and plumbing
fixtures. Sulfate in water in excess of 250 ppm may produce a laxative effect,
and water containing chloride exceeding 250 ppm may have a salty taste. Fluo
ride in concentrations of about 1 ppm may reduce the incidence of tooth decay
but excessive concentration may cause teeth to become mottled (Dean, Arnold,
and Elvove, 1942, p. 1155-1159).
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Hardness in water is caused principally by calcium and magnesium. Exces
s ive hardness causes increased consumption of soap and induces the formation of
scale in hot water heaters and water pipes. The following table shows the
commonly accepted standards and classifications of water hardness:

Hardness range Classification
(ppm)

60 or less Soft

61 to 120 Moderately hard

121 to 180 Hard

More than 180 Very hard

Water that is suitable for industrial use may not be acceptable for human
consumption, and different standards may apply. Ground water used for industry
may be classified into four principal categories: cooling water, boiler water,
process water, and water used for secondary recovery of oil by water injection.

Although cooling water is usually selected on the basis of its temperature
and source of supply, its chemical quality is also significant. Any charac
teristic that may adversely affect the heat-exchange surfaces is undesirable.
Substances such as magnesium, calcium, iron, and silica may cause the formation
of scale. Another objectionable feature that may be found in cooling water is 
corrosiveness caused by calcium and magnesium chloride, sodium chloride in the
presence of magnesium, acids, and the gases oxygen and carbon dioxide.

The production of steam requires high quality-of-water standards. Under
the extreme temperature and pressure conditions the problems of corrosion and
incrustation are intensified. Under these conditions the presence of silica
becomes undesirable as it forms a hard scale or incrustation.

Wa ter coming in con tac t with, or incorporated into, manufac tured produc ts
is termed "process water" and is subject to a wide range of quality require
ments. These requirements involve physical, biological, and chemical factors.
Water used in the manufacture of textiles must be low in dissolved-solids con
tent and free of iron and manganese, which could cause staining. The beverage
industry normally requires water free of iron, manganese, and organic substances.

,
Water used for injection in the secondary recovery of oil is generally

that water taken from the oil reservoir. However, this water--usually brine-
must generally be supplemented in order to meet the requirements of volume.
Careful control must be exercised over the injected water with regard to sus
pended solids, dissolved gases, microbiological growths, and miner~l constit
uents. Suspended solids in water, of course, can cause plugging of the reser
voir. Hydrogen sulfide, carbon dioxide, and oxygen all have corrosive effects
on the well equipment, and oxygen reacting with the metallic ions, primarily
iron (Fe+++) , will cause plugging of the reservoir. Organisms, iron bacteria,
algae, and fungi have an effect of plugging the reservoir or pumping equipment,
and the sulfate reducers have a corrosive effect.
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Insofar as the mineral constituents are concerned, iron and manganese are
undesirable as they cause plugging in injection wells. Sulfates are of interest
from a standpoint of deposition. Water that is high in sulfate should not be
mixed with water containing appreciable amounts of barium for this would ,result
in formation of barium sulfate with a very low solubility. The pH value is
also significant when corrosion control and the solubilities of calcium carbon
a te and iron are considered. The higher the pH, the more d ifficul t it: is to
hold iron in solution and to keep calcium scale from forming.

Both the concentration and the composition of the dissolved constituents
should be considered in appraising quality of water for irrigation. The chem
ical characteristics which appear to be most important in evaluating the quality
of water for irrigation are: (1) relative proportion of sodium to the other
cations, (2) total concentration of soluble salt, (3) amount of residual sodium
carbonate, and (4) concentration of boron. .

The U.S. Salinity Laboratory staff (1954, p. 69-82) proposed a system of
classification commonly used for checking the quality of water for irrigation.
The classification is based on the salinity hazard as measured by the electrical
conductivity of the water and the sodium hazard as measured by the sodium
adsorption ratio (SAR). Figure A2 illustrates this classification system.

The importance of the dissolved constituents of water to be used for irri
gation depends upon the degree to which the constituents accumulate in the
soil. Kelly (1951, p. 95-99) cited areas having an average annual precipitation
of about 18 inches in which the salts did not accumulate in the irrigated soil.
It has been suggested (Wilcox, 1955, p. 15) that the system of classification
of irrigation water proposed by the salinity laboratory staff is not directly
applicable to the supplemental waters used in areas of relatively high rainfall.

Boron in excess will also make water unsuitable for irrigation. Scofield
(1936, p. 286) has indicated that a boron concentration of as much as 1 ppm is
permissible for irrigating sensitive crops, and as much as 3 ppm is permissible
for tolerant crops. His suggested permissible limits of boron 'for irrigation .
waters are shown on the following table.

Classes of water Sensitive Semitolerant Tolerant

Rating Grade crops crops crops
(ppm) , (ppm) .

"

(ppm) ,

1 Excellent <0.33 <0.67 <1.00
;

2 Good. 0.33 to .67 0.67 to 1.33 1.00 to 2.00
, . ,

3 Permissible .67 to 1. 00 1.33 to 2.00 2.00, to 3.00..
,1'

[, .
4 Doubtful 1. 00 to 1.25 2.00 to 2.50 3.00', fo 3.75

5 Unsuitable >1.25 >2.5.0 , >3.75
...

Ground-Water Hydrology

In north-central Texas, the occurrence of ground water is erratic, and
there are no large, continuous, prol ific ground -wa ter aquifers .such as those
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Diagram for the Classification of Irrigation Waters
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in the High Plains region of Texas and in the Gulf Coast. However, ground
water occurrences in north-central Texas conform to the same fundamental prin
ciples as those in other areas of the State.

Hydrologic Cycle

The movement of water from the oceans through the clouds to precipitation
on the earth surface and through streams or underground back again to the ocean
is called the hydrologic cycle. This circulatory system for the earth's water
is illustrated graphically in Figure A3. Probably more than half of the water
precipitated on the land surface as rain or snow is lost directly back to the
atmosphere through evaporation or the transpiration of vegetation. A large
proportion of the water remaining is lost 'through surface runoff. The small
proportion of the water not lost through evaporation, transpiration, and surface
runoff moves downward through the surface soils under the force of gravity
into the zone of saturation where it is called ground water.

Ground-Water Occurrence and Movement

The water ~eneath the surfaca of the land may occur in two zones: the zone
of saturation in which the pores and other openings in the rock material are
completely filled with water, and above this the zone of aeration in which the
voids are filled partly with water and partly with air. Water in the zone of
saturation is commonly called ground water, and the top of the zone of satura
tion is termed the water table.

In uncemented clastic rocks, such as sand, gravel, and clay, the water
occurs in the interstices between individual particles that make up the rock.
In well cemented or compacted sedimentary rocks such as sandstone, shale,'
and limestone, it occurs chiefly' in cracks and fissures produced by earth
movement or contraction, and in openings formed by solution of soluble rocks.
Interstices and voids range in size from microscopic pores to large caverns.
The openings may be isolated so that movement of groundwater is restricted,
but generally are interconnected and permit ground water to move through them.
The volume of water which can be.stored within a rock material is determined
by.its porosity, the total amount of void space in the rock. Porosity varies
with the nature of the material making up the rock. In unconsolidated or r,er
vious sedimentary rocks, porosity is a function of the shape, sorting, and
degree of cementation of the grains. In limestone, gypsum, and other soluble
rocks, porosity is determined by the size and distribution of cavities or
channels which have been dissolved, or by the size and distribution of fractures.

The rate at which a rock transmits water is dependent not only on its total
porosity, but also on the size and number of interconnections between the voids.
The capacity of water-bearing materials for transmitting water is called per
meability. A water-bearing formation that yields water in usable quantities
is called an aquifer, whereas a nearly impermeable formation which is incapable
of transmitting water in usable quantities is called an aquiclude. It is
possible, as in clay, to have high porosity, and yet have low permeability
because of the small size of the void spaces and interconnections. Permeable
formations serve as conduits to transmit water from areas of recharge to areas
of discharge.
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Recharge is the process by which wa ter is added to an aquifer) such as by
precipitation on the outcrop of the aquifer) by seepage from surface streams or
lakes on the outcrop, by interformational leakage, and occasionally by artifi
cial means devised by man. Factors which limit the amount or recharge received
by an aquifer are the amount and frequency of precipitation) the area and extent
of the outcrop) the topography) the type and amount of vegetation) the condition
of the soil in the outcrop) and the capacity of the formation to accept re
charge. Discharge is the process by which water is removed from the aquifer)
either by natural or artificial means. Natural discharge occurs through springs)
effluent seepage) evapotranspiration) and interformational leakage. Artificial
discharge is through wells) or other holes or excavations which intersect the
water table.

Water contained in the zone of saturation under water-table conditions is
unconfined) and the water surface is at atmospheric pressure. In artesian
aquifers) where the water is confined by relatively impermeable layers above
and below) the water is under hydrostatic pressure which will cause the water
to rise in wells above the depth at which the aquifer is encountered.

The direction and rate of movement of water through a porous medium) such
as an underground geologic formation) is influenced by a variety of factors)
which include the nature of the formation itself and the external pressures
applied on it as well as the fundamental physical laws of gravity and momentum.
These factors include surface tension) friction) atmospheric pressure where the
formation encounters the earth's surface) paths of differential permeability,
effects of heavy local withdrawals or injection of water) and climatic changes
affecting rates of recharge. In north-central Texas) ground-water movement
is not constant in either direction or rate. The environment through which it
moves is a heterogeneous complex of sedimentary deposits varying in porosity)
permeability) and angle of repose. Thus it is not easy) and frequently not
even possible in the light of present knowledge) to determine precisely the
route water will take from the point of recharge to the points at which it is
once again discharged at the ground surface. In the area of this study) how
ever) this route generally is circuitous and probably of relatively short
geographic extent. Consequently) a landowner whether private or public has a
particular need for understanding the hydrologic factors affecting the occur
rence of ground water. Only by a carefully discriminating study of the geolog
ical environment of his immediate locality can he determine the availability
of ground water for beneficial use) or the means required to protect available
ground water from pollution.
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