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Populztion

Nunicipal

Nanufacturing
Steanm Electric
Nining

Total

Table B-1

Demton County Projected Population and Water Use in the Study Area through 2050

High Population Series -

Ajusted TRDB Projections

High per Capita Use with Additional Conservation

County

Justin

Roanoke
Southizke (P)
Trophy Club
Westlake (p)
Study area cities
Other county

¥ other in area
# other in area
Study area

City per capita
Other per capita

Justin

Roanoke

Southlake

Trophy Club
Hestlake

Study area cities

Other County
QOther study area

Study area
Study area
Study ares
Study area

Study area

- use in acre-feet per year, per capita use in gped -

Population and Water Use

Bistorical Projected

1980 1965 1990 2000 4010 2020 2030 2040 2050
143,126 $9.7¢0 250,246 30,429 {39,215 534.216 631,062 686,121 745,984
920 1,223 1,766 5,001 5,793 6,527 1,38 1,791 8,211
910 1,11 1,719 5.041 5.7 6,483 1.267 1.715 §.191
16 18 20 27 k3 kT | n £ 13
1,935 2,800 6.333 11,200 11,200 11,200 11,200 11,200 11,200
e 253 512 1,083 1,198 1,350 1,514 1.812 1,711
3,995 5,508 12,430 22,412 23,958 25,574 27,361 8,358 29,416
25,853 35,554 47,486 £.487 83.64¢ 126,121 172,030 187,399  204.141
15 10 5 { ] .5 2 2 )
3.478 3,585 2,3 1,499 2,509 1,153 3,441 348 4,083
7.873 5,060 14,804 2,311 26,467 28,7127 30,802 32,106 33,499
123 158 158 150 142 134 138 138 138
1058 116 140 133 125 122 12 12 12
vy 216 90 855 L1 1,008 1.1 1,204 1,119
125 i 485 847 812 999 1,133 1,193 1,266
2 § { 5 5 5 6 8 I
267 496 1,1 1.882 1,741 1.7111 1,731 1,11 1,13
29 {5 101 1 191 209 23§ 249 264
550 77 2,101 31,766 3,810 31,95 4,29 4.38) 4,547
3040 4,637 1.442 7.062 11,749 17.188 23,448 25,541 21,8121
456 462 m 8] 151 431 {70 512 558
i.006 1,439 .51 {4,049 4,161 4,384 {,699 4,895 5,105
0 0 0 4 0 0 0 0 0
] 0 0 0 0 0 0 0 0
i ] 0 ¢ 0 0 0 ] 0
1,006 1,439 .51 4,049 4,151 {,384 4,699 4.885 5,105

B-1



Population Study area
Municipal Study area
Per capita

Mapufacturing Study area
Stean Blectric Study area
Nining Study area
Total Study area

ALl of B1lis County is in

Table B-2

Bl1is County Projected Population and Water Use ig the Study Area through 2050

Bigh Population Series - High per Capita Use with Additional Conservation

Mjusted TWDB Projections

- use in acre-feet per year, per capita use in gped -

Population and Water Use

Bistorical Projected

1980 19;;_- 1990 2000 2010 2020 2030 2040 2050
5,743 713,255 86,743 119,158 144,173 166,415 184,482 194,264 204,565
§.641 13.840 16,109 0,636 23,704 26,606 29,516 31,080 37,763
129 169 165 155 47 43 143 13 14}
3,612 1,595 3,657 1,157 4,379 5,858 6,519 1,650 8,458
0 8 0 0 0 ] ] 0 0
§ 87 90 105 120 135 150 155 180
11.32; ---17.522 19,856 - 24,898 28:;6; 32,599 36,585 3095 {101

the study area.




Table B-)

Freestone County Projected Population and Water Use in the Study Area through 2050

Mjusted TWDB Projections

Bigh Population Series - High per Capita Use with Additional Conservation

- use in acre-feet per year, per capita use in gped -

Popelation and Water Use

e ecccae .- - - -

Bistorica} Projected
1980 1985 19%0 2090 2010 2020 2030 2040 1050
Population County 14,830 17,108 17,536 19,035 20,115 23,056 26,482 33,387 30,429
Fairfield 3,505 4,189 {4,545 5. 462 5,987 6,695 7,081 1,590 8,136
Worthan 1.187 1,394 1,435 1,558 1,707 1,908 2,017 3.162 2,317
Study area cities 4,692 5,583 5,980 1,020 7,694 8,603 9,088 §,782 16,453
Other county 6,748 7,859 1,182 7.781 7,781 9,265 11,897 12,754 13,673
% other in area {6 {6 46 46 {5 46 46 {6 {6
§ other in area 3,104 3,615 3,589 3,579 3,579 {.162 5413 5,867 6,290
Study area 7.7% 9,198 9,560 10,599 11,21 12,865 .51 15,619 16,743
Municipal ity per capita 180 1o 154 W 139 13% 13§ 138 135
Other per capita 105 9% 15} 130 VE] 120 119 119 119
Fairfield 627 636 804 817 ' 951 1,013 1,082 1.1 1,256
Vorthaa 13 190 229 236 245 266 81 Jnt i
Study area cities 840 876 1,013 1,183 1,196 1,299 1,373 1,4 1,578
Other county . 793 865 - 1,19 1,135 1,075 1,1 1.588 1,11 1,822
Other study area 385 LY 543 521 493 573 730 782 838
Study area 1,205 1,273 1,582 1.6 1,689 1,872 2,103 1,354 1.416
Nanufacturing County 128 509 646 970 1,166 1.461 1,197 2,025 2,282
¥ in study area 80 80 80 80 8o 80 80 &0 80
Study area 102 407 i 176 933 1169 1438 1620 1826
Stean Electric Study area 14,947 14,016 14,000 14,000 14,000 14,000 14,000 14,000 14,000
Nining Study area N 15 2 5 20 i 9 1 1
Total Study area 16,528 15.731 16,12 16.475 16,642 17,055 17,550 17,4875 18.28)
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Population

Municipal

Manufacturing
Stean Blectric

¥iniag

Total

Table B-4

Henderson County Projected Population and Water Use in the Study Area through 2050

Bigh Population Series - High per Capita Use with Additional Conservation

Adjusted THDB Projections

Trinity Basin

Athens

Gun Barrel City
Mabank (P}
Nalakoff

Tosl

Trinidad

Other cities

Study area cities

QOther basin
Qther study area

Study area

City per capita
Other per capita

Athens

Gun Barrel City
Nabank {P)
Nalakoff

Tool

Trinidad

Other

Study area cities

Qther county
Other study area

Study area
Study area
Study area
Basin

§ in study area

Study area

Study area

- use in acre-feet per year, per capita use in gped -

Population and Water Use

-------

Historieal Projected

1980 1985 1990 2000 2010 2020 2030 2040 2050
31,740 38,14 44,492 51,339 56,904 64,543 13,280 18,221 83,497
10,197 11,015 12,540 13,352 14,905 16,638 18,574 19,825 1,160
2118 2,827 3,626 4,271 4,768 5,123 5,944 6,33 6,769
156 227 280 0 | 54 87 132 780
2,082 2,328 2,673 3,149 3,516 3,925 4,38} 4,678 {,993
1,591 1N 2,503 1.9% 3,193 3,676 4,104 {381 4,677
1,130 1,39 1,131 1844 2.058 2,197 1,563 3,135 1,519
.44 3.1 3,703 4,113 4,601 5,143 5,750 6.136 6,548
19,718 21,896 27,056 30,048 33,612 37,576 42.005 44,830 .8
12,022 15,238 17,435 11,290 43,291 26,987 31,275 33,19 35,650
9,017 11,429 13,01 18,968 17,469 20,225 23,45 25,044 16,738
28,138 34,325 40,103 {6,017 51,081 57,801 65,461 69,8 1,585
149 149 166 157 149 145 145 145 145
210 Py 52 PRI 2 4 12 m al
1,375 2,789 LW .M 2,503 2,715 3,030 3,215 3,454
595 Jn 54% 613 648 702 184 L3 194
a8 {9 1 89 108 1 152 162 1m
79 T L] 91 7 {62 501 559 597 638
154 11 534 597 630 684 763 815 871
247 369 {55 460 {85 526 587 621 670
408 663 (13 123 768 835 94 897 1.064
3,286 4,836 5,036 5,290 5,604 6,090 6,809 1,370 71,764
1,823 3,822 4,925 5,592 5,802 b,468 7,431 1,922 8,445
2,121 2,868 3,691 4,185 4,34 §,848 5,570 5,947 6,320
5,407 1,704 8,727 3,475 9,948 10,938 12,31 13,17 14,044
66 99 110 151 192 H0 bi7) 361 417
3,181 2,611 2,600 14,000 14,000 14,000 14,000 14,000 14,000
241 930 131 112 154 Y] 119 103 89
95 95 95 95 95 95 9 95 9%
276 844 214 163 146 130 113 1] 85
8,940 11,295 11,65% 23,184 24,286 25,308 26,799 21,676 18,606
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Population

Mupicipal

Nanufacturing
Steam Electric
Mining

Total

Table B-5

Johnson County Projected Population and Water Use in the Study Area through 2050

Mjusted TWDB Projections
Bigh Population Series - High per Capita Use with Additional Conservation

~ use in acre-feet per year, per capita use in gped -

Population and Water Use

Historical Projected

--;;;;----_--I;;; ----- 19%0 2000 2010 2020 2030 2040 ZGSG--
County 67.649 87,673 103,983 136,680 175,630 217,800 270,344 301,300 335,801
Burleson {P) 10,611 14,443 18,852 23,487 26,120 28,929 32.041 35,708 19,7197
Nansfield {P) 2 130 166 05 FH 138 252 81 kK]
Study area ;6:;;; ;;:;;3 19,018 23,702 %34 1,187 ;2,293 ;;:;;B ;;:;;;
City per capita 31| 107 1] 136 129 128 12§ 125 125
Burlesen (P} 1,360 1.1 3,025 3,576 3,761 4,046 4,481 4,995 5.568
Nansfield (P) ] 19 3 12 k1] 35 3 {1 5
Study area -I:;;; 1,750 3,083 3.605 -;:;;; 4,081 (518 5,036 5,613
Study area 0 0 0 0 0 0 0 0 0
Study area 0 0 ¢ 0 0 § 0 0 0
Study ares 0 4 ¢ 0 0 0 0 9 0
ftudy area "“;:;;; ----1:;;; ---_3,053 - 3,608 3,795 4,08 4,518 5,0 5.6;;
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Table B-6

Raufman County Projected Population and Water Use in the Study Area through 2059

Adjusted THDB Projections

Bigh Populaticn Series - High per Capita Use with Additional Conservation

- use in acre-feet per year, per capita use ip gped -

Population and Vater Use

Bistorical Projected
158¢ 1985 1950 2000 2010 B 2020 2030 2040 2050
Population County 39,015 49,304 59,403 13,563 83,585 106,525 125,035 135,500 146,841
Remp 1,035 1,309 1,738 3, 2,831 3,451 4,142 4,488 §,863
Nabank [P} 1,287 1,858 1,382 L1 4,007 4,887 5,866 6,356 6,887
Study area .;-;2; -3,167 4,120 5,35; 6,838 8,338 10,008 10,844 H;;;
Nunicipal City per capita 156 155 190 181 im 166 166 166 166
Renp 166 149 1 328 9 470 564 611 662
Nabank |P) 239 02 606 758 915 1,084 1,301 1,410 1.528
Study area -“;6; 551 877 1,088 —;-;;; 1,554 1,865 1,021 2,190
Nanufacturing Study area 0 0 0 0 0 0 0 0 0
Steam Blectric Study area 0 0 0 0 H 0 0 0 )
Nining Study area 0 0 0 0 0 0 0 0
Total ‘ sty ares ;;; 551 87; 1:6;; 1,312 1,554 2,021 2.190

1,865
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Population

Municipal

Manufacturing
Steam Electric
Nining

Total

Table B-7

Navarro County Projected Population and Water Use in the Study Area through 2050

Adjusted TWDB Projections

Bigh Population Series - High per Capita Use with Additional Conservation

County

Corsicana
Kerens

Study area cities
Other county

¥ in study area
Other study area
Study area

City per capita
Other per capita

Corsicana
Kerens

Study area cities

Other county
Other study area

Study area
Study area
Study area
Study area

Study area

- use in acre-feet per year, per capita use in gped -

-----------------------------

Popelation and Water 9se

-

50,542

30422
3.164

32,586

17,958
.6
13,394

45,980

175
122

6,082
90

Bistorical Projected

1980 1985 1990 2009 010 2039 2030 040
35,323 39,065 40,598 i,1m 6,115 47,523 49,012 8.m
.12 23,638 24,691 26,593 21,828 18,651 29,501 29,958
1.582 1,713 1,716 1.897 1,984 2,042 1,102 2,13
33,24 25, 16! 26,467 28,490 29,812 30,693 31.603 32,091
12.029 13,704 I, 13 15,680 16,363 16,830 17,408 11,680
12.5 4.6 4.6 .6 74.6 74.6 14.6 14.6
8.7 10,217 10,542 11,697 12,207 12,555 12,987 13,189
32,018 35,578 37,009 {0,187 42,019 43,243 44,5% 45,280
105 148 200 180 180 175 175 178
105 106 139 132 125 122 122 12
5,107 §.035 5,663 5,786 5,728 5,729 5,899 5.990
250 177 mn m e M a2 86
5,387 {,212 5,936 6,063 6,002 6.003 6,181 6,276
1,414 1,622 2.0 2,30 3,293 2,281 2,170 2,407
1,026 1,211 1.641 1,730 1,708 1,716 1.15% 1,802
£,383 5,425 1,871 1,193 1,71 1,71% 7.956 8,078
8%6 1,068 1,250 1,120 2,116 2,624 .M 1,699
0 0 ] ] ] 1.000 13,500 13,500
8 94 45 99 110 11 132 14]
7,287 6,587 8,922 4,612 9,937 17,484 2,789 25,420

6,130
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Table B-¢

Parker County Projected Population and Water Use ip the Study Area through 2050

Mjusted TWDB Projections

Bigh Population Series - High per Capita Use with Additional Conservation

Trinity Basin
Weatherford in
Brazos Basin

Population

Total

Basin per capita
Weatherford per
capita

Kunicipal

Basin use
Weatherford use in
Brazos Basin
Study area
Manufacturing Study area
Steam Blectric Study area

Mining Study area

Total Study area

- use in acre-feet per year, per capita use in gped -

Population and Water Use

Historical Projectsd

1980 1985 1950 2000 2010 2020 2030 N0 2050
35,062 {4,113 54,967 63,238 68,446 10,798 13,98 487 15,146
604 185 1,051 1,369 1,579 1,679 1,760 1,811 1,863
;;:;;; ;;:;;; ;;:;;; 64,607 10,025 12,4N1 15,009 16,238 17,609
139 106 15% 153 146 142 142 142 143
183 110 184 175 165 161 161 161 161
5.458 5,290 9,809  10.8M 1,173 11,262 11,666 11,87 12,092
124 7 a7 268 192 302 i 326 336
-;:;;; -;:;;; ;B:;;; 11,102 11,465 11,560 11,983 12,203 12,428
118 228 275 82 " 631 780 989 1,250
154 159 00 200 a0 200 200 200 300
0 56 0 0 0 ! ¢ 0 0
5,;;; S.B;; 16,501 11,684 12,182 12,385 12,977 13,392 13,878




Table B-9

Tarrant County Projected Population and Water Use in the Study Area through 2050

Adjusted 7WDB Projectioms
Bigh Population Serjes - Bigh per Capita Use with Additional Conservation

- use in acre-feet per year, per capita use in gped -

Population and Water Use

0 i 4 o -

Eistorical Projected

EE . T ™

Population Study area §60,830 1,055,994 1,216,898 1,420,630 1,583,299 1,759,365 1,951,916 2,146,330 2,360,108
Nunicipal Study area 186,101 208,204  263.47% 291,001 305,253  327.497 361,095 391,858 430,861
Per capita 193 176 193 183 m 166 155 183 183

Nanufacturing Study area 50,311 3,701 2,41 57,263 11,199 86,634 104,461 125,660 151,161
Steam Electric Study area 4,1 5,412 5. 400 5,100 5,160 5,100 5,100 5,100 5,100
¥ining Study area 0 96 0 0 0 0 0 9 ]
MWl Smiyare  MUBL MOAL WL WM L 4 006 Sen  aam




Popuiation

Nunicipal

Kanufacturing
Steam Blectric
Nining

Total

Table 3-10

Wise County Projected Population and Water Use im the Study Area through 2050

Adjusted TWDB Projections

Bigh Population Series - Bigh per Capita Use with Additional Conservation

County

Bridgeport
Decatur

Briar (P}

Study area cities
Other county

¥ in study area
Other study area
Study area

City per capita
Other per capita

Bridgeport
Decatur

Briar (P}

Study area cities

Other county
Other study area

Study area
Study area
Study area
Study area

Study area

- use in acre-feet per year, per capita use in gped -

Population and Water Ose

Bistorical Projected

1980 1985 1990 2000 2010 2020 2030 1040 2050
26,515 31,978 36,801 43,185 57.714 63,121 70,269 13,80} 17,515
3,17 4,065 {,268 1,829 5. 6,370 7,089 14U 1.781
4.104 {,925 5,998 1,533 §.968 9,940 11,016 11,570 12,152
642 13 839 922 1,004 1,086 1,17% 1,233 1,294
§.48] 5,729 11,105 13,284 15,7119 17,396 14,250 20,217 21,233
18,092 2,209 25,696 15,381 41,995 46,325 51,019 53,586 56,282
94.7 9.6 94.6 94.6 84.6 94.6 9.6 94.6 94.6
17,136 21,058 24,308 13,903 8,10 43,823 48,264 50,652 53,243
25,619 30,787 35,413 a.an 55,446 61,218 67,514 10,90¢ .76
17 X)) 169 160 152 I} 148 148 143
105 110 140 133 128 122 122 122 12
822 560 87¢ 843 1,062 1.18 1,267 1,331 1,398
165 833 1,101 1,311 14T 1.590 1,762 1,861 1,844
1 101 125 130 14 141 152 160 168
1,684 1,494 2,105 2,384 1,673 2,81 3,181 3,32 3,510
2,127 2,745 4,026 5,329 5,899 6,320 §,9%9 1,304 1.6
2,015 2,595 3,812 5,067 5,562 5,989 6,596 6,927 1.276
3,699 {4,089 5,917 1,441 8,235 8,863 9,11 10,269 10,786
5,5 5,037 6,380 $,565 11494 14,390 17,692 19,948 22,492
0 0 0 0 0 0 0 0 ]
3,693 638 3,89 4,510 5113 5,837 6,500 1.187 1.902
12.916 9,764 16,190 41,516 24,902 19,090 13,969 17,384 41,180

B-10



APPENDIX C

PROJECTIONS OF POTENTIAL FUTURE REQUIREMENTS
FOR WATER FROM TARRANT COUNTY WATER CONTROL

AND IMPROVEMENT DISTRICT NUMBER ONE




Ground water: Southlake, Trophy Club and Westlake have
surface water supplies. The other present

-----------------------------

Table (-1

-----

needs are being met with ground water,

19%0 study area use 2,573 AR/Y

Soythlake 4 AR/Y
Trophy Club 1,121 ARSY
Hestlake 101 AR/Y

-

Ground water 1,347 AW/Y

Assume that ground water will be replaced

gradually as the area becomes fully developed.
Assume 1,347 AF/Y in 1990, 674 AF/Y in 2000

and none thereafter.

Projection: (AF/Y)

Study ares total
Ground water use
Net TCHCIDH1 potential demand (a-b)

Rounded to nearest 100 AF/Y

18%0

1,573
L
1,226

1,200

2000

4,049

04
3,278
3,400

1010

{161

4,161

4,200

030

-

4,384

4,384

4,400

4030

1,699

4,899

4,700

2040

4,895

4,895
4,500

2050

5,105

5,108

5,100

-1



Table C-2

Ellis County: Potential Need for Water from TCHCIDE!

The Bilis County regiomal planming study projects needs for added surface water supply through 2030.
Use that projection in place of estimates based on TWDB projection through 2030,

Base estinated additional requirements for 2040 and 2050 on growth predicted by TWDB: 2030 to 2040 = 2,310 AF
040 to 2050 = 2,521 AF

Brojection: (AR/Y) 1990
a. Needed from TCHCID#1 {211
b. Rounded to nearest 100 AR/Y {.200

2000

5,107

5,100

201¢

9,386

9,400

020

17,405
17,400

2030

25,346

35,300

2040

27,656

7,700

2050

30,11

30,200



Table (-1

Freestone County: Potential Need for Water Erom TCWCIDEL

The existing steam electric power plant already has an adequate water sepply.
Wortham has an existing surface water supply.

Ground water: 1,755 AF of municipal use in county in 1980 (THDB)
1,880 AP of municipal use in county in 1985 (THDY)

Assume ground water use in 1990 based on balance of supply and demand.
Assume ground water use in 2000 and 2010 based on balance of supply and demand with TCHCIDE
providing water for Fairfield municipal use and half of the study area m2nufacturing use.

Assume ground water use at 1,000 AF/Y from 2020 on.

Projection: {AR/Y) 1990 2000 2010 2020
a. Study area total 16,121 16,475 16,642 17,055
b. Steam electric use 14,000 14,000 14,000 14,000
¢. Wortham municipal use 229 236 Us 266
d. 6Ground water use 1,892 934 980 1,000
e. Ket TCWNCIDHL demand (a-b-c-d! 0 1,305 1.417 1,789
f. Rounded to nearest 100 AF/Y 0 1,300 1,400 1,800

2030

17,550
14,000
81
1,000
2,269

2,300

2040

17,878
14,000
01
1,000
3,54

2,600

2050

18,243
14,000
kY
1,000
2,911
2,900



.

£

Table C-§

---------

Benderson County: Potential Need for Water froam TCWCID}!

Yield of Lake Athems: 6,500 AF/Y (LNVA master plam)

Grouad water: 2,670 AF in 1980 and 4,159 AF iz 1985 for Trinity Basia portiom of county (TWDB)
Study area is approximately 208 of Trinity Basin part of county.
Assume 1,000 AF/Y of ground water will be available in study area through 2050,

Assume 211 manufacturing is in Athens.

Trinidad electric plant has own supply: 2,600 AP/Y in 1990 and 3,000 AP/Y thereafter.

Projection: {AM/Y) 19%0 2000 2010 2020 2030
Study area total 9.811 21,7132 22,153 22,929 24.0%8
Athens supply from Lake Athens .47 2,311 2.50) 2,715 3,030
Nanufacturing supply from Lake Athens 110 151 1% b1} 298
Ground water in study area 1,000 1,000 1,000 1,000 1,000
Trinidad SES supply 2,600 3,000 3,000 3,000 3,000

. Net TCHCIDHI potential demand (a-b-c-d-e) 3,754 15,210 15,458 15,974 15,730

. Rounded to nearest 100 AF/Y 3,800 15,200 15,500 16,000 16,700

2040

-

4,759
3,238
81
1,000
3,000
17,183
17,200

2050

25,521
3,454
437
1,000
3,000
17,630

17,4600



Table C-5

Johnson County: Potential Need for Water from TCHCID#1

The Johnson County estimates are for parts of Mansfield and Burleson.
Burleson and Nansfield use TCWCID#I water entirely.
There are no adjustments for use from other sources.

Profection: (AR/Y) 1990 2000 2010 2020
a. Based on TWDB estimates 3,053 3,608 1,798 4,081
b. Rounded to nearest 100 AF/Y 3,100 3,600 3,800 {100

2030

4,518

4,500

2040

5,036

5,000

2050

5,613

5,600



Table C-6

---------

Raufaan County: Potemtial Heed for Water from TCWCID#E

-

The Kaufman County estimates are for the Cities of Kemp and Mabank.
There are no adjustaents for use from other sources.

Projection: (AF/Y) 1990 2000 2010 2020
a. Based on TWDD estimates LN 1,086 1,112 1,554
b, Rounded to nearest 180 AR/Y 800 1,100 1,300 1,600

2030

1,865

1,500

2040

1,021

2,000

2050

2,190

1,200



Table C-7

Navarrc County: Potential Need for Water from TCHCIDH!

Yield of Navarro Nills Reservoir: 14.7 NGD = 16,460 AR/Y (1974 NCTCOG study!
TRA bas contracted 92% of yield of Navarro Nills (15,147 AR/T) to Dawson & Corsicana {1974 ACTCOG),

Ground water: 327 AF in 1980 and 384 AF in 1585 for county (TWDB).
Study area covers spproximately 55% of the county,
Assune 400 AP/Y available in 1990 and 200 AR/Y available thereafter in study area.

Assume manufacturing is all in Corsicana.

Assume that the predicted future gemerating plant will develop its
own water supply.

The TWDD estinmates for Corsicana do not allow for effect of Richland-Chambers Lake.

Allow for additional use due to Corsicana growth.

Based on Corsicana response to questionaire, add 4,000 people each decade at the predicted gped:
2000: 4,000 x 200 x 366 / 325,851 = 900....2010: 8,000 x 190 x 365 / 325,851 = 1,700 ..... ete,

Projection: (iF/Y) 19%0 2000 2010 2020 2030 2040
a. Study area total 8,92 9,612 8,937 17464  U.T8% 25,420
b. Corsicana supply from Navarro Mills 5,663 5,786 5,728 5,129 5,899 5,990
¢, Nanufacturing supply from Wavarro Nills 1,250 1,720 1,118 2,62 3,001 1,899
d. Ground water in study area 400 200 00 208 200 200
e. 8BS supply from other source(s) 7.000 13,500 13,500
f. Allowance for additional growth due tc R/C 500 1,700 3,400 3,100 3,800
g. Net TCNCID#I potential demand

{a-b-c-d-e=f) 1,609 1,806 1,593 4,311 5,089 5,931
h. Rounded to nearest 100 AF/Y 1,600 2,800 3,500 4,300 5,100 5,900

2050

———

26,130
6,082
LA

00

13,500

4,700

6,71

6,800



Table (-8

Parker County: Potential Need for Water from TCWCID$L

Yield of Lake Weatherford: 1.5 MGD = 1,680 AR/Y (1974 NCTCOG study)

Ground water: 2,565 AF in study area in 1980 and 2,952 AF in 1985 (THDB)} .

Assume 3,000 AF in 1990, 2,500 AF in 2000, and 2,000 AR/Y for rest of study period,

Assune all magufacturing is supplied through Weatherford. For 1990, this use is attributable to Lake
Neatberford. Froa 2000 on, limit Lake Weatherford used to the estimated yield.

Projection: (AP/Y) 1990
a. Study area totai 10,501
b. Lake Weatherford use for steam electric 200
¢. Lake Weatherford use for Weatherford 4,325
d. Lake Weatherford use for manufacturing 178
e, Ground water ir study area 3,000
£. Net TCWNCID#1 potential demand {a-b-c-d-e) 2,701

Rounded to nearest 100 AR/Y 2,700

2000

11,684
200

1,480

1,500
1,504

1,500

2010

12,162
200

1,480

1,000
8,482

8,500

1020

12,1395
200

1,480

2,000
8,715

8.100

4030

12,973
09

1,480

2,000
9,293

9,300

3040

13,392
200
1,480

3,000
§,712
9,700

1050

13,878
00
1,480

3,000
10,198

10,200



Table C-§

Tarrant County: Potential Need for Water from TCRCIDHL

In 1980, the District provided 180,078 AF in Tarrant County,
DB records show that the total 1980 use in Tarrant County, exclusive of irrigation and livestock use, was 240,591 AF.
240,591 - 140,078 = 60,513 AP (a) from sources other than the District or (b) gained from return flows.,

In 1985, the District provided 200,097 AF in Tarrant County,
THDB records show that the total 1985 use in Tarrant County, exclusive of irrigation and livestock use, was 248,413 AP,
348,413 - 200,097 = 48,316 AF (a} from sources other than the District or (b} gained from return flows.

Fort Worth, Arlington. the TRA and Nansfield have all brepared their own water use projections through at least 2010.
These compare with the TWDB-based estimates as follows:

1850 1000 2010

a. Fort Worth (including customers) 159,824 194,992 239,132
b. Arlingten 63,95¢ 80,551 97,27
¢. Trinity River Autherity 4,867 36,517 {1181
d. Nansfield 1,388 4,083 6,464
e. Allowance for other needs from TCWCID$L in Tarrant County 9.000 10,000 11,000

---------------------

f. Total based on users' projections 260,033 326,110 395,724

Agreement is good in 1990 and 2000. Add 20,000 AF in 2010 and 10,000 AF in 2020, based on the users’ projections.

Projection: [AP/Y) 1990 2000 2019 2020 2030 2040 2050

- —-—- - -———— _——— —— -

8. DProjected total use M1,36 353,364 381,552 419,231 470,656 52,618 587,112

b. Non-TCWCIDHL supply end usable return flow 50,000 30,000 20,000 20,000 20,000 10,000 20,000

¢, Mdjustment based on users' own projections 10,000 10,000
d. Net TCWCIDHI potential demand (a-b+¢) 361,316 323,364 381,552 409,231 450,656 502,618 567,122
e. Rounded to nearest 100 AR/Y 261,300 323,400 381,600 409,200 450,700 502,600 567,100

-9




Table C-10

----------

Wise County: Potential Need for Water from TCHCID$I

In 1380, the District provided 4,393 AF in Wise County.
Based on TWDB records, 1980 use in the study area, exclusive of frrigation and livestock use, was 12,914 Ar.

12,914 - 4,393 = 8,511 AF from sources other than the Distriet.

In 1985, the District provided 2,976 AF in Wise County.
Based on TWDB records, 1985 use in the study area, exclusive of irrigation and livestock use, was 9,764 AF.

9,764 - 2,976 = 6,788 AF from sources other tham the District.

Ground water: County: 1,802 A? in 1980 and 2,390 AF in 1985.
Study area: 1,705 AP in 1980 and 2,260 AP in 1985,

Allow for a total of 10,500 AP/Y from sources other than TCRCID#L,

Growth of manufacturing use is relatively high in the TWDB estimates for future decades in Wise County.
Percentage growth in manufacturing use from 1980 to 1990: §,52¢ AP to 6,427 AP, or 15.5%.
Assune manufacturing increase is 15.5% per decade from 1990 to 2050,

Projection: (AR/Y) 1990 1000 2010 2020 2030 2640 2050
a. Study area total 16,190 21,516 24,902 29,090 33,969 37,384 41,180
b. Sources other than TCWCID$1 10,500 10,500 10,500 10,500 10,500 10,500 10,500
¢. NManufacturing per THDB 6,380 9,565 1148 14,390 17,692 19,948 22,492

4. NMapwfacturing at 15.5% per decade 6,380 1,369 8,511 8,830 113 00 15,100
e, Net TCWCIDH1 demand [a-b-c+d} 5,690 8,460 11,419 14,050 17,131 20,050 23,335
f. Rounded to nearest 100 AF/Y 5,700 8,500 11,400 14,100 17,100 20,100 23,300

¢-10
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APPENDIX D

AREA AND CAPACITY DATA

Existing Tarrant County Water Control and Improvement District Number One
Reservoirs

Existing reservoirs operated as part of the Tarrant County Water
Control and Improvement District Number One System include Lake Bridgeport,
Eagle Mountain Lake, Lake Benbrook, Lake Arlington, Cedar Creek Reservoir,
and Richland-Chambers Reservoir. Area and capacity data for these

reservoirs have been developed in previous studies (1,2,14,44,56,57).

Tehuacana Reservoir
The area and capacity data for Tehuacana Reservoir are available from
a previous Freese and Nichols report (44). Table D-1 gives area and

capacity data for Tehuacana Reservoir.

Tennessee Colony Reservoir

The area and capacity data for Tennessee Colony Reservoir are based
on a Corps of Engineers project memorandum (43) with adjustments made to
account for the construction of Richland-Chambers Reservoir. It is
assumed, however, that Tehuacana Reservoir, also upstream of Tennessee
Colony, would not be in place. Therefore, no adjustments are made for
Tehuacana Reservoir. The area and capacity data for Tennessee Colony are

given in Table D-2.
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George Parkhouse Reservoir Stage I

The area data for George Parkhouse Reservoir Stage I are based on
digitizer measurements on U.S. Geological Survey quadrangles. The capacity
is computed using the average area method from the measured area data.
Table D-3 gives the area and capacity data for George Parkhouse Reservoir

Stage I.

George Parkhouse Reservoir Stage I1I

The area data for George Parkhouse Reservoir Stage II are also based
on digitizer measurements on U.S. Geological Survey quadrangles. Table D-
4 gives the area and capacity data for George Parkhouse Reservoir Stage II.
Table D-5 gives the area and capacity data for George Parkhouse Reservoir,

Stages I and I1 combined.

Marvin Nichols Reservoir Stage I

The area and capacity data for Marvin Nichols Reservoir Stage I are
computed like those for George Parkhouse Reservoir. Table D-6 gives the

area and capacity data for Marvin Nichols Reservoir Stage I.

Marvin Nichols II Reservoir Staqe I

The area and capacity data for Marvin Nichols Reserveir Stage II are
based on digitizer measurements of the area on U.S. Geological Survey
quadrangles. The area and capacity data for Marvin Nichols Reservoir Stage
IT are given in Table D-7. Table D-8 gives the area and capacity data for

the combined Marvin Nichols Reservoirs.
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RUNOFF DATA



APPENDIX E

RUNOFF DATA

Existing Tarrant County Water Control and Improvement District Number One
Reservoirs

Existing reservoirs operated as part of the Tarrant County Water
Control and Improvement District Number One system include Lake Bridgeport,
Eagle Mountain Lake, Lake Benbrook, Lake Arlington, Cedar Creek Reservoir,
and Richland-Chambers Reservoir. Runoff data for .these lakes have been
developed in previous studies (1,2,14,44,56,57). For this study, the
runoff data for Bridgeport, Eagle Mountain, Cedar Creek, and Richland-
Chambers have been extended through 1986 using methodologies developed in
previous studies. Tables E-1 through E-~6 give the monthly runoff for
Bridgeport, Eagle Mountain, Benbrook, Arlington, Cedar Creek and Richland-

Chambers.

Tehuacana Reservoir

The Tehuacana Reservoir site is on Tehuacana Creek, which is a
tributary of the Trinity River immediately south of Richland Creek. The
reservoir would control a 340 square mile watershed and would be connected
to Richland-Chambers Reservoir by a channel. The combined Richland-
Chambers-Tehuacana Reservoir would be operated as a single impoundment.
Runoff data for Tehuacana from 1940 through 1978 are available from a
previous study (44), and the data are extended through 1986 as part of this

study. Table E-7 gives the monthly runoff for Tehuacana Reservoir.

E-1
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Tennessee Colony Reservoir

Tennessee Colony Reservoir is a potential project on the main stem of
the Trinity River, downstream from Richland and Tehuacana Creeks. The
drainage area at the dam site is 12,302 square miles, some of which is
controlled by existing impoundments on Trinity River tributaries upstream.
Runoff data for Tennessee Colony are based on a Corps of Engineers project
memorandum (43), with adjustments for the effect to Richland-Chambers

Reservoir. The data are given in Table E-8.

George Parkhouse Reservoir Stage I

The George Parkhouse Reservoir Stage I site is located on the South
Fork of the Sulphur River, downstream from Cooper Reservoir. The reservoir
would have a total drainage area of 655 Square miles, of which 476 square
miles would be controlled by Cooper Reservoir. The incremental drainage
area downstream from Cooper would be 179 square miles. Table E-9 gives the
monthly runoff data for George Parkhouse Reservoir Stage I, including
spills from Cooper Reservoir and uncontrolled runoff originating below
Cooper. The runoff values in Table E-9 include the impact of diversions
for existing water rights in the reservoir's drainage area, which total

1,523 acre-feet per year.

George Parkhouse Reservoir Stage II

George Parkhouse Reservoir Stage II would be Tocated on the North Fork
of the Sulphur River and would have a drainage area of 377 square miles.

There are no major existing reservoirs upstream from the George
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Parkhouse Reservoir Stage site. The reservoir could be operated by itself
or combined with George Parkhouse Reservoir Stage I on the South Fork of
the Sulphur. Table E-10 gives the monthly runoff for the reservoir, after
accounting for diversions for existing water rights in its watershed, which

total 102 acre-feet per year.

Marvin Nichols Reservoir Stage I

The Marvin Nichols Reservoir Stage I site is located on the Sulphur
River and has a total drainage area of 1,941 square miles. The drainage
area of Marvin Nichols I downstream from the existing Cooper Reservoir and
the potential George Parkhouse I and George Parkhouse II sites is 858
Square miles. Table E-11 shows the monthly runoff for the 858 square mile
watershed downstream from other major existing and potential reservoirs.
The runoff values include the impact of diversions for the 17,928 acre-feet

per year of existing water rights in the watershed.

Marvin Nichols Reservoir Stage II

Marvin Nichols Reservoir Stage II would be located on White Oak Creek,
a tributary of the Sulphur River. It has a drainage area of 662 square
miles, of which 596 square miles are downstream from the existing White Oak
Creek Reservoir (also known as-Lake Sulphur Springs). Table E-12 shows the
monthly runoff for Marvin Nichols II, inctuding spills from White Oak Creek
Reservoir and runoff from the intervening watershed. The runoff values in
Table E-12 have been adjusted to account for the impact of diversions for

the 1,059 acre-feet per year of existing water rights in the watershed.
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APPENDIX F

EVAPORATION DATA

Existing Tarrant County Water Control and Improvement District Number One
Reservoirs

Evaporation data for the existing reservoirs operated as part of the
Tarrant County Water Control and Improvement District Number One system -
Bridgeport, Eagle Mountain, Benbrook, Arlington, Cedar Creek, and Richland-
Chambers - have been developed in previous studies (1,2,14,44,56,57). For
this study, data for Bridgeport, Eagle Mountain, Cedar Creek, and Richland-
Chambers were updated and extended through 1986 using methodologies and
data from Texas Water Development Board Report 64 and the Texas Water
Oriented Data Bank (58,59). Table F-1 gives evaporation data for Lake
Bridgeport and Eagle Mountain Lake, which have similar evaporative losses.
Tables F-2, F-3, F-4, and F-5 give evaporation data for Lake Benbrook, Lake

Arlington, Cedar Creek Reservoir, and Richland-Chambers Reservoir.

Proposed Reservoirs

Evaporation data for the proposed Tehuacana Reservoir are the same as
those for Richland-Chambers and are also included in Table F-5. The data
for Tennessee Colony Reservoir are from a Corps of Engineers project
memorandum (43) and are given in Table F-6. Monthly net reservoir
evaporation rates for the George Parkhouse I and II Reservoirs and the
Marvin Nichols I and II Reservoirs were calculated for this study and are

given in Tables F-7 and F-8. Methodologies and data from Texas Water




Development Board Report 64 and the Texas Water Oriented Data Bank (58,59)

were used to develop the evaporation rates for these proposed reservoirs.
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Table F-5, Continued

Total

Nov Dec

Oct

Aug Sep

Jui

Jun

Apr May

Feb Mar

Jan

2,52
2.60
2.57
3.32
3.13

0.20
0.00
0.03
0.00
0.09

0.15
0.02
0.11
0.11
0.09

0.08
0.24
0.29
0.05
0.14

0.32
0.56
0.42
0.51
0.45

0.57
0.62
0.37
0.62
0.76

0.46
0.50
0.46
0.59
0.52

0.16
0.25
0.26
0.40
0.37

0.14
0.14
0.17
0.39
0.31

0.20
0.08
0.34
0.38
0.21

0.09
g.10
0.07
0.11
0.11

0.05
0.05
-0.05
0.10
0.03

0.10

1981
1982
1983
1984
1985

0.04

0.10
0.06
0.05

2.49

0.04 0.31 0.09 0.13 0.19 0.67 0.53 0.28 0.12 -0.03 -0.05

0.21

1986

1940-86
Avg.

2.16

0.01 0.09 0.05 0.08 0.28 0.48 0.49 0.31 0.23 0.10 0.03
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WEST FORK RESERVOIRS

The Tarrant County Water Control and Improvement District Number One
owns and operates two reservoirs on the West Fork of the Trinity River -
Lake Bridgeport and Eagle Mountain Lake. These lakes are used to supply
water to Fort Worth's Holly water treatment plant and to other District
customers north and west of Tarrant County. Bridgeport and Eagle Mountain
are operated jointly with Fort Worth's Lake Worth. Table G-1 is an annual
summary of a monthly operation study of the three reservoirs. The study
shows that the reservoirs can provide a total firm yield of 79,000 acre-
feet per year - 5,000 acre-feet per year for local use around Lake
Bridgeport, 7,000 acre-feet per year for local use around Eagle Mountain
Lake, and 67,000 acre-feet per year for Fort Worth.

The West Fork reservoirs are the least expensive source of supply
available to the Tarrant County Water Control and Improvement District
Number One, since water can flow by gravity to Fort Worth's Holly plant.
This makes it desirable to maximize the use of West Fork water and minimize
the cost of pumping from East Texas. This can be done by overdrafting the
West Fork reservoirs - using more than their firm yield in most years, and
taking Tess than the firm yield when their storage is depleted (56). Table
G-2 is an annual summary of an overdraft operation study of the West Fork

reservoirs. As in the firm yield operation study, the local demand is

G-1
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5,000 acre-feet per year from Bridgeport and 7,000 acre-feet per year from
Eagle Mountain. The amount supplied to Fort Worth is 100,000 acre-feet per
year when the combined content of Bridgeport and Eagle Mountain is greater
than 250,000 acre-feet. When the combined content is less than 250,000
acre-feet, Fort Worth gets only 46,000 acre-feet per year.

Overdrafting operation increases the average supply available to Fort
Worth from the West Fork reservoirs from 67,000 acre-feet per year (Table
G-1) to 95,990 acre-feet per year (Table G-2). The additional average
supply of 28,990 acre-feet per year decreases the amount of water needed
from the East Texas reservoirs in most years. Overdrafting is possible
because the East Texas reservoirs can supply extra water to Fort Worth in

the few years during which the West Fork supply must be cut back.

EAST TEXAS RESERVOIRS AND DIVERSIONS FROM THE TRINITY RIVER

The Tarrant County Water Control and Improvement District Number One
currently owns and operates Cedar Creek Reservoir and Richland-Chambers
Reservoir in East Texas. As part of this Tong range water supply plan,
several alternatives which would increase the yield of these reservoirs
were considered. They include:

* Diversions from the Trinity River

¢ System operation

¢ Construction of Tehuacana Reservoir

* Diversions from Lake Palestine to Cedar Creek Reservoir

These alternatives were analyzed by monthly mass balance operation
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studies of the reservoirs. Hydrologic data needed for the operation
studies include reservoir area and capacity, runoff, and evaporation.
These data and demands from the reservoirs are used on a monthly basis to
calculate evaporative losses, diversions of makeup water (if applicable),
spills, and end-of-month contents. The hydrologic data for Cedar Creek,
Richland-Chambers and Tehuacana Reservoirs are presented in previous
appendices.

The base case for the District's East Texas reservoirs is the
currently permitted diversion of 175,000 acre-feet per year from Cedar
Creek Reservoir and 210,000 acre-feet per year from Richland-Chambers
Reservoir (60). Tables G-3 and G-4 give annual summaries of the monthly
operation studies for Cedar Creek and Richland-Chambers operating at their
currently permitted diversions.

Under currently permitted operation, Cedar Creek Reservoir would have
a reserve of 154,685 acre-feet in storage at the end of its historical
critical period (June 1953 through January 1957). Richland-Chambers
Reservoir would have a reserve of 175,597 acre-feet at the end of its

critical period (June 1948 through February 1957).

Diversions from the Trinity River

The yield of the existing East Texas reservoirs could be increased by
diverting water from the Trinity River into the reservoirs. For this

study, the increased yield provided by diversions from the Trinity is
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Table G-3

Annual Summary of Operation Study for Cedar Creek Reservoir

Year Evaporative
Loss
(Ac-Ft)
1941 44,975
1942 51,607
1943 81,955
1944 49,078
1945 32,920
1946 39,002
1947 72,422
1948 92,287
1949 39,190
1950 51,489
1951 73,181
1952 84,281
1953 56,882
1954 99,297
1955 53,085
1956 66,611
1957 14,170
1958 50,731
1959 39,406
1960 46,581
1961 49,051
1962 43,874
1963 97,818
1964 58,707
1965 37,903
1966 46,417
1967 45,236
1968 65,330
1969 69,123
1970 72,570

as Currently Permjtted

Use

(Ac-Ft)

175,000
175,000
175,000
175,000
175,000

175,000
175,000
175,000
175,000
175,000

175,000
175,000
175,000
175,000
175,000

175,000
175,000
175,000
175,000
175,000

175,000
175,000
175,000
175,000
175,000

175,000
175,000
175,000
175,000
175,000

Inflow

(Ac-Ft)

610,490
809,680
387,680
558,510
973,060

744,520
541,350
308,430
238,340
452,630

151,960
354,410
384,260
167,390
116,230

83,030
1,155,780
602,180
392,320
452,390

442,910
277,800
115,510

61,520
240,460

629,110
512,580
538,270
652,910
525,300

Spills

(Ac-Ft)

439,978
543,399
238,846
285,078
798,601

468,501
293,928
229,753

0
203,412

0
0
145,800
0
0

0
456,152
483,999

67,234
230,809

280,913
17,849
15,408

0
0

205,677
156,037
418,209
388,487
237,093

End-of-Year
Content

(Ac-Ft)

622,237
661,911
553,790
643,144
609,683

671,700
671,700
483,090
507,240
529,969

433,748
528,877
535,455
428,548
316,693

158,112
668,570
561,020
671,700
671,700

609,646
650,723
478,007
305,820
333,377

535,393
671,700
551,431
571,731
612,368
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Table G-3, Continued

Year Evaporative
Loss

(Ac-Ft)
1971 88,508
1972 87,708
1973 58,886
1974 72,031
1975 83,001
1976 63,691
1977 100,952
1978 87,728
1979 77,492
1980 114,084
1981 83,387
1982 80,362
1983 88,810
1984 97,195
1985 102,221
1986 81,190
Avg 67,227
Note

The critical period is from June
The minimum content is 154,685 ac

Use

(Ac-Ft)

175,000
175,000
175,000
175,000
175,000

175,000
175,000
175,000
175,000
175,000

175,000
175,000
175,000
175,000
175,000

175,000

175,000

Inflow

(Ac-Ft)

570,700
132,190
896,660
640,100
397,060

479,310
457,060
143,930
541,700
299,010

416,680
325,550
369,220
317,360
747,420

718,880

455,953

Spills

(Ac-Ft)

247,860

61,852
470,404
393,069
303,357

106,294
309,883
0
111,399
86,952

42,614
9,104
251,840
0
368,934

462,690

213,726

End-of-Year

Content

(Ac-Ft}

671,700
479,330
671,700
671,700
507,402

641,727
512,952
394,154
571,963
494,937

610,616
671,700
525,270
570,435
671,700

671,700

1953 through January 1957,
re-feet.
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Table G-4

Annual Summary of Operation Study for Richland-
Chambers Reservoir as Currently Permitted

Year Evaporative Use Inflow Downstream Spills  End-of-Year
Loss Release Content
(Ac-Ft) {Ac-Ft) _(Ac-Ft) (Ac-Ft) (Ac-Ft) _ (Ac-Ft)
1940 56,982 210,000 849,400 3,622 578,796 1,181,886
1941 59,567 210,000 1,156,200 3,622 969,829 1,095,068
1942 72,262 210,000 1,248,800 3,622 876,098 1,181,886
1943 109,504 210,000 556,100 3,622 297,984 1,116,876
1944 57,402 210,000 1,082,500 3,622 841,556 1,086,796
1945 40,542 210,000 1,651,400 3,622 1,305,358 1,178,674
1946 51,655 210,000 806,300 3,622 600,748 1,118,949
1947 95,650 210,000 573,100 3,622 347,162 1,035,615
1948 121,973 210,000 432,700 3,622 179,354 953,366
1949 49,033 210,000 191,700 3,622 0 882,411
1950 81,730 210,000 334,800 3,622 0 921,859
1951 112,219 210,000 68,200 3,622 0 664,218
1952 85,495 210,000 295,200 3,622 0 660,301
1953 57,742 210,000 486,000 3,622 0 874,937
1954 119,239 210,000 34,200 3,622 0 576,276
1955 56,658 210,000 66,600 3,622 0 372,596
1956 69,089 210,000 107,100 3,622 0 196,985
1957 20,416 210,000 1,504,700 3,622 298,337 1,169,310
1958 61,574 210,000 836,300 3,622 608,025 1,122,389
1959 46,667 210,000 899,400 3,622 579,614 1,181,886
1960 49,220 210,000 610,300 3,622 347,458 1,181,886
1961 53,943 210,000 1,151,200 3,622 883,635 1,181,886
1962 65,653 210,000 236,900 3,622 48,198 1,091,313
1963 109,055 210,000 45,400 3,622 0 814,036
1964 74,350 210,000 18,200 3,622 0 544,264
1965 58,440 210,000 482,700 3,622 0 754,902
1966 81,322 210,000 805,100 3,622 275,475 989,583
1967 84,960 210,000 579,400 3,622 88,515 1,181,886
1968 69,295 210,000 1,306,100 3,622 1,163,880 1,041,189
1969 106,672 210,000 893,600 3,622 610,061 1,004,434
1970 106,378 210,000 580,300 3,622 201,161 1,063,573
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Table G-4, Continued

Year Evaporative Use Inflow Downstream Spills  End-of-Year
Loss Release Content
(Ac-Ft) (Ac-Ft) _(Ac-Ft) (Ac-Ft)  _(Ac-Ft) (Ac-Ft)

1971 110,387 210,000 394,100 3,622 0 1,133,664
1972 111,456 210,000 181,800 3,622 53,305 937,081
1973 76,916 210,000 1,260,900 3,622 726,697 1,180,746
1974 98,002 210,000 742,700 3,622 429,936 1,181,886
1975 105,806 210,000 995,600 3,622 852,522 1,005,536
1976 83,271 210,000 697,500 3,622 224,257 1,181,886
1977 137,504 210,000 619,500 3,622 506,254 944,006
1978 109,433 210,000 61,500 3,622 0 682,451
1979 85,247 210,000 539,300 3,622 0 922,882
1980 149,913 210,000 375,400 3,622 8,250 926,497
1981 98,611 210,000 334,600 3,622 0 948,864
1982 97,882 210,000 150,800 3,622 0 788,160
1983 85,632 210,000 148,000 3,622 0 636,906
1984 94,971 210,000 261,700 3,622 0 590,013
1985 89,485 210,000 527,400 3,622 0 814,306
1986 101,764 210,000 779,400 3,622 96,434 1,181,886
Avg. 83,425 210,000 594,896 3,622 297,849

=
[«]
+
D

The critical period is from June 1948 through February 1957.
The minimum content is 175,597 acre-feet.
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limited to 30 percent of the yield of the projects without diversions. For
Cedar Creek, the yield with the proposed diversions would therefore be 1.3
x 175,000, or 227,500 acre-feet per year. For Richland-Chambers, the yield
would be 1.3 x 210,000, or 273,000 acre-feet Per year. The combined yield
of the two reservoirs with diversions from the Trinity would be 500,500
acre-feet per year, an increase of 115,500 acre-feet per year from the
currently permitted amount.

Tables G-5 and G-6 give summarijes of operation studies for Cedar Creek
Reservoir and Richland-Chambers Reservoir with diversions from the Trinity.
No diversions are made from the Trinity River when either reservoir is
within 5 feet of the top of conservation storage. When Cedar Creek
Reservoir is drawn down more than 5 feet, 5,360 acre-feet per month is
diverted from the Trinity. When Richland-Chambers is drawn down more than
5 feet, 6,050 acre-feet per month is diverted. This would leave the same
reserve at the end of the critical period as would the currently permitted
operation and would allow Cedar Creek to supply 227,500 acre-feet per year

and Richland-Chambers to supply 273,000 acre-feet per year.

System Operation

The critical period for Cedar Creek Reservoir with diversions from
the Trinity River is the same as that with the currently permitted
operation - June 1953 through January 1957, Richland-Chambers Reservoir

has a longer critical period than Cedar Creek - June 1948 through
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Year Evaporative

Annual Summary of Operation Stud

Table G-5

———— W

y for Cedar Creek Reservoir

Loss

{Ac-Ft)
1941 44.615
1942 51,105
1943 81,019
1944 48,868
1945 32,631
1946 38,866
1947 71,940
1948 91,235
1949 37,483
1950 50,961
1951 70,498
1952 81,530
1953 56,272
1954 95,389
1955 51,659
1956 65,802
1957 13,946
1958 50,149
1959 38,654
1860 45,757
1961 48,661
1562 42,073
1963 90,412
1964 52,917
1965 35,488
1966 45,907
1967 44,086
1968 64,567
1969 68,290
1970 71,673

with Diversions from

the Trinity River

Use

Inflow

{Ac-Ft) _(Ac-Ft)

227,500
227,500
227,500
227,500
227,500

227,500
227,500
227,500
227,500
227,500

227,500
227,500
227,500
227,500
227,500

227,500
227,500
227,500
227,500
227,500

227,500
227,500
227,500
227,500
227,500

227,500
227,500
227,500
227,500
227,500

610,490
809,680
387,680
598,510
973,060

744,520
541,350
308,430
238,340
452,630

151,960
354,410
384,260
167,390
116,230

83,030
1,155,780
602,180
392,320
452,390

442,910
277,800
115,510

61,520
240,460

629,110
512,580
538,270
652,910
525,300

Diversions
from Trinity
(Ac-Ft)

Coooco

10,720
26,800
10,720

53,600
48,240
26,800
48,240
64,320

64,320
21,440

5,360
10,720

21,440
64,320
64,320

21,440
53,600

21,440

Spills

{Ac-Ft)

415,838
491,461
187,152
236,485
738,395

392,505
241,910
209,356

0
149,005

429,354
458,903

0
179,180

256,818
0

0
0
0

169,351
126,797
397,240
348,012
198,526

End-of-Year
Content

(Ac-Ft)

594,237
633,851
525,860
611,517
586,051

671,700
671,900
462,759
462,916
498,800

406,362
499,982
509,273
402,014
303,405

157,453
663,873
529,501
661,027
671,700

581,631
589,858
408,896
254,319
296,111

503,903
671,700
520,663
551,211
578,812
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Table G-5, Continued

1971
1972
1973
1974
1975

1976
1977
1978
1979
1980

1981
1982
1983
1984
1985

1986

Year Evaporative Use Inflow Diversions Spills End-of-Year

Loss from Trinity Content
(Ac-Ft) (Ac-Ft) _(Ac-Ft) (Ac-Ft) {(Ac-Ft) (Ac-Ft)
84,425 227,500 570,700 37,520 203,407 671,700
85,905 227,500 132,190 21,440 57,400 454,525
58,680 227,500 896,660 10,720 404,025 671,700
71,684 227,500 640,100 0 340,916 671,700
82,016 227,500 397,060 5,360 282,949 481,655
62,945 227,500 479,310 21,440 78,279 613,681
99,694 227,500 457,060 10,720 265,133 489,134
84,485 227,500 143,930 48,240 0 369,319
76,572 227,500 541,700 21,440 82,344 546,043
112,704 227,500 299,010 10,720 40,942 474,627
32,601 227,500 416,680 32,160 26,324 587,042
76,354 227,500 325,550 16,080 0 624,818
88,042 227,500 369,220 5,360 181,020 502,836
94,451 227,500 317,360 53,600 0 551,845
101,273 227,500 747,420 0 298,792 671,700
80,836 227,500 718,880 0 410,544 671,700
65,763 227,500 455,953 20,275 182,964

Avg.

Notes:

a.

Diversions are made from the Trinity River at the rate of

5,360 acre-feet per month (57 mgd) when the reservoir is
below 317.0 (content of 516,112 acre-feet).

The critical period is from June 1953 through January 1957.
The minimum content is 154,934 acre-feet.
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February 1957 - with or without diversions from the Trinity. Because Cedar
Creek Reservoir has less storage per square mile of drainage area than
Richland-Chambers, it spills more often. In 1950 and 1953, the operation
studies show major spills from Cedar Creek during the critical period of
Richland-Chambers; in these years, water is spilling from Cedar Creek
Reservoir when there is storage available in Richland-Chambers Reservoir.
With diversions from the Trinity River, the spills from Cedar Creek
Reservoir during the Richland-Chambers critical period total 267,002 acre-
feet.

In this situation, system operation can be used to decrease the spills
from Cedar Creek Reservoir and to increase the combined yield of the two
reservoirs. The principle of system operation is to overdraft the
reservoir which is more likely to spill (Cedar Creek) by diverting more
than its firm yield whenever it is full or nearly full. This would leave
more storage available in Cedar Creek Reservoir to hold inflows. During
periods of low inflow, when Cedar Creek Reservoir is drawn down, diversions
from Cedar Creek would be decreased, and Richland-Chambers Reservoir would
be used more heavily.

Tables G-7 and G-8 give summaries of operation studies of Cedar Creek
Reservoir and Richland-Chambers Reservoir under system operation with
diversions from the Trinity River. The operation policy for the two
reservoirs is as follows:

¢ The yield of the two reservoirs with system operation and

diversions from the Trinity River is 533,300 acre-feet per
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Year

1941
1942
1943
1944
1945

1946
1947
1948
1949
1950

1951
1952
1953
1954
1955

1956
1957
1958
1959
1960

1961
1962
1963
1964
1965

1966
1967
1968
1969
1570

Table G-7

Annual Summary of Operation Study for Cedar Creek Reservoir
with Diversions from the Trinity River and System Operation

Evaporative
Loss

(Ac-Ft)

43,960
50,147
78,976
48,343
32,149

38,661
70,898
89,414
33,301
50,433

63,954
73,544
55,178
86,050
47,027

62,431
13,632
49,126
35,414
44,469

48,063
38,799
79,433
45,931
33,321

44,894
39,813
63,164
67,052
69,888

Use

(Ac-Ft}

320,300
320,300
320,300
320,300
320,300

320,300
320,300
320,300
310,307
310,845

290,237
264,883
320,300
280,001
224,688

208,800
284,922
320,300
320,300
320,300

320,300
320,300
290,237
208,800
216,727

284,922
300,040
320,300
320,300
320,300

Infiow Diversions Spills End-of-Year
from Trinity Content
(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft)
610,490 0 373,187 544,743
809,680 13,100 412,830 584,246
387,680 6,550 96,118 483,082
598,510 26,200 170,346 568,803
973,060 0 645,137 544,277
744,520 0 259,306 670,530
541,350 6,550 189,700 637,532
308,430 19,650 139,076 416,822
238,340 52,400 0 363,954
452,630 26,200 24,759 456,747
151,960 78,600 0 333,116
354,410 65,500 0 414,599
384,260 45,850 7,938 461,293
167,390 78,600 0 341,232
116,230 78,600 0 264,347
83,030 78,600 0 154,746
1,155,780 26,200 382,603 655,569
602,180 6,550 414,511 480,362
392,320 45,850 0 562,818
452,390 26,200 46,507 630,132
442,910 0 172,572 532,107
277,800 45,850 0 496,658
115,510 78,600 0 321,098
61,520 78,600 0 206,487
240,460 78,600 0 275,499
629,110 39,300 152,768 461,325
512,580 65,500 27,852 671,700
538,270 13,100 361,172 478,434
652,910 39,300 278,385 504,907
525,300 13,100 135,819 517,300
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Table G-7, Continued

Year Evaporative Use Inflow Diversions Spills End-of-Year
Loss from Trinity Content
(Ac-Ft) (Ac-Ft) _(Ac-Ft) {Ac-Ft) (Ac-Ft) (Ac-Ft)
1971 75,724 300,877 570,700 58,950 98,649 671,700
1972 82,620 320,300 132,190 32,750 49,531 384,189
1973 58,263 310,845 896,660 19,650 259,691 671,700
1974 71,022 320,300 640,100 0 248,778 671,700
1975 80,260 320,300 397,060 13,100 246,879 434,421
1976 61,065 311,670 479,310 26,200 5,898 561,298
1977 97,438 320,300 457,060 19,650 183,222 437,048
1978 75,870 280,001 143,930 78,600 0 303,707
1979 74,773 302,126 541,700 45,850 15,842 498,516
1980 106,624 320,300 299,010 32,750 0 403,352
1981 77,252 278,489 416,680 39,300 0 503,591
1982 68,523 310,307 325,550 72,050 0 522,361
1983 86,546 320,300 369,220 19,650 42,929 461,456
1984 85,953 290,047 317,360 78,600 0 481,416
1985 95,097 320,300 747,420 32,750 174,489 671,700
1986 80,169 320,300 718,880 0 318,411 671,700
Avg. 62,493 301,462 455,953 37,022 129,020

Notes: a. Diversions from the reservoir are 320,300 acre-feet per year

when the reservoir is above elevation 312.0 and 208,800 acre-
feet per year when the reservoir is below elevation 312.0.

b. Diversions are made from the Trinity River at the rate of
6,550 acre-feet per month when the reservaeir is below
elevation 317.0.

c. The critical period is from June 1953 through December 1956.
The minimum content is 154,746 acre-feet.
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year, an increase of 32,800 acre-feet Pér year over the yield
with diversions from the Trinity without system operation.

As long as Cedar Creek Reservoir is above elevation 312.0 (10
feet below the top of conservation storage), the annual diversion
from Cedar Creek is 320,300 acre-feet. The annual diversion from
Richland-Chambers is 213,000 acre-feet.

Whenever Cedar Creek Reservoir is below elevation 312.0, its
annual diversion is decreased to 208,800 acre-feet per year, and
the diversion from Richland-Chambers is increased to 324,500
acre-feet per year.

Whenever Cedar Creek Reservoir is below elevation 317.0 (5 feet
below the top of conservation storage), a diversion of 6,550
acre-feet per month is made from the Trinity River,

Whenever Richland-Chambers Reservoir is below elevation 310.0 (5
feet below the top of conservation storage), a diversion of 5,625

acre-feet per month is made from the Trinity River.

The operation studies summarized in Table G-7 and G-8 show that the
reservoirs could supply 533,300 acre-feet per year with diversions from
the Trinity River and system operation, while maintaining the same reserves
at the end of the critical period as the currently permitted operation.
The spills from Cedar Creek Reservoir during the critical period of
Richland-Chambers Reservoir would be reduced to 32,697 acre-feet by system

operation, compared to 267,002 acre-feet without system operation.
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Construction of Tehuacana Reservoir

Tehuacana Reservoir is a proposed 337,947 acre-foot reservoir on
Tehuacana Creek. It would be connected to Richland-Chambers Reservoir by
a channel, and Richland-Chambers-Tehuacana Reservoir would function as a
single impoundment. Table G-9 js a summary of an operation study of
Richland-Chambers-Tehuacana Reservoir with diversions from the Trinity
River and system operation with Cedar Creek reservoir. (The operation of
Cedar Creek Reservoir in this situation is shown in Table G-7.) The
combined yield of Cedar Creek and Richland-Chambers-Tehuacana Reservoirs
would be 622,000 acre-feet per year, an increase of 88,700 acre-feet per
year over system operation with diversions from the Trinity without
Tehuacana. This represents the 68,400 acre-feet per year diversion from
Tehuacana allowed in the Lake Livingston water right and 20,300 acre-feet

per year in additional diversions from the Trinity River.

Diversions from Lake Palestine to Cedar Creek Reservoir

No operation studies were conducted for the diversion of water from
Lake Palestine on the Neches River to Cedar Creek Reserveir. If water were
available to the Tarrant County Water Control and Improvement District
Number One from Lake Palestine, it would probably be Dallas' 114,337 acre-
feet per year share of the lake's yield. The use of water from Lake
Palestine would also make it possible to divert additional water from the
Trinity River into Cedar Creek Reservoir. These additional diversions

would be .3 x 114,337 = 34,301 acre-feet per year. The total additional
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yield due to diversions from Lake Palestine and added diversions from the

River would be 148,638 acre-feet per year.

Summary of East Texas Diversions and Existing Reservoirs

Table G-10 is a summary of the yield of the District's East Texas

reservoirs with the changes to operation discussed above.

TENNESSEE COLONY RESERVOIR

The proposed Tennessee Colony Reservoir site is on the main stem of
the Trinity River downstream from Richland and Tehuacana Creeks. Table G-
11 is an annual summary of a monthly operation study for Tennessee Colony
Reservoir. Runoff and area-capacity data used in the operation study are
based on the assumption that Richland-Chambers Reserveir is in place but
that Tehuacana Reservoir is not built. The operation study summarized in

Table G-11 is based on natural runoff for Tennessee Colony Reservoir.

PROPOSED RESERVOIRS IN THE SULPHUR RIVER BASIN

Several of the proposed new reservoirs considered as part of this
study would be located in the Sulphur River basin in northeast Texas.
Figure G-1 is a schematic diagram of the basin, showing the relative
Tocation of major streams and the existing and proposed reservoirs. The
existing Wright Patman Lake is operated by the U. S. Army Corps of
Engineers for water supply, flood control, and recreation. The City of
Texarkana, Texas, holds water rights in the reservoir. Cooper Reservoir

is under construction by the Corps of Engineers, and water rights are

G-31



Table G-11

Annual Summary of Operation Study for Tennessee Colony Reservoir
with Natural Runoff Including Spills from Existing Upstream Reservoirs

Year Evaporative Use Inflow Spills End-of-Year
Loss Content
(Acre-Feet) (Ac-Ft) (Ac-Ft) _(Ac-Ft) (Acre-Feet)
1941 102,217 300,100 4,353,900 3,951,583 1,122,170
1942 122,007 300,100 5,286,800 4,864,693 1,122,170
1943 155,894 300,100 1,301,820 1,061,440 906,556
1944 107,482 300,100 2,477,900 2,081,101 895,773
1945 91,719 300,100 6,162,500 5,544,284 1,122,170
1946 107,947 300,100 4,252,390 3,844,343 1,122,170
1947 161,912 300,100 1,365,600 931,793 1,093,665
1948 198,438 300,100 1,367,700 1,141,749 821,378
1949 116,016 300,100 1,457,250 832,947 1,029,565
1950 147,292 300,100 2,730,050 2,288,699 1,023,524
1951 190,034 300,100 322,950 0 856,340
1952 140,740 300,100 206,450 0 621,950
1953 110,501 300,100 511,750 0 723,099
1954 182,461 300,100 224,650 0 465,188
1955 96,312 300,100 232,750 0 301,526
1956 77,476 300,100 98,750 0 22,700
1957 77,624 300,100 2,889,400 1,412,206 1,122,170
1958 133,306 300,100 2,510,700 2,257,538 941,926
1959 14,927 300,100 1,335,660 840,389 1,122,170
1960 75,792 300,100 1,288,010 912,118 1,122,170
1961 35,706 300,100 1,910,480 1,604,168 1,092,676
1962 173,932 300,100 707,640 204,114 1,122,170
1963 230,383 300,100 206,450 9,328 788,809
1964 153,780 300,100 449,050 0 783,979
1965 101,917 300,100 1,107,850 561,940 927,872
1966 194,835 300,100 2,175,200 1,564,875 1,047,262
1967 121,788 300,100 346,560 0 971,934
1968 44,768 300,100 3,969,000 3,481,906 1,114,160
1969 106,204 300,100 4,422,800 4,050,615 1,080,041
Avg. 123,221 300,100 1,919,863 1,497,995
Note: The critical period is from October 1950 through April 1957. The

minimum content is 133 acre-feet.
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¢ Cooper Reservoir and Lake Sulphur Springs are operated at their
full permitted diversions. Spills from these reservoirs are
available for use downstream.
¢ Releases are made from the reservoirs immediately upstream from
Lake Wright Patman to keep that reservoir's yield at its current
level of 160,800 acre-feet per year.
* Other existing water rights are assumed to make full use of
available flows to the extent of their permits.
With these assumptions, operation studies were made with various
combinations of new reservoirs constructed to determine the additional
yield they would make available. Table G-13 summarizes the results of
these operation studies. Table G-14 is an annual summary of the operation
of George Parkhouse II with no other new reservoirs in the basin. Table
G-15 is a similar summary of the operation of Marvin Nichols I with no

other new reservoirs in the basin.

G-35



Table G-13

——— A

Summary of Sulphur River Basin Operation Studies

Reservoir(s)

George Parkhouse I
George Parkhouse II
Marvin Nichols I
Marvin Nichols II

George Parkhouse I and
George Parkhouse II

Marvin Nichols I and
Marvin Nichols II

George Parkhouse II and
Marvin Nichols I

George Parkhouse I,
Marvin Nichols I, and
Marvin Nichols II

George Parkhouse I,
George Parkhouse II, and
Marvin Nichols I

George Parkhouse I,
George Parkhouse IT,
Marvin Nichols I, and
Marvin Nichols II

Yield in Acre-Feet per Year

123,000
136,700
624,400

294,800

270,500

916,800

666,900

958,800

764,500

1,056,800
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Annual Summary of Operation Study for George Parkhouse Reservoir Stage II

Year

——

1941
1942
1943
1944
1945

1946
1947
1948
1949
1950

1951
1952
1953
1954
1955

1956
1957
1958
1959
1960

1961
1962
1963
1964
1965

1966
1967
1968
1969
1970

Table G-14

Evaporative
Loss

{Acre-Feet)

13,867
19,144
26,860
16,283
10,358

11,253
21,545
25,274
11,208

8,875

17,851
26,212
19,194
32,606
21,933

27,580

5,414
14,475
11,542
19,038

19,224
17,984
27,495
16,175
16,922

16,452
14,818
13,679
18,653
14,025

Use

(Ac-Ft)

136,700
136,700
136,700
136,700
136,700

136,700
136,700
136,700
136,700
136,700

136,700
136,700
136,700
136,700
136,700

136,700
136,700
136,700
136,700
136,700

136,700
136,700
136,700
136,700
136,700

136,700
136,700
136,700
136,700
136,700

Inflow

(Ac-Ft)

240,820
220,350

86,980
218,110
304,470

350,350
118,790
153,140
205,160
388,000

206,430
151,650
189,880
179,780

86,910

84,270
663,670
300,020
179,370
298,460

145,360
242,990

33,080
136,980
151,800

304,120
295,570
482,240
302,160
288,090

Spills

(Ac-Ft)

141,035
68,886
0

0
123,170

170,024
7,557
54,222
26,292
202,160

94,860
0
11,091
3,753
0

0
306,353
234,060

0

88,635

65,079
19,758
0
0
0

84,192
54,901
331,861
214,945
116,773

End-of-Year
Content

(Acre-Feet)

192,831
188,451
111,871
176,998
211,240

243,613
196,601
133,545
164,505
204,770

161,789
150,527
173,422
180,143
108,420

28,410
243,613
158,398
189,526
243,613

167,970
236,518
105,403
89,508
87,686

154,462
243,613
243,613
175,475
196,067
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Table G-14,

Year

Evaporative
Loss

(Acre-Feetl

18,690
27,567
14,676
17,728
28,265

20,593
29,483
13,467
16,224
19,213

18,486
21,612
27,538
28,459
31,062

29,000

19,522

Continued

Use

!Ac-Ft)

136,700
136,700
136,700
136,700
136,700

136,700
136,700
136,700
136,700
136,700

136,700
136,700
136,700
136,700
136,700

136,700

136,700

The critical period is fr
minimum content is 4 acre

Inflow

{Ac-Ft)

288,660

64,220
465,710
298,960
245,830

170,120
120,170
57,530
248,320
77,190

327,100
348,930
153,180
216,360
275,990

241,180
230,618

om July 1975 thro
-feet.

Spills
{Ac-Ft)
85,724
214,287

144,532
175,156

Coocoo

0
201,718
40,677
0
98,659

41,888

74,397

End-of-Year
Content

(Acre-Feetl

243,613
143,566
243,613
243,613
149,322

162,149
116,136
23,499
118,895
40,172

212,086
200,986
149,251
200,452
210,021

243,613

ugh October 1978, The
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Table G-15

Annual Summary of Operation Study for Marvin Nichols Reservoir Stage |

Year Evaporative Use Inflow Spills End-of-Year
Loss Content
. {Acre-Feet) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Acre-Feet[
1941 45,038 624,400 1,779,430 1,269,267 1,210,422
1942 71,954 624,400 1,197,180 740,866 970,402
1943 116,271 624,400 472,990 0 702,721
1944 33,649 624,400 1,324,360 235,179 1,133,853
1945 18,044 624,400 2,418,920 1,814,167 1,096,162
1946 24,850 624,400 1,879,480 956,675 1,369,717
1947 72,765 624,400 619,700 239,091 1,053,161
1948 94,003 624,400 865,340 340,652 859,446
1949 33,517 624,400 942,660 63,793 1,080,396
1950 -6,288 624,400 1,896,750 1,157,039 1,201,995
1951 73,804 624,400 620,810 106,674 1,017,927
1952 91,406 624,400 949,900 205,377 1,046,644
1953 55,434 624,400 897,510 335,490 928,830
1954 129,274 624,400 629,290 0 804,446
1955 52,859 624,400 390,500 0 517,687
1956 73,079 624,400 198,030 0 18,238
1957 15,101 624,400 2,989,270 1,000,148 1,367,859
1958 26,709 624,400 1,450,210 1,074,146 1,092,814
1959 43,892 624,400 875,900 0 1,300,422
1960 74,329 624,400 1,189,240 421,216 1,369,717
1961 50,933 624,400 770,750 385,410 1,079,724
1962 87,566 624,400 949,430 0 1,317,188
1963 116,948 624,400 158,770 0 734,610
1964 67,604 624,400 445,770 0 488,376
1965 70,112 624,400 821,330 0 615,194
1966 106,858 624,400 1,201,860 157,818 927,978
1967 89,681 624,400 1,409,830 254,010 1,369,717
1968 58,160 624,400 2,481,500 1,798,940 1,369,717
1969 98,867 624,400 2,349,070 2,034,870 960,650
1970 99,363 624,400 1,208,610 396,426 1,049,071
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Table G-15, Continued

Year Evaporative Use Inflow Spills End-of-Year
Loss Content
(Acre-Feet) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Acre-Feet)
1971 83,481 624,400 1,412,960 384,433 1,369,717
1972 105,383 624,400 372,330 0 1,012,264
1973 58,124 624,400 2,873,650 1,833,673 1,369,717
1974 63,298 624,400 1,830,380 1,142,682 1,369,717
1975 103,639 624,400 1,223,940 919,568 946,050
1976 81,232 624,400 875,620 0 1,116,038
1977 128,181 624,400 1,046,470 590,072 819,855
1978 96,678 624,400 200,000 0 298,777
1979 72,239 624,400 1,647,410 128,092 1,121,456
1980 144,421 624,400 632,420 0 985,055
1981 110,450 624,400 1,419,780 343,410 1,326,575
1982 78,174 624,400 2,176,000 1,430,284 1,369,717
1983 105,723 624,400 772,430 480,042 931,982
1984 92,504 624,400 1,025,310 0 1,240,388
1985 107,890 624,400 917,570 248,461 1,177,207
1986 99,418 624,400 857,550 48,573 1,262,366
Avg 76,448 624,400 1,188,440 489,925
Note: The critical period is from June 1953 through January 1957. The

minimum content is 237 acre-feet.
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OF EXISTING AND POTENTIAL RESERVOIRS




APPENDIX H

EXAMINATION OF WATER QUALITY
OF EXISTING AND POTENTIAL RESERVOIRS

This appendix discusses the water quality of several existing and
potential reservoirs which are possible sources of additional water supply
for the Tarrant County Water Control and Improvement District Number One.
The existing reservoirs considered are Lake Palestine and Lake Texoma.
Potential reservoirs considered are George Parkhouse Reservoir Stage I and
Stage II, Marvin Nichols Reservoir Stage I and Stage II, Tehuacana
Reservoir, and Tennessee Colony Reservoir.

The examination of water quality is based upon existing water quality
and streamflow information provided by the U.S. Geological Survey (USGS)
and the Texas Water Commission (TWC}. The water quality analyses include
an evaluation of inorganic parameters and examination of data on metals and
biological contaminants, if available.

The physical and inorganic parameters which are considered include:

Dissolved Oxygen pH

Turbidity Fluoride

Hardness Alkalinity

Calcium Sulfate

Magnesium Chloride

Sodium Total Dissolved Solids (TDS)

The metals which are included in the analysis include:

Arsenic Zinc
Barium Manganese
Cadmium Mercury
Chromium Nickel
Copper Selenium
Iren Silver
Lead
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For existing reservoirs, the analysis is based on water quality at the
monitoring site closest to the dam. For potential reservoirs, streamflow
water quality data from a gage near the reservoir site are used in the
analysis. Flow-weighted averages of streamflow data provide the best
estimate of reservoir quality and are used in this discussion. Tabie H-1
presents a summary of the monitoring sites for the existing and proposed
reservoirs. Tables H-2 and H-3 present a summary of the water quality data
for the potential water supply sources.

The water quality standards considered in this study are taken from
the following sources: 1) EPA National Primary Drinking Water Regulations,
2) EPA Secondary Drinking Water Regulations, 3) 1986 EPA Quality Criteria
for Water, 4) Texas Department of Health Primary and Secondary Drinking
Water Regqulations, and 5) 1988 Texas Surface Water Quality Standards
(TSWQS). The water quality data are also compared to the current treated
Fort Worth water quality and the raw water quality of Lake Worth and Cedar
Creek Reservoir, which are existing water supply sources for Tarrant County
District customers. The comparison gives an indication of the degree of
treatment which would be required for the various water supply sources
studied. Table H-4 summarizes the 1988 Texas Surface Water Quality
Criteria for physical, chemical, and heavy metals parameters for the
potential water supply sources. Table H-5 summarizes the existing federal
and state Drinking Water Standards, the current treated Fort Worth water

quality, the raw water quality for Lake Worth and Cedar Creek Reservoir,

H-2



*I1 pue I sabe3S AL0AJBSAY S|OYILN ULALRK Y3lM uostaedwod
J0J papn|oul uaaq sey 31 ‘Apnis SLyY} ul adunos A{ddns uajem |erjuajod e Jou SL aye] uewied JYHiam { P9ION

(8/L-08/1 [8/6-64/01 SeXd| ‘pepLULJ] JBAU JIALY AFLuLld] 4 LOAURS3Y Auo|0) 33SSIUUI]
- 68/6-64/01 SeX3] ‘uewlaladIS JBIU XI3U) euRdRNY3) JA10A43S3Y euRIRNY3]
18/6-64/01 ¥8/6-6L/01 eq Jeau axe7 uewjed JybLupm meMJ uewied 3ybLam
98/6-£8/¢ L8/L-6L/T1 sexa} .QUFMF_mec A934) AeQ 3FLYM I1 26€1S UL0AU3S3AY S|OYILN ULALBW
(8/t-08/1 £8/L-61/01 sexal ‘0d[e} Jeau JaALy Jnyding I 96e3S U10AUISIY SLOYILN ULAJERY
- L8/1-6L/01 sexa] “4adoo) Jaedu J3Aty anyding yjhoN [I 3bels uLoAUaSIY asnoyjued abuaoay
[8/L-08/1 (8/1-61/21 sexa| ‘u4adoo) Jaeau J4aary anydns yinos 1 abe3s JuL0ALISAY asnoyydeq 3abuaoan
- v8/8-18/1 SeX3] ‘uols)juedd JBIU DuULSI|ed e auLysaled el
- 68/5-8L/¢ ueq 4eau ewoxa] ayes BuoX3] aye
BIEQ ejeq [eoluway)

s|ei1a AAeSH

pue [e2LSAyd

pi0J9g 30 poldad

uoL3esoq 3iLs ButasiLuop A3Lend L31eM Jd10Adas9y A|ddng

SI10AdOSoy A|ddnS Jo71eM [el3ua3ogd J10j
S93LS DULAOFLUOW AFLLEN) J9FEM JO AJBWUNG

[-H °1qel

J3]1eM |eLiualod

H-3



NOT
s'e-1°y -
0z-5* SL°p
L-5°1 647
82'9-ve°  12'1
£15-641 12
B 1-Z°0 e2y-
68-01 0'g2
DET-5Z £ Ly
£81-15 6211
0z1-21 652
1'9-2'z e
L61~6 S°ST1
000°0e1-1z g2y
061-0T1 €261
00£-1°1 ¥10s
e'11-9°0 y2°g
e3Rq jo E RASAY
S6uey  -pim-mo|y
J10ATISIY AUC (0T
335Sauua)

I1 pue | sabeig < joadasay SLOUILN UjAdRH YILA 40s (aedwod 40} POPNIUL LG swy 3]

Ilvlapoy Suauzg

1°¢-g'9 - g'g-5'9 -

- - 002°2-2 £491

- - 0B¢-¢ 86

- - 82°-50° 60°

OEP*2-T9 £l 05T-98 021

9 -1 Frin 2.1 a-

095-2°5  9°yy 6I-¢'¢ g'1I

005-8°v €91 9€-5 0z

062-0¢ [ 6-8y 69

065-19  zZ'm BI-£2 . 1671

€8-9°2 2'% ¥E-2 {334

EZr-6"91 6°52 [¥ar]] 229

04-0c 9y 16-15 ¥

- - £T-1° 6°8
©I%0 J0 ~abuisay vIR0 ;0 SBG.sAy
abugy  ‘pim-moy4 obuey

T E3 L I —- T =

RURDRNYI) (q)ueuyeg 3ybLap

Bucdys

e -

018-82 £°08

0¥5-3¢ 9°£LE

8Lt -E1" ¢

9GE-8S 59

g -1 80°

B-6°¢ €8

ot1-¢ L1

0r1-T1 61

oe-v-z 6'9

1-8°1 (a3

$8-2°6 691

or1-st 6742

06-1°§ 5°9p

€ 11-r'e 2oL

Y180 ]G Tobuiaay
abuey “PIm-mo| 4

IT 3bMT JloAiasay
SLOYILN upAdoy

1vdapoy
s € -
008-5 1 ¢
061-5'T  g'gf
980" £6°
809-0TT  g'gyl
yo-z [ra
£9-2'% 679
0Z2-£ €92
182-12 2y
001-¢*9 @11
I1-1-2 e
862-¥°61 18
0sE-1¢ 526
000°1-S'¢ @08
21-2°2 9L¢
R1%G 30 FDUIIAY
sbuvy  -pym-moyy

T 9be3s d1oAdsssy

SLONIN Ujadmy

¢H @(qeT

FJdapoy

1'8-2 4 -

005°1-€4T o9t

o1 sI°

092-1°¢ 9°5

05¢-61 0E

002~¥s €6

0Ez-z°9 §'01

0E-6"1 £z

EL¥-50T 596

065-66 L01

oIeq 30 TIERTRAY
abury “PIM-mo| {

11 3beis d10Ai3s50y
|snoyyuvy abioag

F3esapoy

€6-5"¢

o1-5"1

ZT12-sE

000°1-5"¢

0El-%"E &
TeTeq 3o
abuey

*3ALS0UJ0D Bu0IDG 03

*ApNis Siy3 u} adunos Addns

<3IWM MRJ BYT JO AJuapual ayy SaeaLpur ()
493vA (91uBl0d ¢ Jou si wewyug Bap (q)

TUIPP 40 uRAL OSruizwoag (=)

139708

Buouys auoy {2)xapu; dappabum
- 9'¢-5'9 - ve-z'i - Hd
g - - - - . ﬂ,_..\m.__.g. asauzbuuy
£ - - - - T (/5w uoug
51 - - ¥b-5000° f0° (1/6u) a3eayun
{1/6u) spyog
sat £21-66  BOT S0T°1-199 92§ PIALOSSIg (B30)
8’ 0z-1'p &1 - - {1/6u) apLaon 4
[ 1£-92 8°8¢2 SEB-SBT 19¢ (L/6u) spraoiyy
2's1 1€-52 £ 42 9tE-6T 202 (1/6w} 33e4)ng
{€03%) sz | /6u)
162-1¢ 19 ¥2-5 g-21 OIv-20T 61 Liupeny [v0)
59 12-61 €02 - - {L/6u) wnpog
£z g'v2r 5% - - (1/6u) unysaubiey
(€032 s® /6u)
278 v i2-2'9 BEl - - wny3eg
{(®){tu o01/#)
- - - g1 £ w0410 |39y
{ECI®) s /6u)
052-2¢ £9 vz £ 05%-06T 91 §SAUPUTY w30
£8 - - - - {(nuN) A3iprqung
(1/5w)
‘9 - - ¥°21-0'0 06 uabAxg paajossig
abuJaAy 190 jo umu._u>< vieg JO umn.h:é Ja1MRITY
“PIM=MO | 4 abupy abuwy
1 8be}g JroAdasay
¥snoyxaeyd Ibaoay auiIsaled e HUOX3] ayey

H-4




"II pue 1 sabeis Jioauasay SloyoLy
ULAJRY Y1 1M uos Laeduiod 40} papniouL udaq sey 37 *ApnIs s1y3 ul aounos £ ddns usyem lRl3ual0d © J0u st By uewivd ybiapy 1 910N

0r-5'1 - 0E-5°1 I°6 vE-G°1 791 0E-§°1 8'8 8E-5°'T 6°€1 (1/6n) ouiz
0°5-§° - - - - g I-§° 2 - §° (1/6n) ava(ys
0°2-§° BIG" - I I-§° bs* I-s* £ 0°I-t° 5p° (1/6n) wniua|ag
0I-§ 19°5 - - - - - - - - (1/6n) 1axasy
¥°-50° 6£0° - T 2°-50" 80° I°-50° 20° L-1" 50° (1/6n) Aundusy
21-§" 16°1 §-1 ¢ §-g° 8L* ST-§° 6°1 9-g° I'1 (1/6n) peaq
8-1 2bt 5-¢ §°t §-§° AL 5-g* 51 £~ L (1/6n) aeddoy
01-§" 09°¢ - ot - 0°g 08-§ 2'9 0I-+ £ (1/6n) wniwouyy
2-5* 298" 0°1-5* £9° 2-s° 9g° 2-g° 22 I1-§° 8L (L/6n) wnywpey
08-02 2 1y 0/-0¢ L Th 001-/¢ §'8p ovT-0t 595 oTI-0% A (1/6n) wniueg
I1-2 92 ve-1 £t 2-g° 65° L-5° 6°¢€ Ie-1 2L (L/6n) >tiuasay
eJeg Jo abeIoAy ®leq jO 3BRISAYy ©Ieg Jo abedaAy eleQ JO  Tebeusay vIeg jo abedany

abuey *PIM-MO[ 4 abuey abuey *PIM-MO | 4 sbuey "PIM-MO| 4 abuey *PIM-MO |4

J1OAIRSIY Aud[o) aye] II sbelg IToATesay I sbe35 IToaa3say 1 9bels I16AISSTy

CELEETVTEY [Hewied Jybrapm SLOYa N ulAsey SLOYOLN ulauey asnoyyied abuaosg Jd@13Weary

$92.n05 A1ddNS J9718R [P1IUs30g
104 ®3eQ TIeNY I5TeN S[e79W AAeaq [e3TA0TSIR

s e —

E-H 3[qe]

H-5




$36R1S L10AIISIY S Oy LN UIAIRK Y3 IM Uos11eduod 4oy papn|oul usaq sey [

6v°/8°¢
SE£/032
esT/0Le'T
210" /-2
20°€/S Lt
vrZ1/5°81
002/6£9°1
1°1/2°2¢
061/09¢

0°6-5°9

009
0s1
051

0002

J1OAI353Y AuD|0)
Jassauua)

6t /8¢
SE/092
28T/0L8'T
2o /e
20°¢/s ¢
LArATLN: 1
002/649°1T
1r1/2'2¢
061/09¢

YT WERET]

ouvaenya)

"L DLUOLYD/ YL SIND0 SB passadd¥Xa ade Sdajaweswd juanbasgns pue Jtuasue Joy Spavpumys  {a)

¥01/5T11 ¥O1/ST1
6 /26°¢€ 6%°/26°¢
S£/092 5€/092
SS1/¥6E"L SST/v6E°T
210°/9°2 210" /v°2
1°€/9°6¢ 1°€/9°6¢
9-21/8°81 §'21/8°81
£02/804°1 £02/80£°1
21°1/6°2¢ 21°1/6'2¢
061/09¢ 061/09¢
5°g-9 §°8-9
02e'1 009
0671 09
Sib 051
002 002
0's 0°s

e I1%] sebels I10A43S3y

(p)uewiey 1ybran

S[OYDLIN ULAdBK

S834N0S_A|ddns J91eM (€1jU330g 40}

SPJepuRlS ATT[WND 193el S840ng SOXSL THET

POT/ST1

6y°/26°¢
S£/092

SST/veE‘T
210" /v°2
1°€/9°6¢
§'21/8'e1
£02/804°1
21 1/6°2€
061/09¢

§°8-9

0ZE'1
061

Siy

0oz

05

I1 sbels Jioaissay
Isnoyyurg abuoay

"AN|PA SLU3 MO[3Q ||e) PLNOYS SIUIWIINSLAW O

vOT/STT

6v°/26°E
S€/092

SST/¥6E°T
210 /72
1°€/9°64
9-zt/e 81
£02/804°1
21°1/6%2¢
061/09¢

§'8-9

009
09
051

T b3S A10AIIsay

'I1 pue

*APN1S S{y} ulL anunos Addns Jajem [e1juajed v jou s} ayeq uewing 3ubium  {p)

"8N(RA SLY} paladxa 01 jou abedaaw Lenuuy  (2)
"SN|RA SLY3 PI3IXNA 03 J0U LR 2(a]3U0IB Aep-£341y1  (q)

(v) :So0W

- (L/6n) suiz
- {1/6n) daay1s
- (1/Bn) wniua|ag
- (178n) 134N
- (176n) Aandsay
- (1/5n) pean
- (L/6n) 4addoy
- (L/6n) wniwouyy
- (1/6n) wnyiwpes

- {L/6n) 2iuasuy

$°g8-9 0°6-5°9 Hd
(2} {L/6u) spiyos
0s1 005'1 PaALossig (e30)
05 009 (3) (1L/6w) apiaoiyy
0 00¢ (2) (L/Bu) aeying
{q) (1w oo1/#)
00¢ 002 Wio4110) jeday
() (1/Bu)
0°'s 0's uabAxpg paafossig
8snoyxleqd abuoag Juiysajey axe7  ewoxa) e FEFE NS ¥

r———

¥-H eLqe]

H-6




80° -

§12 £21

£ rA

6t 81

22 62

L1 9%

8 £y

01 0§

S°TT -

6E1 89

g°01 -

6°9 2'9

ZIOASS53Y

Yadom 33343
aye depay

§904N0% A[ddng

JajeM Butlsixy jo
£3i1end) JajeM mey

500> - - 01 - 0°01
HQL 0001
- LST 8t2 - vd3 00s -
01 1§:X 9L° - 0'2 0t
HAQL 00E
- 92 124 052 ¥d3 052 -
HQl 00€
ot 9¢ 62 052 vd3 052 -
- 5§ 921 - - -
GE 92 o€ - - -
- v 8 05§ - -
- 0L va1 - - -
0 0 0 - - 0
- 28 €51 - - -
T 92" Lz - - 01
6861 BB6T 886T dIM
UIAOM dIM S[ILH ALLoH (eLaa314) SpPJEpURIS  SpJURpUR}S
3404 Bulr[yoy Y3A0M Y3 [e3H uewny) J910M J2)eM
YoM °14 1404 J33eM a0y Butyurag  Bupjutag
ATLLeny elAa3L4) A3Llend Auepuodas Kaewtad
JajeM pajeauy Bulisixy vd3 9861 SpJepuURIS BULISIX3

S-H 3Lqel

(L/bw) BjedzLN

(1/5uw)
SPLLOS PaA|OSSLQ (R30]

(1/bw) spLraoni4
(1/6w) apruaociys

(1/6w) 33e4|ng

(f00e)
se |/bw) Aytuiiexly te3of

(1/5w) wntpog

(1/bw) wnisaubey

(Y002 se |/Bw) wniojey
(lw 00T/#) waoil|o) |ed34

(f02®)
se [/bw) ssaupuey |ejol

(RLN) A31piqun)

(L/6w) usabAxp paapossig

H-7




*sjued juawiead] uajem

*1/Bu uL psunsesy
yidop 3404 yjoq Joj ArLienb uajem pajesua) abedaay 1SO30N

- L78-8°1 05> 01 oI 000°S 000°s -

- - 01> oI> 07> 08 - 0§

- - 01> or> 01> ot - 0z

- -0 2> g > <> 2t - Z

- 1A%] A 01 o1 0§ - g

- G-1 0e ot ¢ 000°1 000°1 -

- - 02 02 02 0§ - 0§

- -5 01> 01> oI~ 0t - ot

- 06-0t 002 0¢ 09 000°1 - 000°1

- 61-1 02> 02> 02> 0 - 05

8'8-€°f 9°8-9°9 - 9°8 0°8 6-§ 0 i< -

- 6ET°T-€°5 - 02 02 - 0§ -

- 69%-¢°21 - 00¢ ot €0 00t -

4 LOALISIY 6861 8861 8861 diM

Yliop 994D YIIOM dIM SLLLH A{ oK (eta931a) Spdepuels spJdepueis
e Jepajn 3404  Bul||oy YIJOM YiesH ueuny) NERL-TT) NES1-7
S3o4dnog Addng yIJoM 34 3404 JdajeM 4o, Buyuirag  Buiyurag

493epm Buiysix3z jo AyLrend eL43314) A3Llenh Aaepuodsas  Adelilug

AyLpend Jajem mey J33eM pajeas] Buiysixy Yd3 9861 SPARPUR]S DULISLX]

(4

T

(1/6n) ouiz
(1/6n) Jdan|Ls
(1/6n) wnius|ag
(1/6n) L@2IN
(L/6n) Aunduay
{1/6n) pea
(L/bn) daddoy
(1/6n) wntwouyy
(1/6n) wniwpe)
(1/6n) uwniaeg
(1/6n) 2Luasay
Hd

(L/Bw) assuebuey

(1/bw) uout

panuijucy ‘S-Ho[gef

H-8




and the 1986 EPA Quality Criteria for Water.

Hardness is an important parameter to industry as an indicator of
potential precipitation problems, including carbonates in coeling towers or
boilers, soaps and dyes in cleaning and textile industries, and emulsifiers
in photographic development. Waters of 0 to 75 mg/1 hardness (expressed as
CaC0;) are generally designated as "soft," of 75 to 150 mg/1 as “moderately
hard," of 150 to 300 mg/1 as "hard," and of 300 mg/1 or more as "very hard"

(1986 EPA Quality Criteria for Water).

LAKE TEXOMA

One of the alternatives considered in this study involves diversion of
50,000 acre-feet per year of water from Lake Texoma in the Red River Basin
to Eagle Mountain Lake in the Trinity River Basin. Since Lake Texoma water
quality is characterized by relatively high concentrations of TDS, an
evaluation was performed to determine the impact of such a diversion on TDS
levels in Eagle Mountain Lake. The evaluation involved the use of a
completely mixed reservoir model of Eagle Mountain Lake to assess the
increase in TDS associated with various amounts of diversion from Lake
Texoma. Eagle Mcuntain Lake volumes and inflows used in the model were
taken from an operations study performed by Freese and Nichols for the West
Fork of the Trinity River System. TDS concentrations for Eagle Mountain
Lake were based on U.S. Geological Survey (USGS), Texas Water Commission,
and City of Fort Worth data collected from 1980 _through 1988. TDS

concentrations for Eagle Mountain Lake inflow were flow-weighted
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concentrations based on Texas Water Commission data collected from 1980
through 1987. TDS concentrations for Lake Texoma diversions were based on
USGS records of the quality of lake releases from 1950 through 1979. The
concentrations of TDS associated with each of the inputs to Eagle Mountain
Lake were held constant for the simulations.

The average of the annual concentrations of TDS in Eagle Mountain Lake
increased from in excess of 250 mg/1 to somewhat above 475 mg/1 for a
50,000 acre-feet per year diversion from Lake Texoma to Eagle Mountain Lake
considering a 1949 to 1957 simulation period. This quantity of flow
diversion increased the maximum annual average TDS concentration from in
excess of 300 mg/1 to in excess of 600 mg/1 during the maximum drought
year. The projections indicate that the Texas Surface Water Quality
Standards for TDS in Eagle Mountain Lake would be exceeded during the
maximum drought year without diversions from Lake Texoma. With the
diversion of 50,000 acre-feet per year from Texoma, the standards would be
exceeded in five of the six years simulated. The federal drinking water
standard for TDS is 500 mg/1 and the State of Texas criterion is 1,000
mg/1. The federal drinking water standard for TDS would be exceeded during
three of the six drought years examined with a Texoma diversion of 50,000
acre-feet per year. Reducing the diversion to 20,000 acre-feet would

eliminate any annual average TDS concentrations above 500 mg/1.

Physical and Inorganic Parameters

The average total hardness in Lake Texoma is 316 mg/1 as CaC0;, which

is considered very hard. The average total alkalinity is approximately 149
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mg/1 as CaCO;. Total hardness and total alkalinity in Lake Texoma are
significantly higher than in the existing Fort Worth water supply sources.

Chloride, sulfate, and dissolved oxygen in Lake Texoma occasionally
fail to meet the Texas Surface Water Quality Standards. Average
concentrations of chloride, sulfate, and TDS in Lake Texoma exceed the
average concentrations for these parameters in the existing water supply
sources.

A Langelier Saturation Index analysis performed for Lake Texoma
predicts the ability of the water to deposit or dissolve calcium carbonate.
The analysis shows that the water in Lake Texoma is very stable and that

the probability of corrosive water developing is very low.

Heavy Metals

No heavy metals data are available for Lake Texoma.

LAKE PALESTINE

Physical and Inorganic Parameters

The water quality in Lake Palestine is generally very good. Sulfate
is the only parameter which has exceeded the TSWQS, and it did so on only
one occasion.

The average concentrations for most of the parameters are comparable
to those in the existing water supply sources, except for total hardness,
total alkalinity and calcium. The average concentrations for total
hardness, total alkalinity, and calcium are 32.3, 12.0, and 13.8 mg/1 as

CaC0;, respectively, and are well below the average levels found in the
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existing water supply sources. A value of 32.3 mg/1 as CaCO, for total
hardness is considered soft.

Cedar Creek Reservoir water has been shown to exhibit corrosive
characteristics, and the water quality data in Cedar Creek Reservoir and
Lake Palestine are comparable. The low total alkalinity for this potential
reservoir, which is comparable to that of Cedar Creek Reservoir, suggests
that this water might have a lTow buffering capacity, which would increase
the chances for corrosion.

An analysis on the Lake Palestine water quality data using the
Langelier Saturation Index shows that the water in Lake Palestine has a

strong tendency to be corrosive.

Heavy Metals

No heavy metals data are available for Lake Palestine.

GEORGE PARKHOUSE RESERVOIR STAGE I

Physical and Inorganic Parameters

USGS and TWC quality data indicate that elevated levels of pH,
chloride, sulfate, TDS, fecal coliform bacteria, and low dissolved oxygen
levels have occasionally exceeded the TSWQS in streamflows near the
reservoir site. The flow-weighted average concentrations for these
parameters indicate acceptable water quality for reservoir development.

The flow-weighted average alkalinity is 61 mg/1 as CaC0,. The flow-
weighted average hardness is 63 mg/1 as CaC0O;, which is considered soft.

The flow-weighted average concentrations for all parameters except
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turbidity are comparable to the existing water supply sources. This
indicates that water from this proposed reservoir would be expected to
require similar treatment to that from the existing sources.

The Langelier Saturation Index for this reservoir indicates that there
is a moderate tendency for the water to become corrosive, especially during

cold weather periods.

Heavy Metals

The available quality data indicate that the heavy metals pose no

threat to the suitability of this potential water supply source.

GEORGE PARKHOUSE RESERVOIR STAGE II

Physical and Inorganic Parameters

USGS and TWC quality data indicate that TSWQS for pH, chloride,
sulfate, TDS, fecal coliform bacteria, and dissolved oxygen are
occasionally exceeded in streamflows near the reservoir site. The flow-
weighted average concentrations for these parameters indicate acceptable
water quality for reservoir development.

The flow-weighted average concentrations for all of the parameters are
comparable to the water quality of existing water supply sources. This
indicates that the type and degree of treatment used for the existing
sources should be adequate for the water from this potential reservoir.

The flow-weighted average alkalinity is 93 mg/1 as CaC0,, and the flow-
weighted average hardness is 107 mg/1 as CaC0;, which is considered

moderately hard.
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A moderate tendency toward corrosiveness during cold weather periods

exists for this reservoir, as indicated by the Langelier Saturation Index.

Heavy Metals

The available quality data indicate that the heavy metals pose no

threat to the suitability of this potential water supply source.

MARVIN NICHOLS RESERVOIR STAGE I

Physical and Inorganic Parameters

The USGS and TWC data indicate that the TSWQS for pH, chloride,
sulfate, TDS, fecal coliform bacteria, and dissolved oxygen are
occasionally violated in streamflow measurements near the reservoir site.
The flow-weighted average concentrations indicate acceptable water quality
for reservoir development. With the exception of turbidity, the flow-
weighted averages for this reservoir are comparable to the water quality
of the existing water supply sources. This indicates that the impounded
water would be a suitable potential water supply source.

The flow-weighted average for hardness is 92.5 mg/1 as CaC0,, which is
considered moderately hard.

The Langelier Saturation Index indicates that there would be a
moderate tendency for water to become corrosive during cold weather
periods.

Wright Patman Lake is downstream of thié potential reservoir and close
in proximity. Water quality problems now occurring in Wright Patman Lake

may occur in this reservoir as well. Wright Patman occasionally
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experiences low dissolved oxygen levels and elevated PH levels. During
periods when Wright Patman is stratified, elevated iron and manganese
levels are not uncommon, especially in the bottom samples. This occurs
because iron and manganese are reduced and released from the sediments, and
then dissolved into the hypolimnion under anoxic conditions. An analysis
using the Langelier Saturation Index indicates that the water in Wright
Patman Lake has a strong tendency to become corrosive under normal

conditions throughout the year,

Heavy Metals

The available quality data indicate that heavy metals pose no threat

to the suitability of this potential water supply source.

MARVIN NICHOLS RESERVOIR STAGE II

Physical and Inorganic Parameters

The flow-weighted average concentrations for most of the parameters
from the White Oak Creek USGS data, are very comparable to, or better than,
the existing water supply source data. .

The flow-weighted average concentration for hardness for this
potential water supply source is 27.9 mg/1 as CaC0O,, which is considered
soft.

The water in this reservoir would have a strong tendency to become
corrosive under normal conditions throughout the year, as indicated by the
Langelier Saturation Index.

The same water quality problems that exist in Wright Patman Lake, and

H-15




which are described in the Marvin Nichols I section, might also occur in

this potential water supply source.

Heavy Metals

The available quality data indicate that heavy metals pose no threat

to the suitability of this potential water supply source.

TEHUACANA RESERVOIR

Physical and Inorganic Parameters

A1l of the flow-weighted quality data are either very comparable to
or lower than the data from the existing water supply sources. This
suggests that no significant changes to the existing treatment processes
would be required to treat water from this potential source.

This potential reservoir is in the vicinity of Cedar Creek Reservoir.
Since the flow-weighted calcium and total alkalinity concentrations and pH
levels are well below those for Cedar Creek Reservoir, the potential for
corrosive water may exist. The Tow average total atkalinity suggests that
this potential reservoir would have a low buffering capacity. If condi-
tions are right (low calcium, high TDS, and low pH levels, cool winter
temperatures), this water may have a tendency to become corrosive.

An analysis was performed on the flow-weighted quality data using the
Langelier Saturation Index to predict the stability of this water under
reservoir conditions. Although data are very limited, the analysis shows
that the water might become corrosive, especially during periods of low

temperature.
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Heavy Metals

No heavy metals data are available for this potential reservoir site.

TENNESSEE COLONY RESERVOIR

Another alternative considered in this study is the construction of
Tennessee Colony Reservoir on the Trinity River and the transport of water
from Tennessee Colony Reservoir to Richland-Chambers Reservoir, and on to
Tarrant County.

As pointed out in previous studies of the Tennessee Colony project,
the river flow at the Tennessee Colony site, particularly under summer
conditions or in Tow flow years, is largely treated municipal wastewater.
The flow in the Trinity River at Rosser can be about 50 percent wastewater
about 50 percent of the time. In summer months, municipal effluent often
makes up 90 percent of the river flow. Because of this, an analysis was
performed to determine the possible water quality of Tennessee Colony
Reservoir. In performing this analysis, the completely mixed reservoir
model was used to determine the possible effects of high percentages of
wastewater in Tennessee Colony inflows.

Tennessee Colony Reservoir would tend to reduce constituent concentra-
tions of withdrawals from the Trinity River system by increasing the
effects of reactions and/or dilution. The influence of dilution alone
could reduce the concentrations of conservative substances in the treated
sewerage effluent from 35 to 90 percent. Considering treatment plant
effluent sources, total phosphorus concentrations of diversions from the

Trinity River might be reduced by 95 percent, while reductions of less
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reactive substances would be approximately 80 to 90 percent. The total
phosphorus concentration in Tennessee Colony Reservoir would be high, and

the associated issue of eutrophication requires further analysis.

Physical and Inorganic Parameters

The TWC and USGS quality data for the Trinity River indicate that
there were numerous violations of the TSWQS, for dissolved oxygen and fecal
coliform bacteria. There were occasional violations of the TSWQS for low
pH levels.

The presence of a large reservoir would reduce the variability in
water quality and eliminate some high values. However, low dissolved
oxygen and high fecal coliform bacteria levels may continue to be a
problem, especially in the hypolimmnion during periods of lake stratifica-
tion. These problem levels may remain after the reservoir fills due to the
large amount of wastewater discharged into the Trinity River upstream of
this site.

The flow-weighted average concentration for hardness is 132.3 mg/1 as
CaC0,;, which is considered moderately hard.

The water in Tennessee Colony Reservoir would have a slight tendency
to become corrosive during cold weather periods, as indicated by the

Langelier Saturation Index.

Heavy Metals

Comparison of the available flow-weighted streamflow data with the

existing standards and the water quality data from the existing water
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supply sources indicates that the heavy metals pose no threat to the

suitability of this potential water supply source.

SUMMARY DISCUSSION

Lake Palestine, George Parkhouse Reservoir Stage I, and Marvin Nichols
Reservoir Stages I and II have existing or projected water quality which
can meet probable long-range receiving water and water supply criteria.

Tehuacana Reservoir and George Parkhouse Reservoir Stage II also have
projected (flow-weighted average) concentrations which can meet probable
long-range receiving water and water supply criteria. However, the water
quality data for gages near these lakes contain one or more concentration
measurements which substantially exceed probable long-range receiving water
and/or water supply criteria. It would, therefore, be prudent to examine
water quality for these reservoirs in greater detail (particularly with
water quality data collected over time).

Lake Texoma waters require dilution to minimize high values of total
dissolved solids.

Water from Tennessee Colony will contain a substantial percentage of
treated wastewater from the Dallas-Fort Worth metropolitan area. For
significant time periods in late summer and/or early fall the percentage
of wastewater entering the reservoir can exceed 90 percent, which could
produce elevated chlorophyll a concentrations in the reservoir. Blending
of water from Tennessee Colony with other sources would tend to reduce

problems with water treatment operations and lower the concentrations of
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substances, such as trihalomethanes (THM), heavy metals, et al, which
produce public health concerns in drinking water.

With the exception of waters from Lake Texoma and Tennessee Calony,
waters from all existing and potential reservoirs are judged to be

moderately to strongly corresive.
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APPENDIX 1
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COSTS

The opinions of probable cost developed for this study are intended to
allow comparison among the alternative sources of new water supply. They
are preliminary in nature and are based on available information, previous
experience with similar projects, and preliminary project planning. Ali}
costs are based on 1989 prices.

This appendix includes a discussion of the methods used to develop
opinions of cost, followed by the opinions of cost for the various
alternatives. The appendix concludes with life cycle cost analyses for

selected scenarios of water supply development.

I-1 METHODOLOGY

—— =MV

RESERVOIR COSTS

The capital costs of reservoir development include permitting and pre-
construction costs, acquisition of land, resolution of conflicts with

existing facilities, reservoir construction, and related costs.

Permitting and Pre-Construction

Permitting and pre-construction costs include engineering and
environmental studies, archaeological surveys and testing, costs of the
permitting process, and design of the dam and spillway. For this study,
the cost of final design is assumed to be 3.75 percent of the construction

cost of the project. The cost of other engineering and environmental
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studies, archaeology, and permitting is estimated based on recent
experience with the development of major reservoirs in Texas. The cost of
permitting a major reservoir is difficult to predict because of changing
regulations and because of variations in the level of opposition from
project to project. A 25 percent contingency allowance is included in the
permitting costs. The cost of mitigation measures associated with
reservoir development is difficult to predict because the measures required
vary greatly from project to project. These opinions of cost do not
include mitigation for cultura] resources, terrestrial habitat, or instream
flows. These items could be expected to add to the cost of all new

reservoirs.

Land Acquisition

The acquisition of 1land includes the purchase of land in the
conservation pool, the purchase of flood easements for lang above the
conservation pool subject to flooding, the purchase of lignite rights, if
any, the costs associated with acquisition, and an allowance for
contingencies. The assumed average cost per acre of land for each
reservoir is given in Table I-1. (The cost for individual parcels will
vary for each reservoir, and the cost of land can change quite rapidly.)
It is assumed that the average cost of flood easements would equal 75
percent of the average cost of land.

Some of the potential reservoir sites considered in this study overlie
minable deposits of lignite. For this report, the cost of the rights to

the Tignite is assumed to be $425 per acre-foot of estimated reserves
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Table I-1

Assumed Average Land Cost per Acre for Potential Reservoirs

Reservoir Land Cost per Acre
George Parkhouse | $ 550
George Parkhouse I 550
Marvin Nichols I 550
Marvin Nichols II 550
Tehuacana 1,000
Tennessee Colony 800

(about $0.25 per short ton). Table 1-2 shows the estimated amount of
lignite at each reservoir, based on available data on lignite deposits at
the sites (63, 64, 65, 66). (In this Study, the Marvin Nichols I and
Marvin Nichols II dam sites are a short distance upstream from their
locations in previous studies by others. The sites have been changed to
minimize conflicts with potential lignite deposits.)

Acquisition costs are assumed to be 15 percent of the total of land
purchase, easements, and lignite rights. A 25 percent allowance for

contingencies is also included in the total land acquisition cost.

Conflict Resolution

Conflict costs include the cost of necessary improvements to and

protection for highways, county roads, oil and gas pipelines, oil and
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Table -2

————

Estimated Amount of Lignite Underlying Potential Reservoirs

Reservoir Estimated Amount of Minable Lignite (Acre-Feet)
George Parkhouse I 0
George Parkhouse II 0
Marvin Nichols I 3,540
Marvin Nichols II 324
Tehuacana 18,800
Tennessee Colony 158,800

gas wells, cemeteries, power lines, and other facilities affected by the
reservoir. With the exception of conflicts with 0il and gas wells, the
opinions of cost for conflict resolution are based on a preliminary design
of the resolution, with construction costs based on previous experience
with similar projects.

Opinions of cost for 0il and gas wells are based on available Texas
Railroad Commission maps (67) and proration reports (68, 69, 70, 71) and
estimated costs of plugging wells and purchasing wells and mineral rights.
Table I-3 shows the number of well locations, abandoned wells, and
producing wells in each potential water supply reservoir, as determined
from Texas Railroad Commissijon maps. The cost of plugging producing and
abandoned wells is based on recent experience. The cost of purchasing
wells and mineral rights is based on county tax appraisal values of the

wells.

-4




"UOLSS LUNIO) pROU|LRY SeXad

"SLLOM |esodsip pue uot3daful Jajem apnioul S{iaM e1dads °q
L @y3 Aq pautejuiew sdew pue spuodau Wo.dj dJe SIUNOD ||aM ‘B :SITON

89¢ 1S 13°14 L6 I

09 [54 0 Z 0

474 61 91¢ 8 I

4! I 61 1 0

£l L1 I 0 0

FA' I L11 L 0
AUO[0) IT S{oYoLN I SIOYSIN 1T Ismoyyaeg

939sS3uUUa} BUBDRNYI] uLAJdely uLAdRl abuoay

<l

0

S| L3 sef pauopueqy
"33 ‘sipom Lo
pauopueqe ‘suotjedo|
pauopueqe ‘suolLles07
SLL3M [eLDadg

S|1am seb BuLonpody

SL1oM | Lo BuLonpouy

T osnoyieq
abuaoay

SU10AJ959Y [BIUSIO4 AQ paFepunul S[[oM 565 pue [ty J0 Jaquny

£-1 9qel

uorjdruaasaqg

I-5




Construction Cost

The construction cost of the reservoirs is based on a preliminary
design of the dam and spillway. Quantities of material are estimated based
on the preliminary designs and U.S. Geological Survey topographic maps.

Unit costs are based on the cost of recent dam and spillway construction

in Texas.

Interest during Construction and Financing

The cost of interest during construction is added to the capital cost
for each reservoir. It is assumed that interest would accrue during
construction at a compound rate of 8.5 percent per year, on an average
balance equal to one-half of the total capital cost not including interest.
Table I-4 shows the assumed construction time for each reservoir, based on
past experience with projects of similar size.

Project financing is based on 30 year bonds, with an interest rate of
8.5 percent per annum. Assuming 30 equal annual payments of principal and
interest, each payment would equal 9.305 percent of the project's total

capital cost, including interest during construction.

Operation and Maintenance

Operation and maintenance costs for the reservoirs are based on
Tarrant County Water Control and Improvement District Number One experience

with existing reservoirs.
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Table 1-4

Assumed Construction Time for Reservoirs

Reservoir Construction Time in Years
George Parkhouse I 4
George Parkhouse I1I 3
Marvin Nichols 1 4
Marvin Nichols [] 3
Tehuacana 2
Tennessee Colony 7

WATER TRANSMISSION COSTS

Water transmission costs include the capital costs of pipelines and
pump stations, interest during construction, operation and maintenance and
power. In all cases, the costs are based on a preliminary design of the

transmission system.

Pipeline Capital Costs

Pipeline capital costs are developed from estimated unit costs of
pipeline construction. The unit costs are based on 1989 pipe prices and
on recent experience with pipeline construction costs. Table I-5 shows the
unit costs used to develop pipeline capital costs for various sizes and
classes of pipe.

Engineering and contingency costs for the pipelines are assumed to

equal 25 percent of the construction costs. Right of way acquisition is
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Table I-5

Unit _Costs for Pipelines, Including Construction

- 1989 Prices in Dollars per Linear Foot -

Pipe Class of Pipe
Diameter
(Inches) _100 _150 _200 _250
36 $ 78 $ 82 $ 85 $ 88
39 90 93 96 99
42 107 110 117 122
45 115 120 126 131
a8 128 136 142 149
54 184 189 195 202
60 203 210 218 224
66 238 245 253 262
72 251 259 270 280
78 291 301 312 331
84 326 338 349 370
90 395 408 421 445
9% 429 443 453 478
102 469 478 504 523
108 509 518 549 587

120 602 624 651 693




assumed to be $1,000 per acre in the country and $100,000 per acre in urban
areas. The right-of-way is 100 feet wide for single pipelines and 180 feet

wide for parallel pipes.

Pump Station Capital Costs

Pump station construction costs are based on current prices for
representative pumps and on recent experience with pump station
construction in Texas. As with pipelines, the capital costs include a 25
percent allowance for engineering and contingencies. The design heads for
the pump stations are based on an assumed maximum flow 1.25 times greater

than the average flow and a pipeline Hazen-Williams "C" factor of 130.

Interest during Construction and Financing

As with the reservoirs, the cost of interest during construction is
added to the capital cost for transmission systems. It is assumed that
interest would accrue during construction at a compound rate of 8.5 percent
per year, on an average balance equal to one-half of the total capital cost
not including interest. Table I-6 shows the assumed construction time for
various water transmissions systems, based on past experience with projects
of similar size.

Project financing is based on 30 year bonds, with an interest rate of
8.5 percent per annum. Assuming 30 equal annual payments of principal and
interest, each payment would equal 9.305 percent of the project's total

capital cost, including interest during construction.
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Table I-6

Assumed Construction Time for Transmission Systems

System Pipeline Length
in Miles
Trinity River - Cedar Creek 2
Trinity River - Richland Creek 2
Cedar Creek - Ennis 26
Richland Creek - Ennis 30
Lake Palestine - Cedar Creek 29
Ennis - Tarrant County 42
Tennessee Colony - Tarrant County 92
Texoma - Eagle Mountain 83
George Parkhouse - Tarrant County 120
Marvin Nichols - Tarrant County 153

Operation and Maintenance

Construction

Time in Years

2

2

Operation and maintenance costs for pipelines are assumed to be $2,000

per mile of pipe per year for individual pipes and $3,000 per mile per year

for parallel pipes. The operation and maintenance cost for pump stations

is assumed to be $5 per design horsepower.

Power

The power for pump station operation is assumed to cost $0.05 per

kilowatt-hour of electricity used,

with the amount of electricity
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calculated from the flow and the average pumping head, assuming a "C"
factor of 130 and a combined pump and motor efficiency of 75 percent. The
head loss associated with the average design flow for the system is used

to compute power costs.

TREATMENT COSTS

The Tarrant County Water Control and Improvement District Number One
supplies its customers with raw water, which they treat and distribute.
Since the water supply sources considered in the scenarios of water supply
development would not have significant differences in water quality or
treatment costs, treatment costs are considered only for the recommended
scenario of water supply development. The construction costs for
additional treatment capacity in Tarrant County are estimated based on
recent experience with treatment plant construction. Treatment costs are

discussed in Section 10.

1-2 COSTS FOR THE ALTERNATIVES

Eleven alternative sources of water supply are explored in detail in
this report:

¢ Diversions from the Trinity River to Cedar Creek Reservoir

* Diversions from the Trinity River to Richland-Chambers Reservoir

¢ System operation of the District's East Texas reservoirs

¢ Lake Texoma

* Lake Palestine

* Tehuacana Reservoir
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George Parkhouse Reservoir Stage I
George Parkhouse Reservoir Stage II
Marvin Nichols Reservoir Stage I
Marvin Nichols Reservoir Stage II
Tennessee Colony Reservoir

The costs associated with each of these alternatives are discussed below.

Irinitvy River Diversions to Cedar Creek and Richland-Chambers Reservoirs

Trinity River diversions to each reservoir would require construction
of a pump station on the Trinity River and a pipeline to the reservoir. It
is possible that water diverted from the Trinity would require pretreatment
before it is released in the District's reservoirs. For this study, that
treatment is assumed to consist of a detention basin which would allow time
for pollutants to settle from the Trinity River water. The diversions
would also require permitting by the Texas Water Commission and by the U.S.
Army Corps of Engineers.

Additional transmission capacity would be needed to bring the water
diverted from the Trinity River to Tarrant County. This additional
capacity would be developed by construction of additional pump stations and
parallel pipelines from Cedar Creek Reservoir to Ennis and Ennis to Tarrant
County. (It is assumed that the expansion to the Richland-Chambers
Reservoir to Ennis and Ennis to Tarrant County systems currently planned
for early in the next century will be carried out.) In order to lower the

cost of this alternative, it is proposed not to parallel the existing



pipeline from Richland-Chambers Reservoir to Ennis. If this approach is
adopted, the transmission system from Richland-Chambers to Ennis will have
less capacity than desirable to meet peak demands. To compensate, the
system from Cedar Creek to Ennis is designed with extra peaking capacity.

Table I-7 shows the elements which provide the raw water supply for
this alternative, their capital cost, and the annual cost of raw water.
Table 1-8 gives the same information for the elements of the transmission
system. The probable total capital cost for this alternative is
$312,190,000, and the probable total annual cost is $36,261,000. Based on
these estimates, the unit cost of raw water when this alternative is fully
developed would be $0.96 per thousand gallons, delivered to Tarrant County.

It is possible that water diverted from the Trinity would require more
extensive water treatment than the settling ponds before it is released to
the District's reservoirs. Stringent pre-treatment requirements would add
about $76,000,000 to the capital cost for this alternative and $0.20 to
$0.25 per thousand gallons to the unit cost. The level of treatment
necessary will depend on the possible impact of nutrients in Trinity River
water on the District's reservoirs. These impacts will be considered
during planning and permitting for the diversions before a final decision

is made on treatment requirements.

System Operation of Cedar Creek and Richland-Chambers Reservoirs

Appendix G discusses the benefits of system operation of the Tarrant

County Water Control and Improvement District Number One's existing
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Table I-7

Opinion of Probable Raw Water Cost for Diversions from the Trinity

Yield in Acre-Feet per Year = 115,500

Item Capacity Head Size Length Cost
_(MGD) (Ft.) (In.} (Miles) (1989 %)

Permitting and analysis

Trinity River to Richland-

$ 3,000,000

Chambers pump station 81 101 - - 6,550,000
Trinity River to Richland-

Chambers pipeline - - 66 2.0 3,163,000
Richland-Chambers settling

basin - - - - 5,000,000
Trinity River to Cedar

Creek pump station 71 95 - - 6,381,000
Trinity River to Cedar

Creek pipeline - - 60 1.7 2,299,000

Cedar Creek settling

basin - - - - 5,000,000
Subtotal $31,393,000

Interest during construction

2,782,000

TOTAL $34,175,000
Debt service 3,180,000
Operation and maintenance 340,000

Power

Total raw water annual cost

Unit cost of raw water without transmission

- per acre-foot
- per 1,000 gallons

Note:

335,000

$ 3,855,000

$33.38
$0.1024

Capital costs include engineering and contingencies at 25 percent.
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Table I-8

Opinion of Probable Transmission Cost for Diversions from the Trinity

Yield in Acre-Feet per Year = 115,500

Item Capacity Head Size Length Cost
(MGD) (Ft.) (In.) (Miles) (1989 $)

Cedar Creek to Ennis

pump station 203 323 - - $ 15,375,000
Cedar Creek to Ennis

pipeline - - 96 25.6 77,444,000
Ennis to Waxahachie

pump station 202 273 - - 11,325,000
Waxahachie to Tarrant

County pump station 202 222 - - 9,748,000
Ennis to Tarrant County

pipeline - - 96 48.3 141,493,000
Subtotal $255,385,000
Interest during construction 22,630,000
TOTAL $278,015,000
Debt service ' 25,869,000
Operation and maintenance 348,000
Power 6,189,000
Total transmission annual cost $ 32,406,000
Unit cost of transmission
- per acre-foot $280.57
- per 1,000 gallons $0.8610

Note: Capital costs include engineering and contingencies at 25 percent.
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reservoirs in East Texas. Because system operation would increase the
yield of the existing reservoirs, it would also increase the potential for
diversions from the Trinity River. The combination of system operation
and increased diversions from the Trinity River would increase the
District's yield by 148,300 acre-feet per year, which is 32,800 acre-feet
per year more than the 115,500 acre-feet per year increase due to Trinity
diversions alone. System operation would therefore provide 32,800 acre-
feet per year of new water supply.

System operation of existing facilities requires over-sizing
transmission facilities so that extra water can be diverted from Cedar
Creek in most years and so that extra water can be diverted from Richland-
Chambers when Cedar Creek is drawn down. Because of the small increment
to yield due to system operation and the large transmission capacities it
requires, this alternative is not economical by itself. However, if
diversions from the Trinity are implemented, the additional capacity
required to incorporate system operation would be more economical because
the incremental cost of additional transmission capacity is low when
transmission capacity is already being built. Consequently, this
alternative is considered as an increment to diversions from the Trinity.

The combination of diversions from the Trinity River and system
operation would require slightly larger pump stations and pipelines to
divert water from the Trinity than would diversions without system
operation. The additional transmission capacity needed from Cedar Creek

to Ennis and Ennis to Tarrant County would be greater, and it would be
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necessary to parallel the pipeline from Richland-Chambers Reservoir to
Ennis.

Table I-9 summarizes the opinion of probable cost for the raw water
facilities associated with system operation and Trinity River diversions.
The table also gives the incremental cost of system operation. Table I-10
gives the same information for the water transmission system associated
with system operation and Trinity River diversions. The probable
incremental cost of system operation totals $106,431,000 for raw water and
transmission. The probable annual cost totals $11,338,000, which would
give a unit cost of $1.06 per thousand gallons of water delivered to

Tarrant County when the alternative is fully developed.

Lake Texoma

Because Lake Texoma is an existing reservoir, development of raw water
from this source would require purchase of storage in the reservoir from
the U. S. Army Corps of Engineers and permitting by the Texas Water
Commission and the Corps. (The amount of storage needed to assure 50,000
acre-feet per year of water supply and the cost per acre-foot of storage
are based on the Corp's current policy for Lake Texoma.) This alternative
would also require construction of a pipeline and pump stations to bring
the water from Lake Texoma to Eagle Mountain Lake. Tables I-11 and I-12
give the probable costs for raw water and for transmission for this
alternative.

The probable capital cost of water from Lake Texoma totals

$159,600,000 for raw water and transmission. The probable annual cost
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Table I-11

Opinion of Probable Raw Water Cost for Lake Texoma

Yield in Acre-Feet per Year = 50,000

Item Capacity Head Size Length Cost
{MGD) {Ft.) (In.) (Miles) _(1989 $)

Permitting and analysis - - - - $ 500,000
Purchase of storage in

Lake Texoma - - - - 10,100,000
Subtotal $10,600,000
Interest during construction (only on permitting) 44,000
TOTAL $10,644,000
Debt service 990,000
Operation and maintenance 100,000
Power 0
Total raw water annual cost $ 1,090,000

Unit cost of raw water without transmission
- per acre-foot $21.80
- per 1,000 gallons $.0669
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Table I-12

Opinion of Probable Transmission Cost for Lake Texoma

Yield in Acre-Feet per Year = 50,000

Item Capacity Head Size
_(MGD)

Lake Texoma pump station 56 420 -

Booster pump station 56 301 -

Lake Texoma to Eagle
Mountain Lake pipeline -

Subtotal

Interest during construction
TOTAL

Debt service

Operation and maintenance
Power

Total transmission annual cost
Unit cost of transmission

- per acre-foot
- per 1,000 gallons

- 60

Length Cost

(Ft.) (In.) (Miles) _ (1989 $)

- $ 9,488,000

- 7,031,000

83.4 120,312,000
$136,831,000
12,125,000
$148,956,000
13,860,000

217,000

1,698,000

$ 15,775,000

$315.50
$0.9682

Note: Capital costs include engineering and contingencies at 25 percent.
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facilities associated with Lake Palestine, system operation, and diversions
from the Trinity. The table also gives the incremental cost of Lake
Palestine raw water. Table I-14 gives the same information for the water
transmission system associated with Lake Palestine, system operation, and
Trinity River diversions. The probable incremental cost of Lake Palestine
totals $440,704,000 for raw water and transmission. The probable annual
cost totals $49,453,000, which would give a unit cost of $1.02 per thousand
gallons of water delivered to Tarrant County when the alternative is fully

developed.

Tehuacana Reservoir and Additional Diversions from the Trinity

Tehuacana Reservoir would be operated as a single impoundment with
Richland-Chambers Reservoir and would provide 68,400 acre-feet per year of
additional yield. The development of Tehuacana Reservoir would also make
it possible to increase the yield of diversions from the Trinity River by
20,300 acre-feet per year, for a total gain in water supply of 88,700 acre-
feet per year.

Raw water costs for this alternative include the development of
Tehuacana Reservoir and the construction of the diversion facilities on
the Trinity River. Transmission costs include the extra capacity needed
in transmission systems from Richland Creek to Ennis and Ennis to Tarrant
County. The incremental costs for this alternative, in addition to the
cost of diversions from the Trinity and system operation, are considered.

Table I-15 summarizes the opinion of probable cost for the raw water
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facilities associated with Tehuacana Reservoir, system operation, and
diversions from the Trinity. The table also gives the incremental cost of
Tehuacana Reservoir raw water. Table I-16 gives more detail on the opinion
of probable cost for the reservoir. Table I-17 shows the quantities and
unit costs used to develop the opinion of probable cost of construction for
the reservoir. Table I-18 gives the opinion of probable cost for the water
transmission system associated with Tehuacana Reservoir, system operation,
and Trinity River diversions. The probable incremental cost of water from
Tehuacana Reservoir totals $274,526,000 for raw water and transmission.
The probable annual cost totals $30,377,000, which would give a unit cost
of $1.05 per thousand gallons of water delivered to Tarrant County when

the alternative is fully developed.

George Parkhouse Reservoir Stage I

George Parkhouse Reservoir Stage I has a yield of 123,000 acre-feet
per year. It is assumed that the Tarrant County Water Control and
Improvement District Number One would use all of this water if it develops
this alternative. Table I-19 summarizes the opinion of probable cost for
George Parkhouse Reservoir Stage I. Table I-20 gives the gquantities and
unit costs used to develop the opinion of probable construction cost for
the reservoir. Table I-21 gives the opinion of probable cost for the water
transmission system associated with George Parkhouse Reservoir Stage I.

The probable capital cost for water from George Parkhouse Reservoir

Stage I totals $497,414,000 for raw water and transmission. The probable
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Table I-17

Opinion of Probable Construction and Related Costs for Tehuacana Reservoir

- A1l Values Based on 1989 Prices -

Item Description Quantity Units Unit Total
No. Prices Price
I. Excavation

a. Channel 2,250,000 C.vy. $ 1.31 § 2,948,000

b. Core trench & borrow 1,764,000 C.Y. 1.20 2,117,000
2. Fill

a. Embankment 3,488,000 C.Y. 1.75 6,104,000

b. Waste 80,000 C.Y. 1.75 140,000
3. Filter, 1 & 2 (Foundation

drainage) 181,800 C.Y. - 10.00 1,818,000
4, Roadway 59,555 S.Y. 4.60 274,000
5. Cutoff slurry trench 514,800 S.F. 3.50 1,802,000
6. Soil cement with cement 137,800 C.Y. 16.00 2,205,000
7. Guard posts 1,680 Ea. 18.00 30,000
8. Grassing 34 Ac. 3,700.00 126,000
Subtotal $17,564,000
9, Mobilization (5% of subtotal) 878,000
10. Clearing/grubbing, care of water (6% of subtotal) 1,054,000
Subtotal $19,496,000
11. Land clearing 6,242 Ac. 535.00 3.339,000
Construction Subtotal (including land clearing) $22,835,000
12. Engineering, 5% 1 L.S. 1,142,000
13. Resident representation

& testing, 8% 1 L.S. 1,827,000
14. Geotechnical services, 2% 1 L.S. 457,000
TOTAL $26,261,000
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Table I-20

Opinion of Probable Construction and Related Costs

for George Parkhouse Reservoir Stage I
- A1l values Based on 1989 Prices -

Item Description Quantity Unit Total
No. Prices Price
1. Excavation

a. Approach channel 140,200 C.Y. 1.31 § 184,000

b. Channel 123,000 C.Y. 1.31 161,000

c. Spillway 289,300 C.Y. 1.20 347,000

d. Emergency spillway 434,300 C.Y 1.20 521,000
2. Fill

a. Impervious 1,567,800 C.Y. 1.75 2,744,000

b. Random 7,169,400 C.Y. 1.75 12,546,000
3. Filter, I & 2

(Foundation drainage) 668,200 C.Y. 10.00 6,682,000
4. Bridge 190 L.F. 720.00 137,000
5. Roadway 63,067 S.Y. 4.60 290,000
6. Cutoff slurry trench 800,000 S.F. 3.50 2,800,000
7. Soil cement 394,130 C.Y. 16.00 6,306,000
8. Elevator 1 Ea. 100,000.00 100,000
9, Barrier warning system 456 L.F. 12.00 5,000
10. Gates

a. Gate & anchor

(Install/paint) 2,240 200.00 448,000
b. Stop gate & 1ift
beam 160 L.F. 1,450.00 232,000

c. Hoist 4 Ea. 118,000.00 472,000
11. Electrical 1 L.S. 320,000.00 320,000
12. Power drop 1 L.S. 144,000.00 144,000
13. Low flow system 1 L.S. 1,000,000.00 1,000,000
14. Monorail system 190 L.F. 640.00 122,000
15. Embankment internal

drainage 25,800 L.F. 38.00 980,000
16. Guardrail 380 L.F. 18.00 7,000
17. Grassing 54 Ac. 3,700.00 200,000
18. Concrete (mass) 52,000 C.Y. 125.00 6,500,000
19. Concrete (walls) 5,600 C.Y. 200.00 1,120,000
Subtotal $44,368,000
20. Mobilization (5% of subtotal) 2,218,000
21. Clearing/grubbing, care of water (6% of subtotal) _ 2,662,000
Subtotal $49,248,000
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Table I1-20, Continued

Item Description Quantity Units Unit Total
No. Prices Price
Subtotal $49,248,000
22. Land clearing 5,350 Ac. 535.00 2,862,000
Construction Subtotal (including land clearing) $52,110,000
23. Engineering, 5% 1 L.S. 2,606,000
24. Resident representation

& testing, 8% 1 L.S. 4,169,000
25. Geotechnical services,

2% 1 L.S. 1,042,000
TOTAL $59,927,000
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Table [-21

Opinion of Probable Transmission Cost

for Georqge Parkhouse Reservoir Stage I

Yield in Acre-Feet per Year = 123,000

Item Capacity Head Size  Length Cost

George Parkhouse Reser-

{MGD) (Ft.) (In.) {Miles) (1989 §)

voir pump station 152 363 - - $ 12,863,000
Booster pump station

number 1 152 316 - - 11,213,000
Booster pump station

number 2 152 363 - - 10,875,000
George Parkhouse Reser-

voir to Tarrant

County pipeline - - 84 119.6 277,790,000
Subtotal $312,741,000
Interest during construction 43,360,000
TOTAL $356,101,000
Debt service 33,135,000
Operation and maintenance 410,000
Power 5,833,000

Total transmission annual cost
Unit cost of transmission

- per acre-foot
- per 1,000 gallons

Note: Capital costs include engineering and

$ 39,378,000

$320.15
$0.9825

contingencies at 25 percent.
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annual cost totals $53,277,000, which would give a unit cost of $1.33 per
thousand gallons of water delivered to Tarrant County when the alternative

is fully developed.

George Parkhouse Reservoir Stage II

George Parkhouse Reservoir Stage I would supply 136,700 acre-feet per.
year. It is assumed that the Tarrant County Water Control and Improvement
District Number One would use all of this water if it develops this
alternative. Table -22 summarizes the opinion of probable cost for George
Parkhouse Reservoir Stage II. Table 1-23 gives the quantities and unit
costs used to develop the opinion of probable construction cost for the
reservoir. Table I-24 gives the opinion of probable cost for the water
transmission system associated with George Parkhouse Reservoir Stage II,

The probable capital cost for water from George Parkhouse Reservoir
Stage II totals $455,565,000 for raw water and transmission. The probable
annual cost totals $50,032,000, which would give a unit cost of $1.12 per
thousand gallons of water delivered to Tarrant County when the alternative

is fully developed.

Marvin Nichols Reservoir Stage I

Marvin Nichols Reservoir Stage I would supply 624,400 acre-feet per
year of yield. It is assumed that the Tarrant County Water Contro] and
Improvement District Number One would use 35 percent of this water (218,600
acre-feet per year) if it develops this alternative. Table I-25 summarizes

the opinion of probable cost for Marvin Nichols Reservoir Stage I and shows
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Table 1-23

- Opinion of Probable Construction and Related Costs
for George Parkhouse Reservoir Stage II

~ - A1l Values Based on 1989 Prices -

Item Description Quantity \Units Unit Total
- No. Prices Price
1. Excavation
- a. Approach channel 107,400 C.Y. $ 1.31 § 141,000
b. Discharge channel 114,600 C.Y. 1.31 150,000
c. Spillway 472,200 C.Y. 1.20 567,000
- 2. Fill
a. Impervious 1,107,200 C.Y. 1.75 1,938,000
b. Random 4,790,900 C.Y. 1.75 8,384,000

- 3. Filter, 1 & 2

(Foundation drainage) 558,600 C.Y. 10.00 5,586,000
4, Bridge 390 L.F. 720.00 281,000
5. Roadway 96,067 S.Y. 4.60 442,000
6. Cutoff slurry trench 1,092,500 S.F. 3.50 3,824,000
7. Soil cement 324,340 C.Y. 16.00 5,189,000
8. Elevator 1 Ea. 100,000.00 100,000
9. Barrier warning system 936 L.F. 12.00 11,000
16. Gates
a. Gate & anchor
(Install/paint) 4,480 S.F 155.00 694,000
b. Stop gate & Tift
beam 160 L.F. 1,450.00 232,000
c. Hoist 8 Ea. 118,000.00 944,000
11. Electrical 1 L.S. 320,000.00 320,000
_ 12. Power drop 1 L.S. 144,000.00 144,000
13. Low flow system 1 L.S. 1,000,000.00 1,000,000
14. Monorail system 390 L.F. 640.00 250,000
15. Embankment internal
i drainage 39,300 L.F. 38.00 1,493,000
16. Guardrail 780 L.F. 18.00 14,000
17. Grassing 28 Ac. 3,700.00 104,000
i 18, Concrete (mass) 97,000 C.Y. 125.00 12,238,000
19. Concrete (walls) 7,000 C.Y. 200.00 1,400,000
i Subtotal $45,446,000
20. Mobilization (5% of Subtotal) 2,272,000
i 21. Clearing/grubbing, care of water (6% of Subtotal) 2,727,000
Subtotal $50,445,000
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Table 1-23, Continued

Item Description Quantity Units Unit Total
No. Prices Price
22.  Land clearing 950 Ac. 535.00 508,000
Construction Subtotal (including land clearing) $50,953,000
23.  Engineering, 5% 1 L.S. 2,548,000
24.  Resident representation

& testing, 8% 1 L.S. 4,076,000
25. Geotechnical services,

2% 1 L.S. 1,019,000
TOTAL $58,596,000
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Table I-24

Opinion of Probable Transmission Cost
for George Parkhouse Reservoir Stage I1I

Yield in Acre-Feet per Year = 136,700

Item Capacity Head Size Length Cost
_(MGD) {Ft.) (In.) (Miles}) _ (1989 $)

George Parkhouse Reser-

voir pump station 152 363 - - $ 12,863,000
Booster pump station

number 1 152 316 - - 11,213,000
Booster pump station

number 2 152 363 - - 10,875,000
George Parkhouse Reser-

voir to Tarrant

County pipeline - - 84 119.6 277,790,000
Subtotal $312,741,000
Interest during construction 43,360,000
TOTAL $356,101,000
Debt service 33,135,000
Operation and maintenance 410,000
Power 6,482,000
Total transmission annual cost $ 40,027,000
Unit cost of transmission
- per acre-foot $292.81
- per 1,000 galions $0.8986

Note: Capital costs include engineering and contingencies at 25 percent.
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the District's share of the cost. Table I-26 gives the quantities and unit
costs used to develop the opinion of probable construction cost for the
reservoir. Table I-27 gives the opinion of probable cost for the water
transmission system associated with Marvin Nichols Reservoir Stage I.

The District's share of the probable capital cost for water from
Marvin Nichols Reservoir Stage I totals $702,613,000 for raw water and
transmission. The District's share of the probable annual cost totals
$81,191,000, which would give a unit cost of $1.14 per thousand gallons of

water delivered to Tarrant County when the alternative is fully developed.

Marvin Nichols Reservoir Stage I1I

Marvin Nichols Reserveir Stage II would supply 294,800 acre-feet per
year of yield. It is assumed that the Tarrant County Water Control and
Improvement District Number One would use 218,600 acre-feet per year (74.15
percent of the yield) if it develops this alternative. Table I-28
summarizes the opinion of probable cost for Marvin Nichols Reservoir Stage
IT and shows the District's share of the cost. Table I-29 gives the
quantities and unit costs used to develop the opinion of probable
‘construction cost for the reservoir. The water transmission system
associated with Marvin Nichols Reservoir Stage II would be the same as that
associated with Marvin Nichols Reservoir Stage 1, and the opinion of
probable transmission cost is given in Table I-27.

The District's share of the probable capital cost for water from

Marvin Nichols Reservoir Stage II totals $753,251,000 for raw water and
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Table I-26

Opinion_of Probable Construction and Related Costs
for Marvin Nichols Reservoir Stage I

- A1l Values Are Based on 1989 Prices -

Item Description Quantity Units Unit Total Price
No. Prices
1. Excavation

a. Approach channel 320,000 C.y. $ 1.31 § 419,000

b. Discharge channel 310,000 C.Y. 1.31 406,000

c. Spillway 2,425,600 C.Y. 1.20 2,911,000
2. Fill

a. Impervious 1,511,300 C.Y. 1.75 2,645,000

b. Random 6,508,300 C.Y. 1.75 11,390,000
3. Filter, 1 & 2

(Foundation drainage) 795,000 C.Y. 10.00 7,950,000
4, Bridge 940 L.F. 720.00 677,000
5. Roadway 126,900 S.Y. 4.60 584,000
6. Cutoff slurry trench 2,061,000 S.F. 3.50 7,214,000
7. Soil cement 482,900 C.Y. 16.00 7,726,000
8. Elevator 1 Ea. 100,000.00 100,000
9. Barrier warning system 2,256 L.F. 12.00 27,000
10. Gates

a. Gate & anchor

(Install & paint) 22,800 S.F. 120.00 2,736,000
b. Stop gate & 1ift
beam 480 L.F. 1,450.00 696,000

¢. Hoist 19 Ea. 118,000.00 2,242,000
11. Electrical 1 L.S. 340,000.00 340,000
12.  Power drop 1 L.S. 144,000.00 144,000
13. Low flow system 1 L.S. 1,000,000.00 1,000,000
14. Monorail system 940 L.F. 640.00 602,000
15.  Embankment internal

drainage 51,900 L.F. 38.00 1,972,000
16. Guardrail 1,880 L.F. 18.00 34,000
17. Grassing 40 Ac. 3,700.00 148,000
18. Concrete (Mass) 223,900 C.Y. 125.00 27,988,000
19. Concrete (Walls) 3,600 C.v. 200.00 720,000
Subtotal $ 80,671,000
20. Mobilization (5% of Subtotal) 4,034,000
21.  Clearing/grubbing, care of water (5% of Subtotal) 4,840,000
Construction Subtotal $ 89,545,000
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Table I-26, Continued

Item Description Quantity Units Unit Total Price
No. Prices
22. Land clearing 13,750 Ac. 535.00 $ 7.356,000
Subtotal (including land clearing) $ 96,901,000
23. Engineering, 5% 1 L.S. $ 4,845,000
24. Resident representation

& testing, 8% 1 L.S. 7,752,000
25. Geotechnical services, 2% 1 L.S. 1,938,000
TOTAL $111,436,000
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Table 1-29

Opinion of Probable Construction and Related Costs
for Marvin Nichols Reservoir Stage II

Item Description Quantity Units Oct 1989 Total Price
No. Unit Prices
1. Excavation

a. Approach channel 521,000 C.Y. § 1.31 $ 683,000

b. Discharge channel 233,800 C.v, 1.31 306,000

c. Spillway 103,500 C.v. 1.20 124,000
2. Fill

a. Impervious 817,600 C.v. 1.75 1,431,000

B. Random 3,393,000 C.Y. 1.75 5,938,000
3. Filter, 1 & 2

(Foundation drainage) 484,500 C.Y. 10.00 4,845,000
4. Bridge 490 L.F. 720.00 353,000
5. Roadway 91,177 S.Y. 4.60 419,000
6. Cutoff slurry trench 1,404,000 S.F. 3.50 4,914,000
7. Soil cement 306,390 C.Y. 16.00 4,902,000
8. Elevator 1 Ea. 100,000.00 100,000
9. Barrier warning system 1,176 L.F. 12.00 14,000
10.  Gates

a. Gate & anchor

(Install & paint) 10,000 S.F. 145.00 1,450,000
b. Stop gate & }ift
beam 240 L.F. 1,450.00 348,000

c. Hoist 10 Ea. 118,000.00 1,180,000
11, Electrical 1 L.S. 340,000.00 340,000
12.  Power drop 1 L.S. 144,000.00 144,000
13. Low flow system 1 L.S. 1,000,000.00 1,000,000
14.  Monorail system 490 L.F. 640.00 314,000
15.  Embankment internal

drainage 37,300 L.F. 38.00 1,417,000
16. Guardrail 980 L.F. 18.00 18,000
17.  Grassing 25 Ac. 3,700.00 93,000
18.  Concrete (Mass) 140,100 C.Y. 125.00 17,513,000
19. Concrete (Walls) 5,600 C.Y 200.00 1,120,000
Subtotal $48,966,000
20. Mobilization (5% of Subtotal) 2,448,000
21.  Clearing/grubbing, care of water (5% of Subtotal) 2,938,000
Construction Subtotal $54,352,000
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Table I-29, Continued

Item Description Quantity Units Oct 1989 Total Price
No. Unit Prices

22. Land clearing 13,750 Ac. 535.00 § 7.356,000
Subtotal (including land clearing) $61,708,000

23. Engineering, 5% 1
24. Resident representation

& testing, 8% 1
25. Geotechnical services,

2% 1

TOTAL

L.S.

L.S.

L.S.

$ 3,085,000
4,937,000
1,234,000

$70,964,000
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transmission. The District's share of the probable annual cost totals
$86,250,000, which would give a unit cost of $1.21 per thousand gallons of

water delivered to Tarrant County when the alternative is fully developed.

Tennessee Colony Reservoir

Tennessee Colony Reservoir would supply 300,100 acre-feet per year of
yield based on the natural flow of the Trinity River. It is assumed that
the Tarrant County Water Control and Improvement District Number One would
use 216,500 acre-feet per year (72.14 percent of the yield) if it develops
this alternative. Table I-30 summarizes the opinion of probable cost for
Tennessee Colony Reservoir and shows the District's share of the cost.
Table 1-31 gives the quantities and unit costs used to develop the opinion
of probable construction cost for the reserveir. The opinion of probable
cost for the water transmission system associated with Tennessee Colony
Reservoir is given in Table I-32.

The District's share of the probable capital cost for water from
Tennessee Colony Reservoir totals $826,032,000 for raw water and
transmission. The District's share of the probable annual cost totals
$92,702,000, which would give a unit cost of $1.31 per thousand gallons of

water delivered to Tarrant County when the alternative is fully developed.

Comparison of the Alternatives

Table I-33 is a summary comparison of the raw water and transmission
costs for the alternatives described above. The cost per thousand gallons

for new supplies delivered to Tarrant County ranges from $0.96 (for

1-67




"100d JWd 3yl ul aude/00° 014

S3UBUWOY

- S3JLUd 6861 UO paseg ady san|ep |V -

000°9¢
000°80T

000°G€8°T

000 b1

000226

000°19¢

000°Ehb 1$

ENEIITS
T# QIJMIL
pajewlys3

001°09
000°STT*I
005°912

00T °00¢€

000°0§
000°0S1

000°€v5°2

000002

000°842°1

000°00S

000°000°2 ¢

350 |30
pajeut sy

uorjeat|dde oy uoL3dag -y
Apnis |apow oL neuphy -g

uoLieblysaaul
[edluyoa3oab paftelsg °g

UoL3ReULPI0OD
ubisop-aud Butdssuibuy ‘g

A3auns |eatbojoseyouy ‘¢

suotLjebrysaaul

[e3uUBWUOLLAUD Bulnutjuo) -z

Jluaad JybLa uaeM 1

W3]

S840y Ul 8beU0}§ UOLIRAUISUO) Jo do] 3e Pady @dRJUNg

= 3994-340Y UL 3b6RUCIS UOLIRAUSSULO)

= 43 u3d 3994-3U0Y UL PISLA Yl 4O BUARYS T# QIIMIL

dedj uad 3394-340y uL plaly

A10AL3S3Y AUO[0] 33SSBUUS] J0F 350) J91ep Mey 9[qeqodd 10 UOTUTdD

A ——————re———

0¢-1 9lqeL

-

——
—

—

—

1-68




000°T¥8 TETS 000°0S£°281$ [T W91l 404 |e30IQgNg
"swell § aAoqe JO %GZ 000°89€°9¢ 0007095 9¢€ salouabutiuoy -
"S|eJ3ulw pue pue| jo %G1 000°8G. ‘€1 000°0£0°61 S3sS02 uoL}istnboy -
*300j-9430 pajeul}ss/Gzy$ 000°689°8Y 000°06%°£9 AjLubLy -
*9400/009%
*.G + Lood uoLIRAUISUOD }Jo do] 000°€2.°¢E 000°09T°S sjuauwasey -
*2e/008¢
‘lood uoljeAsasuod jo doj 000°£0€°6¢€ 000°08% ‘S aseyound pue -
uol3Lstnboe puey ‘11
000°690°€T § 000°¥TT1°8T § (0T-1) 1B303QNS UOLJONUISUO)-3dd
‘uotLlonualsuod jo %G6/°¢ 000" 0bt € 000789/ % ubLsap |euty “Q
"$3502 burjjwwaad jo %5z 000°606°T 000°160°2 salouabutiuod bulljiuaad -6
*A3Lenb uajem
‘3ellqey “saldads pasabuepuy 000°19¢ 000005 S3Lpn3is |eLoads -
000°bHT 000002 $sa004d 0y J03LUOY -
*1ood jWd 3y3 ulL 340e/00°0€$ 000°99/°2 § 000°vEB‘E ¢ burisey |eotbojoaeyouy -
¥LOM

feotbooaeyode § |BIUBWUOLLAUD
poje(a4 B 1ludad yOp uoL3das g

ENTHS
I# QIOMOL 350) [ejo]
SIUIWLO?) pajewL}sy pajewi}sy wajj

panuLjuo) ‘GE-T I[qe]

-
-+
—
-
~

I-69

.
—



%5°8 30 jley e saeaf ;

*UOLIONIISUOD 4O %§

"UOLIONUISUOD JO %G2° 1
*dad *uab ¥
‘ubLsap ‘uoljonuaisuod jo zpz

SIUaUWWO)

000°880°8t¥$
000755 Vel
000°€TS‘€2€%
000°99%°611$
00078€€° 7L
000°9¥T°T
000°192°61
000°124°16 ¢
000y

000°EET“6S §

0007928711
000°v20°9
000°/85°02
000°£5€£°8
000°895°1
000°SZ2°0T §

ENETTS

T# QIIMIL
pajewt}sy

000°211°129%

00076497241

000 €L ‘BbP¢

000°865°591$

000 14101
000°685 T
000°669°92
000°6€1°£21¢
000°S

000°996°18 ¢

0007 E6E 91
000°0S€°8
000°2£5°82
000°8/G°11
000°€41°2
000°SE6°HT §

1503 |B30)
pajewtysy

Butasaulbus g satousbuliuo)

V10l

Uo13onu3suod Butuanp 3sauajul

Leyolqgng

vl W3] 4o} [eloiqng

Ai0jedoqe| platq 3§

uoljejuasaudad JuapLsay -
uotjejuasaudad [euadudn -
salouaburjuoy -
UoL3ond3suoy -

uoL3onJdIsuo) I

Bulppiq pue Butsijxaapy ‘g1

21 wal] 40} felo3qns

43430

SpLaty {10

saut{adig

speod A3unc)
sAemyb Ly -

SPLJu0) "21

t

UCRY

panuLjue) ‘QE-T e[qel

I-70

—

—

———

—
~~y

-




"%G°8 1@ SPUOq J4edk-QE

Suauwo)

£909°0%
89761

000°9L/°2p$

000°¢80°1

000°v69°1tr$

ENYIITS

T# QIIMIL
pajem|}s3

£909° 0%
8G°L61

000°‘¥62°65$

0007005" 1

000°t6L°25$

3s0) |ero]
pajeuwL)sy

—

-

suo||eb goo‘1 4ad -
100)-34oe Jad -
J33eM Med JO 350D qLup
3S02 [enuue |ejoj
ddueUdULRK pue uoljedadg

82 1A43S 143Q

—

wal]

panuLjue) ‘OF-T S1qel

I-71

-

—~

o

—




Opinion of Probable Construction and Related Costs

Table [-31

for Tennessee Colony Reservoir

- A1l Values Are Based on 1989 Prices -

Item Description Quantity Units Unit Total Price
No. Prices
B 1. Excavation
a. Channel 1,137,343 C.Y. 1.31 § 1,490,000
b. Spillway 2,786,737 C.Y. 1.20 3,344,000
B 2. Fill
A. Impervious 2,816,322 C.Y. 1.75 4,929,000
B. Random 15,145,170 C.Y. 1.75 26,504,000
B 3. Filter, 1 & 2
(Foundation drainage) 1,150,578 C.Y 10.00 11,506,000
4, Bridge 1,070 L.F 720.00 770,000
5. Roadway 93,240 S.Y 4.60 429,000
6. Cutoff slurry trench 2,101,000 S.F 3.50 7,353,000
7. Soil cement 708,004 C.Y 16.00 11,328,000
8. Elevator 1 Ea 100,000.00 100,000
9. Barrier warning
system 2,568 L.F. 12.00 31,000
_ 10. Gates
a. Gate & anchor
(Install & paint) 11,700 S.F 200.00 2,340,000
b. Stop gate & 1ift
beam 200 L.F. 1,450.00 290,000
c. Hoist 18 Ea. 118,000.00 2,124,000
N 11. Electrical 1 L.S. 340,000.00 340,000
12.  Power drop 1 L.S. 144,000.00 144,000
13.  Low flow system 1 L.S. 1,000,000.00 1,000,000
14. Monorail system 1,070 L.F. 640.00 685,000
15.  Embankment internal
drainage 37,930 L.F. 38.00 1,441,000
16. Guardrail 2,140 L.F. 18.00 39,000
17. Grassing 57 Ac. 3,700.00 211,000
18. Concrete (Mass) 190,289 C.Y. 125.00 23,786,000
19. Concrete (Walls) 6,820 C.Y. 200.00 1,364,000
Subtotal $101,548,000
20. Mobilization (5% of Subtotal) 5,077,000
21. Clearing/grubbing, care of water (6% of Subtotal) 6,093,000
Subtotal $112,718,000
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Table I-31, Continued

Item Description Quantity Units Unit Total Price
No. Prices
22. Land clearing 26,955 Ac. 535.00 $ 14.421.000
Construction Subtotal (including land clearing) $127,139,000
23. Engineering, 5% 1 L.S. $ 6,357,000
24, Resident representation

& testing, 8% 1 L.S. 10,171,000
25. GEOTECHNICAL SERVICES,

2% 1 L.S. 2,543,000
Total $146,210,000
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Table I1-32

Opinion of Probable Transmission Cost
for Tennessee Colony Reservoir

District Yield in Acre-Feet per Year = 216,500

Item Capacity Head Size Length
(MGD)  (Ft.) (In.) (Miles)

Tennessee Colony Reser-
voir pump station 245 195 - -

Richland-Chambers Reser-
voir pump station 245 335 - -

Ennis booster pump
station 245 295 - -

Waxahachie booster pump
station 245 250 - -

Tennessee Colony Reser-
voir-Tarrant County
pipeline - - 102 92.3
Subtotatl
Interest during construction
TOTAL
Debt service
Operation and maintenance
Power
Total transmission annual cost
Unit cost of transmission

- per acre-foot
- per 1,000 gallons

Cost
(1989 %)

$ 12,675,000

15,450,000

11,625,000

11,363,000

296,067,000

$347,180,000

30,764,000

$377,944,000
35,168,000
494,000

14,264,000

$ 49,926,000

$230.61
$0.7077

Note: Capital costs include engineering and contingencies at 25 percent.

i e
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diversions from the Trinity River) to $1.33 (for George Parkhouse Reservoir
Stage I). With the exception of Tehuacana Reservoir, the alternatives
which involve construction of new reservoirs are somewhat more expensive

than those which do not.

1-3 COMPARISON OF WATER SUPPLY SCENARIOS

Four scenarios of future water supply development for the Tarrant
County Water Control and Improvement District Number One are considered in
this study:

* Scenario 1 - Diversions from the Trinity River, system operation,
and development of Tehuacana Reservoir.

* Scenario 2 - Diversions from the Trinity River and development
of George Parkhouse Reservoir Stage II.

* Scenario 3 - Marvin Nichols Reservoir Stage I.

* Scenario 4 - Tennessee Colony Reservoir.

This section gives the capital investment, the timing of development,
and the unit cost of new water supplies for each scenario. It should be
noted that the total Tarrant County District water supply will include the
District's approximately 460,000 acre-feet per year from existing sources.
The unit cost to the District's customers will therefore be less than the
unit cost of new supplies discussed in this section.

The capital costs of the scenarios are based on the opinions of 1989
costs discussed above, without allowance for inflation. In the tabulation
of unit costs, it is assumed that the discount rate and the inflation rate

are equal at 6 percent per year. Since inflation is offset by the discount
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Year

2006
2007
2008
2008
2010

01t
an
2013
0
2015

2016
17
2018
2019
3020

2021
Y]
2023
3024
2025

2036
1027
3028
2029
2030

1031
032
033
034
2035

Table I-3%

Unit Costs for Scemario 1

(1989 Present Worth, Discount Rate = Inflation Rate = 6 Percent per YVear!

Discounted Cunulative

Kew Water Capital Debt Operation &€  Power Total Cost per Cost per
Needed  Investment  Service Maintenance Cost  Annual Cost 1,000 1,000
{dcre-Feet} ($ 1,000) (5 1.,000) (S5 1,000 (§ 1.0000  (§ 1,000) Gallons  Gallons

191,801

3,400 16,837 {11 183 17,431 $15.73 81573
6,800 15,884 (131 166 16,661 §7.52  810.26
16,300 118,404 14,985 {11 550 15,946 84.30 §7.53
13,600 14,137 {11 13 15,281 §3.45 §5.90
17,000 23,130 531 416 35,11 $4.55 §5.45
22,800 22,387 831 1,224 U148 §3.25 §4.77
28,600 21,120 531 1,541 33,192 §2.49 54.13
34,500 19,924 X3 | 1.859 22,3 §1.98 §1.59
40,300 18,7187 531 .17 21,500 §1.64 §3.15
46,100 17,733 531 2.884 20,748 §1.38 §2.18
51,900 132,513 16,729 531 2,197 20,057 §1.19 52.48
57,700 15,782 531 3110 19,423 81.03 §2.23
63,600 36,521 840 3,05 30,706 §1.48 §2.11
£9.400 25,020 840 3,680 29,510 §1.30 §1.99
15,200 127, 285 23,604 840 3,954 28,399 81.16 §1.87
B1.400 22,268 B40 4,282 27.3%0 §1.03 §1.76
87,700 32,180 995 {513 37,748 81,32 sin
93,300 30,35% 495 4,939 36,193 §1.1¢ §1.65
100,100 28,640 595 5,265 34,5900 $1.07 $1,58
106,400 27,018 995 5,547 33,611 $0.97 $1.52
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Table I-35, Continued

Yew Nater Lapital

Discounted

Debt

Operation &  Power
Naintenance Cost

Reeded  Investment  Service
Year [Acre-Feet) ($ 1,0000 (5 1.0000 (5 1,000}
2036 112,600 25,489 995
pIE)] 118,800 U047 995
2038 125,000 22,686 995
2039 131,380 1. 402 495
040 137,500 123,145 20,190 495
041 145,100 19,048 995
042 152,600 8,780 1,195
043 160,200 27,150 1,195
2044 167,700 25,614 1,195
045 115,300 24,164 1,195
2046 182,800 18,865 1,195
047 190,400 18,740 1,195
2048 197,900 17,679 1,195
2049 205,500 16,679 1.195
2050 13,000 13,925 1.195
Total 3,426,300 693,148 758,114 19,957

5,923
6,349
6,575
6.906
1.232

7,611
8,019
§,404
8,785
.11

9,582
9,937
10,318
10,704
11,085

180,078

(§ 1,000

Total

Aznual Cost

Cost per
1,000

($ 1,0000 Gallons

32,407
31,29
30,256
29,303
28,417

37,678
37,994
38,748
35,594
34,530

30,612
29,872
25,192
28,578
26,205

969,149

§0.88
§0.481
§0.M
§0.68
§0.63

§0.59
§0.76
$0.70
50.65
§0.60

§0.51
80.48
§0.45
§0.43
$0.38

50.87

Cumulative
Cost per
1,000
Gallons

§1.46
51.3%
§1.33
81.28
§1.2

§1.11
S1.14
§1.11
§1.07
$1.04

§1.00
50.97
§0.93
§0.90
§0.87
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Scenario 1, the first source of new water would be diversions from the
Trinity River into Richland-Chambers Reservoir. In this scenario,
the transmission system from Richland-Chambers to Ennis would not pe
expanded. The system from Ennis to Tarrant County would be expanded in
2016. In order to maintain adequate peaking capacity, the system from
Cedar Creek Reservoir to Ennis would be expanded in 2020. The supply would
be supplemented by diversions from the Trinity into Cedar Creek in 2028 and
by the development of George Parkhouse Reservoir Stage II in 2037. The
total capital cost of this scenario is $767,755,000. Table I-37 shows the
unit cost of raw water for this scenario, which averages $0.90 per thousand

gallons from 2016 through 2050.

Costs for Scenario 3

Table 1-38 describes the capital investments for Scenario 3, in which
the District's future needs would be met by development of the proposed
Marvin Nichols Reservoir Stage 1. The reservoir and the initial
transmission system to Tarrant County would begin operation in 2016, and
the transmission system would be expanded in 2034, The total capital cost
of this scenario for the Tarrant County Water Contro] and Improvement
District Number One is $702,613,000. Table 1-39 shows the unit cost of raw
water, which averages $0.96 per thousand gallons from 2016 through 2050.

Unlike Scenarios I and 2, the development of Marvin Nichols Reservoir
Stage I would require a significant investment by other water users, since

the Tarrant County District would use only 35 percent of the supply the
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Year

016
017
2018
2019
4020

2021
022
2023
2024
2025

2026
2027
2028
2029
1030

2031
2032
033
034
3035

Table I-37

Unit Costs for Seemaris 2

(1989 Present Worth, Discount Rate = Inflation Rate = § Percent per Year)

Nex Nater
Needed
{Acre-Feet)

3,400
6,800
10,200
13,600
17,000

22,800
28,600
34,500
40,100
46,100

51,900
§7,700
63,600
69,400
15,200

81.400
87,700
§3,%00
100,100
106,400

Di
Capital
Investaent
(§ 1,000

scounted

195,165

101,044

15,981

455,565

Debt Operation &  Power Total
Service Naintenance Cost  Anmual Cost
§1,0000 (S 1,000 (8 1,0000 (81,000

17,132 145 181 17.1148

16,162 398 181 16,938

15. 244 395 512 16,215

14,185 395 163 15,543

22,440 523 453 23.918
.11 523 1,218 22.971

19,972 523 1,604 22,088

18,841 523 1,915 11,294
17,175 52] 3,360 20,558

16,769 523 2,588 19.4M

15,819 523 2,910 19,252

14,92 523 3,235 18,682

15,403 689 3.610 19,702

14,531 689 1,839 19,159
13,708 649 4,268 18,665
12,832 1] 4,620 18,241

12,200 689 {977 17,866

11,510 684 5,329 17,528

10,854 589 5,681 17,228
10,244 689 6,039 16,972

Cost per
1,000
Gallons

SZzszReg

§15.99
§7.64
§4.88
§1.51
§4.32

§3.09
§2.3
§1.89
81.57
§1.32

81,14
50.99
$0.95
80.85
§0.76

§0.69
§0.83
§6.57
$0.53
§0.49

Cunulative
Cost per
1,000
Gallons

515,99
$10.43
§7.65
§5.99
§5.44

54.71
§4.06
§3.51
$1.07
§2.11

2.1
S.17
§1.97
5i.80
81.86

81.53
§1.4Q2
§1.32
$1.13
51.16
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Table I-37, Continued

Discounted . Cumulative
Hew Water Capital Debt Operation &  power Total Cost per  Cost per
Needed  Investment  Service Maintenance Cost  Annual Cost 1,000 1,000
Tear (Acre-Feet) |3 1.000) (51,0000 (8 1,000) (s 1,000 (81,0000 Gallons Gallons
414 E+1-+ 4 =I= m"EEI= TSIIZS=xzr ssssrssmoas =z = =
2036 112,600 9,664 1] 6,391 16,744 80.46 $1.09
2037 118,800 41,959 1,849 6,712 56,520 81.46 §1.12
2018 125,000 45,245 1,849 7,006 54.100 $1.33 SL.U
2039 131,300 42,684 1,849 1,304 51,837 1.1 51.15
2040 137,500 40,268 1,809 1,594 44,715 81,11 51,14
2041 145,100 37,988 1,849 7.959 17,79 81.01 $1.13
2042 152,600 35,838 1.84¢ 8,315 46,002 $0.93 81,12
2043 160,200 13,809 1848 8,675 44,313 $0.85 $1.10
2044 167,700 31,896 1,849 5.001 41,77 $0.78 $1.07
2045 175,300 30,090 1,849 9,391 41,33 $0.72 81.05
2046 182,800 25,404 1,849 .10 37,000 $0.62 §1.02
2047 190,400 23,966 1.849 10,107 35,922 $0.58 $0.99
2048 197,900 22,610 1,849 10,463 i, §0.54 50.95
2049 205,500 21,330 1.849 10,823 34,002 50.51 50.93
4054 213,000 18,578 1,848 11,179 31,606 50.46 §0.90
Total 3,426,300 167,755 774,152 31,851 187,831 1,008,034 $0.90
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Table I-19
Unit Costs for Scenario 3

(1949 Present Worth, Discount Rate = Inlfation Rate = 6 Percent per Year)

Discounted Cumulative
New Water Capital Debt Operation &  Power Total Cost per Cost per
Needed  Investment  Service Naintenance Cost  Annual Cost 1,000 1,000

Year (Acre-Peet) {$ 1,000) 1§ 1,000) ($ 1,0000 (S 1,000) (§ 1,000) Gallens  Galloms

S&%E= @mEEssSszI=zEs =z RIER

sZa=sSzEzx= ==z TSZ2ZarT sEgEsssszs

2006

2007

2008

2008

2010

011

012 542,400

1013

U

2015

2016 3400 14,918 1,036 329 46,183 S41.69  §41.69
2017 6,800 42,378 1,036 455 3.4 §19.80  821.09
2018 10,200 39,91 1,036 68¢ {1,701 §12.55  819.82
2018 13,600 3.1 1.036 917 39,667 §8.95  S15.47
1020 17,000 35,580 1,036 1147 31,183 56.82  812.59
2021 32,800 33,566 1,036 1,538 36,140 §4.86  $10.20
022 28,600 31,666 1,036 1,929 34,831 §1.12 §8.39
2023 34,500 29,87] 1,036 2.3 33,236 §2.96 §7.02
04 40,300 18,182 1,036 2,718 31,936 §1.43 §5.98
025 46,100 26,587 1,036 3,110 30,7133 §2.08 §8.17
2026 51,%00 25,042 1,036 3,501 39,618 81,75 84,52
2027 57,700 23,862 1,036 3,49 28,530 §1.52 $4.00
2028 63,600 32,3 1,036 4,290 27,649 §1.33 $3.57
2029 69,400 21,060 1,036 {,681 26,171 §1.14 §3.2
2030 75,200 166,213 19,867 1,036 5,072 25,975 §1.06 $1.91
031 81,400 14,743 1,036 5,481 25,270 §0.95 82.66
2032 87,700 17,682 1,036 5,916 .M §0.86 s2.44
1033 93,900 16,681 1,036 6,34 24,051 50.79 §2,25
03 100,100 3%, 005 1,068 6,752 35,825 §1.13 §2.12
2035 106,400 27,163 1,008 1.1m 35,608 §1.03 §1.01
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Table I-39, Continued

Discounted Cuaelative

Rew Water Capital Debt Operation &  Power Totai Cost per Cost per
Needed  Investment  Service MNaintenance Cost  Aanual Cost 1,000 1,000

Year (hcre-Feet! (S 1,000) {$ 1,0000 (S 1,0000 ($ 1,000) (§ 1,000) Gallons  Galloms
2036 111,600 25.814 1,068 7.585 WAan 50,94 51.90
2007 118,800 24,35) 1,068 8,01} 13,434 80.486 $1.80
2038 125,000 22,975 1,088 8,432 32,475 $0.80 s1.1
10149 131,300 a6 1,068 8,856 11,598 50.14 $1.62
2040 137,500 20,407 1,068 9,275 30,790 $0.6% §1.55
a4 145,100 19,290 1,068 §,787 0,148 $0.64 $1.47
2042 152,600 18,198 1,068 10,293 29,554 §0.89 §1.40
2043 160,200 17.168 1,068 10,806 29,042 50.56 §1.34
2044 167,700 15,196 1,068 11,312 28,576 §0.52 §1.28
2045 175,100 15,279 1,068 11,804 28,11 §6.49 §1.22
2046 182,800 6,594 1.068 12,330 19,5992 $0.34 $1.16
047 150,400 6,221 1,068 12,843 20,132 $0.32 $1.10
2048 147,900 5,868 1,068 13,349 30,285 §0.31 $1.05
2048 205,500 5,516 1,068 13,861 20,465 $0.31 $1.00
2050 213,000 5.1 1.068 14,367 20,658 §0.30 §0.96

Total 3,426,300 102,613 802,743 36,804 231,111 1.070.6%8 §0.96
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reservoir provides.

Costs for Scenario 4

Table I-40 describes the capital investments for Scenario 4, in which
the District's future needs would be met by development of the proposed
Tennessee Colony Reserveir. The reservoir and the transmission system to
Tarrant County would begin operation in 2016. The total capital cost of
this scenario for the District is $826,032,000. Table I-41 shows the unit
cost of raw water, which averages $1.13 per thousand gallons from 2016

through 2050.

Comparison of the Scenarios

Figure I-1 shows a comparison of the unit costs of new supplies of raw
water from Scenarios 1, 2, 3, and 4. Figure I-2 shows a comparison of
cumulative unit costs for all water supplied up to a given year. Table
[-42 gives a summary comparison of the 4 scenarios. The comparisons show
that Scenario 1 has the lowest capital cost and total unit costs.
Scenarios 3 and 4, in which the entire supply needed through 2050 is
developed by 2016, show very high unit costs for new water in the early

years of operation.
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Table I-41
Unit Costs for Scenario 4

{1989 Present Worth, Discount Rate = Inflation Rate = 6 Percent per Year)

Discounted Cunulative
New Water Capital Debt Operation &  Power Total Cost per  C(Cost per
Heeded  Investment  Service Naintenance Cost  Annual Cost 1,000 1,000

Year ({Acre-Feet) [§ 1,000} ($ 1,000) (81,0000 (S 1,000) {§ 1,000) Gallons  Galloms

SS2%  SSSSsSIzzzas  mEs == = ==== ZISISIDTS TDIZIRNSS  EISESSSESSET DEESZISIS  zamEmEssxx

2006

2007

2008

2009 448,088

2010

2011

2012

a1

a0 377,944

015

2016 3,400 67,179 1.576 U 68,979 $62.26  $62.26
W17 6,800 63.31 1,576 43 85,401 $1%.52 §40.4)
2018 10,200 59,789 1,576 672 62,037 $18.67  $29.55
019 13,600 56,405 1,576 896 58,877 §13.29  s13.04
1020 17,000 53,212 1,576 1,120 55,908 s10.09  s18.M3
2021 2,800 50,200 1,576 1,502 53,218 §1.17  §15.16
2022 28,600 47,358 1,576 1.884 50,819 $8.45  S10.45
2023 34,500 44,678 1,576 2,2M 48,527 §4.32 §10.40
20U 40,300 42,148 1,576 2,655 46,380 $3.5) §8.84
2025 46,100 39,763 1,576 3,00 44,176 52.95 §7.62
2026 51,900 37,513 1,576 3,418 42,508 §2.51 §6.66
2027 57,100 35,388 1,576 3,802 40,767 §2.17 §5.48
028 63,600 33,386 1,576 §.190 38,152 51,89 §5.4
2029 69,400 31,496 1,576 4,512 37,644 §1.66 A
2030 75,200 29,7114 1,576 4,955 36,245 51.48 84.26
2031 81,400 28,012 1,57¢ 5,363 34,971 §1.32 §3.87
1032 81,700 26,445 1,576 5,778 33,798 §1.18 53.54
IR $3.900 24,948 1,516 6,187 i §1.07 §3.25
2034 160,100 23,536 1,576 6,595 it §0.91 §3.00
1035 106,400 22,204 1,576 1,010 30,7%0 §0.89 §3.78
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Table I-41, Continued

Discounted
New Water Capital Debt Operation &
Needed  Investment  Service Maintenance

Year (Acre-Feet! (5 1,000 (S 1,000} ($ 1.000)

2036 112,600 20,947 1,576
09 118,800 19,761 1,576
2038 125,000 14,843 1,576
2039 131,300 17,581 1,576
2040 117,500 16,592 1,578
2041 145,100 15,65] 1,576
2042 152,600 14,767 1,576
2043 160,200 13,931 1,576
2044 187,700 13,142 1,576
2045 175,380 12,39 1,576
2046 183,800 0 1,576
A8 190,400 0 1,576
2048 197,400 ¢ 1,576
448 405,500 0 1,576
205¢ 213,000 ] 1,576
Total 3,426,300 826,032 980,195 55,160

Power
Cost
{5 1.000)

1.41%
1.8
8,23
8,651
§,059

9,560
10,054
10,555
11,049
11,550

13,044
12,544
13,0
13,539
14,08

225,141

Total

Annual Cost
{§ 1,000

Cost per
1,000
Gallons

ZISSESASSRS  SSaE2Iaz

25,942
29,164
28,455
1,814
|

26,789
26,397
16,062
25,767
5.5

13,620
14,120
14,615
15,115
15,609

1,261,0%6

§0.82
80.75
§o.70
$0.65
§0.61

$0.57
$0.53
50.50
$0.47
§0.45

§0.23
§0.23
$0.23
§0.23
50.22

§1.13

Cunulative
Cost per
1,000
Gallens

TEETTEETE=SE

§2.98
§2.41
§1.35
§2.11
§1.98

§1.87
§1.76
51.67
§1.58
§1,50

§1.41
§1.313
§1.26
§1.1%
§1.13
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APPENDIX J

PRELIMINARY ANALYSIS OF ENVIRONMENTAL FACTORS

J-1 ENVIRONMENTAL CONSIDERATIONS

Environmental issues are increasingly important in evaluating the
feasibility of new water supply projects, especially new reservoir and
pipeline projects. Environmental groups may sustain long and costly
opposition against projects which they perceive as having major
environmental impacts. Existing federal and state permits include
extensive environmental review and mitigation requirements. A1l of these
factors should be addressed early in the project development process.

Environmental issues which are expected to be most important for water
supply projects are the loss of terrestrial wildlife habitat, impacts on
aquatic habitats, potential effects on endangered and threatened species,
Toss of prime farmland soils, impacts on public lands, and loss of cultural
resources. Short-term construction impacts, such as the degradation of air
quality and increased noise levels, will probably become additional issues,

but are not expected to be significant concerns.

J-1.1 Wildlife Habitat

During the water rights permit review (and possibly again during the
404 permit process), the potential terrestrial habitat impacts and
recommended mitigation requirements will be evaluated by an interagency
team of biologists which may include representatives of the Tarrant County

Water Control and Improvement District Number One (TCWCID No. 1), Texas

J-1.1



Water Commission (TWC), Texas Water Development Board (TWDB), U.S. Army
Corps of Engineers (USACE), U.S. Fish and wildlife Service (USFWS) and
Texas Parks and Wildlife Department (TPWD). The project will be evaluated
by use of models such as the Habitat Evaluation Procedure (HEP) or the
Wildlife Habitat Appraisal Procedure (WHAP). These procedures are based
on evaluations of existing vegetation cover in the project area and its
relative value as habitat for selected species. Expected gains or losses
in habitat value are estimated for future conditions with and without the
proposed project. Under federal review, wildlife habitat impacts are
assessed over the entire reservoir area, but only at the channel crossings
of pipelines. In order to compensate for the project impacts, TCWCID No.
1 will be required to purchase and arrange management for a wildlife
mitigation area. Because THC and USACE are authorized to consider project
benefits as offsetting some of the project impacts, the required percent
compensation (which determines the size of the mitigation area) is usually
less than one hundred percent. However, in previous reservoir projects,
the permit required compensation has been as high as acre-for-acre
replacement.

Of particular concern will be the loss of or impact on wetlands which
are considered critically scarce habitats. wetland impacts are already
requlated by USACE. Recent trends indicate that in the near future these
areas may become protected by more stringent laws requiring no net loss of
wetlands. This would require development projects to either avoid impacts

to wetlands or to replace impacted wetland acreage with reconstructed

J-1.2



wetlands. Losses of bottomland hardwoed forests will also come under close
scrutiny. The U.S. Fish and wildlife Service (1984) has already developed
a Bottomland Hardwood Preservation Program which has identified priority
areas for preservation in East Texas.

For any reservoir project, TCWCID No. 1 should coordinate with the
resource agencies at an early date to begin documenting and evaluating the
various habitats within a proposed reservoir area and for some distance
upstream and downstream. This documentation should include an inventory
of the number of acres which may be affected, as well as their relative
habitat value. Also important are documentation of existing land use and
forecast of future activities which are Tikely to change the area and/or
value of the habitat within the reservoir boundaries.

Preliminary estimates of mitigation requirements should be made for
the purpose of identifying candidate sites and determining their potential
costs. When possible, early agreement and acquisition of mitigation land
may save costs in the long-term. Early involvement with USACE at the water
rights phase may avoid reopening the mitigation evaluation during the 404
process. However, it should be recognized that agreement on a mitigation
proposal which satisfies the environmental agencies at a reasonable cost

will require significant effort and time.

J-1.2 Aquatic Habitat

In addition to mitigation of terrestrial habitat impacts, TCWCID No.

1 will be required to provide mitigation for the aquatic habitat impacts

J-1.3




of any new reservoir project. Again, these impacts will be evaluated by
an interagency team of biologists through use of models such as the
Instream Flow Incremental Methodology (IFIM), Aquatic Habitat Evaluation
Procedure (Aquatic HEP) or TWDB's Hydraulic Field Survey and Macrohabitat
Assessment Technique. Mitigation of aquatic impacts usually consists of
required downstream releases, but may also include habitat improvements.

Fisheries resources in the vicinity of the proposed project should be
surveyed to evaluate their ecological and recreational importance. From
these data, a determination can be made of the minimum cost-effective flow
to maintain the downstream fishery while protecting reservoir fish
populations and maintaining an appropriate reservoir water level for water
supply and recreational activities.

An issue related to reservoir fishery is the development of a
reservoir clearing plan. This plan must balance the need to protect water
quality, public safety, and the structural integrity of the reserveir
outlet works and spillway with the need for maintaining vegetation within
the reservoir to provide cover for reservoir fish.

In addition, the water quality of a proposed reservoir is commonly
evaluated, not only for the impact on water users, but also for the
potential quality of downstream releases. The reservoir is evaluated in
terms of the existing concentrations of inorganic constituents such as
chlorides, sulfates and dissolved solids and the potential concentration
of these substances that may result when stream waters are impounded. In

addition, data collected in the reservoir watershed are usually examined

J-1.4




for the potential for high nutrient loading and resulting eutrophication
conditions that may occur in the reservoir. Due to the common phenomenon
of summer stratification and anaerobic hypolimnetic water, the project will
be evaluated for potential Tow dissolved oxygen levels in the downstream
releases. Low dissolved oxygen releases can usually be mitigated through
use of a multi-port outlet structure and an appropriate reservoir operation
plan.

The pipeline projects may generate concerns about potential impacts
on a lake fishery by entrainment or impingement of fish through the intake
structure or by the alteration of fish habitats through lake 1level
fluctuations or changes in lake stratification. It will be important to
address these impacts during the design phase of the project and to
incorporate mitigation measures in the design and operation of the intake
structure,

Interbasin transfer of organisms (i.e., non-native fish, fish
pathogens, etc.) will also be a concern with all but the Trinity River
diversion pipeline projects. Although innumerable interbasin projects have
operated without major environmental impact, the issue remains sensitive
and will 1ikely be a concern to the reviewing agencies. TCWCID No. 1 will

probably be required to address this issue in the permitting process.

J-1.3 Endangered and Threatened Species

If any of the federally listed endangered or threatened species (FWS,

1989a) or candidate species for Tisting are found to occur within a project
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J-1.4 Prime Farmland Soils

The Farmland Protection Policy Act requires that federal agencies
address the effects of a project on acreage of prime and unique farmland.
The act requires consultation with the Soil Conservation Service to
determine the significance of the lost farmland and whether an alternate
project design might lessen the impact. The losses associated with most
reservoir projects are likely to be substantial since many bottomland soils
are classified as prime farmland. Since inundation of bottomland is
inherent in any reservoir project, reservoirs cannot be redesigned to
substantially reduce the number of farmland acres affected. In most cases,
the losses associated with pipeline projects should be minimal due to the

narrow right-of-way and the capability to readjust the routes.

J-1.5 Public Lands and Recreation Areas

Any water supply project will be scrutinized for potential effects on
public Tands and particularly on public recreation areas. Depending on the
extent of impact, TCWCID No. 1 may be required to demonstrate that there
is no prudent or feasible alternative to the taking of public lands. 1In
addition, the District may be required to purchase replacement lands and
to transfer these properties in fee title to the appropriate public agency.
Condemnation of public Tands or recreation areas may also create additional

opposition to a project from various public-interest groups.

J-1.6 Cultural Resources

To comply with the various archeological and antiquities regulations,
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all project lands must be surveyed in detail to identify potentially
important archeological and historical remains. This would include
geomorphology, historical background, preliminary oral interviews, shovel
testing and report preparation. The survey would identify those sites
which may be potentially eligible for the National Register of Historical
Places. A testing and evaluation phase would then be conducted to
determine actual eligibility. Finally, those sites which are determined
to be eligible must be protected or mitigated prior to the construction of
a dam or pipeline or by inundation of a reservoir. Typically, mitigation
consists of detailed excavation and recovery of material from the site.
Although it is not expected that cultural resources would prectude
construction of any of the alternative projects, the number and
significance of archeological sites can increase the time and cost of

mitigation.
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J-2 PRELIMINARY ENVIRONMENTAL ANALYSIS OF THE ALTERNATIVES

J-2.1 New Reservoir Projects

Reservoir development results in two kinds of environmental impacts,
those which are common to all reservoirs and those which are specific to
the project site. Typical issues facing all new reservoirs include
inundation of wildlife habitats, changes in flow and fish populations
within the stream above and below the new dam, effects on water quality,
and inundation of archeological and historical sites which may be within
the new reservoir. Examples of site specific controversial issues may
include adverse effects on an endangered species or inundation of an
existing recreation area. It is important that project planning minimize
all such impacts and include appropriate mitigation measures where

possible.

Tehuacana Reservoir

The proposed Tehuacana dam site is located a short distance south of
the existing Richland Creek Reservoir dam at mile 7.3 on Tehuacana Creek.
At elevation 315.0 feet msl, the Tehuacana Reservoir conservation poo]
would inundate approximately 14,938 surface acres in Freestone County and
approximately 23.2 miles of Tehuacana Creek. The flood pool would inundate
approximately 19,619 surface acres and 25.2 river miles at elevation 320.3
ms1. Tehuacana Reservoir would be operated in conjunction with Richland
Creek Reservoir and pipeline by construction of a 9,000-foot

interconnecting channel (Freese and Nichols, 1979).

J-2.1



Tehuacana Reserveoir would result in a loss of approximately 14,938
acres of wildlife habitat, including extensive areas of water oak-elm-
hackberry forest and post oak woods, forest and grassland mosaic (Frye, et
al., 1984),. According to Texas Parks and Wildiife Department, the
reservoir site contains 6,993 acres of mixed bottomland hardwood forest,
5,491 acres of mixed post oak forest and 2,320 acres of other categories of
cover (Frye and Curtis, 1987). Based on TPWD statewide estimates {Frye and
Curtis, 1987), losses of bottomland hardwood forest from the Tehuacana
project represent 2.3 percent of the total bottomland hardwood acreage in
the Trinity River system and 0.12 percent of the statewide total of
5,973,000 acres. None of the bottomlands in the project area have been
identified for priority status in the Texas Bottomland Hardwood
Preservation Program (FWS, 1984).

Since neither the U.S. Army Corps of Engineers (USACE) nor the Texas
Water Commission (TWC) has yet required greater than acre-for-acre
compensation, it is unlikely that the Tehuacana project would require more
than 14,938 acres in mitigation. A likely worst case scenario might
involve acre-for-acre replacement of approximately 15,000 acres including
7,000 acres of bottomland habitat.

U.S. Fish and Wildlife Service (1989b) lists the bald eagle as the
only federally endangered or threatened species for Freestone County.
Texas Parks and Wildlife Department (1989) lists nine additional federal
and/or state endangered and threatened species, occurring or potentially

occurring in the county. Of these species, only the bald eagle, timber
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rattlesnake and Texas horned 1izard are known to occur in Freestone County.
Impacts from the construction of Tehuacana Reservoir would be considered
insignificant to any of the Tisted species.

The Texas Natural Heritage Program (TPWD, 1989) 1lists one plant and
two plant communities as elements of concern occurring in Freestone County.
These elements are not currently protected by law, but could become state
or federally listed in the future, depending on further biological research
or depletion of the resource. In addition to listing rare plants, animals
and plant communities, the Natural Heritage Program also tracts examples of
native Texas communities which are not necessarily rare or imperiled. The
Brazos mint (Brazoria pulcherrima) is a former federal category 2 candidate
species, but was rejected for listing because it is more common than
previously thought; however, it is still considered rare in the state. The
mint is known from a locality approximately 17 miles southeast of the
Tehuacana Reservoir site. Although the localities of the plant communities
are listed as occurring outside of the project area, it is likely that
these elements also occur within the reservoir site because of their broad
range of occurrence. Both the Post Oak-Blackjack Oak Series and
Sugarberry-Elm Series are common and widely occurring plant communities.
They are not imperiled, as indicated by their respective conservation
rankings of "secure" and "apparently secure." Losses of areas of these two
communities would be considered insignificant to the representation of the
series statewide,

Energy resources in the project site include natural gas, oil and
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lignite (Kier, et al., 1977; Ohl.and McBride, 1987). The Stewards Mill 0i1l
Field, located in the vicinity of Cottonwood Creek, primarily produces
natural gas. For the purpose of this report, it is assumed that oil and
gas wells and rights will be purchased and production discontinued if the
reservoir is built. Based on exploratory boring information obtained by
the U.S. Army Corps of Engineers, there appear to be extensive deposits of
commercially minable lignite in the Cottonwood Creek area. The planned
reservoir would cover a portion of this lignite. For the purpose of this
report, it is assumed that rights to the lignite will be purchased if the
reservoir is built.

Other mineral resources in the reservoir site are limited to sand,
gravel and industrial clays which are not currently mined in the project
area (Kier, et al., 1977; Ohl and McBride, 1987).

Although a listing of prime and unique farmland soils is available for
Freestone County (SCS, 1982), modern soil survey maps have never been
published. Based on the large amount of forested habitat, the reservoir
site is not expected to contain a significant amount of prime farmland.

A preliminary estimate indicates that the project will displace three
houses and require relocation of the Harp and Greenbriar cemeteries and
partial relocation of the 01d Anglan cemetery. The project will inundate
approximately four miles of federal, state and county roads, including
portions of I-45, US 75, SH 80, SH 416, SH 833 and FM 2547. Approximately
one mile of the Burlington Railroad tracks will also be affected. In

addition, the reservoir site is crossed by at least eight underground
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pipelines (gas and crude) and two powerlines. No towns or public lands
occur within the reservoir pool.

The area of the proposed reservoir has not been systematically
surveyed for cultural resources, but physiographic and other conditions
suggest a high probability of historic and prehistoric cultural materials
occurring in the area. An archival search at the Texas Archeological
Research laboratory (TARL) was conducted to determine the extent of known
cultural resources. Although only four sites are recorded from within the
Tehuacana Reservoir site, the survey conducted for the nearby Richland
Creek Reservoir resulted in extensive findings. It is expected that

similar sites occur in the Tehuacana area.

George Parkhouse I Reservoir and Pipeline

The proposed George Parkhouse I site would be located at river mile
3.0 on the South Sulphur River. At elevation 401.0 feet ms1, the
conservation pool would inundate approximately 27,970 surface acres and
20.3 river miles in Delta and Hopkins Counties. At the flood pool
elevation of 411.0 feet msl, the reservoir would inundate approximately
35,100 surface acres, but no additional river miles (due to the Cooper
Reservoir dam, now under construction). The project would also require
construction of approximately 112 miles of pipeline to convey water to a
site in Tarrant County. George Parkhouse I Reservoir has been designed as
a paired reservoir with George Parkhouse II Reservoir on the North Sulphur
River. The George Parkhouse II dam would be a continuation of the George

Parkhouse I dam. As a stand-alone project, George Parkhouse I Reservoir
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would require the construction of a 3,000-foot dike between the South and
North Sulphur River watersheds.

Construction of George Parkhouse I Reservoir would result in a loss of
approximately 27,970 acres of wildlife habitat, including extensive areas
of post oak woods, forest and grassland mosaic; water oak-elm-hackberry
woods; crops; and native or introduced grass (Frye, et al., 1984). The
pipeline construction would result in the loss of approximately 1,754
additional acres of wildlife habitat in a 130-foot right-of-way across
Hopkins, Hunt, Collin, Denton, Dallas and Tarrant Counties. According to
Texas Parks and Wildlife Department, the reservoir site contains 10,690
acres of mixed bottomland hardwood forest, 4,553 acres of crops, 8,204
acres of grasses and 4,525 acres of other categories of cover (Frye and
Curtis, 1987). Based on TPWD statewide estimates (Frye and Curtis, 1987),
losses of bottomland hardwood forest from the George Parkhouse I project
represent 6.1 percent of the total bottomland hardwood acreage in the
Sulphur River system and 0.18 percent of the statewide totai. None of the
bottomlands in the project area have been identified for priority status in
the Texas Bottomland Hardwood Preservation program (FWS, 1984).

Based on previously permitted projects, it is unlikely that the
project would require more than 38,557 acres for mitigation. A Tikely
worst case scenario might involve acre-for-acre replacement of
approximately 30,000 acres (for the conservation pool and pipeline)
including 11,000 acres of bottomland habitat.

U.S. Fish and Wildlife Service (1989b) has no Tistings of endangered
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or threatened species for Delta or Hopkins Counties. Texas Parks and
Wildlife Department (1989) lists 15 additional federal and/or state
endangered or threatened species occurring or potentially occurring in the
two counties. Of these species, only the bald eagle, alligator snapping
turtle, Texas horned lizard and creek chubsucker have ever been recorded
from the two-county area. It should be noted that the bald eagle is a
federally protected species. The turtle and lizard are both federal
category 2 candidate species for listing as endangered or threatened
depending on further biological study or future depletion of the resource.
Several additional species are listed by USFWS and/or TPWD for the counties
along the pipeline route. It is unlikely that a pipeline project would
affect endangered or threatened species. Due to the narrow right-of-way,
it should be possible to readjust the pipeline route should any significant
impacts be identified.

The Texas Natural Heritage Program (TPWD, 1989) lists three plant
communities in the project vicinity as elements of concern to their
program. These elements are not currently protected by law, but could
become state or federally protected in the future. A locality of the
Sugarberry-Elm Series is listed from an area within the Cooper Reservoir
site. This plant community is common and could also occur in the George
Parkhouse I site. It is not imperiled, as indicated by its conservation
ranking of "apparently secure." The Silveanus Dropseed Series is listed as
occurring in Hopkins County approximately 3.5 miles from the proposed

pipeline route. The plant community has a conservation ranking of
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"threatened." It is possible, but unlikely, that other locations of the
series could occur along the pipeline. The Little Bluestem-Indiangrass
Series is also listed as occurring in the vicinity of the pipeline in
Collin County approximately six miles from the proposed route. This
community has a conservation ranking of "endangered". Again, it is
possible, but unlikely, that other locations of the series could occur
along the pipeline. If an exemplary area of this or other plant
communities did occur, the pipeline route could be readjusted to avoid the
community.

Although the location of the outfall structure has yet to be
determined, the project will involve an interbasin transfer from the
Sulphur River watershed to the Trinity River watershed. USACE has already
developed plans involving interbasin transfer between the two systems for
the Cooper Reservoir project which includes a pipeline to Lake Lavon on the
Fast Fork Trinity River. In addition, the Sulphur River is a tributary of
the Red River and USACE has already set a precedent for interbasin transfer
between these two systems by permitting the North Texas Municipal Water
District's Lake Texomd diversion project to Sister Grove Creek and,
ultimately, to Lake Lavon on the East Fork Trinity River.

There are no known energy resources occurring in the reservoir site or
along the pipeline route {Kier, et al., 1977).

There are no known mineral resources occurring in the reservoir site;
however, the pipeline route crosses areas of chalk deposits in Collin,

Denton and Dallas Counties and an area of gypsum quarries in Dallas and
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Tarrant Counties (Kier, et al., 1977; Ohl and McBride, 1987). Extensive
sand and gravel operations also occur in the vicinity of the Denton Creek
and Elm Fork Trinity River crossings. The pipeline would have an
insignificant impact on these mineral resources.

Although the Texas Parks and Wildlife cover type estimates include
4,553 acres of cropland and 8,204 acres of pastureland (native and
introduced grasses), the majority of this area is not classified as prime
or unique farmland soil (SCS, 19775 1979; 1982).

A preliminary estimate indicates that the project will displace 35
houses and one church, and require relocation of Kensington Cemetery and an
isolated grave site. (This estimate assumes that the George Parkhouse I
pipeline can be routed to avoid any displacements or relocations). The
project will inundate approximately seven miles of state and county roads,
including SH 19, SH 69, SH 154, SH 895, FM 1529 and FM 1536. The pipeline
will require at least 28 additional major road crossings, including US
75/1-35€, 1-635, SH 121 and SH 114 in the vicinity of Dallas-Fort Worth.
The reservoir is crossed by at least one underground pipeline
(approximately 2 miles in length). In addition, the George Parkhouse I
pipeline will cross at least eight railroads, eight underground pipelines,
nine powerlines and 40 major creeks.

Although the pipeline will be planned to minimize conflicts, it is
currently routed through the corporate boundaries of a number of
communities in the Dallas-Fort Worth area.

Acquisition of the reserveir site would require taking a portion of
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public lands from the U.S. Army Corps of Engineers' Cooper Reservoir
project (USACE, 1977; 1989). The George Parkhouse I Reservoir site
includes an estimated 1,200 acres of the Cooper Reservair wildlife
management area located between the Cooper dam site and SH 19/154.
Included in this acreage is the Cooper Reservoir outlet works (under
construction). The George Parkhouse I pipeline route also crosses
approximately 2,200 feet of public lands at USACE's Lake Lavon project.
This crossing would require acquisition of approximately seven acres of
public lands. Acquisition of these areas would require at least
replacement compensation for the loss of Cooper Reservoir mitigation land
and any improvements that may have been made on it.

The area of the proposed reservoir has not been systematically
surveyed for cultural resources, but physiographic and other conditions
suggest a high probability of historic and prehistoric cultural materials
occurring in the area. An archival search at the Texas Archeological
Research laboratory (TARL) was conducted to determine the extent of known
cultural resources. The six recorded sites within the George Parkhouse I
Reservoir site include two older excavations (at 01d Chapman Farm and the
Bert Davis/Jess Alford site) and four sites discovered during the survey of
the Cooper Reservoir dam embankment area (Geomarine, 1988; Perttula, 1988).
The completed Cooper Reservoir surveys have resulted in extensive findings
(Hyatt and Doehner, 1973; Doehner and Larson, 1975; 1978; Doehner, et al.,
1978; Bousman, et al., 1988; Geomarine, 1988; Lebo, 1988; McGregor, et al.,

1988; Pettula, 1988; Moir, et al., 1988). The additional surveys planned
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for the Cooper downstream flowage easement could result in additional
discoveries within the George Parkhouse I site. In the vicinity of the
pipeline route, sites are recorded from cultural resources investigations

at Cooper Reservoir, Lake Lavon, Lake Lewisville and Denton Creek.

George Parkhouse II Reservoir

The proposed George Parkhouse II dam site is located at river mile 5.0
on the North Sulphur River just north of the George Parkhouse I dam site.
At the conservation pool level of 401.0 feet msl, the reservoir would be
continuous with George Parkhouse I Reservoir. Construction and filling of
George Parkhouse II Reservoir would inundate 11,018 acres and 15.5 river
miles in Delta and Lamar Counties. At the flood pool elevation of 411.0
feet ms1, the reservoir would inundate 15,600 surface acres and 17.8 river
miles.

George Parkhouse II Reservoir would result in a loss of approximately
11,018 acres of wildlife habitat, including post oak woods, forest and
grassland mosaic and cropland (Frye et al., 1984). According to Texas
Parks and Wildlife Department, the reservoir site contains 1,865 acres of
mixed bottomland hardwood forest, 4,120 acres of grasses, 3,057 acres of
cropland and 1,976 acres of other categories of cover (Frye and Curtis,
1987). Based on TPWD statewide estimates (Frye and Curtis, 1987), losses
of bottomland hardwood forest from the George Parkhouse II project
represent 1.1 percent of the total bottomland hardwood acreage in the
Sulphur River system and 0.03 percent of the statewide total. None of the

bottomlands in the project area have been identified for priority status in
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the Texas Bottomland Hardwood Preservation Program (FWS, 1984).

Based on previously permitted projects, it is likely that a worst case
scenario would involve acre-for-acre replacement of approximately 11,000
acres in mitigation, including 2,000 acres of bottomland habitat.

U.S. Fish and Wildlife Service (1989b) lists the bald eagle as the
only federally endangered or threatened species for Delta or Lamar County.
Texas Parks and Wildlife T1ists 13 additional federal and/or state
endangered and threatened species occurring or potentially occurring in the
two counties. Of these species, only the bald eagle, interior least tern,
paddiefish, Texas horned lizard, timber rattlesnake and blue sucker have
been recorded from the two-county area. It is unlikely that the project
would significantly impact populations or habitats of these species.
Although wintering populations of the bald eagle, a federally protected
species, are recorded from Lamar County, the species is not known to breed
in the area. The interior least tern, another federally protected species,
migrates across the eastern two-thirds of Texas; however, it is not known
to nest in the two-county area. Both the paddlefish and blue sucker are
recorded from the Red River in Lamar County; there are no records of the
species from the Sulphur River. The Texas horned lizard, a federal
category 2 candidate species, occurs throughout a broad range in Texas and
adjoining states. The decline in populations of the species is suspected
to be related more to the use of pesticides and intensive agriculture than
loss of critical habitat. The timber rattlesnake is also a widely

distributed species. It occurs across the eastern third of Texas in a
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variety of habitats including bottomlands, uplands and urban areas
(Tennant, 1984).

The Texas Natural Heritage Program has no elements of concern listed
in the vicinity of the George Parkhouse II Reservoir site (TPWD, 1989).

There are no known energy resources or mineral resources occurring in
the reservoir site (Kier, et al., 1977).

The majority of the soils in the reservoir site are classified as
prime or unique farmland soil (SCS, 1979; 1982). Based on the Texas Parks
and Wildiife Department cover type estimates, the reservoir contains 3,057
acres of cropland and 4,120 acres of pastureland (native or introduced
grasses).

A preliminary estimate indicates that the project will displace 15
houses and one church, and require relocation of the Union cemetery. The
project will inundate approximately two miles of state and county roads,
including portions of SH 19/24, FM 1184 and FM 1498. No towns or public
Jands occur within the reservoir site.

The area of the proposed reservoir has hot been systematically
surveyed for cultural resources, but physiographic and other conditions
suggest a high probability of historic cultural materials occurring in the
area. An archival search at the Texas Archeological Research laboratory
(TARL) was conducted to determine the extent of known cultural resources.
Although only five sites are recorded within the George Parkhouse II
Reservoir site, the surveys conducted for the nearby Cooper Reservoir

resulted in extensive findings (Perttula, 1988). It is expected that
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similar sites occur in the George Parkhouse II area.

Marvin Nichols I Reservoir and Pipeline

The proposed Marvin Nichols I Reservoir dam site is located at river
mile 114.7 on the Sulphur River. At elevation 312.0 feet msl, the
conservation pool would inundate approximately 66,521 surface acres and
57.5 river miles in Bowie, Red River, Morris, Titus and Franklin Counties.
The flood pool would inundate approximately 84,500 surface acres and 63.7
river miles at elevation 322.0 feet ms1. The project would also require
construction of approximately 130 miles of pipeline to convey water to a
site in Tarrant County. Marvin Nichols I Reservoir has been designed as a
paired reservoir with Marvin Nichols II Reservoir on White Oak Creek. The
Marvin Nichols II dam would be a continuation of the Marvin Nichols I dam.
As a stand-alone project, Marvin Nichols I Reservoir would require the
additional construction of a 3.5-mile dike between the Sulphur River and
White Oak Creek watersheds.

Construction of Marvin Nichols I Reservoir would result in a loss of
approximately 66,521 acres of wildlife habitat, including extensive areas
of post oak woods, forest and grassland mosaic; post oak woods/forest;
water oak-elm-hackberry forest; and native or introduced grasses (Frye, et
al., 1984). The pipeline construction would result in the loss of
approximately 2,038 additional acres of wildlife habitat in a 130-foot
right-of-way across Titus, Franklin, Hopkins, Hunt, Collin, Denton, Dallas
and Tarrant Counties. According to Texas Parks and Wildlife Department,

the reserveoir site contains 30,041 acres of mixed bottomland hardwood
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forest, 15,469 acres of mixed post oak forest, 12,723 acres of grasses and
8,288 acres of other categories of cover (Frye and Curtis, 1987). Based on
TPWD statewide estimates (Frye and Curtis, 1987), losses of bottomland
hardwood forest from the Marvin Nichols I project represent 17.2 percent of
the total bottomland hardwood acreage in the Sulphur River system and 0.50
percent of the statewide total.

A large portion of the bottomlands in the reservoir site have been
preliminarily listed with Priority 1 status in the Texas Bottomland
Hardwood Preservation Program (FWS, 1984). It is estimated that the
conservation pool would inundate approximately 19,000 acres of the Sulphur
River Bottoms West site. This area has been identified as having high
value for wintering waterfowl, medium to high value for waterfowl
production, value to wintering bald eagles and medium to high value for
other special recognition species.

Since neither USACE nor TWC has yet required greater than acre-for-
acre compensation, it is unlikely that the project would require more than
66,521 acres in mitigation. A likely worst case scenario might involve
acre-for-acre replacement of approximately 69,000 acres (for the
conservation pool and pipeline), including 30,000 acres of bottomland
habitat.

U.S. Fish and Wildlife Service (1989b} lists the bald eagle and red-
cockaded woodpecker as the only federally endangered or threatened species
occurring in Bowie, Franklin, Morris, Red River or Titus Counties. Texas

Parks and Wildlife Department (1989) lists 21 additional federal and/or
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state endangered and threatened species occurring or potentially occurring
in the counties. Of these species, 13 have been sighted in the five-county
area. Several additional species are listed by USFWS and/or TPWD for the
counties along the pipeline route. It is unlikely that a pipeline project
would affect populations of endangered or threatened species. Due to the
narrow right-of-way, it should be possible to adjust the pipeline route to
avoid significant impacts.

The Texas Natural Heritage Program (TPWD, 1989) lists one plant and
three plant communities as elements of concern occurring in the project
vicinity. These elements are not currently protected by law, but could
become state or federally protected in the future, depending on further
biological study or further depletion of the resource. Houston meadow-rue
(Thalictrum texanum) was collected in 1948 from a locality within the
Marvin Nichols I conservation pool. This species is a federal category 2
candidate for listing as endangered or threatened upon further biological
research. It has been noted that this particular collection is within the

range of Thalictrum arkansanum and since the specimen is only vegetative,

it may be misidentified (TPWD, 1989). A locality of the Sugarberry-Elm
Series was listed from the area within the Cooper Reservoir site. This
plant community is widely occurring and likely occurs within the Marvin
Nichols I site. However, it is not imperiled, as indicated by its
conservation ranking of "apparently secure". The Silveanus Dropseed Series
is listed as occurring in Hopkins County approximately 3.5 miles from the

proposed pipeline route. The plant community has a conservation ranking of
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*threatened". It is possible, but unlikely, that other locations of the
series could occur along the pipeline. The Little Bluestem-Indiangrass
Series is also listed as occurring in the vicinity of the pipeline in
Collin County approximately six miles from the proposed route. This
community has a conservation ranking of "endangered". Again, it is
possible, but unlikely, that other locations of the series could occur
along the pipeline. If an exemplary area of these or other plant
communities did occur, the pipeline could be routed to avoid the community.

Although the 1location of the outfall structure has yet to be
determined, the project will involve an interbasin transfer from the
Sulphur River watershed to the Trinity River watershed. USACE has already
developed plans involving interbasin transfer between the two systems for
the Cooper Reservoir project which includes a pipeline to Lake Lavon on the
East Fork Trinity River. In addition, the Sulphur River is a tributary of
the Red River and USACE has set a precedent for interbasin transfer between
these two systems by permitting the North Texas Municipal Water District's
Lake Texoma diversion project to Sister Grove Creek and, ultimately, to
Lake Lavon on the East Fork Trinity River.

Energy resources in the project area are limited to oil production
(Kier, et al., 1977) in the area of the Trix-Liz 0il Field northwest of
Wilkinson. For the purpose of this report, it is assumed that the oil
wells and rights would be purchased if the reservoir is built. It should
be noted that the proposed location of the Marvin Nichols I dam has been

redesigned to avoid extensive lignite deposits east of the reservoir site.
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No additional energy resources are known to occur along the pipeline route.
No other mineral resources are known to occur in the reservoir site
(Kier, et al., 1977; Ohl1 and McBride, 1987; Bureau of Economic Geology,
1977; 1985). The pipeline route crosses areas of chalk deposits in Collin,
Denton and Dallas Counties and an area of gypsum quarries in Dallas and
Tarrant Counties. Extensive sand and gravel operations also occur in the
vicinity of the Denton Creek and Elm Fork Trinity River crossings. The
pipeline would have an insignificant impact on these mineral resources.

Although listings of prime and unique farmland soils are available for
Bowie, Red River, Morris, Titus and Franklin Counties (SCS, 1982), modern
soil survey maps have been published for only Bowie and Red River Counties
(SCS, 1977; 1980). From the available surveys, it appears that that site
contains a very small percentage of prime farmland soils. The Texas Parks
and Wildlife cover type estimates include 12,723 acres of pasture land, but
no cropland acreage.

A preliminary estimate indicates that the project will displace 27
houses and one church and require relocation of Cedar Creek Cemetery,
Evergreen Cemetery near Pewitt Ranch, Evergreen Cemetery near Turner Lake
and an unnamed cemetery near Flat Creek. (These estimates assume that the
pipeline can be routed to avoid any displacements or relocations.) The
project will inundate approximately six miles of federal, state, and county
roads, including portions of US 271, SH 37, SH 44 and SH 412. The pipeline
will cross at least 34 additional major roads, including us 75/1-35E, I-

635, SH 121 and SH 114 in the vicinity of Dallas-Fort Worth. The reservoir
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site is crossed by at least two underground pipelines (approximately nine
miles total length), one powerline (approximately two miles in length) and
an aqueduct (approximately 3 miles in length). In addition, the pipeline
will cross at least eight railroads, 12 underground pipelines, eight
powerlines and 43 major creeks.

Although the pipeline will be planned to minimize conflicts, it is
currently routed through the corporate boundaries of a number of
comnunities in the Dallas-Fort Worth area.

The pipeline route also crosses approximately 2,200 feet of project
lands at the U.S. Army Corps of Engineers' Lake Lavon. This would require
acquisition of approximately seven acres of public lands which could
involve replacement compensation.

The area of the proposed reservoir has been partially surveyed for
cultural resources. An archival search at the Texas Archeological Research
Laboratory was conducted to determine the extent of known cultural
resources. Currently, 78 sites are recorded from within the Marvin Nichols
I Reservoir area. Many of these sites were discovered during cultural
resources investigations for the central Sulphur River Basin, Harts Bluff
and Angelina Farms levee construction projects (ETSU, 1971; Heartfield,
Price and Greene, 1982a; 19828). It is expected that additional
undiscovered sites remain in the Marvin Nichols I area. In the vicinity of
the pipeline route, sites are recorded from cultural resources
investigations near Hagansport and at Cooper Reservoir, Lake Lavon, Lake

Lewisville and Denton Creek.
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Marvin Nichols II Reservoir

The proposed Marvin Nichols II dam site is located at river mile 19.2
on White Oak Creek, just south of the Marvin Nichols I dam site. At the
conservation pool level of 312.0 feet msl, the reservoir would be
continuous with Marvin Nichols I Reservoir. Construction and filling of
Marvin Nichols II Reservoir would add 35,919 surface acres to the Marvin
Nichols I conservation pool, and inundate 47.2 river miles. The reservoir
would add 46,200 surface acres to the Marvin Nichols I flood pool in
Morris, Titus and Franklin Counties.

Marvin Nichols II Reservoir would result in a loss of approximately
36,000 acres of wildlife habitat, including an estimated 20,000 acres of
water oak-elm hackberry forest; 4,000 acres of pine hardwood forest; 1500
acres of post oak woods/forest; 2,000 acres of post oak woods, forest and
grassland mosaic, and 8,500 acres of native or introduced grasses. Based
on TPWD statewide estimates (Frye and Curtis, 1987), losses of bottomland
hardwood forest from the Marvin Nichols II project represent 11.4 percent
of the total bottomland hardwood acreage in the Sulphur River system and
0.33 percent of the statewide total.

A1l of the bottomlands in the reservoir site (approximately 20,000
acres) have been preliminarily listed with Priority 1 status in the Texas
Bottomland Hardwood Preservation Program (FWS, 1984). The bottomlands are
included as part of the Sulphur River Bottoms West site which also occurs
within the Marvin Nichols I Reservoir site. These areas have been

identified as having high value for key waterfowl species, wintering bald
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eagles and other special recognition species, including white-tailed deer,
squirrels, furbearers, turkey, and other migratory birds.

Assuming a worst case scenario of acre-for-acre replacement of habitat
losses, mitigation of terrestrial wildlife impacts would require
approximately 36,000 acres including 20,000 acres of bottomland habitat.

U.S. Fish and Wildlife Service (1989b) lists the bald eagle as the
only federally endangered or threatened species for Morris, Titus and
Franklin Counties. Texas Parks and Wildlife Department (1989) lists 18
additional federal and/or state endangered and threatened species occurring
or potentially occurring in the three counties. Of these species only
seven have been sighted in the three-county area: the black bear, bald
eagle, wood stork, Texas horned lizard, alligator snapping turtle, creek
éhubsucker and blackside darter.

The Texas Natural Heritage Program (TPWD, 1989) lists one element of
concern, a plant community, as occurring in the project vicinity. The
Water Oak-Willow Oak Series is listed from a locality within the Marvin
Nichols II conservation pool. The series is common throughout the river
bottom areas of East Texas. It is not imperiled, as indicated by a
conservation ranking of "apparently secure”.

The only known energy resource in the reservoir site is oil (Kier, et
al., 1977). Two major oil fields, the Pewitt Ranch 0il Field and the Talco
0i1 Field, occur within the site. A large oil refinery, located near
Talco, occurs within the flood pool. As with other projects, it is assumed

that oil wells and rights would be purchased if the reservoir is built.
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II Reservoir area. These sites were discovered during various cultural

resources investigations.

Tennessee Colony Reservoir

The proposed Tennessee Colony dam site is located at river mile 341.7
on the Trinity River. At elevation 265.0 feet ms1, the conservation pool
would inundate approximately 68,100 surface acres and 73 river miles in
Anderson, Freestone, Henderson and Navarro Counties. The flood pool
elevation of 291.0 feet msl, as proposed by the U.S. Army Corps of
Engineers, would inundate 114,400 surface acres and 103 river miles. Since
the flood storage features of the USACE design would not be incorporated in
a water supply reservoir project, the Tennessee Colony site would be
redesigned with a significantly smaller flood pool.

Construction of Tennessee Colony Reservoir would result in a loss of
approximately 68,100 acres of wildlife habitat, including extensive areas
of post oak - black hickory forest; mesquite-elm/mesquite woods; elm-
hackberry forest; water oak-elm/pecan-elm/willow-oak-blackgum forest;
riparian and wetland habitats; grasses; and cultivated fields (USACE,
1979). According to Texas Parks and Wildlife Department, the reservoir
contains 34,767 acres of mixed bottomland hardwood forest, 19,143 acres of
post oak-water cak-elm forest, 9,600 acres of grasses and 21,543 acres of
other categories of cover (Frye and Curtis, 1987). Based on TPWD statewide
estimates (Frye and Curtis, 1987), losses of bottomland hardwood forest
from the Tennessee Colony project represent 6.3 percent of the total

bottomland hardwood acreage in the Trinity River system and 0.32 percent of
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No other known mineral resources occur in the reservoir area (Kier, et
al., 1977; Ohl and McBride, 1987).

Although 1istings of prime and unique farmland soils are available for
Morris, Titus and Franklin Counties (SCS, 1982), modern soil survey maps
have never been published. Texas Parks and Wildlife Department (Frye, et
al., 1984) has mapped approximately 8,500 acres of native or introduced
grasses within the site; no cropland is shown to occur in the area.

A preliminary estimate indicates that the reservoir will inundate
approximately 76 houses and 14 miles of federal, state and county roads,
including portions of US 271, SH 37, SH 71, FM 1402 and FM 2152. In
addition, the reservoir is crossed by at least two underground pipelines
(approximately 12 miles in total length).

Acquisition of the reservoir site would require a portion of public
1ands from the U.S. Army Corps of Engineers' Cooper Reservoir project. The
Marvin Nichols II Reservoir site includes an estimated 2,500 acres of the
white Oak Creek Mitigation Area. (1t should be noted that the mitigation
area corresponds to portions of the Sulphur River Bottom West Bottomland
Hardwoods site.) Acquisition of this area would requivre at least
replacement compensation for the loss of Cooper Reservoir mitigation land
and any existing improvements.

The area of the proposed reservoir has been partially surveyed for
cultural resources. An archival search at the Texas Archeological Research
laboratory was conducted to determine the extent of known cultural

resources. Currently, 39 sites are recorded from within the Marvin Nichols
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11 Reservoir area. These sites were discovered during various cultural

resources investigations.

Tennessee Colony Reservoir

The proposed Tennessee Colony dam site is located at river mile 341.7
on the Trinity River. At elevation 265.0 feet msl, the conservation pool
would inundate approximately 68,100 surface acres and 73 river miles in
Anderson, Freestone, Henderson and Navarro Counties. The flood pool
elevation of 291.0 feet msl, as proposed by the U.S. Army Corps of
Engineers, would inundate 114,400 surface acres and 103 river miles. Since
the flood storage features of the USACE design would not be incorporated in
a water supply reservoir project, the Tennessee Colony site would be
redesigned with a significantly smaller flood pool.

Construction of Tennessee Colony Reservoir would result in a loss of
approximately 68,100 acres of wildlife habitat, including extensive areas
of post oak - black hickory forest; mesquite-elm/mesquite woods; elm-
hackberry forest; water oak-e]m/pecan-e]m/wil]ow-oak-b]ackgum forest;
riparian and wetland habitats; grasses; and cultivated fields (USACE,
1979). According to Texas Parks and Wildlife Department, the reservoir
contains 34,767 acres of mixed bottomland hardwood forest, 19,143 acres of
post oak-water oak-elm forest, 9,600 acres of grasses and 21,543 acres of
other categories of cover (Frye and Curtis, 1987). Based on TPWD statewide
estimates (Frye and Curtis, 1987), losses of bottomland hardwood forest
from the Tennessee Colony project represent 6.3 percent of the total

bottomland hardwood acreage in the Trinity River system and 0.32 percent of
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the statewide total of 5,973,000 acres.

A large portion of the bottomlands in the reservoir site have been
preliminarily listed in the Texas Bottomland Hardwood Preservation Program
(FWS, 1984). These bottomlands inciude the entire 7,555 acres of the
Tehuacana Creek Priority 5 site and an estimated 6,400 acres of the Boone
Fields Priority 5 site. It should be noted that Priority 5 sites are
proposed for elimination from further study because of poor quality and/or
the absence of waterfowl benefits. For this reason, these sites should not
deter permitting for Tennessee Colony Reservoir. A third bottomland area,
the Big Lake Priority 2 site, is located downstream of the Tennessee Colony
dam site. This 9,446-acre area corresponds to the downstream overflow
lands in the U.S. Army Corps of Engineers' design of the Tennessee Colony
project. The flood control features of the USACE design would not be
incorporated in a water supply reservoir project, thus eliminating the
impact or need for downstream overflow lands.

Based on previously permitted projects, it is unlikely that the
project would require more than 68,100 acres in mitigation. A likely
worst-case scenario might involve acre-for-acre replacement of
approximately 68,000 acres, including 35,000 acres of bottomland habitat.

U.S. Fish and Wildlife Service (1989b) lists the bald eagle as the
only endangered or threatened species for Anderson, Freestone, Henderson or

Navarro Counties. A rare aster (Aster puniceus ssp. elliotii wvar.

scabricaulis) is listed from Anderson County as a category 1 candidate

species. USFWS has sufficient biological data to demonstrate the need for
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to varying degrees by land acquisition for the lake. USACE projected that
many of the fields would be nearing depletion by 1979 and that most, if not
all, of the wells of the largest oil field, the Cayuga Field, would be
depleted by the year 2010. As with other projects, it is assumed that
active oil wells and oil rights would be purchased if the reservoir is
built. According to the Corps report, the project area also contains
approximately 425 million tons of commercially or marginally commercially
recoverable lignite coal. The amount of lignite affected by the
conservation pool is somewhat less. In recent years, a small fraction of
the reservoir conservation pool area {approximately 700 acres) has been
permitted for mining. Portions of this area are currently being mined and
reclaimed. The permitted areas are part of Texas Utilities Generating
Company's Big Brown Lignite Mine which extends from Tehuacana Creek near
Amerada's Camp to S.H. 488 near Ward Prairie. For the purpose of this
report, it is assumed that the rights to any remaining lignite would bé
purchased if the reservoir is built.

Other mineral resources in the project area include sand, gravel and
industrial clay (Kier, et al., 1977; USACE, 1979; Ohl and McBride, 1987).

Although 1istings of prime and unique farmland soils are available for
all four counties in the project area (SCS, 1982), modern soil survey maps
have been published for only Andersen, Henderson and Navarro Counties (SCS,
1974; 1975; 1979). From the available surveys, it appears that the
majority of the soils in the reservoir site are not classified as prime or

unique farmiands. USACE (1979) estimated that there were approximately
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2,300 acres of active cropland within the project area.

The USACE report also estimated that the Tennessee Colony project
would result in the relocation of approximately 300 families, 20.5 miles of
roads, 3.4 miles of railroad, 40.3 miles of powerlines and 89.6 miles of
pipelines. In addition, it will take approximately 3,700 acres from the
Coffield State Prison Farm.

At the conservation pool elevation of 265 msl, Tennessee Colony
Reservoir would extend up to the existing dams at Tarrant County Water
Control and Improvement District Number One's Richland Creek Reservoir
(inundating the outlet works and spillway) and Texas Utilities Generating
Company's Lake Fairfield (inundating a portion of the spiliway). Tennessee
Colony Reservoir also extends partially into the Tehuacana Reservoir site.

Acquisition of the reservoir site would require 13,760 acres of public
lands set aside for mitigation of the Richland Creek Reservoir project.
The Tennessee Colony Reservoir site contains the entire Richland Creek
Wildlife Mitigation Area administered by Texas Parks and Wildlife
Department. The Final Environmental Impact Statement for Richland Creek
Reservoir (USACE, 1982) stated that "should future construction of the
Tennessee Colony project inundate all or part of the Richland Creek
mitigation lands, compensation for the acreage would be required by the
Corps and the Tlocal sponsor(s) prior to determination of mitigation
requirements specifically for Tennessee Colony Lake."

A reconnaissance survey and limited testing for cultural resources

were conducted for the USACE study of the Tennessee Colony project (Richner
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and Lee, 1977; USACE, 1979; Richner, 1982). Based on site density
predictions and sites recorded in the reconnaissance survey, it was
estimated that there are between 480 and 1,440 archeological and historical
sites within the project site. It was also expected that most of the
sites, both known and unknown, would meet criteria for eligibility to the
National Register of Historic Places. USACE expected that about 12 percent
of the identified archeological sites which would be affected by
construction would justify detailed testing and recovery of data.
Additional sites have been discovered in the project area during
archeological investigations for the Big Brown Lignite Mine project

(Wooldridge, 1979; Pliska, et al., 1980)

J-2.2 Pipelines Not Associated with New Reservoirs

As with reservoir projects, underground pipeline construction results
in two kinds of environmental issues, those which are common to all
pipeline projects and those which are specific to a particular pipeline
route. Typical issues facing all underground pipeline projects include
loss of wildlife habitat, disturbance of cultural resources, and changes in
the water regime and possible water quality of the source and receiving
water bodies. Common short-term impacts associated with all pipeline
construction include the temporary generation of noise, dust and truck
traffic. Examples of route specific controversial issues may include the
adverse effects of stream crossings, temporary obstruction of flood flows,
and interbasin transfer of organisms.

Since pipeline rights-of-way are usually purchased as easements and
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maintained with some type of vegetative cover (seeded grass, volunteer old
field vegetation, agricultural crop, etc.), impacts on wildlife habitats
are relatively small compared to reservoir projects. In addition, the
relatively narrow right-of-way required for underground pipelines allows

for adjustment of the pipeline route to minimize environmental impacts.

Trinity River Diversions

The proposed Trinity River diversion project would involve
construction of two underground pipelines. The proposed 42-inch diameter
Cedar Creek Reservoir pipeline would divert water approximately 1.7 miles
from the Trinity River to an outfall structure located on the west side of
the Cedar Creek. Reservoir dam. This project is Tlocated entirely in
Henderson County. The proposed 48-inch diameter Richland Creek pipeline,
located in Freestone County, would divert water approximately 2.0 miles
from the Trinity River to an outfall structure on the north side of the
Richland Creek Reservoir dam. The two intake structures would be located
within 13 miles of each other.

Construction of the pipelines would require 130-foot right-of-ways and
would result in the loss of approximately 57 acres of wildlife habitat,
including water oak-elm-hackberry forest; post oak woods forest and
grassland mosaic; and native or introduced grasses (Frye, et al., 1984},
There are no areas of priority bottomland hardwood forest along either
route (FWS, 1984).

U.S. Fish and Wildlife Service (1989b) lists the bald eagle as the

only endangered or threatened species in Henderson and Freestone Counties.

J-2.29



Texas Parks and Wildlife Department (1989) 1lists 13 additional federal
and/or state endangered and threatened species occurring or potentially
occurring in the two counties. Of these species, only the bald eagle,
Texas horned 1lizard, northern scarlet snake, timber rattlesnake and
alligator snapping turtle are recorded from the two-county area. It is
unlikely that a pipeline project would have any affect on populations of
the endangered or threatened species. Due to the narrow right-of-way, it
should be possible to readjust the pipeline route should any significant
impacts be identified.

The Texas Natural Heritage Program (1989) has no records of any
elements of concern to their program occurring in the vicinity of the two
pipeline routes.

According to the Bureau of Economic Geology (Kier, et al., 1977},
energy resources within the project area include lignite and oil along the
Richland Creek pipeline route; however, there is no active mining or
production.

Mineral resources include sand, gravel and industrial clay along the
Cedar Creek pipeline route (Kier, et al., 1977).

The pipelines should have minimal impact on prime farmland soils due
to the relatively narrow rights-of-way.

Assuming that the pipelines can be adjusted to avoid residences or
businesses, a preliminary estimate indicates that the two routes will cross
at least one underground pipeline, four electric powerlines and two major

roads (US 287 and SH 274). Although the pipelines will be planned to

J-2.30




minimize conflicts, the Cedar Creek pipeline is currently routed through
the corporate boundary of the City of Trinidad.

The Richland Creek pipeline will cross one additional creek and both
pipelines involve floodplain encroachments. Construction of the pipelines
may involve temporary obstruction of flood flows during the placement of
segments below stream grade. These impacts will be short-term and the
original floodplain contours will be restored upon completion of the
pipeline segment.

Acquisition of the pipeline right-of-way would require a portion of
public Tlands from the Richland Creek Reservoir Wildlife Mitigation area
administered by Texas Parks and Wildlife Department. The pipeline crosses
approximately 9,300 feet and would require approximately 28 acres of public
land. Acquisition of these areas may require replacement compensation for
the loss of the Richland Creek Reservoir mitigation land and any existing
improvements.

Although no cultural resources are recorded from along the pipeline
routes, extensive findings were discovered during cultural resources
investigations at Cedar Creek and Richland Creek Reservoirs. Similar sites

may occur along the pipeline routes.

Lake Texoma Diversion

The proposed 66-inch diameter pipeline to divert water from Lake
Texoma to Eagle Mountain Lake would require a right-of-way 130 feet wide
and approximately 84 miles long. The pipeline route would begin near the

existing North Texas Municipal Water District's Wisdom Cove pump station on
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Lake Texoma. The proposed route crosses Grayson, Cooke, Denton and Wise
Counties to an outfall structure located at the upper end of Eagle Mountain
Lake near the Tarrant County line.

Construction of the pipeline would result in the loss of approximately
1,315 acres of wildlife habitat, including post oak woods, forest and
grassland mosaic; silver bluestem-Texas wintergrass grassland; native and
introduced grasses; and cropland (Frye, et al., 1984). There are no areas
of priority bottomland hardwood forest along the route (USFWS, 1984).

U.S. Fish and Wildlife Service (1989b) 1lists four endangered or
threatened species for Grayson, Cooke, Denton, Wise or Tarrant Counties;
the bald eagle, whooping crane, black-capped vireo and piping plover.
Texas Parks and Wildlife Department (1989) lists 16 additional federal
and/or state endangered or threatened species occurring or potentially
occurring in the five counties, three of which have never been recorded
from the area. Most of these species would not be affected by the loss of
habitat or construction impacts of a pipeline project. Two of the aquatic
species are known only from historic records prior to the closing of
Dennison dam. Since most of the birds are migratory through north central
Texas, a pipeline project would not impact their migration routes, stopover
points, or nesting areas. Although unlikely, it is possible that the
pipeline route could cross habitat for the back-capped vireo which prefers
oak-juniper woodlands and is more commonly associated with the Edwards
Plateau region. Other listed species are widespread and known from several

habitat types. Their depleted populations are attributed more to pesticide
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use and agricultural practices than to loss of habitat. It is unlikely
that a pipeline project would have any effect on populations of these or
other endangered or threatened species. Due to the narrow right-of-way, it
should be possible to route the pipeline to avoid significant impacts.
The Texas Natural Heritage Program (TPWD, 1989) lists one plant and
two plant communities as elements of concern occurring in the vicinity of
the pipeline route. Three locality listings of the Comanche-Peak prairie-

clover (Dalea reverchonii) are recorded from Wise County within 4,500 to

6,000 feet of the proposed route. It is possible that the plant could
occur in similar habitats along the pipeline route. The plant is a federal
categbry 2 candidate species for possible Tlisting upon further
documentation. The Sugarberry-Elm Series Tocality occurs in Hagerman
National Wildlife Refuge approximately five miles from the proposed route
and could occur in similar bottomland habitats along the pipeline route.
However, it is not imperiled, as indicated by a conservation ranking of
"apparently secure". The Silver Bluestem-Indiangrass Series, however, has
been given a conservation ranking of "endangered". Five localities of this
prairie community occur within five miles of the proposed pipeline, with
the current route crossing one of these localities. If this locality is an
exemplary stand of the plant community, the pipeline could be routed to
avoid the locality.

Energy resources along the pipeline route include o0il and natural gas
fields (Kier, et al., 1977) in the vicinity of Collinsville, Sherman and

Pottshoro.
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Freese and Nichols, Inc. and Alan Plummer, Inc. (1986). During the 1950's
drought, water was also diverted from the headwaters of Lake Texoma to Lake
Dallas on the EIm Fork Trinity River. In addition, future diversions are
planned from Lake Hubert H. Moss on Fish Creek, a tributary of the Red
River, to the City of Gainesville which discharges into the Elm Fork
Trinity River.

Acquisition of the pipeline right-of-way would require taking a
portion of public lands from the USACE’'s Lake Ray Roberts project. The
pipeline crosses approximately 7,000 feet along the Elm Fork Trinity River,
Timber Creek and Jordon Creek and would require taking approximately 21
acres of public land. Acquisition of these areas may require replacement
compensation for the loss of Lake Ray Roberts mitigation land and any
existing improvements.

An archival search at the Texas Archeological Research Laboratory
revealed that the only recorded cultural resources along the pipeline route

occur in the vicinity of the USACE Lake Ray Roberts project.

Lake Palestine Diversion

The proposed 84-inch diameter pipeline to divert water from Lake
Palestine to Cedar Creek Reservoir would require a right-of-way 130 feet
wide and approximately 29 miles long. The pipeline route would begin at a
new pump station on Flat Bay on Lake Palestine. The proposed pipeline is
routed across Henderson County to an outfall structure on the Caney Creek
arm of Cedar Creek Reservoir.

Construction of the pipeline would result in the loss of approximately
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There are no known mineral resources occurring along the route (Kier,
et al., 1977).

The pipeline should have minimal impact on prime farmland soils due to
the relatively narrow right-of-way.

Assuming that the pipeline can be adjusted to avoid residences or
businesses, a preliminary estimate indicates that the route will cross at
least six rai]roads; five underground pipelines, six powerlines and 18
major roads, including 1-35, US 82, US 287 and US 377. Although the
pipeline will be planned to minimize conflicts, it is currently routed
through the corporate boundaries of the Cities of Rhome, valley View and
Pottsboro.

The pipeline will cross at least 23 major creek crossings including
the Elm Fork Trinity River and Denton Creek. Several of these creek
crossings involve floodplain encroachments. Construction of the pipeline
may involve temporary obstruction of flood flows during the placement of
segments below stream grade. These impacts will be short-term and the
original floodplain contours will be restored upon completion of the
pipeline segment.

The project will involve an interbasin transfer from the Red River
watershed to the Trinity River watershed. USACE has already set a
precedent for interbasin transfer between the two systems by permitting the
North Texas Municipal Water District's Lake Texoma diversion project to
Sister Grove Creek and, ultimately, to Lake Lavon on the East Fork Trinity

River. Impacts from this project were addressed in a report prepared by
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freese and Nichols, Inc. and Alan Plummer, Inc. (1986). During the 1950's
drought, water was also diverted from the headwaters of Lake Texoma to Lake
Dallas on the Elm Fork Trinity River. In addition, future diversions are
planned from Lake Hubert H. Moss on Fish Creek, a tributary of the Red
River, to the City of Gainesville which discharges into the Elm Fork
Trinity River.

Acquisition of the pipeline right-of-way would require taking a
portion of public lands from the USACE's Lake Ray Roberts project. The
pipeline crosses approximately 7,000 feet along the Elm Fork Trinity River,
Timber Creek and Jordon Creek and would require taking approximately 21
acres of public land. Acquisition of these areas may require replacement
compensation for the loss of Lake Ray Roberts mitigation land and any
existing improvements.

An archival search at the Texas Archeological Research Laboratory
revealed that the only recorded cultural resources along the pipeline route

occur in the vicinity of the USACE Lake Ray Roberts project.

Lake Palestine Diversion

The proposed 84-inch diameter pipeline to divert water from Lake
palestine to Cedar Creek Reservoir would require a right-of-way 130 feet
wide and approximately 29 miles long. The pipeline route would begin at a
new pump station on Flat Bay on Lake Palestine. The proposed pipeline is
routed across Henderson County to an outfall structure on the Caney Creek
arm of Cedar Creek Reservoir.

Construction of the pipeline would result in the loss of approximately
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461 acres of wildlife habitat, including pine-hardwood forest and post oak
woods, forest and grassiand mosaic (Frye, et al., 1984). There are no
areas of priority bottomland hardwood forest along the project route (FWS,
1984).

U.S. Fish and Wildlife Service (1989b) lists the bald eagle as the
only endangered or threatened species for Henderson County. Texas Parks
and Wildlife Department (1989) lists 13 additional federal and/or state
endangered or threatened species occurring or potentially occurring in the
county. Of these species, only the bald eagle, Texas horned lizard,
northern scarlet snake, timber rattlesnake, and alligator snapping turtle
are recorded from Henderson County. It is unlikely that a pipeline project
would have any effect on populations of the endangered or threatened
species. Due to the narrow right-of-way, it should be possible to route
the pipeline to avoid significant environmental impacts.

Although the Texas Natural Heritage Program (1989) lists two plant
communities as elements of concern occurring in the vicinity of the
pipeline route, both the Shortleaf Pine-Oak Series and the Post Oak-Black
Hickory Series are widely occurring communities and have respective
conservation rankings of "secure" and "apparently secure".

Energy resources along the project route consist of areas of surface
and near surface lignite coal Tlocated across the western half of the
pipeline route (Kier, et al., 1977). The narrow right-of-way required for
the project should have minimal impact on any future recovery of these

deposits.

J-2.36



—_ o e o =

Mineral resources include industrial clays (Kier, et al., 1977) which
are mined in the vicinity of Athens.

The pipeline should have minimal impact on prime farmland soils due to
the relatively narrow right-of-way.

Assuming that the pipeline can be adjusted to avoid residences or
businesses, a preliminary estimate indicates that the route will cross at
least two railroads, 10 underground pipelines, three electric powerlines
and seven major roads, including US 175. Although the pipeline will be
planned to minimize conflicts, it is currently routed through the corporate
boundaries of the Cities of Moore Station and Athens.

The pipeline will cross at least eight major creeks and may involve
floodplain encroachments. Construction of the pipeline may involve
temporary obstruction of flood flows during the placement of the segments
below stream grade. These impacts will be short-term and the original
floodplain contours will be restored upon completion of the pipeline
segment.

The project will involve an interbasin transfer between the Neches
River watershed and the Trinity River watershed. Precedence has been set
for diversions between the two systems by the pipeline from Lake Athens in
the Neches watershed to the City of Athens which discharges into Walnut
Creek in the Trinity watershed.

A preliminary search reveaied no public lands located along the
pipeline route.

An archival search at the Texas Archeological Research Laboratory
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revealed no known cultural resources along the proposed pipeline route.
Nearby sites are recorded from the cultural resources investigations at
Cedar Creek Reservoir and Lake Palestine. Additional historic sites occur
within the City of Athens. It js expected that similar sites occur along

the pipeline route.

J-2.3 System Operation

The system operation alternative will involve drawing heavily from
Cedar Creek Reservoir during years when other system reservoir levels are
high.  The additional 32,800 acre-feet per year average that will be
provided by this alternative would otherwise be lost as downstream releases
or evaporation.

Although this alternative has relatively minor environmental impact,
the changes in downstream releases and lake levels should be scrutinized
for potential affects on downstream aquatic habitats and lake fisheries.
It is anticipated that any impacts of the system operation alternative

would not preclude its implementation.
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J-3 PERMITTING REQUIREMENTS

Four permits will be required before construction of any of the new
reservoir or pipeline alternatives can begin. Of these, the most
significant are the (a) water rights permit from the Texas Water Commission
which is required for appropriation of state water, and (b) Section 404
permit from the U.S. Army Corps of Engineers which covers the discharge of
dredged and fill material into waters of the United States and their
adjacent wetlands. Since the Tennessee Colony Reservoir site and the
Trinity River diversions are within the limit of navigability on the
Trinity River as defined by USACE, it will be necessary to obtain a Section
10 permit relating to construction in navigable waters. The Lake Texoma
diversion may also require a Section 10 permit if the intake structure
requires construction in Lake Texoma which is within the 1limit of
navigability on the Red River. These projects will be reviewed for Section
10 compliance during the Section 404 permit process; only one permit
application is needed for the two permits. Two additional permits will be
needed from state agencies other than the Water Commission - an antiquities
permit from the Texas Antiquities Committee and a sand and gravel permit
from the Texas Parks and Wildlife Department. Table 3.1 summarizes these
permit requirements.

If hydroelectric facilities are included in any of the new reservoir
projects, a license from the Federal Energy Regulatory Commission (FERC)
becomes the primary federal permit required, and the Section 404 permit

becomes secondary to the FERC permit by interagency agreement. Based on
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recent experience in Texas, the FERC lTicense may involve substantially more
effort and take longer to process than a Section 404 permit. The
permitting cost estimate included in the following section of this report

assumes that FERC permits will not be involved.

J-3.1 Texas Water Rights Permit

The Texas Water Code requires a permit from the Texas Water Commission
for construction of a project designed to impound (or convey) and use
surface water. Before granting a permit, the TWC will require evidence
demonstrating that (a) there is a present or future need for the requested
water appropriation, (b) there is unappropriated water available in the
amount applied for, (c) the proposed project is feasible and (d) the
appropriation being sought is consistent with the public welfare. For a
major project, much of the supporting material to establish these points
is typically provided in the form of an engineering report and an
environmental assessment. These are submitted for review by the TWC staff
along with the application.

After TWC staff review and determination that an application is
administratively complete, public notice of the requested appropriation is
published in newspapers of general circulation in the area of the proposed
project. Additionally, all holders of existing water rights in the same
river basin are notified by mail that the matter is to be brought before
TWC for consideration at a public hearing.

If there is no opposition, TWC customarily takes action during the
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initial hearing, based on recommendations by the staff. However, in cases
where formal protests have been filed by parties objecting to an
application, TWC typically refers the matter to a hearings examiner for
more detailed hearings on the merits of the applicant's request. Such
hearings can be Tengthy and demanding, and some recent reservoir projects
have taken several years from submittal of the application until a final

decision by TWC.

J-3.2 Federal Section 404 Permit

The U.S. Army Corps of Engineers has the responsibility to review
reservoir projects and issue or deny permits in accordance with Section
404 of the Clean Water Act, which deals with regulation of dredge and fill
discharges into waters of the United States and their adjacent wetlands.
As part of the USACE review, attention is also given to compliance with (a)
the National Environmental Policy Act (NEPA), which requires identification
and assessment of significant impacts on the environment, (b) the National
Historic Preservation Act, which requires that a federal permitting agency
take into account effects on cultural resources, (c} the Farmland
Protection Policy Act, which requires federal permitting agencies to
consider adverse effects on the preservation of farmland, (d) the
Endangered Species Act, which requires such agencies to act in a way that
will properly protect endangered or threatened species and their critical
habitat, and (e) the Fish and Wildlife Coordination Act, which provides

that USACE consult with the U.S. Fish and Wildlife Service (USFWS)
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regarding potential impacts of a proposed water project.

In accordance with the latter of these guidelines, USACE will request
comments from the appropriate area Ecological Services office of the USFWS
(Fort Worth, TX), with particular emphasis on recommended ways to mitigate
possible adverse effects of a project. The USACE District Engineer has
authority to establish mitigation requirements based on the overall USACE
review process, but the input from the USFWS is given considerable weight
in determining which mitigation measures are to be included as conditions
of a Section 404 permit. If the USFWS disagrees with the District
Engineer's decision regarding mitigation, it has the option of requesting
that a permit be "elevated" for review at higher levels of USACE. In such
cases, issues are considered and resolved at the regional or national
level, through joint consultation by the Department of the Army and the
Department of the Interior.

Included as part of the 404 process is the requirement of a Section
401 water quality certification which determines the project impacts on
potential violations of state water quality standards. In Texas, the 401
certification will be handled by the Texas Water Commission. The granting
or waiver of the 401 certification is considered prerequisite for issuance
of the 404 permit.

A1l of the alternative projects will fall under the jurisdiction of
the USACE Fort Worth District. The Lake Texoma diversion also occurs
within the jurisdiction of the Tulsa District and would likely require

coordination with both offices.
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The standard application format for the Section 404 permit involves
basic information on the proposed project, together with drawings showing
the location, plan and profile of principal structures. In some instances,
the District Engineer will request additional information which he deems
necessary to reach proper decisions on environmental issues or other
questions relating to matters of public interest. USACE may also hold
pubtic hearings to give the public an opportunity to comment on a project.
Consideration of these comments is part of the public interest review.

Because of the nature and scope of a new reservoir project, it is
expeéted that USACE would determine that a detailed environmental impact
statement (£IS) should be prepared. The pipeline projects would probably
require a less comprehensive environmental assessment (EA). TCWCID No. 1
may find it beneficial to develop its own EA prior to the federal
permitting process. Early development of an EA allows timely
identification and analysis of significant issues and may provide
opportunities to mitigate these before they create substantial controversy
or delay. It is especially important to address controversial issues prior

to a public hearing to minimize public opposition to the project.

J-3.3 Other Necessary Authorizations

The Antiquities Code of Texas specifies that any archeological or
historical sites Jlocated on lands of the state or its political
subdivisions are to be considered state archeological landmarks, which

cannot be altered, damaged or excavated without permission from the Texas
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Antiquities Committee. Because the Tarrant County Water Control and
Improvement District Number One is a subdivision of the state, its projects
are generally interpreted as requiring antiquities permits. Where a
federal Section 404 permit is required, the state antiquities permit is
usually considered to be an administrative action in support of the federal
archeological and historical requirements. Under the federa] procedures,
the State Historical Preservation Officer becomes the lead state
archeological reviewer, rather than the Antiquities Committee.

Title 31 of the Texas Administrative Code requires a permit from the
Texas Parks and Wildlife Department for removal of marl, sand or gravel
from the public waters of the state. Excavation for construction of a dam
is currently construed as coming under this requirement. The Texas Parks
and Wildlife Department assesses a charge of $.20 per cubic yard for sand
and gravel removed from a stream bed. A TPWD permit will also be required
for pipeline projects that cross streambeds greater than 30 feet in width.
TPWD assesses the project only for excess material that is displaced or

removed from the streambed.
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Scenario 4 is basically similar to Scenario 3, but shows the large
increment of supply in 2016 coming from a 72 percent share of the Tennessee
Colony project. Figure 10.5 is a graph of Scenario 3, and Figure 10.6 is
a map of the new facilities needed for Scenario 3. Similarly, Figure 10.7
shows the comparison of supply and demand for Scenario 4, and Figure 10.8
is a map of Scenario 4. Table 10.3 is a summary of the yield increments

and anticipated scheduling for each of the four scenarios.

Life Cycle Cost Analyses

Included among the cost evaluations in Appendix I are life cycle
present worth cost analyses for each of the four scenarios, covering the
incremental costs of the raw water provided by each scenario. Table 10.4

is a summary of the results of those studies.

Water Treatment Requirements and Costs

The Tarrant County Water Control and Improvement District Number One
supplies raw water to its customers, who treat the water and distribute it
to the consumers. For this study, it is assumed that this arrangement will
continue, with water customers developing capacity for treatment of water
supplied by the District. Table 10.5 shows the treatment capacity needed
for the projected District raw water supplies. It is assumed that water
treatment capacity will equal twice the average-day supply in order to meet
peak-day water requirements.

The District's four largest customers in Tarrant County (Fort Worth,

Arlington, the Trinity River Authority, and Mansfield) will all need to
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Table 10.3

Summary of Water Supply Development Scenarios

- Yields in Acre-Feet per Year -

New Total
Yield New
Supply

Scenario 1
2016:  Suppliemental diversions

from the Trinity River into

Richland-Chambers Reservoir 63,000 63,000
2028:  Supplemental diversions

from the Trinity River

into Cedar Creek Reservoir 52,500 115,500
2037: Coordinated System Operation

of Richland-Chambers Reservoir

and Cedar Creek Reservoir 32,800 148,300
2042: Tehuacana Reservoir basic yield 68,300 216,600

plus added Trinity diversions 20,400 237,000
Scenario 2
2016:  Supplemental diversions

from the Trinity River into

Richland-Chambers Reservoir 63,000 63,000
2028:  Supplemental diversions

from the Trinity River

into Cedar Creek Reservoir 52,500 115,500
2037: George Parkhouse Res. Stage II 136,700 252,200
Scenario 3
2016: Marvin Nichols Reservoir

Stage I (35% share) 218,600 218,600
Scenario 4
2016: Tennessee Colony Reservoir

(72% share) 216,500 216,500
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2016-2020
2021-2025
2026-2030
2031-2035
2036-2040
2041-2045

2046-2050

2016-2050

Table 10.4

Summary of Life Cycle Present Worth Cost Analyses

for_the Four Water Supply Development Scenarios

- Unit Costs per 1,000 Gallons -

Scenario 1

$5.45
1.99
1.24
1.11
0.74
0.66

0.45

$0.87

Scenario 2

$5.44
1.90
0.92
0.57
1.12
0.85

0.54

$0.90

Scenario 3

$12.59
2.97
1.34
0.96
0.80
0.56

0.31

$ 0.96

Scenario 4
$18.73
4.33
1.90
1.07
0.70
0.50

0.23

$1.13

Note: A1l cost amounts are present worth values in 1989 dollars.
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Table 10.5

Capacity Needed to Treat Water Supplied by TCWCID#1

Location

Required Treatment Capacity in MGD

Fort Worth
Arlington

Trinity River
Authority

Mansfield

E1lis County
Freestone County
Henderson County
Kaufman County
Navarro County

Parker County

Other Tarrant Co.

Wise County

1990 _2000 _2010 _2020 _2030 2040 _2050
285 348 427 447 492 549 619
114 144 174 186 205 229 258

44 65 75 8 90 101 113
4 7 12 15 16 18 21
7 9 17 31 45 49 54
0 2 2 3 4 5 5
7 27 28 29 30 31 31
2 2 2 3 3 4 4
3 5 6 8 9 11 12
5 13 15 16 17 17 18

27 25 25 25 25 25 25

10 15 20 25 31 36 42

508 662 803 870 967 1,075 1,202

Notes: a. Denton County use of TCWCID#1 water is assumed to be supplied

by Fort Worth and TRA.

supplied by Fort Worth and Mansfield.
b. The required capacity is assumed to be double the average-day

use, so that peak-day demands can be met.

Johnson County use is assumed to be
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increase their treatment capacities between now and 2050. The City of Fort
Worth currently has three water treatment plants operating or under
construction - Rolling Hills, Holly, and Eagle Mountain. The treatment
capacities at these plants are 160 MGD at Rolling Hills, 150 MGD at Holly,
and 30 MGD at Eagle Mountain, which is scheduled to be completed this year.
These plants will meet Fort Worth's projected treatment capacity
requirements until the late 1990's. Fort Worth is projected to need 619
MGD of treatment capacity by 2050, which will require 279 MGD in addition
to the current facilities. The Rolling Hills plant is capable of being
expanded by 160 MGD, and current plans allow for a 30 MGD expansion of the
Eagle Mountain plant. The additional 89 MGD which will not be developed
by the currently planned expansions can be provided by additional
expansions at the existing plants and/or by new plant construction,
depending on the areas to be served and other factors. Based on an
estimated unit cost for treatment facilities of $0.50 per gallon per day
of plant capacity, the 279 MGD in additional capacity needed for Fort Worth
will probably cost on the order of $139,500,000.

The City of Arlington's two water treatment plants are the Pierce
Burch plant and the Southwest plant. Their current capacities are 136 MGD
for the Pierce Burch plant and 25 MGD for the Southwest plant, for a total
of 161 MGD. Planned expansions of the Southwest plant will increase this
total by 75 MGD, to 236 MGD. The projected 2050 treatment capacity
requirement for Arlington is 258 MGD. The additional 22 MGD of treatment

capacity which will not be provided by the planned expansions will probably
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come from additional expansions at one of the existing plants. Based on an
estimated unit cost for treatment facilities of $0.50 per gallon of daily
capacity, the 97 MGD in additional capacity needed for Arlington will
probably cost on the order of $48,500,000.

Trinity River Authority'’s Tarrant County Water Project provides water
to the cities of Euless, Bedford, and Colleyville, and portions of
Grapevine and North Richland Hills. The plant currently has a capacity of
42 MGD with a planned expansion to 87 MGD. It is projected that the
Trinity River Authority will need 113 MGD of treatment capacity by 2050.
The additional 26 MGD of capacity not provided by the planned expansion can
be provided by additional expansions or by construction of a new plant.
Based on an estimated unit cost for treatment facilities of $0.50 per
gallon of daily plant capacity, the 71 MGD in additional capacity needed
for the Trinity River Authority Tarrant County Water Project will probably
cost on the order of $35,500,000.

The City of Mansfield's water treatment plant currently has a capacity
of 10 MGD. The projected 2050 treatment capécity requirement for Mansfield
is°21 MGD, requiring 11 MGD of additional capacity. It is anticipated that
this will be provided by expansion of the existing facility. Based on an
estimated unit cost for treatment facilities of $0.75 per gallon of daily
capacity (for this smaller facility), the 11 MGD in additional capacity
needed by Mansfield will probably cost on the order of $8,250,000.

Table 10.6 summarizes the capacity expansions required for the

District's four major Tarrant County customers and the estimated cost of
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those expansions. Since it is not yet certain how service will be provided

in other counties, cost estimates for treatment capacity were not

developed.
Table 10.6
Projected Water Treatment Capacity
Expansions and Costs for Tarrant County
Customer Projected Current Expansion Approximate
2050 Treatment Treatment Required Cost of
Capacity Capacity Expansion
{MGD) {(MGD}) (MGD)
Fort Worth 619 340 279 $139,500,000
Arlington 258 161 97 48,500,000
Trinity River
Authority 113 42 71 35,500,000
Mansfield 21 _10 11 8,250,000
Total 1,011 553 458 $231,750,000

Note: All costs are based on 1989 prices.

—r
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11.

SUMMARY OF FINDINGS

Supply and Demand

al

The District's existing water supply system has an estimated total
dependable yield of 470,800 AF/Y as of 1990, This yield wil) decrease
slightly with time, due to sediment accumulation in the reservoirs.
The District's water requirements are projected to equal the available
dependable supply about the year 2016. By that time, it is estimated
that the total dependable yield of the existing reservoirs will be
465,500 AF/Y and the potential requirements under drought conditions
will be 465,200 AF/Y.

The total requirements are projected to reach 671,000 AF/Y by 2050,
Approximately 85 percent of the 2050 demand is predicted to be in
Tarrant County.

As of 2050, the dependable yield of the District's present reservoir
system is estimated at 458,000 AF/Y.

To keep pace with the projected future water requirements, the
District should plan to develop approximately 213,000 AF/Y of new
supply by the year 2050 (671,000 -- 458,000 = 213,000).

There are several sujtable alternatives that could provide the

required additional water supply for the District.

System Operation

g.

The combined yield of Cedar Creek Reservoir and Richland-Chambers

Reservoir can be increased if the two facilities are operated as a
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coordinated system rather than as two independent reservoirs. The
potential gain in yield is estimated at 24,300 AF/Y for the reservoirs
as they are now and 32,800 AF/Y if their individual yields are
increased 30 percent due to supp]ementa] diversions from the Trinity

River (see paragraphs "k" and "1" below).

Diversions from the Trinity River

h.

Federal and state requirements for treatment of municipal wastewater
are becoming more and more strict, until the resulting quality of the
reclaimed water is in some respects better than the quality of the
natural runoff. It is probable that some form of water reuse will
make up part of the supply for many areas of Texas within the period
covered by this study.

Although in some places direct reuse of reclaimed water is now being
investigated, that is clearly the most difficult approach, and it is
neither necessary nor desirable for the District at this time.
Indirect reuse due to return of reclaimed water to a reservoir 1is
presently being done in some water supply systems. The best-known
example is probably the Upper Occoquan Sewage Authority in Virginia.
The North Texas MWD is operating on that basis at Lake Lavon.

In the Tarrant County District's case, there is a more conservative
option which involves some reuse of reclaimed water but is even more
indirect. This alternative is to make supplemental diversions from
the Trinity River into Richland-Chambers Reservoir and Cedar Creek

Reservoir.
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The supplemental Trinity River diversions could potentially increase
the Richland-Chambers and Cedar Creek yields by at least 30 percent,
a gain of 115,500 AF/Y. More detailed water quality study (see “y"

below) may show that a higher gain in yield is feasible.

Existing Reservoirs

m.

0f the existing reservoir alternatives considered, Lake Texoma was
found to have the potential for providing a significant amount of
additional supply at a competitive level of cost.

It would be possible to divert up to 50,000 AF/Y from Lake Texoma into
Eagle Mountain Lake. However, to do so would raise the concentrations
of total dissolved solids, chlorides and sulphates in Eagle Mountain.
Because of water quality concerns and because water from Lake Texoma
is not significantly less expensive than several other alternatives,
this was not included in the potential development scenarjos.

Lake Palestine would be a good source of added yield if it were
possible to purchase Dallas’ share of that project - approximately
114,300 AF/Y. However, the new Dallas long-range water supply plan
(3) recommends that the Lake Palestine yield be the next increment of
supply for Dallas and that a pipeline to bring the water to Dallas be
built by the year 2001. There appears to be relatively 1ittle chance

that the District could obtain the Lake Palestine supply.

New Reservoirs

p.

The proposed Tehuacana Reservoir would provide 68,300 AF/Y of basic
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yield or 88,700 AF/Y with supplemental diversions from the Trinity
River.

The other most promising new reservoir projects are the George
Parkhouse and Marvin Nichols Reservoirs in the Sulphur River Basin,
each of which could be developed in two stages. Together, these
projects are capable of providing a total additional yield of more

than a million acre-feet per year.

Recommended Development Scenario

r.

The most economical development scenario for the District would

involve the following four steps:

Step 1:  Construct facilities to divert supplemental water from the
Trinity River into Richland-Chambers Reservoir by about

2016.

Step 2:  Construct facilities to divert supplemental water from the
Trinity River into Cedar Creek Reservoir by about 2028.

Step 3:  Construct facilities to allow the Richland-Chambers and
Cedar Creek Reservoirs to operate as a system by about the
year 2037.

Step 4:  Construct Tehuacana Reservoir and a facility to divert
supplemental water from the Trinity River into Tehuacana
Reservoir by about 2042.

The above four-step program would provide an estimated new supply of

237,000 AF/Y, or slightly more than the projected need of 213,000 AF/Y

as of 2050.

Of the various available ways to increase the District's total supply

to meet expected requirements through 2050, the Trinity diversion
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approach outlined in paragraph "r" above is believed to involve the
least environmental impact, provided the District can be satisfied
that it is safe from the public health standpoint.

Before reaching a final decision on the Trinity diversion concept, a
program of further water quality testing, analysis and pilot-scale
operation should be carried out, as described in the next chapter.
The third and fourth steps in the Trinity diversion scenario could be
replaced by George Parkhouse Reservoir Stage II with relatively little
effect on the long-term costs of supply.

The needed total incremental supply of 213,000 AF/Y through 2050 could
also be provided from George Parkhouse Reservoir Stages I and II or
from either stage of the Marvin Nichols Reservoir project. Because of
the size and cost of Marvin Nichols Stage I, it probably would be
necessary to join with others and share the costs and yield of that
project.

The District has time to investigate the public health aspect of the
Trinity River diversions in a deliberate and careful manner before
making a final decision. However, development of a significant amount
of new water supply is already a slow and difficult process, and it
may become slower and more difficult in the future. It would be
prudent to set a target date to make a definite decision by no later
than the year 2000.

The selected plan should be reviewed and updated at approximately 10-

year intervals in the future. Because the plan is to be implemented
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in a number of separate steps over a 60-year period, it is relatively
flexible and can be adjusted to allow for new conditions when and if
they occur. In general, the individual steps can be rearranged, or
substitutions can be made where appropriate, without losing the

benefit of steps already completed.
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12. IMPLEMENTATION PLAN

Based on the projections of the District's future water requirements,
it will be 20 years or more before construction should be started on
facilities for the next increment of supply. Present indicafions are that
the best choice will be to increase the dependable yields of Richland-
Chambers Reservoir and Cedgr Creek Reservoir by 30 percent through
diverting supplemental water from the Trinity River into the lakes. It is
estimated that the 30 percent gain in yield should be made available at
Richland-Chambers by about the year 2016, followed by Cedar Creek in about
the year 2028. The yield increases at the two reservoirs are expected to
meet the growth in requirements until about the year 2037. The balance of
the projected future needs through 2050 can be met by system operation of
Richland-Chambers and Cedar Creek Reservoirs, beginning about 2037, and
construction of Tehuacana Reservoir in about 2042.

From the results of this study, the above scenario is indicated to be
the most economical available alternative, and it also would have the least
environmental impact. However, available information is not conclusive as
to water quality in the Trinity River. The District should reserve
judgment at this time, until it can confirm that the Trinity diversions
would be safe in terms of water quality and public health. The District
should plan to resolve this question and reach a definite decision by the
year 2000.

To be able to provide the new supply when it is needed, the following

activities should be started and completed by the indicated dates:
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Water Quality - 1990-1995

a.

Beginning in 1990 or 1991, perform additional detailed water quality
monitoring of the Trinity River in the area of the proposed
diversions, to develop more data on specific constituents at varying
flow conditions.

Continue to monitor the water quality of Richland-Chambers and Cedar
Creek Reservoirs. Expand the existing quality monitoring program in
the areas of the lakes that would receive the diversions.

Set up a program of water quality sampling on Tehuacana Creek at or
close to the proposed Tehuacana Dam site.

Calibrate and verify the eutrophication computer model for Richland-
Chambers and Cedar Creek Reservoirs.

Using the total body of available daté, including the additional data
obtained under "a" above, run additional computer model simulations to
show the effect of the Trinity diversions on the quality of water in
Richland-Chambers and Cedar Creek Reservoirs.

Perform a preliminary investigation of possible treatment methods
applicable to the Trinity River water, based on available water
quality data.

Carry out a pilot-scale diversion demonstration project at Richland-
Chambers Reservoir to determine whether there would be a need to pre-
treat the river water as it is diverted and, if pre-treatment is
needed, to determine the effectiveness of alternative methods such as

natural systems, detention basins, chemical clarifiers, etc.
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h.

1“

a.

Develop a conceptual design of the required diversion facilities and
pre-treatment facilities (if needed).

Prepare an updated opinion of probable diversion system costs.

Permits -~ 1990-1992

Confer with 1legal counsel and with the Texas Water Commission
regarding a water right permit to cover the pilot-scale tests of
diversion operation. Outline the over-all plan to the Commission.

Confer with the U.S. Army Corps of Engineers to determine whether a
Section 404 permit will be needed for the pilot-scale testing program.
Apply for the necessary permits and assist the permitting agencies

during their review if requested.

Environmental Information - 1990-1992

a'

Assemble environmental information pertinent to the pilot-scale
testing program.

Provide environmental information to the Texas Water Commission and
the Corps of Engineers as needed during their reviews of permit

applications for the pilot-scale testing program.

Decision_on Trinity River Diversions - 1990-2000

a.

Conduct a screening-level analysis of the environmental impacts of the
main alternative sources of additional water supply for the District,
to check the basic environmental acceptability of the Trinity

diversion approach.
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Make a final decision on the feasibility of supplemental diversions
from the Trinity River into Richland-Chambers and Cedar Creek
Reservoirs by the year 2000.

If the river diversions are found to require pretreatment beyond the
basic settling pond stage assumed in the cost analyses of this report,
prepare and consider a revised opinion of the probable cost of the
diversion operation.

If the Trinity diversion approach is still found to be the preferred
alternative, proceed with the activities described below under the
heading "Permits - 2005-2010."

If it is determined that the diversion concept is not desirable or
that the required degree of pre-treatment makes it uneconomical,
proceed with development of the needed additional supply (213,000

AF/Y) in the Sulphur River Basin.

Permits - 2005-2010

d.

Submit an application to the Texas Water Commission for water rights
to divert supplemental water from the Trinity River into Richland-
Chambers Reservoir sufficieht to increase the dependable yield from
210,000 AF/Y to 273,000 AF/Y.

When the TWC permit is granted, submit an application to the Corps of
Engineers for a Section 404 permit covering the diversions into
Richland-Chambers Reservoir.

Provide additional! information to the Commission and the Corps as

12.4




required for their review of the applications. Present evidence and

testimony as required at hearings on the applications.

Environmental Information - 2005-2010

a'

Prepare an Environmental Information Document (EID) covering the
environmental effects of the proposed diversions from the Trinity
River into Richland-ChamberslReservoir.

Furnish the EID to the Texas Water Commission and the Corps of

Engineers along with the permit applications described above.

Richland-Chambers Additional Yield - 2010-2015

a.

Prepare construction plans and specifications for the facilities to
divert Trinity River water to Richland-Chambers Reservoir.

Construct facilities for Trinity diversions into Richland-Chambers.
Design and construct additional pump station and pipeline facilities

for delivery of the increased yield to Tarrant County.

Transmission Improvements - 2015-2025

Design and construct further additional capacity in the transmission
facilities for delivery of raw water from Richland-Chambers and Cedar

Creek Reservoirs.

Cedar Creek Additional Yield - 2022-2027

d.

Obtain permits from the Texas Water Commission and the Corps of
Engineers for construction of Trinity diversion facilities at Cedar

Creek Reservoir sufficient to increase the dependable yield from
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175,000 AF/Y to 227,500 AF/Y.
b. Design and construct the Trinity River diversion facilities at Cedar

Creek Reservoir.

Additional Transmission Capacity - 2026-2030

Design and construct additional pump and pipeline capacity for
delivery of raw water from Richland-Chambers and Cedar Creek

Reservoirs.

System Operation - 2037

Begin coordinated system operation of Richland-Chambers and Cedar

Creek Reservoirs.

Tehuacana Reservoir - 2030-2042

a. Obtain the necessary permits for construction of Tehuacana Reservoir.

b. Design and construct Tehuacana Reservoir.
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