
" -,- - . .- ,.,..-~., .-

....... """".- ........ - ............. _- .. _-- .. _---
REGIONAL WATER SUPPLY PLAN 

VOLUME TWO - APPENDICES 

1990 

PREPARED FOR 

TARRANT COUNTY WATER CONTROL AND 
IMPROVEMENT DISTRICT NUMBER ONE 

IN CONJUNCTION WITH THE 

TEXAS WATER DEVELOPMENT BOARD 

FREESE AND NICHOLS, INC. 

ALAN PLUMMER AND ASSOCIATES, INC. 



TEXAS WATER DEVELOPMENT BOARD 

Walter W. Cardwell, III, Chairman 
Wesley E. Pittman, Vice Chairman 
Thomas M. Dunning, Member 
Noe Fernandez, Member 
Charles W. Jenness, Member 
William Madden, Member 

G.E. (Sonny) Kretzschmar, Executive Administrator 
Tommy Knowles, Ph.D., P.E., Director of Planning 
T. James Fries 
Robert R. Wear, P.E. 

TARRANT COUNTY WATER CONTROL AND IMPROVEMENT DISTRICT NUMBER ONE 

George W. Shannon, President 
Victor W. Henderson, P.E., Vice President 
Charles B. Campbell, Jr., Secretary 
Hal S. Sparks, III, Secretary Pro Tem 
Charles L. Geren, Member 

James M. Oliver, General Manager 
R. Alan Thomas, Assistant General Manager 
Wayne P. Owen, Jr., Manager of Management Services 

ADVISORY COMMITTEE 

Garey W. Gilley, Mayor Pro Tem, City of Fort Worth, Chairman 
Jerry Daugherty, City Council Member, City of Mansfield 
Charles L. Geren, Board Member, Tarrant County WCID No. One 
Bill R. McFadin, City Council Member, City of Arlington 
Danny F. Vance, General Manager, Trinity River Authority 

ADVISORY COMMITTEE STAFF 

Richard W. Sawey, P.E., Director, Water Dept., City of Fort Worth 
Kathleen A. Gibson, Asst. Dir., Water Dept., City of Fort Worth 
John F. Kubala, P.E., Utilities Director, City of Arlington 
Charles F. Anderson, Jr., Asst. Utilities Dir., City of Arlington 
Warren N. Brewer, Northern Region Manager, Trinity River Authority 
Bill R. Smith, Water Resources Planning Mgr., Trinity River Auth. 
Chris W. Burkett, P.E., City Engineer, City of Mansfield 
Billy W. Ervin, Outside Services Coordinator, City of Mansfield 



APPENDIX A 

APPENDIX B 

APPENDIX C 

APPENDIX D 

APPENDIX E 

APPENDIX F 

APPENDIX G 

APPENDIX H 

APPENDIX I 

APPENDIX J 

TABLE OF CONTENTS 

LIST OF REFERENCES 

PROJECTED POPULATION AND WATER USE 
IN THE STUDY AREA THROUGH 2050 

PROJECTIONS OF POTENTIAL FUTURE 
REQUIREMENTS FOR WATER FROM TARRANT 
COUNTY WATER CONTROL AND IMPROVEMENT 
DISTRICT NUMBER ONE 

AREA AND CAPACITY DATA 

RUNOFF DATA 

EVAPORATION DATA 

RESERVOIR OPERATION STUDIES 

EXAMINATION OF WATER QUALITY OF 
EXISTING AND POTENTIAL RESERVOIRS 

COSTS 

PRELIMINARY ANALYSIS OF 
ENVIRONMENTAL FACTORS 



APPENDIX A 

LIST OF REFERENCES 



APPENDIX A 

LIST OF REFERENCES 

(1) Freese and Nichols: Report on Water Supply for Fort Worth and Tarrant 
County, two volumes, prepared for the City of Fort Worth and the 
Tarrant County Water Control and Improvement District Number One, Fort 
Worth, May 1957. 

(2) Freese and Nichols: Report on Water Supply for Fort Worth and Tarrant 
County, Revisions and Supplemental Appendices, two volumes, prepared 
for the City of Fort Worth and the Tarrant County Water Control and 
Improvement District Number One, Fort Worth, August 1959. 

(3) Turner, Colli e & Braden, Inc.: Long-Range Water Supply P1 an 1990-
2050, two volumes, prepared for the City of Dallas, Dallas Water 
Utilities, Dallas, December 1989. 

(4) Espey, Huston & Associates, Inc.: Denton County Water and Wastewater 
Study Regional Master Plan for the Year 2010, Dallas, March 1988. 

(5) Espey, Huston & Associates, Inc., in association with Alan Plummer & 
Associates, Inc., and Rone Engineers: Engineering Report - Regional 
Water Study for Ell i s County and Southern Da 11 as County, Dallas, 
September 1989. 

(6) Regional water plan report for Collin County. (To be available in the 
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Table B-1 

Denton County Projected Population and later Use in the Study Area through 2050 

Adjusted TIDB Projections 
High Population Series - High per Capita Use with Additional Conservation 

- use in acre-feet per Jear. per capita use in gpcd -

Population and Vater Use 
------------------------------------------------------------------------------------------------

Historical Projected 
------------------- ------------ ... --------------- ... ------------------- ... --------------------------

1980 1985 1990 2000 2010 2020 2030 2040 2050 
-------- --------- --------- --------- --------- -------_ ... -... --.. ---- --------- ----_ .. ---

Population County 143.126 189.744 250.246 343,m m.m 534.116 631.062 686.121 745.984 

Justin 920 1.223 2.766 5.091 5,793 6.m 7.339 7.791 8.271 
Roanoie 910 1.211 2.139 5.041 5.736 6.463 7.261 7.715 8.191 
Southlake IP) 16 18 20 27 31 34 37 40 43 
Trophy Club 1.935 2.800 6.333 11.200 11.200 11.200 11.200 11.200 11.200 
Westlake (P) 214 253 572 1.053 1.198 1.350 1.518 1.612 1.711 

Study area cities 3.995 5.505 12.430 22.m 23.958 25.574 27.361 28.358 29,416 

Other county 25.853 35.554 47.486 47.481 83.644 126.121 172.030 187.399 204.141 
, other in area 15 10 5 4 3 2.5 2 2 2 
, other in area 3.878 3.555 2,374 1.899 2.509 3,153 3.m 3.748 4.083 

Study area 7.873 9.060 14,804 24.311 26.461 28.727 30,802 32.106 33.m 

Kunicipal Ci ty per capi ta 123 158 158 150 142 138 138 138 138 
Other per capita 105 116 140 133 125 122 122 122 122 

Justin 127 216 no 855 m L009 l.m 1.204 1.279 
Roanoke 125 214 m 847 912 999 1.123 1.193 1.266 
Southlake 2 6 4 5 5 5 6 6 7 
Trophy Club 267 496 1.121 1,882 1. 781 1.731 1.731 1. 731 1.731 
.estlake 29 45 101 177 191 209 m 249 26C 

Study area cities 550 m 2.201 3.766 3,110 3.953 4.229 4.383 U47 

Other County 3.040 4.637 7.442 7.062 11.H9 17.198 23.m 25.541 27.821 
Other study area 456 462 m 283 351 431 m m 558 

Study area L006 1.439 2.573 4.049 4.161 4.384 4,699 4.895 5.105 

lIanufacturiag Study area 0 0 0 0 0 0 0 0 0 

Steal Blectric Study area 0 0 0 0 0 0 0 0 

Mining Study area 0 0 0 0 0 0 0 0 0 
-----_ ... - -- ... ------ ... _---_ .... - ... ----_ ..... - ------.. -- --------- ... ------ .. - ---_ ....... -- ---------

rotal Study area 1,006 l.m 2,573 4.049 4.161 4.384 4,699 4.895 5,105 
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'lable B-2 

Ellis County Projected Population and later Use in the Study Area throuah 2050 

Adjusted rlDB Projections 
Hiah Population Series - High per Capita Use 'ith Additional Conservation 

- use in acre-feet per year. per capita use in gpcd -

Population and later Use 
------------------------------------------------------------------------------------------------

Historical Projected 
------------------- ---------------------------------------------------------------------------

1980 1985 1990 2000 2010 2020 2030 lOCO 2050 
--- .. ---- --------- .. _------- --------- --------- --------- --------- --------- ---------

Population Study area 59.743 73.255 86.743 119.158 144.213 166.415 184.412 194.264 20C .565 

lunidpal Study area 8.641 13.m 16.109 20.636 23.704 26.606 29.516 31.080 32.763 
Per capita 129 169 166 155 147 143 143 1CJ 143 

IIDufacturing Study area 2.612 3.595 3.657 4.157 4.979 5.858 6.919 7.650 8.451 

Steaa Electric Study area 0 0 0 0 0 0 0 0 0 

lIining Study area 9 87 90 105 120 135 150 165 180 
-------- --------- --------- --------- ----- .. --- --------- ------... -- --------- ---------

'fotal Study area 11. 322 17.522 19.856 24.898 28.803 32.599 36.585 38.195 41.401 

All of Ellis County is in the study area. 



Table B-3 

Freestone County Proiected Population and later Use in tbe Study Area tbrougb 2050 

Adjusted TIDB Projections 
Hiab Population Series - Higb per Capita Use litb Additional Conservation 

- use in acre-feet per year. per capita use in oped -

Population and Vater Use 
------------ .. ----------- .. -----------------------------------------------------------------------

Historical Projected 
------------------- ------------------------------------------------------------ .. --------------

1980 1985 1990 2000 2010 2020 2030 2040 2050 
-------- ----_ .... -- .. - .... ----- --------- --------- --------- --- ..... ---- --- .. - .. --- ---------

Population County 14.830 17 .109 17.536 19.035 20.115 23.056 26.412 28.317 30.m 

Fairfield 3.505 4.189 4.545 5.462 5.987 6.695 7.081 7.590 8.ll6 
lortbll 1.187 1.394 1. 435 1.558 1. 707 1. 908 2.017 2.162 2.317 

Study area cities 4.692 5.583 5.980 7.020 7.694 8.603 9,098 9,752 10,m 

Otber county 6.748 7.859 7.782 7.781 7.781 9,265 11.891 12.754 ll.673 
, otber in area 46 46 46 46 46 46 46 C6 46 
• other in area 3.104 3.615 3,580 3.579 3,579 4,262 5.473 5.867 6.290 

Study area 7.796 9.198 9.560 10.599 11.213 12,865 14.571 15.619 16.743 

Ilunicipal City per capita 160 140 154 147 139 135 135 135 135 
Otber per capita 105 98 137 130 123 120 119 119 119 

Fairfield 627 686 804 917 951 1.033 1.092 1.171 1.256 
lortbu 213 190 m 236 m 266 281 301 m 

Study area cities 840 876 1.033 1.153 1.196 1.299 1.J73 1.412 1.578 

Otber county . 793 865 1.196 1.135 1.075 UtI 1.588 1.701 1.122 
Otber study area 365 397 549 521 m 573 730 782 838 

Study area 1.205 1.273 1.582 1.674 1.689 1.872 2.103 2.254 2.m 

IIanufacturing County 128 509 646 m 1.166 1.461 1. 797 2.025 2.212 
, in study area 80 80 80 80 80 80 80 80 80 
Study area 102 407 517 776 933 1169 1438 1620 1826 

Steal Ilectric Study area 14,947 14.016 14.000 14.000 14.000 14.000 14.000 14.000 14.000 

!lining Study area 274 35 22 25 20 14 9 1 
----_ ........ .. _---_ ..... - -- ..... ----- ---- ... ---- _ ..... _-_ .. -- --------- --------- ----.. _--- ---------

fotal Study area 16.528 15.731 16.121 16.475 16.642 17.055 17.550 17.875 18.243 
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Table H 

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

Adjusted TiDB Projections 
High Population Series - High per Capita Use lith Additional Conservation 

- use in acre-feet per year. per capita use in opcd -

Population and Vater Use 
------------------------------------------- .. ----------------------------------------------------

Historical Projected 
------------------- ------------- .. -------------------------------------------------------------

1980 1985 1990 2000 2010 2020 2030 mo 2050 
-------- --_ ..... - .. -- ----_ ..... _- --------- -------.. - --------- --------- --------- ---------

Population trinity Basin 31.740 38.134 44.492 51,339 56.904 64,543 73,280 78,222 83.497 

Athens 10.197 11.015 12.540 13.352 14.905 16,638 18.516 19.125 21.160 
Gun Barrel City 2.118 2.827 3.626 U71 4,768 5.323 5,944 6.343 6.769 
Mabank (PI 156 227 280 370 m 574 687 732 780 
lIalatoff 2.082 2.325 2.673 3,m 3.516 3,m 4,383 4,678 4.993 
Tool 1.591 1.977 2.503 2.950 3.293 3.676 4,104 U81 4.677 
Trinidad 1.130 1.391 1. 731 1.844 2.058 2.291 U63 2.735 2.919 
Other ci ties 2.444 J.134 3.703 4.l13 4.601 5.143 5.750 6,136 un 

-------- --------- ---_ .. ---- --------- --------- --------- --------- --------- --... ---.. --
Study area cities 19.118 22.896 27.056 30.0n 33.612 37.576 42.005 44.830 47 .847 

Other basin 12.022 15.m 17.436 21.290 23,292 26.967 31,m JJ.392 35.650 
Other study area 9.017 11.m 13 .077 15.968 17.469 20.225 2J.456 25.0U 26.738 

Study area 28.135 H.m 40.133 46.017 51.081 57,801 65.461 69.874 74,585 

Municipal City per capita 149 189 166 157 149 145 US 145 145 
Other per capita 210 224 m 234 m 214 m m 211 

Athens 1.375 2.789 2.347 2.371 2.503 2.715 3,030 3.m 3.454 
Gun Barrel City 595 370 549 613 648 702 784 837 894 
Mabank IP) 28 49 71 89 108 127 152 162 173 
Malakoff m 349 391 437 46l 501 559 597 638 
Tool 354 247 534 597 630 m 763 815 871 
Trinidad 247 369 m 460 485 m 587 627 670 
Other 408 663 689 723 768 835 934 997 1.064 

-------- ------.. -- --------- .. - .. ------ .. -------- ------_ .. - --------- --------- --------.. 
Study area cities 3.286 4,836 5.036 5.290 5.604 6,090 6.809 7.270 7.764 

Other county 2.823 3.822 4.926 5.592 5,802 6,461 7.431 7.m 8.m 
Other study area 2.121 2.868 3.691 4.185 4,344 4.848 5.570 5.947 6.320 

Study area 5.407 7.704 8.727 9.415 9.948 10.9J8 12.319 13,217 14.014 

Manufacturing Study area 66 90 110 151 192 240 298 361 m 

Steal Electric Study area 3.191 2.617 2.600 14.000 14.000 14.000 H.OOO H.OOO 14.000 

Mining Basin 291 930 2J1 172 154 137 119 103 89 
, in study area 95 95 95 95 95 95 95 95 95 
Study area 276 884 219 163 146 130 113 98 85 

..... -...... -- --------- --------- --------- --------- --------- --------- --- .. ----- ---------
Total Study area 8.940 11. 295 11.656 23.789 24. 286 25.308 26.790 27.676 28.606 
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Table B-5 

Johnson CountI Projected Population and iater Uae in the Study lrea through 2050 

ldjusted TiDB Projections 
High Population Series - High per Capita Use lith Additional Conservation 

- use in acre-feet per year. per capita use in gpcd -

Population and later Use 
------------------------------------------------------------------------------------------------

Historical Projected 
------------------- ---------------------------------------------------------------------------

1980 1985 1990 2000 2010 2020 2030 2040 2050 
-------- --------- ...... _------ --------- --...... _---- --------- -----.. --- --_ ... ----- ---------

Population County 67.649 87.673 103.983 136.680 175.630 217.900 270.344 301. 300 335.801 

Burleson IPI 1D.611 14.443 18.852 23.497 26.120 28.m 32 .041 35.709 39.791 
IImfield (P) 22 130 166 205 224 238 252 281 313 

Study area 10.633 14.573 19.018 23.702 26.344 29.167 32.m 35.990 40.110 

lIunidpal City per capita 114 107 U3 136 129 125 125 125 125 

Burleson IP) 1.360 1.731 3.025 3.576 3.761 4.046 4,481 4.995 5.568 
lIansfield IP) 3 19 28 32 34 35 37 41 45 

Study area 1.363 1. 750 3.053 3.608 3.795 4.081 c,m 5,036 5.613 

lIanufacturinq Study area 0 0 0 0 0 0 0 0 

Steal Blectric Study area 0 0 0 0 0 0 0 

!lining Study area 0 0 0 0 0 0 
-------- --------- --------- _ ... ------- --------- --------- --------- --------- _ ... -------

Total Study area 1.363 1.750 3.053 3.608 3,795 4.081 4,518 5,036 5.613 
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'fable 8-6 

(aufaan Count! Projected Population and Vater Ose in the Study Area throuqh 2050 

Adjusted TID8 Projections 
High Population Series - High per Capita Use with Additional CODserlation 

- use in acre-feet per year. per capita use in gpcd -

Population and later Ule 
~-----------------------------------------------------------------------------------------------

Historical Projected 
------------------- -----------------.. -----------------------------------.. ---------------------

1980 1985 1990 2000 2010 lOlo 2030 2040 2050 
--.. ----- --------- ----_ ...... _- --------- --------- --------- --------- --------- ---------

Population County 39.015 49.304 59.403 73.563 19,585 106,525 125,035 135,500 146.841 

Keap 1.035 1.309 1.738 20217 2.831 3.m 4.142 4.481 4.863 
lIabul (P' 1.287 1.858 2.382 3.140 (,007 4.887 5.866 6.356 6.887 

Study area 2.m 3.167 4.l20 5.357 6.838 8.338 10.008 10.au 11.750 

lIunicipal City per capita 156 155 190 181 171 166 166 166 166 

Keap 166 149 m 328 397 m 564 611 662 
lIabank IP) m 402 606 758 915 1.084 1.301 1.410 1.528 

Study area 405 551 877 1.086 1.312 1. 554 1.865 2.021 2.190 

IImfacturing Study area 0 0 0 0 0 0 0 0 0 

Steaa Electric Study area 0 0 0 0 0 0 0 0 0 

lIining Study area 0 0 0 0 0 0 0 
-------- --------- --------- --------- --------- --------- --------- --------- ---------

fotal Study area 405 551 877 1.086 1.312 1. 554 1.865 2.021 2.190 
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Table B-7 

lavarro County Projected Population and later Use in the study lrea thrau~h 2050 

Adjusted 'liDB Projections 
High Population Series - High per Capita Use with Additional Conservation 

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

Population and later Ose 
----------------------------------------------------------------------------------------------... -

Historical Projected 
------------------- ---------------------------------------------------------------------------

1980 1985 1990 2000 2010 2020 2030 2040 2050 --_ ... __ .... -_ ... _----- --------- --------- -------_ ... --------- --------- --------- _ ... _------

Population County 35,323 39.065 40,598 H,170 46,175 47,523 49 ,012 49,771 50,542 

Corsicana 21.712 23,638 24.691 26,593 27,828 28,651 29,501 29,951 30,412 
Kerens 1.582 I,m 1.776 1.897 1.984 2,042 2.102 2,133 2.164 

Study area cities 23,294 25,361 26,467 28,490 29.812 30,69] 31.603 32,091 32,586 

Other county 12,029 13,704 14,131 15,680 16,363 16,830 17.409 17.680 17,955 
, in study area 72.5 74,6 74,6 74.6 74,6 74,6 74,6 74,6 74.6 
Other study area 8.124 10.217 10,542 11.697 12.207 12.555 12.987 13.189 13.m 

study area 32.018 35.578 37.009 40.187 42.019 43.248 H.590 45.210 45.980 

lIunicipal City per capita 205 148 200 190 180 175 175 175 175 
Other per capita 105 106 139 132 125 122 122 122 122 

Corsicana 5.107 4.035 5.663 5.786 5.728 5.729 5.an 5.990 6.082 
lerens m 177 273 277 m 274 212 286 290 

Study area cities 5.357 4.212 5,936 6.063 6.002 6.003 6.181 6.276 6.372 

Other county 1.414 1.622 2.207 2.323 2.293 2.291 2.370 2.407 2.445 
Other study area 1.026 1.213 1.641 1.730 1. 709 1. 716 1.775 1.802 1.830 

Study area 6.383 5.425 7.577 7.793 7,711 7.719 7.956 8.078 8.202 

lIanufacturinq Study area 896 1.068 1.250 1.720 2.116 2.624 3.201 3.699 4,27C 

Steal Blectric Study area 0 0 0 0 0 7.000 13 .500 13.500 13.500 

!lining Study area 94 95 99 110 121 132 143 154 
------ ... - --------- --_ .. ----- -_ ... -- .. --- --------- -----.. _-- --------- ----_ ... --- ---------

fotal Study area 7,287 6.587 8.922 9.612 9,937 17.464 24.789 25. C20 26.130 
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Table B-8 

Parker County Projected Population and later 0 •• in the Study 1rea through 2050 

1djusted TIDB Projections 
Bigh Population Series - Bigh per Capita Ose lith 1dditional ConservatioD 

- ule in acre-feet per year. per capita use iD gpcd -

POPUlltioD aDd later Ose 
----------------------------------------------------- .. ------------------------------------------

Bistorical Projected 
------------------- ------------------.. --------------------------------------------------------

1980 1985 1990 2000 2010 2020 2030 2040 2050 
-------- --------- --------- --------- --------- --------- --------- --------- -----... _--

Population TriDity Basin 35.062 44.713 54.967 63.238 68.446 70.798 73.m 74.m 75.746 
leatberford in 

Brazos Basin 604 785 1.051 1.369 1.579 1.679 1. 760 1.811 1.863 

'lotal 35.666 45.498 56.018 64.607 70.025 72.m 75.009 76.298 77 .609 

lunicipal Basin per capita 139 106 159 153 146 142 1C2 142 1C3 
leatherford per 

capita 183 110 184 175 165 161 161 161 161 

BasiD use 5.458 5.290 9.109 10.834 11.173 11.m 11.666 11.871 12.092 
leather ford use in 

Brazos Basin 124 97 m 268 292 302 317 326 336 

Study area 5.582 5.387 10.026 11.102 11.465 11.564 11.983 12.203 12.m 

laaufacturing Study area 118 228 m 382 m 631 m m 1.250 

steal Blectric Study area 154 159 200 200 200 200 200 200 200 

lining Study area 0 56 0 0 0 0 0 0 0 
-------- -------_ .. --------- -- ... ------ --------- --------- --------- ----_ ......... - ---------

'lotal Study area 5.854 5.830 10.501 11.684 12.162 12.395 12.973 13.m 13.878 
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'fable B-9 

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

Adjusted 'fIDB Projections 
High Population Series - High per capita Use lith Additional Conservation 

- use in acre-feet per year. per capita use in gpcd -

Population aDd iater Use 
-------------------------------------------_ ... ----_ ... ---------------------------------------------

Historical Projected 
------------------- ---------------------------------------------------------------------------

1980 1915 1990 2000 2010 2020 2030 2040 2050 
... _- ... _--- -----_ ... _- --------- --------- -----.. _-- --------- --------- --------- ---------

Population Study area 860.880 1.055.994 1.216.898 1.420.630 1.583.299 1.759.365 1. 951. 916 2.146.330 2.360.108 

lIunicipal Study area 186.103 208.204 263.479 291.001 305.253 m.m 361.095 391.858 430.861 
Per capi ta 193 176 193 183 172 166 165 163 163 

lIanufacturing Study area 50.311 34.701 42.431 57.263 71.199 86.634 104.461 125.660 151.161 

Steal Electric Study area 4.177 5.412 5.400 5.100 5.100 5.100 5.100 5.100 5.100 

lIining Studr area 0 96 0 0 0 0 0 0 
_ ... ---- .. - -------_ ... ----- ... --- -------- ... _ .. ------- .. __ ..... _--- -- .. _----- --------- ---------

Total Study area 240.591 248.413 311.316 353.364 381. 552 419.231 470.656 522.618 587.122 



'fable B-I0 

lise County Projected Population and Vater Use in the Study Area through 2050 

Adjusted 'fIDB Projections 
High Population Series - High per Capita Use lith Additional Conservation 

- use in acre-feet per year. per capita use in gpcd -

Population and later Use 
------------------------------------------------------------------------------------------------

Historical Projected 
------------------- ---------------------------------------------------------------------------

1980 1985 1990 2000 2010 2020 2030 2040 2050 
...... _----- _ .......... _--- --------- --_ ...... _--- ---... ----- --------- -----... --- .. -------- ---------

Population County 26.575 31.978 36.801 49 .165 57.714 63.721 70.m 73.803 77.515 

Bridgeport 3.737 4.065 4.268 4.829 5.747 6.370 7,059 7.414 7.787 
Decatur 4.104 4.925 5.998 7.533 8.968 9.940 11.016 11.570 12.152 
Briar (PI 642 739 m m 1.004 1,086 1.175 1.233 1.294 

Study are. cities 8.483 9.729 11.105 13.284 15.719 17.396 19.250 20.m 21.2JJ 

Other county 18.092 22.20 25,696 35.881 fl,995 46. J25 51.019 53.586 56.212 
, in study area 94.7 94.6 94.6 94.6 94.6 94,6 94.6 94,6 94.6 
Other study area 17.136 21.058 24.308 33.m 39,721 43.823 48.264 50,692 53.m 

Study area 25.619 30.787 35.413 C7 .227 55.446 61.219 67.514 70,909 740476 

Municipal Ci ty per capita 177 137 169 160 152 147 148 148 148 
Other per capita 105 110 140 133 125 122 122 122 122 

Bridgeport all 560 879 m 1.062 1.143 1.267 1.331 1.398 
Decatur 765 833 1.101 1.311 1.477 1.590 1.762 1.851 1.944 
Briar (PI 97 101 125 130 134 141 152 160 168 

Study area cities 1.684 1.494 l.105 2.384 2,673 2,874 3.111 3.342 3.510 

Other county 2.127 2.745 4.026 5.329 5.899 6.320 6.959 7.309 7.677 
Other study area 2.015 2.595 U12 5.057 5,562 5,989 6,596 6,921 7.216 

Study area 3.699 4.089 5.917 7.441 8.235 8.863 9,777 10.269 10.786 

luufacturinq Study area 5.524 5,037 6.380 9.565 11. 494 a.390 17 .692 19.948 22.192 

Steal Blectric Study area 0 0 0 0 0 0 0 0 

MiDinq Study area 3.693 638 3.893 4.510 5.173 5.837 6,500 7.167 7.902 
-------- ... _---_ ... _- --------- --------- --------- --------- ----_ ... --- --------- ---------

Total Study area 12.916 9.764 16.190 21.516 24.902 29.090 33.969 37.384 41,180 
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APPENDIX C 

PROJECTIONS OF POTENTIAL FUTURE REQUIREMENTS 

FOR WATER FROM TARRANT COUNTY WATER CONTROL 

AND IMPROVEMENT DISTRICT NUMBER ONE 



Table C-I 

Denton County: Potential Reed for Vater frol fCrCID'l 

Ground later: Southlake. Trophy Club and Westlake have 
surface vater supplies. The other present 
needs are being let lith ground later. 

1990 study area use 
Southlake 
Trophy Club 
lestlake 

Ground water 

2.573 AFIY 
4 AFIY 

1.121 APIY 
101 APIY 

1.347 AFIY 

Assule that ground .ater 'ill be replaced 
gradually as the area becoles fully developed. 
Assule 1.347 AFIY in 1990. 674 AFIY in 2000 
and none thereafter. 

Projection: (IF/YI 1990 2000 

a. Study area total 2.573 4.049 

b. Ground later use 1.347 674 

c. let rCVCID'l potential deland (a-bl 1.226 3.m 

d. Rounded to nearest 100 AFIY 1.200 3.400 

2010 2020 

4.l61 4.384 

4,l61 

4.200 

2030 

U99 

4.699 

4.700 

lOCO 

..,95 

4.895 

40900 

2050 

5.105 

5.105 

5.100 
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fable C-2 

Bllis County: Potential leed for later frol TCICID'l 

The Blli. County regional planning study projects need. for added surface later supply through 2030. 
Use that projection in place of estilates based on 'IDB projection through 2030. 

Base estilated additional requirelents for 2040 and 2050 on grolth predicted by TIDB: 2030 to 2040 = 2.310 AF 
2040 to 2050 • 2.521 IF 

Projection: (AF/Y) 

a. leeded frol TCICID'! 

b. Rounded to nearest 100 AFIY 

1990 

4.211 

4.200 

2000 2010 2020 2030 2040 2050 

5.107 9.386 17.405 25.346 27.656 lO.177 

5.100 9.400 17.400 25.300 27.700 30.200 

C-2 



'fable C-3 

Freestone County: Potential leed for rater frol 'fCrcIDtl 

'fbe exilting steal electric paler plant already has an adequate later supply. 

forthal bas aD existing surface water supply. 

Ground later: 1,755 AF of lunicipal use in county in 1980 I 'fIDa I 
1,880 AF of lunicipal use in county in 1985 (TIDII 
llsule ground later use in 1990 based on balance of supply and deland. 
Assule ground later use in 2000 and 2010 based on balance of lupply and deland litb JercIDtl 

providing later for Fairfield lunicipal use and balf of the study area lanufacturing use. 
Assule ground water use at 1,000 AF/Y frol 2020 OD. 

Projection: (AFm 1990 2000 2010 2020 2030 20CO 2050 

a. Study area total 16.121 16.415 16,m 17,055 17.550 17,875 18,m 

b. Steal electric use 1UOO U,OOO 1UOO 1UOO 14.000 1UOO 1UOO 

e. forthal lunicipal use 229 m 245 266 m 301 m 

d. Ground rater use 1.892 934 980 LOOO 1.000 LOOO 1.000 

e. let 'fCWCIDtl deland la-b-c-dl 0 1.305 1.417 1. 789 2.269 2.574 2,921 

f. Rounded to nearest 100 AF/Y 1.300 1.400 1.800 UOO 2,600 2,900 
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Table C-4 

Henderson County: Potential leed for later frol TCICIDt1 

Yield of Lake Atbens: 6,500 AFIY (LIVA laster plan) 

Ground later: 2,670 AF in 1980 and 4,159 AF in 1985 for Trinity Basin portion of count! (TIDB) 
study area is approxilately 20' of Trinity Basin part of county. 
Assule 1,000 AF/Y of ground rater rill be available in study area through 2050. 

A88UI. all lanufacturing is in Athens. 

Trinidad electric plant bas orn supply: 2,600 AFIY in 1990 and 3,000 AFIY tbereafter, 

Projection: (Ar/Y) 1990 2000 2010 2020 2030 

a. Study area total 9.811 21.732 22,153 22,929 24.058 

b, Atbens supply frol Lake Atbens 2.347 2.371 2,503 2.715 3.030 

c, Manufacturing supply frol Late Atben. 110 151 192 m 298 

d. Ground rater in study area 1. 000 1. 000 1.000 1.000 1.000 

e, Trinidad SIS supply 2.600 3.000 3,000 3.000 3.000 

f. let TCICIDt1 potential deland (a-b-c-d-e) 3.154 15.210 15.458 15.914 16.130 

g. Rounded to nearest 100 AFIY 3.800 15.200 15 ,500 16.000 16,100 

20CO 2050 

24.759 25.521 

3,235 3,m 

361 m 

1.000 1.000 

3.000 3.000 

17.163 11,630 

11,200 11.600 
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Table C-S 

Jobnson County: Potential Reed for Water frol !CICID'1 

!be Jobnson County estilates are for parts of Kansfield and Burleson. 
Burleson and Kansfield use 'lCICID,l later entirely. 
Tbere are no adjustlents for use frol otber sources. 

Projection: (AF/YI 

•• Based on 'lWDB estilates 

b. Rounded to nearest 100 AF/Y 

1990 

3,053 

3.100 

2000 2010 

3,608 3.795 

3,600 3.800 

2020 

4.081 

uoo 

2030 lOt 0 2050 

5,036 5.613 

c.soo 5,000 5,600 
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'fable C-6 

(auflan County: Potential Reed for later frol 'rCIClD.1 

'fhe lauflan County .,tilates are for the Cities of lelp and Mahant. 
'fhere are no adjustlents for use frol other sources. 

Projection: IAF/YI 1990 

a. Based on 'fIDI estilates 877 

h. Rounded to nearest 100 AF/Y 900 

2000 

1.086 

1,100 

2010 

1.312 

1.l00 

2020 

1.554 

1.600 

2030 

1.865 

1.900 

2040 

2.021 

2.000 

2050 

2.190 

20200 

C-6 



Table C-7 

Navarro County: Potential Reed for later frol 'CWCID'l 

Yield of lavarro Mills Reservoir: 14.7 MGD = 16.460 lPIY 11974 IC!COG study I 

'il has contracted 92' of yield of lavarro lills 115.147 APIYI to Dalson , Corsicana (1974 ICrCOGI. 

Ground later: 327 IP in 1980 and 384 AP in 1985 for county IrIDBI. 
Study area covers approxilately 55' of the county. 
lssule 400 APIY available in 1990 and 200 APIY available thereafter in study area. 

A.lule lanufacturin9 is all in Corsicana. 

ASlule that the predicted future generating plant ,ill develop its 
oln later supply. 

rhe 'IDB estilates for Corsicana do not allof for effect of Richland-Chaibers Late. 
Aiiol for additional use due to Corsicana grolth. 
Based on Corsicana response to questionaire. add 4.000 people each decade at the predicted Opcd: 
2000: 4.000 x 200 x 366 I 325.851 = 900 .•.. 2010: 8.000 x 190 x 365 / 325.851 = 1.700 ••••• etc. 

Projection: (AP/YI 1990 2000 2010 2020 2030 2040 

a. Study area total 8.922 9.612 9.937 17.464 24. 789 25.420 

h. Corsicana supply frol Navarro lills 5.663 5.786 5.128 5.129 5.899 5.990 

c. Manufacturing supply frol lavarro Kills 1,250 1.720 2.116 2.624 3,201 3.699 

d. Ground later in study area 400 200 200 200 200 200 

e. SSS lupply frol other sourcelsl 7.000 13.500 13.500 

f. Allolance for additional growth due to R/C 900 1.700 2.400 3.100 3,900 

g. Ret rCICID,l potential deland 
I a-b-c-d-e=f I 1.609 2.806 3.593 4.311 5.089 5.931 

h. Rounded to nearest 100 APIY 1. 600 2.800 3.600 4.300 5.100 5,900 

2050 

26.130 

6.082 

UH 

200 

13.500 

4.700 

6.774 

6.800 
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Table C-I 

Parker County: Potential leed for later frol rCICID.1 

yield of Late Weatherford: 1.5 IGD = 1.680 APIY (1974 ICrCOG study I 

Ground .ater: 2,565 AF in study area in 1980 and 2,952 AF in 1915 (rIDSI. 

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

Assule all lanufacturing is supplied through Weatherford. Por 1990. this use is attributable to Lake 
leatherford. Frol 2000 on. li.it Lake leatherford used to the estilated yield. 

Projection: (AFfYI 1990 2000 2010 2020 2010 lOfO 

a. Study area total 10,501 11.684 12,162 12.395 12.973 13.392 

b. Lake leatherford use for steal electric 200 200 m 200 200 200 

c. Lake Weatherford use for Weatherford 4.325 1.480 1.480 1.480 1oUO l.UO 

d. Late .eatherford use for lanufacturing 275 

e. Ground .ater in .tudy area 3,000 2,500 2,000 2,000 2,000 2,000 

f. let rCWCID'l potential deland (a-b-c-d-el 2,701 7,504 8,m 8,715 9,293 9,712 

o· Rounded to nearest 100 AF/Y 2,700 7,500 8,500 8,700 9,300 9,700 

2050 

13.878 

200 

l.UO 

2.000 

10,198 

10.200 
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Table C-9 

Tarrant County: Potential leed for later frol TC.CID.1 

In 1980, the District provided 180,078 AF in Tarrant County. 
TVDB records shot that the total 19aO use in Tarrant County. exclusive of irrigation and livestock use, ras 240,591 AF. 
240,591 - 180,078 = 60,513 AF la) frol sources other than the District or Ib) gained frol return flo.s. 

In 19a5, the District provided 200,097 AF in Tarrant County. 
TiDB records show that the total 1985 use in Tarrant County, exclusive of irrigation and livestock use, .as 24a,413 AF. 
24a,413 - 200,097 = 48,316 AF la) frol sources other than the District or Ib) gained frol return flo.s. 

Fort Vorth, Arlington. the TRA and Mansfield have all prepared their own .ater use projections through at least 2010. 
These cOlpare lith the TiDB-based estilates as folIo,s: 

1990 2000 2010 

a. Fort Vorth (including custolers) 159,824 194.992 m,232 
b. Arlington 63,954 aO,551 97,247 
c. Trinity River Authority 24,867 36.517 41. 7B1 
d. Mansfield 2,388 4.053 6,464 
e. Allo.ance for other needs frol TCVClD.1 in Tarrant County 9,000 10,000 11 ,000 

======= ======= ======= 
f. Total based on users' projections 260,033 326,113 395,124 

Agreelent is good in 1990 and 2000. Add 20.000 AF in 2010 and 10,000 AF in 2020, based on the users' projections. 

Projection: lAP IY) 1990 2000 2010 2020 2030 2040 2050 

a. Projected total use 311. 316 353,364 381,552 419,231 470,656 522,618 587,122 

b, 10n-TCVCID'1 supply and usable return flo, 50,000 30.000 20,000 20,000 20,000 20,000 20,000 

c. Adjustlent based on users' oln projections 20,000 10,000 

d. let TCVCID'l potential deland (a-b+c) 261.316 323,364 381.552 409,231 450,656 502,618 567.122 

e. Rounded to nearest 100 AFfY 261.300 323,400 381.600 409.200 450,700 502,600 567.100 
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Table C-10 

Wise County: Potential leed for later frol TCICID'1 

In 19.0. the District provided 4.393 AF in lise County. 

Based on TIDS records. 1980 use in tbe study area. exclusive of irrigation and livestock use. las 12.914 AF. 

12.914 - 4.393 • 8.521 AF frol sources otber tban tbe District. 

In 1985. tbe District provided 2.976 AF in Vise County. 

Baaed on riDB recorda. 1985 use in tbe study area. exclusive of irrigation and livestock use. las 9.764 IF. 

9.764 - 2.976 = 6.788 AF frol sources otber than tbe District. 

Ground later: County: 1.802 AP in 1980 and 2.390 AP in 1985. 
Study area: 1.705 AF in 1980 and 2.260 IP in 1985. 

Al101 for a total of 10.500 AF/Y frol sources otber tban rCICID,l. 

Groltb of lanufacturing use is relatively higb in the riDS estilates for future decades in lise County. 
Percentage growth in lanufacturing use frol 1980 to 1990: 5.524 AF to 6.427 AF. or 15.5'. 
Assule lanufacturing increase is 15.5' per decade frol 1990 to 2050. 

Projection: (AF/YI 1990 2000 2010 2020 2030 2040 

a. Study area total 16.190 21.516 24 .902 29.090 33.969 37.384 

b. Sources otber than rCWCID'l 10.500 10.500 10.500 10.500 10.500 10.500 

c. Manufacturing per TIDB 6.380 9.565 11.m 14.390 17.m 19.948 

d. Manufacturing at 15.5' per decade 6.380 1.369 1.511 9.830 11.m 13.114 

e. let rCWCID'l deland la-b-c+dl 5.690 8.460 11.419 14.050 11.131 20.050 

f. Rounded to nearest 100 APIY 5.100 8.500 11. 400 14.100 17.100 20.100 

2050 

41.180 

10.500 

22.m 

15.147 

23.335 

23.300 
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APPENDIX D 

AREA AND CAPACITY DATA 

Existing Tarrant County Water Control and Improvement District Number One 
Reservoirs 

Exi sti ng reservoi rs 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 Nichol s 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 Reservoi r, 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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Table 0-1 

Tehuacana Reservoir 
Area and Capacity 

0 1 _2 _ 3 4 5 6 7 8 9 

250 20 73 126 180 233 286 339 392 446 499 Acres 
10 57 156 309 516 775 1,088 1,453 1,872 2,345 Acre-Feet 

260 552 675 798 922 1,045 1,168 1,291 1,414 1,538 1,661 Acres 
2,870 3,484 4,220 5,080 6,064 7,170 8,400 9,752 11,228 12,828 Acre-Feet 

270 1,784 1,944 2,105 2,265 2,425 2,586 2,746 2,906 3,066 3,227 Acres 
14,550 16,414 18,439 20,624 22,969 25,474 28,140 30,966 33,952 37,099 Acre-Feet 

280 3,387 3,650 3,912 4,175 4,438 4,701 4,963 5,226 5,489 5,751 Acres 
40,406 43,924 47,705 51,749 56,055 60,625 65,457 70,551 75,909 81,529 Acre-Feet 

290 6,014 6,321 6,629 6,936 7,243 7,551 7,858 8,165 8,472 8,780 Acres 
87,411 93,579 100,054 106,836 113,926 121,323 129,027 137,039 145,357 153,983 Acre-Feet 

300 9,087 9,408 9,730 10,051 10,372 10,694 11,015 11,336 11,657 11,979 Acres 
162,917 172,164 181,733 191,624 201,835 212,368 223,223 234,398 245,895 257,713 Acre-Feet 

310 12,300 12,828 13,355 13,883 14,410 14,938 15,465 15,993 16,520 17,048 Acres 
269,852 282,416 295,508 309,127 323,273 337,947 353,149 368,878 385,134 401,918 Acre-Feet 

320 17,575 18,256 18,938 19,619 20,301 20,982 21,663 22,345 23,026 23,708 Acres 
419,230 437,145 455,742 475,021 494,981 515,622 536,945 558,949 581,634 605,001 Acre-Feet 

CJ 
I 330 24,389 Acres N 

629,050 Acre-Feet 



Table 0-2 

Tennessee CoJon~ Reservoir with Richland-Chambers Reservoir 
1990 Area and Capacity 

0 1 2 3 4 5 6 7 8 9 

190 0 0 0 0 0 0 1 2 3 4 Acres 
0 0 0 0 0 1 2 3 6 9 Acre-Feet 

200 5 7 8 10 10 10 10 10 20 20 Acres 
10 20 30 40 50 60 70 90 100 120 Acre-Feet 

210 20 20 20 20 20 20 20 20 20 20 Acres 
130 150 170 180 200 220 240 250 270 290 Acre-Feet 

220 20 40 130 300 470 980 1,240 1,890 2,520 3,260 Acres 
310 340 420 630 1,010 1,720 2,830 4,380 6,580 9,460 Acre-Feet 

230 4,170 5,090 6,190 7,340 8,450 9,520 10,800 11,900 13,200 14,500 Acres 
13,200 17 ,800 23,400 30,200 38,100 47,000 57,200 68,600 81,200 95,100 Acre-Feet 

240 15,100 16,900 18,700 20,400 22,100 24,000 25,900 27,700 29,900 31,600 Acres 
109,900 125,800 143,600 163,200 184,400 207,500 232,400 259,200 287,900 318,700 Acre-Feet 

250 33,820 35,973 38,226 40,680 42,833 45,386 47,839 50,192 51,546 55,099 Acres 
351,310 386,257 423,356 462,809 504,516 548,575 595,188 644,153 695,072 748,345 Acre-Feet 

260 57,252 60,075 62,398 65,022 67,045 69,268 70,991 73,114 74,938 76,661 Acres 
804,570 863,184 924,420 988,180 1,054,064 1,122,170 1,192,400 1,264,752 1,338,228 1,414,828 Acre-Feet 

270 78,484 80,444 82,305 84,265 85,425 87,086 88,446 90,106 91,566 94,227 Acres 
1,491,550 1,571,414 1,652,439 1,735,624 1,820,969 1,907,474 1,995,140 2,083,966 2,174,952 2,268,099 Acre-Feet 

CJ 
I 
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Table D-2, Continued 

o 1 2 3 4 5 6 7 8 9 

280 94,987 97,150 100,212 101,475 103,938 105,501 108,863 112,326 113,789 116,151 Acres 
2,362,406 2,458,924 2,557,705 2,657,749 2,761,055 2,865,625 2,972,457 3,083,551 3,195,909 3,311,529 Acre-Feet 

290 118,414 120,721 123,829 125,236 127,143 129,051 130,858 132,965 134,472 136,580 Acres 
3,428,411 3,548,579 3,670,054 3,794,836 3,920,926 4,049,323 4,179,027 4,311,039 4,444,357 4,579,983 Acre-Feet 

300 138,787 139,808 141,830 143,351 144,872 146,694 148,115 149,536 150,957 152,379 Acres 
4,717,917 4,857,1644,997,733 5,140,624 5,284,835 5,430,368 5,578,223 5,726,398 5,876,895 6,028,713 Acre-Feet 

310 153,800 155,328 156,855 158,383 159,910 161,438 162,965 164,293 165,620 166,848 Acres 
6,181,852 6,336,416 6,492,508 6,650,127 6,809,273 6,969,947 7,132,149 7,295,878 7,461,134 7,626,918 Acre-Feet 

320 168,075 169,256 170,438 171,519 172,701 173,782 174,863 175,845 176,826 177,808 Acres 
7,794,230 7,963,145 8,132,742 8,303,021 8,474,981 8,648,622 8,822,945 8,997,949 9,174,634 9,352,001 Acre-Feet 

330 178,789 Acres 
9,530,050 Acre-Feet 



George Parkhouse Reservoir Stage I 

The area data for George Parkhouse Reservoi r 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 0-3 gives the area and capacity data for George Parkhouse Reservoir 

Stage I. 

George Parkhouse Reservoir Stage II 

The area data for George Parkhouse Reservoir Stage II are also based 

on digitizer measurements on U.S. Geological Survey quadrangles. Table 0-

4 gives the area and capacity data for George Parkhouse Reservoir Stage II. 

Table 0-5 gives the area and capacity data for George Parkhouse Reservoir, 

Stages I and II 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 0-6 gives the 

area and capacity data for Marvin Nichols Reservoir Stage I. 

Marvin Nichols II Reservoir Stage II 

The area and capacity data for Marvin Nichols Reservoir 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 

II are given in Table 0-7. Table 0-8 gives the area and capacity data for 

the combined Marvin Nichols Reservoirs. 

0-5 



Table D-3 

George Park house Reservoir Staqe I 
Area and Capacity 

_0_ 1 2 3 4 5 6 7 8 __ 9 __ 

330 0 0 0 0 0 0 5 10 16 23 Acres 
0 0 0 0 0 0 3 10 23 43 Acre-Feet 

340 31 81 131 191 251 311 401 500 600 700 Acres 
70 126 232 393 614 895 1,251 1,701 2,251 2,901 Acre-Feet 

350 810 1110 1510 1960 2410 2860 3310 3760 4210 4710 Acres 
3,656 4,616 5,926 7,661 9,846 12,481 15,566 19,101 23,086 27,546 Acre-Feet 

360 5250 5550 5950 6350 6750 7150 7550 7990 8440 8890 Acres 
32,526 37,926 43,676 49,826 56,376 63,326 70,676 78,446 86,661 95,326 Acre-Feet 

370 9,340 9,790 10,290 10,790 11 ,290 11,790 12,290 12,790 13,290 13,885 Acres 
104,441 114,006 124,046 134,586 145,626 157,166 169,206 181,746 194,786 208,374 Acre-Feet 

380 14,485 15,135 15,785 16,435 17,135 17,885 18,635 19,385 20,135 20,885 Acres 
222,559 237,369 252,829 268,939 285,724 303,234 321,494 340,504 360,264 380,774 Acre-Feet 

390 21,660 22,410 23,160 23,910 24,660 25,410 26,160 26,910 27,660 28,440 Acres 
402,046 424,081 446,866 470,401 494,686 519,721 545,506 572,041 599,326 627,376 Acre-Feet 

400 29,240 29,740 30,240 30,740 31,240 31,740 32,240 32,740 33,240 33,840 Acres 
656,216 685,706 715,696 746,186 777,176 808,666 840,656 873,146 906,136 939,676 Acre-Feet 

<::) 410 34,450 Acres 
I 973,821 Acre-Feet 0'> 



340 

350 

360 

370 

380 

390 

400 

410 

0 
I 

...... 

_0_ 1 2 3 

0 1 4 9 
0 1 3 10 

110 160 210 260 
313 448 633 868 

670 870 1,070 1,270 
3,973 4,743 5,713 6,883 

3,120 3,220 3,420 3,620 
21,998 25,168 28,488 32,008 

5,370 5,620 5,870 6,170 
63,473 68,968 74,713 80,733 

8,400 8,600 8,950 9,300 

Table 0-4 

George Parkhouse Reservoir Stage II 
Area and Capacity 

4 5 6 7 8 

15 22 30 42 57 
22 40 66 102 152 

310 360 410 460 510 
1,153 1,488 1,873 2,308 2,793 

1,520 1,770 2,020 2,270 2,520 
8,278 9,923 11,818 13,963 16,358 

3,870 4,120 4,370 4,620 4,870 
35,753 39,748 43,993 48,488 53,233 

6,470 6,770 7,070 7,370 7,670 

9 

78 
219 

590 
3,343 

2,820 
19,028 

5,120 
58,228 

8,020 
87,053 93,673 100,593 107,813 115,333 123,178 

9,650 10,000 10,350 10,700 11,050 11,450 
131,388 139,888 148,663 157,788 167,263 177,088 187,263 197,788 208,663 219,913 

11,850 12,250 12,650 13,050 13,350 13,675 14,000 14,325 14,650 14,975 
231,563 243,613 256,063 268,913 282,113 295,626 309,463 323,626 338,113 352,926 

15,300 
368,063 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 



o 
I 

<Xl 

330 

340 

350 

360 

370 

380 

390 

400 

410 

0 

0 
0 

31 
70 

920 
3,969 

5,920 
36,499 

12,460 
126,439 

19,855 
285,312 

30,060 
532,714 

41,090 
887,059 

49,750 
1,341,164 

1 

0 
0 

82 
126 

1,270 
5,064 

6,420 
42,669 

13,010 
139,174 

20,755 
305,617 

31,010 
563,249 

41,990 
928,599 

2 3 

0 0 
0 0 

135 200 
235 402 

1,720 2,220 
6,559 8,529 

7,020 7,620 
49,389 56,709 

13,710 14,410 
152,534 166,594 

21,655 22,605 
326,822 348,952 

32,110 33,210 
594,809 627,469 

42,890 43,790 
971,039 1,014,379 

Table 0-5 

George Parkhouse Reservoirs Combined 
Area and Capacity 

4 5 6 7 8 9 

0 0 5 10 16 23 Acres 
0 0 3 10 23 43 Acre-Feet 

266 333 431 542 657 778 Acres 
635 935 1,317 1,803 2,403 3,120 Acre-Feet 

2,720 3,220 3,720 4,220 4,720 5,300 Acres 
10,999 13,969 17,439 21,409 25,879 30,889 Acre-Feet 

8,270 8,920 9,570 10,260 10,960 11 ,710 Acres 
64,654 73,249 82,494 92,409 103,019 114,354 Acre-Feet 

15,160 15,910 16,660 17,410 18,160 19,005 Acres 
181,379 196,554 212,479 229,514 247,299 265,882 Acre-Feet 

23,605 24,655 25,705 26,755 27,805 28,905 Acres 
372,057 396,187 421,367 447,597 474,877 503,232 Acre-Feet 

34,310 35,410 36,510 37,610 38,710 39,890 Acres 
661,229 696,089 732,049 769,109 807,269 846,569 Acre-Feet 

44,590 45,415 46,240 47,065 47,890 48,815 Acres 
1,058,569 1,103,572 1,149,399 1,196,052 1,243,529 1,291,882 Acre-Feet 

Acres 
Acre-Feet 
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250 
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320 

Table 0-6 

Marvin Nichols Reservoir Stag~ I 
Area and Capacity 

0 1 2 3 4 5 6 7 8 __ 9 

0 0 0 0 0 0 0 20 40 70 
0 0 0 0 0 0 0 10 40 95 

108 148 188 233 278 323 368 413 463 528 
184 312 480 691 946 1,247 1,592 1,983 2,421 2,916 

613 963 1,463 2,063 2,813 3,563 4,313 5,063 5,834 6,634 
3,487 4,275 5,488 7,251 9,689 12,877 16,815 21,503 26,951 33,185 

7,484 8,488 9,538 10,593 11,653 12,723 13,793 14,838 15,943 17,023 
40,244 48,230 57,243 67,309 78,432 90,620 103,878 118,208 133,614 150,097 

18,103 19,183 20,263 21,343 22,428 23,513 24,598 25,683 26,768 27,858 
167,660 186,303 206,026 226,829 248,714 271,685 295,740 320,881 347,106 374,419 

28,954 30,069 31,209 32,369 33,544 34,759 36,009 37,329 38,699 40,119 
402,825 432,337 462,976 494,765 527,721 561,873 597,257 633,926 671,940 711,349 

41,594 43,129 44,704 46,329 47,979 49,654 51,354 53,064 54,500 56,500 
752,205 794,567 838,483 884,000 931,154 979,970 1,030,474 1,082,683 1,136,465 1,191,965 

58,294 60,144 62,128 64,187 66,296 68,455 70,616 72,825 75,084 77 ,378 
1,249,362 1,308,581 1,369,717 1,432,875 1,498,116 1,565,492 1,635,027 1,706,748 1,780,702 1,856,933 

79,718 
1,935,481 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 



o 
I 
-' 
o 

250 

260 

270 

280 

290 

300 

310 

320 

0 1 2 

0 0 0 
0 0 0 

600 900 1,300 
1,980 2,730 3,830 

5,031 5,516 6,001 
28,946 34,219 39,978 

9,959 10,464 10,969 

Table 0-7 

Marvin Nichols Reservoir Stage II 
Area and Capacity 

3 4 5 6 7 

40 90 150 220 300 
20 85 205 390 650 

1,750 2,200 2,650 3,125 3,600 
5,355 7,330 9,755 12,643 16,005 

6,491 6,981 7,471 7,966 8,461 
46,224 52,960 60,186 67,904 76,118 

11,479 11,995 12,535 13,085 13,635 
103,740 113,951 124,668 135,892 147,629 159,894 172,704 186,064 

15,460 16,095 16,740 17,400 18,075 18,775 19,500 20,250 
229,681 245,459 261,876 278,946 296,684 315,109 334,246 354,121 

22,810 23,875 24,810 25,910 27,035 28,235 29,485 30,685 
418,601 441,944 466,286 491,646 518,119 545,754 574,614 604,699 

33,935 34,925 35,919 36,913 37,907 38,901 39,896 40,891 

8 __ 9 

390 490 
995 1,435 

4,075 4,550 
19,843 24,155 

8,956 9,456 
84,826 94,032 

14,235 14,835 
199,999 214,534 

21,050 21,900 
374,771 396,246 

31,835 32,935 
635,959 668,344 

41,886 42,881 
701,779 736,209 771,631 808,047 845,457 883,861 923,259 963,653 1,005,041 1,047,425 

43,876 
1,090,803 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 

Acres 
Acre-Feet 
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Table 0-8 

Marvin Nichols Reservoirs Combined 
Area and Capacity 

_0_ 1 2 3 4 5 6 7 8 __ 9 

0 0 0 0 0 0 0 20 40 70 Acres 
0 0 0 0 0 0 0 10 40 95 Acre-Feet 

108 148 188 273 368 473 588 713 853 1,018 Acres 
184 312 480 711 1,031 1,452 1,982 2,633 3,416 4,351 Acre-Feet 

1,213 1,863 2,763 3,813 5,013 6,213 7,438 8,663 9,909 11,184 Acres 
5,467 7,005 9,318 12,606 17,019 22,632 29,458 37,508 46,794 57,340 Acre-Feet 

12,515 14,004 15,539 17,084 18,634 20,194 21,759 23,299 24,899 26,479 Acres 
69,190 82,449 97,221 113,533 131,392 150,806 171,782 194,326 218,440 244,129 Acre-Feet 

28,062 29,647 31,232 32,822 34,423 36,048 37,683 39,318 41,003 42,693 Acres 
271,400 300,254 330,694 362,721 396,343 431,579 468,444 506,945 547,105 588,953 Acre-Feet 

44,414 46,164 47,949 49,769 51,619 53,534 55,509 57,579 59,749 62,019 Acres 
632,506 677 ,796 724,852 773,711 824,405 876,982 931,503 988,047 1,046,711 1,107,595 Acre-Feet 

64,404 67,004 69,514 72,239 75,014 77 ,889 80,839 83,749 86,335 89,435 Acres 
1,170,806 1,236,511 1,304,769 1,375,646 1,449,273 1,525,724 1,605,088 1,687,382 1,772,424 1,860,309 Acre-Feet 

92,229 95,069 98,047 101,100 104,203 107,356 110,512 113,716 116,970 120,259 Acres 
1,951,141 2,044,790 2,141,348 2,240,922 2,343,573 2,449,353 2,558,286 2,670,401 2,785,743 2,904,358 Acre-Feet 

123,594 Acres 
3,026,284 Acre-Feet 
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APPENDIX E 

RUNOFF DATA 

Existing Tarrant County Water Control and Improvement District Number One 
Reservoirs 

Exi sti ng reservoi rs 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 Ri ch 1 and-Chambers Reservoi r. Runoff data for .these 1 akes 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-l through E-6 give the monthly runoff for 

Bridgeport, Eagle Mountain, Benbrook, Arlington, Cedar Creek and Richland-

Chambers. 

Tehuacana Reservoir 

The Tehuacana Reservoi r site is on Tehuacana Creek, whi ch 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 Ri ch 1 and-Chambers Reservoi r by a channel. The combi ned Ri ch 1 and-

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-l 



Table E-1 

Lake Bridgeport Runoff Data 

- Values in Acre-Feet -

~ Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1940 40 1,740 1,150 9,780 16,200 60,640 16,210 34,580 5,970 1,100 59,820 26,130 233,360 

1941 2,240 36,610 0 62,950 82,680 208,930 6,480 1,270 5,940 117,600 20,880 1,320 546,900 
1942 0 0 0 331,600 201,820 111,000 10,910 8,440 5,220 29,110 0 0 698,100 
1943 0 0 16,710 15,610 0 11,720 0 0 0 0 0 0 44,040 
1944 4,030 21,160 13,780 13,260 14,070 6,840 0 4,260 3,490 7,510 5,880 5,800 100,080 
1945 4,550 11,960 93,100 41,530 0 0 36,610 0 7,200 28,140 0 0 223,090 

1946 15,920 23,900 12,180 11,990 14,100 5,740 1,550 660 6,050 710 26,770 33,700 153,270 
1947 2,050 0 240 17,520 26,130 0 0 0 0 0 0 4,240 50,180 
1948 2,750 11,060 7,560 2,380 3,430 9,860 3,620 1,140 320 0 0 0 42,120 
1949 0 0 0 210 58,210 31,630 0 1,640 7,270 30,270 390 0 129,620 
1950 2,050 4,930 1,690 26,320 57,230 17,710 78,210 42,000 26,230 3,150 0 0 259,520 

1951 0 0 0 0 0 42,070 6,110 0 0 0 0 0 48,180 
1952 0 0 0 0 0 0 0 0 0 0 0 0 0 
1953 0 0 0 0 1,370 6,650 1,810 3,470 0 44,590 2,110 1,360 61,360 
1954 1,180 1,160 0 4,020 28,480 4,940 1,870 480 190 14,050 33,180 36,310 125,860 
1955 0 0 1,720 1,270 12,930 24,880 2,240 0 21,520 1,560 0 0 66,120 

1956 0 0 0 0 8,160 7,780 0 0 0 4,010 2,380 11,050 33,380 
1957 0 26,350 4,790 243,400 176,110 7,630 0 0 2,120 14,300 27,060 0 501,760 
1958 0 0 0 0 11,460 47,710 0 0 0 0 0 0 59,170 
1959 0 0 0 0 0 4,550 7,040 1,100 810 88,070 0 2,080 103,650 

fT1 1960 16,400 8,630 4,680 1,420 0 4,990 3,540 0 2,040 18,400 0 420 60,520 
I 

N 



Table E-1, Continued 

JillL Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1961 22,510 4,310 11,930 180 0 4,080 6,960 1,800 1,990 2,840 4,540 3,120 64,260 
1962 0 0 0 10,320 840 36,170 19,920 0 22,650 0 11 ,580 8,100 109,580 
1963 480 650 1,200 20,860 0 0 0 0 0 0 0 620 23,810 
1964 3,930 3,410 450 10,400 23,070 14,650 3,180 4,970 9,710 140 29,330 0 103,240 
1965 1,870 2,560 600 1,850 44,270 2,220 0 1,260 15,000 1,890 470 0 71 ,990 

1966 0 3,770 4,790 53,780 32,140 0 0 0 13,580 0 0 0 108,060 
1967 0 0 0 0 8,170 15,460 0 0 9,690 0 0 0 33,320 
1968 22,000 2,200 52,440 0 0 0 0 0 0 0 0 0 76,640 
1969 0 0 39,470 950 33,710 0 0 0 0 0 0 16,850 90,980 
1970 5,460 6,460 11 ,440 10,320 450 0 0 0 4,560 0 0 0 38,690 

1971 0 0 750 2,290 4,550 3,250 9,010 8,530 9,040 9,970 1,040 15,440 63,870 
1972 650 810 1,820 7,330 71,700 6,180 8,120 9,090 4,080 11 ,090 7,550 3,940 132,360 
1973 10,830 1,980 3,920 11,390 7,920 5,660 10,040 9,080 4,000 22,040 4,970 0 91,830 
1974 1,320 1,570 1,730 9,830 6,150 5,920 2,800 10,390 17,930 20,380 36,120 940 115,080 
1975 3,010 27,940 10,470 12,840 56,080 84,220 31,920 9,480 0 3,000 2,840 6,340 248,140 

1976 6,730 8,120 8,490 25,150 13,110 9,750 6,080 70 24,130 11 ,840 8,940 1,960 124,370 
1977 5,560 7,070 57,670 18,760 32,170 4,220 220 2,660 1,380 0 0 0 129,710 
1978 0 0 1,310 5,530 10,000 11,800 0 400 350 340 3,000 200 32,930 
1979 1,910 1,040 19,250 13,420 27,880 11,190 1,330 0 0 0 300 1,780 78,100 
1980 5,130 4,780 2,260 4,700 14,280 4,110 2,290 1,700 8,850 19,200 800 6,230 74,330 

1981 740 10 15,440 11,120 22,610 24,060 510 990 2,760 318,920 18,060 80 415,300 
1982 490 2,260 5,670 8,190 247,670 61,330 19,610 2,230 3,260 9,940 9,300 7,430 377,380 
1983 6,130 2,980 15,690 3,470 13,520 21,090 7,820 14,330 6,190 0 490 0 91,710 
1984 0 1,950 3,010 2,390 1,660 3,130 0 4,130 170 16,390 8,480 23,290 64,600 
1985 35,390 7,030 35,060 29,730 12,670 20,030 4,420 0 3,200 46,130 0 0 193,660 

en 1986 0 2,790 1,380 4,370 49,830 58,580 2,300 0 5,300 13,080 4,560 5,280 147,470 
I 

w 
1940-86 
Avg. 3,944 5,132 9,569 22,605 30,784 21,753 6,654 3,833 5,579 19,357 7,039 4,766 141,315 



Table E-2 

Eagle Mountain Lake 
Runoff Oriqinating Downstream from Lake Bridqeoort 

- Values in Acre-Feet -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct ---.liov Dec Total 

1940 0 450 1,460 3,510 11 ,830 31,000 36,550 16,770 1,680 1,150 36,440 41,070 181,910 

1941 2,950 31,620 18,530 43,810 32,200 156,530 16,940 9,220 14,110 69,040 13,110 17,000 425,060 
1942 36,150 3,150 10,620 255,210 0 0 0 0 0 0 0 0 305,130 
1943 0 0 0 0 26,250 30,810 1,910 0 0 0 0 0 58,970 
1944 1,270 17,250 8,450 19,450 40,460 0 3,890 7,540 6,710 3,640 7,370 8,820 124,850 
1945 4,730 55,750 86,360 57,460 22,190 5,720 51,120 3,830 5,450 21,940 14,490 5,140 334,180 

1946 29,140 26,420 16,100 9,240 21,330 18,350 3,080 14,720 2,830 5,530 19,840 30,250 196,830 
1947 4,530 10,830 6,790 23,410 14,190 5,310 3,040 22,080 8,620 6,710 4,390 16,270 126,170 
1948 14,510 34,280 8,440 2,530 2,940 0 4,500 5,560 4,170 0 4.410 6,720 88,060 
1949 2,970 2,570 10,660 2,490 51,860 23,300 1,730 5,170 7,440 22,080 1,080 1,130 132,480 
1950 4,890 15,150 3,210 21,720 72,670 14,980 60,280 17,830 24,950 0 21,770 10,880 268,330 

1951 6,870 4,170 6,650 620 5,990 17,670 13,400 26,220 4,080 0 0 0 85,670 
1952 0 0 0 0 0 0 2,890 8,130 6,670 3,250 7,060 1,970 29.970 
1953 1,570 770 1,610 5,300 12,720 2,220 4,390 7,020 7,130 12,950 2,340 0 58,020 
1954 1,980 1,290 1,010 3,000 2,780 0 5,850 6,930 3,050 0 0 0 25,890 
1955 0 0 0 0 0 0 0 0 0 0 0 0 0 

1956 0 0 0 0 0 0 0 0 0 0 2,900 4,750 7,650 
1957 0 7,150 1,390 98,810 168,170 112,420 9,310 750 1,060 1,360 33,270 14,770 448,460 
1958 10,470 4,490 26,210 26,800 122,340 10,180 12,160 6,270 3.170 0 910 4,220 227,220 
1959 1,230 1,770 1,850 6,500 5.270 21.560 11.420 120 1.260 114.200 1,830 6.870 173,880 

1. 1960 29,540 7.740 4.620 6,450 7.450 5,100 6.450 6,690 620 3,530 3,210 5,180 86.580 



Table E-2, Continued 

Ja,L Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1961 15,270 6,940 13,710 9,120 4,700 19,250 3,800 2,460 1,950 0 4,770 2,820 84,790 
1962 4,370 4,490 5,010 14,930 4,590 22,840 33,380 22,530 114,630 16,920 10,490 23,960 278,140 
1963 1,130 1,440 6,840 20,820 21,730 4,620 0 0 2,170 0 320 0 59,070 
1964 3,210 2,930 7,160 12,020 7,740 14,040 30 4,340 15,330 90 44,080 2,220 113,190 
1965 13,880 16,040 7,040 3,700 30,300 7,170 3,710 0 13,300 3,000 4,500 4,060 106,700 

1966 4,000 13,820 7,530 31,670 106,320 29,130 10,290 8,900 15,290 13,110 7,640 3,330 251,030 
1967 3,660 3,640 4,140 5,930 4.160 35.600 13.270 5,900 5.810 3,240 1,360 2,680 89,390 
1968 12,690 6,160 60,820 72,880 43,200 20,900 12,540 10,010 8,550 3,060 5,870 4,290 260,970 
1969 2,740 8,170 47,120 24,850 96,840 26,390 7,880 0 5,850 10,960 4,010 13,920 248,730 
1970 15,000 15,490 61,490 42,330 47,500 18,570 6,870 100 25,920 3,270 2,120 5,140 243,800 

1971 5,690 5,330 3,720 5,340 5,590 5,700 8,920 6,170 3,250 15,910 5,170 16,840 87,630 
1972 4,580 4.490 4,540 8,520 19,500 0 0 0 0 0 6,580 10 48,220 
1973 6,410 7,220 6,940 23,450 23,820 17,660 10.270 21,160 9,490 24,400 7,110 4,250 162,180 
1974 5,780 6,040 6,640 11,440 5,580 3,950 5,200 5,140 18,830 40,210 81,060 8,280 198,150 
1975 7,OlD 32,630 20,310 29,100 30,050 43,720 18,330 13,040 3,790 0 0 0 197,980 

1976 80 0 0 7,110 18,320 15,930 7,530 0 5,940 7,440 7,220 6,070 75,640 
1977 6,420 11,860 62,190 33,530 1,910 4,150 2,870 2,940 5,850 2,450 3,590 1,600 139,360 
1978 0 0 0 6,420 5,570 2,000 0 0 0 0 0 0 13,990 
1979 6,840 3,710 22,150 28,360 47,150 12,760 3,000 2,000 1,000 0 0 0 126,970 
1980 0 3,180 80 0 0 1,040 5,490 5,440 8,490 8,220 2,580 4,780 39,300 

1981 2,850 2,310 13,210 6,700 29,180 21,000 1,520 2,200 5,830 265,960 145,880 7,000 503,640 
1982 7,580 14,060 12,230 8,800 145,670 75,180 43,120 5,070 0 0 0 240 311,950 
1983 0 4,330 9,510 5,440 5,020 11,360 440 0 810 4,450 3,860 4,180 49,400 
1984 3,570 4,940 7,670 4,490 3,780 6,390 370 6,340 400 9,740 5,640 10,410 63,740 
1985 13,480 7,980 21,820 14,250 26,680 16,790 620 4,910 8,000 22,410 4,950 4,630 146,520 

en 
I 1986 6,780 18,020 7,670 7,110 45,090 65,280 4,050 2,990 18,470 17,330 21,660 840 215,290 U'I 

1940-86 
Avg. 6,578 9,286 13,616 22,013 30,280 20,490 9.834 6,351 8,405 16,032 11,104 6,617 160,606 



Table E-3 

Lake Benbrook Runoff 

- Values in Acre-Feet -

Jan Feb Mar Aor _ Mav_ ~un -.JyL AUQ Seo Oct Nov Dec Total 

1941 9,440 45,970 15,500 14,110 21,060 34,840 3,350 4,180 300 2,850 960 1,590 154,150 
1942 1,140 850 950 121,430 50,640 17,910 1,300 1,100 1,800 19,670 4,200 3,760 224,750 
1943 2,350 1,470 7,920 6,820 17,660 6,650 220 0 1,970 20 0 210 45,290 
1944 480 7,380 4,nO 3,630 28,140 2,580 320 940 610 1,520 no 2,270 53,410 
1945 5,090 58,080 74,880 59,120 11,210 3,630 3,730 360 240 1,500 920 840 219,600 

1946 2,950 9,800 7,110 3,180 13,780 4,830 240 2,240 600 1,390 23,140 21,640 90,900 
1947 9,570 4,490 9,990 10,170 4,240 7,860 450 50 490 880 560 6,170 54,920 
1948 6,780 29,340 16,580 3,480 4,560 1,810 2,390 40 10 0 0 80 65,070 
1949 600 4,nO 15,170 6,350 121,820 19,740 2,150 730 830 9,220 1,140 1,150 183,670 
1950 5,880 23,010 5,620 24,320 30,810 4,380 8,920 5,010 21,760 2,060 1,210 1,300 134,280 

1951 1,230 1,580 1,340 1,040 2,360 12,880 l,nO 20 30 60 220 250 22,780 
1952 190 330 280 2,620 6,680 430 40 30 30 20 420 10 11,080 
1953 0 0 210 1,310 4,460 0 0 0 0 720 0 0 6,700 
1954 70 20 0 1,340 290 20 10 250 220 50 30 150 2,450 
1955 0 0 0 0 2,890 3,290 420 140 1,610 460 70 10 8,890 

1956 0 190 0 80 3,700 0 190 300 300 1,420 220 450 6,850 
1957 100 330 60 47,840 121,830 31,850 2,860 1,340 1,550 1,860 4,950 3,330 217 ,900 
1958 3,890 2,250 7,560 18,110 32,620 1,560 2,750 1,070 1,720 1,200 800 1,130 74,660 
1959 990 850 860 2,430 200 1,320 250 610 1,410 21,490 3,120 6,200 39,730 
1960 17,260 6,640 3,920 2,600 2,870 150 3,560 1,030 430 0 0 0 38,460 

rn 
I 

0'\ 



Table E-3, Continued 

J_an 

1961 1,850 
1962 730 
1963 760 
1964 120 
1965 7,080 

1966 110 
1967 840 
1968 10,560 
1969 

1970 
1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 
1979 
1980 

1941-80 
Avg. 

IT1 
I 

....... 

470 

5,810 
220 

9,270 
4,350 
4,330 
8,590 

850 
6,460 

300 
1,340 
3,720 

3,394 

Feb 

4,270 
1,170 

740 
410 

22,590 

2,260 
170 

6,450 
1,210 

13,020 
780 

3,170 
7,910 
2,450 

33,410 

1,250 
11,830 
1,130 
1,140 
5,050 

7,944 

Mar 

7,430 
930 

1,340 
2,430 
5,980 

1,530 
1,500 

38,070 
10,100 

43,370 
570 

2,220 
8,380 
2,230 
7,520 

1,310 
44,270 
1,770 

10,760 
3,260 

9,192 

ADr Mav Jun ...J..!!L 

3,190 870 3,470 460 
2,000 370 2,470 9,160 
5,380 4,700 880 900 
1,830 1,150 0 430 
4,170 32,560 4,770 1,010 

29,430 38,170 16,310 1,550 
620 890 1,440 1,060 

13,340 29,500 4,860 2,190 
12,350 37,950 2,560 1,000 

16,270 10,570 2,790 0 
1,310 920 470 2,070 
4,640 1,600 0 0 

19,480 7,740 19,870 6,640 
1,150 2,360 1,000 960 

22,990 8,260 43,940 7,450 

7,560 17,830 3,660 1,770 
16,200 6,580 880 900 
4,500 1,790 660 700 

23,240 52,070 11,910 860 
7,410 9,930 2,130 970 

13,176 18,691 6,995 1,875 

Auq SeD Oct Nov Dec Total 

430 220 1,740 470 970 25,370 
9,100 10,160 2,070 1,050 1,570 40,780 

480 0 280 0 0 15,460 
690 5,010 110 8,640 2,560 23,380 
200 2,250 520 620 450 82,200 

2,450 760 1,910 540 540 95,560 
50 2,820 0 0 430 9,820 

1,410 460 230 1,060 510 108,640 
O· 2,990 3,860 1,040 4,510 78,040 

590 870 0 0 0 93,290 
600 180 10,600 2,400 47,870 67,990 

0 110 2,010 910 680 24,610 
3,850 770 6,700 2,080 1,540 89,310 
7,610 3,950 19,750 42,050 7,150 94,990 
1,420 30 510 350 850 135,320 

300 400 2,500 1,530 5,070 44,030 
710 570 0 0 130 88,530 
180 210 20 0 0 11,260 

15,920 1,080 960 330 1,780 121.390 
640 1,960 390 170 900 36,530 

1,652 1,768 3,014 2,649 3,201 73,551 



Table E-4 

Lake Arlington Runoff 

- Values in Acre-Feet -

~ Feb Mar Apr May Jun -.J..!!L Aug --ill.... Oct ..1i2.L ---'k!c ~tal 

1941 2,750 12,910 4,500 4,000 6,080 9,860 1,240 1,370 120 1,020 360 550 44,760 
1942 420 320 370 34,200 14,430 5,270 510 430 700 6,000 1,380 1,120 65,150 
1943 800 540 2,390 2,160 5,020 2,180 80 0 770 10 0 80 14,030 
1944 190 2,770 1,700 1,310 7,990 970 130 360 240 590 300 880 17,430 
1945 1,830 16,450 21,110 16,730 3,420 1,260 1,280 140 90 580 360 330 63,580 

1946 1,130 3,120 2,120 1,090 3,930 1,660 90 870 230 540 7,080 6,150 28,010 
1947 2,790 1,420 2,910 2,980 1,360 2,470 440 120 1,030 0 0 1,320 16,840 
1948 2,860 16,310 7,100 1,450 1,790 670 330 0 0 0 0 0 30,510 
1949 0 5,030 9,370 3,800 53,430 11,820 1,170 270 0 3,740 390 230 89,250 
1950 3,290 13,730 2,700 11,440 13,960 1,680 1,690 1,460 9,260 310 250 590 60,360 

1951 430 620 230 0 970 3,390 230 0 0 0 0 0 5,870 
1952 0 290 520 1,790 1,630 0 0 0 20 0 1,200 580 6,030 
1953 350 260 460 2,230 3,210 30 1,010 890 140 1,220 590 230 10,620 
1954 380 300 300 260 800 0 0 0 0 0 0 0 2,040 
1955 0 0 0 270 1,420 2,040 0 0 0 0 0 0 3,730 

1956 0 0 0 680 4,560 720 0 0 0 0 0 0 5,960 
1957 0 850 1,240 54,650 38,870 4,550 0 0 1,600 3,570 5,420 1,890 112,640 
1958 410 380 2,570 16,200 2,810 100 1,620 40 8,440 3,260 530 300 36,660 
1959 500 570 720 1,720 20 4,200 0 0 740 4,450 870 1,350 15,140 
1960 4,400 420 600 910 550 0 520 0 0 0 0 310 7,710 

I"T1 
I 

(X) 



,..., 
I 

'" 

Table E-4, continued 

~ Feb 

1961 3,050 2,550 
1962 180 500 
1963 750 780 
1964 1,040 310 
1965 5,030 10,340 

1966 0 2,790 
1967 400 0 
1968 5,500 1,620 
1969 160 710 
1970 760 7,030 

1971 50 330 
1972 1,230 710 
1973 1,900 2,830 
1974 1,600 990 
1975 3,530 4,370 

1976 0 0 
1977 1,010 2.440 
1978 0 700 
1979 570 780 
1980 1.950 1,300 

1941-80 
Avg. 1.281 2.934 

Mar Apr May Jun 

3,410 390 270 10,480 
460 420 820 1,770 

0 4,520 20 0 
4,250 3,120 1,710 0 

520 880 16,710 250 

640 22,380 3,440 2,740 
560 900 750 1,560 

16,940 640 11,660 920 
2,330 970 22,590 0 

10,360 6,210 2,710 520 

0 1,730 790 0 
460 3,080 1,570 330 

2,750 14,250 1,720 15,920 
960 220 4,000 1,750 

3,290 8,430 6,190 7,850 

590 13.620 7.570 1.430 
26.260 14.220 1.710 0 

510 310 1.200 0 
10.770 3.170 21.220 6.980 

770 2.500 7.730 170 

3.669 6.496 7.016 2.639 

..l.!!L Aug ~ Oct Ji2.L Dec Total 

0 0 130 430 240 910 21,860 
540 1,770 5,010 140 220 740 12.570 
220 150 1,300 40 0 0 7,780 

0 590 3,910 10 5,980 670 21,590 
0 0 590 340 550 120 35,330 

170 1,650 1.070 5,360 210 230 40,680 
330 0 1,620 740 110 660 7,630 
450 250 0 0 220 550 38,750 

0 0 550 2,340 650 1,530 31,830 
0 0 2,040 270 70 0 29,970 

950 1,270 40 13,180 260 16,430 35,030 
0 0 0 2,730 950 100 11,160 

3,560 210 0 5,920 1,250 250 50,560 
110 3,030 3,420 7,460 5,090 1.320 29,950 

3.000 150 0 250 200 0 37.260 

910 30 110 1.140 0 1.230 26.630 
220 0 0 0 0 0 45.860 

0 0 0 0 0 0 2.720 
130 11.440 230 180 0 1.530 57.000 

0 0 2,840 0 0 830 18.090 

523 662 1.156 1.646 868 1.075 29.965 



rn 
I ..... 
o 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

Jan 

13 ,120 
6,690 

18,240 
48,690 
59,750 

78,360 
53,680 
47.030 
48,920 
43.390 

13,250 
1,610 

15,170 
45,980 
3,660 

180 
12,060 
45,570 

900 
157,040 

Feb 

57,780 
18,050 
9,740 

72,950 
125,460 

133,100 
3,490 

59.780 
94,280 

216,940 

46,860 
1,310 
1,060 
6,060 

24,160 

25,820 
25,060 
2.350 

55,710 
48,660 

. Mar _Apr ---.May 

68,560 19,930 92,450 
12,130 423,110 122,940 
52,950 36,890 67,510 
47,640 15,800 272,960 

342,380 129,130 3,800 

25,810 8,420 133,460 
29.930 207.690 7,520 
76,670 7,150 109,460 
24,090 22,700 27,230 
3.970 47,040 113,970 

1.140 1.300 13,370 
9.030 149.180 105,690 

28,190 47,830 264,130 
280 11,220 43,770 

29,050 48,870 4,900 

100 280 34,040 
46.890 543.170 213.620 
37,380 235,980 236,530 
17,240 84,700 62,280 
20,070 1.440 3,130 

Table E-5 

Cedar Creek Reservoir RUDOff 

- Values in Acre-Feet -

---.Jun _JyJ _ --A.!!.L ~ Jl.ct Nov Dec Total 

270,620 25,490 16,480 330 15,940 10,680 19,110 610,490 
100,800 450 5,890 25,960 10,030 23,520 60,110 809,680 
169,460 860 20 2,060 17,690 90 12,170 387,680 
20,870 960 10 230 80 25,140 93,180 598,510 

130,910 128,490 1,280 1,930 22,550 14,080 13,300 973,060 

121,370 150 8,380 3,510 1,700 200,380 29,880 744,520 
48,340 300 10,850 8,240 180 23,470 147,660 541.350 

820 2,150 630 150 0 2,260 2,330 308,430 
8,690 1,640 10 0 9,620 680 480 238.340 
2,980 17,660 3,220 1,190 0 2,210 60 452,630 

69,110 3,150 0 580 2.760 440 0 151,960 
8,130 300 0 0 0 13,620 65,540 354,410 

170 350 1,330 6,830 120 160 18,920 384.260 
1,610 0 0 0 33,400 23,710 1,360 167,390 
3,740 230 490 1,010 120 0 0 116,230 

280 0 0 0 0 21,130 1,200 83.030 
37,840 40 550 8,430 104,990 146,560 16.570 1,155.780 
2,040 25.240 0 9.580 3,710 2,460 1,340 602,180 

21,890 2,360 80 0 39,160 8,140 99,860 392,320 
4.900 2,870 3,130 1,460 900 7,310 201,480 452,390 



Table E-5, Continued 

Jan Feb __ Mar _ Apr May Jun Jul ~ ~ Oct Nov Dec Total 

1961 114,440 70,810 68,720 11,000 3,520 99,130 13,460 790 1,770 270 18,770 40,230 442,910 
1962 7,890 20,480 10,580 55,950 30,100 11,800 57,390 5,180 21,960 12,990 30,870 12,610 277,800 
1963 5,450 800 1,350 75,430 32,100 230 60 10 0 0 20 60 115,510 
1964 120 760 4,980 37,480 6,690 240 0 0 5,410 110 5,530 200 61,520 
1965 6,090 85,750 5,040 3,020 125,240 3,910 290 0 4,220 330 6,380 190 240,460 

1966 7,760 45,940 4,870 402,040 147,880 2,730 1,250 3,330 6,430 6,210 170 500 629,110 
1967 560 370 2,320 14,390 21,600 27,390 11,980 160 14,870 263,570 58,030 97,340 512,580 
1968 97,670 50,520 143,130 61,490 134,540 22,070 3,020 220 420 250 6,110 18,830 538,270 
1969 5,580 63,590 124,830 26,870 346,250 3,100 220 340 260 14,680 4,450 62,740 652,910 
1970 15,870 105,520 194,290 70,160 15,180 16,520 230 280 33,480 69,800 2,920 1,050 525,300 

1971 770 7,420 3,120 1,320 3,420 310 74,690 11,480 1,290 188,220 10,430 268,230 570,700 
1972 76,020 2,840 1,490 1,170 1,120 6,340 450 170 310 9,450 16,730 16,100 132,190 
1973 65,710 53,630 90,200 194,800 149,20 210,710 5,930 590 15,550 101,480 73,740 69,400 896,660 
1974 155,550 9,550 4,720 20,250 84,310 94,360 340 1,390 15,900 39,470 147,310 66,950 640,100 
1975 21,790 181,980 44,070 98,180 31,740 14,350 2,680 1,030 330 210 290 410 397,060 

1976 400 470 2,830 256,620 89,260 28,920 21,960 210 12,290 27,270 2,120 36,960 479,310 
1977 21,360 158,510 141,150 80,450 1,470 31,400 530 1,120 440 350 17,670 2,610 457,060 
1978 3,520 54,950 53,630 4,160 6,510 260 2,050 1,800 5,890 360 5,320 5,480 143,930 
1979 83,110 49,340 80,220 27,840 224,430 14,680 520 10,180 4,350 560 1,020 45,450 541,700 
1980 112,540 26,620 10,060 35,440 86,890 3,690 140 130 5,470 4,070 1,210 12,750 299,010 

1981 540 470 4,360 910 27,700 270,930 48,200 740 4,460 42,430 11,630 4,310 416,680 
1982 2,250 19,020 9,600 2,550 31,630 90,360 7,960 520 380 570 9,920 150,790 325,550 
1983 3,380 138,820 123,140 5,930 38,810 50,950 5,660 140 10 190 1,070 1,120 369,220 
1984 1,640 12,910 94,970 4,740 370 570 140 90 930 77 ,690 14,000 109,310 317,360 
1985 33,600 31,190 38,640 117,210 48,750 2,960 2,660 160 730 117,610 84,690 269,220 747,420 

1986 2,160 177,780 1,670 45,040 94,480 135,870 8,890 1,690 4,800 17,820 173,890 54,790 718,880 

1941-86 
rn 
I 

Avg. 33,893 52,145 46,467 80,354 77 ,862 47,138 10,508 2,046 5,075 27,368 26,746 46,352 455,954 
~ 

~ 



rn 
I ..... 

N 

1940 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

Jan 

0 

54,900 
600 

10,000 
69,800 

133,500 

56,700 
181,700 
14,300 
6,400 
2,900 

100 
0 

6,200 
7,800 

800 

1,200 
300 

25,400 
400 

208,900 

Feh 

600 

260,900 
2,700 

900 
185,700 
226,300 

163,600 
13 ,300 
28,200 
48,300 

153,800 

2,000 
3,000 
1,100 

0 
8,300 

11,800 
13,300 
7,900 

39,700 
34,700 

MaI _AlIT 

0 110,800 

154,200 88,900 
10,100 658,300 
53,200 59,800 
68,900 31,500 

535,200 288,800 

66,600 29,700 
118,800 115,700 
58,600 21,000 
34,500 30,600 

5,200 86,700 

100 200 
5,500 117,100 

94,600 25,100 
100 300 

7,700 6,100 

0 0 
16,100 728,300 
45,900 127,600 
3,200 79,900 

19,200 9,100 

Table E-6 

Richland-Chambers Reservoir Runoff 

- Values in Acre-Feet -

-~ Jun __ ----lJ!J _ ..-Al!s..- SeD Oct Nov Dec Total 

37,500 64,500 119,700 1,400 0 a 327,200 187,700 849,400 

164,200 217,500 162,600 12,300 1,000 21,100 5,300 13,300 1,156,200 
127,400 81,600 4,200 19,000 154,900 71,300 48,900 69,800 1,248,800 
246,500 65,600 2,300 0 60,900 50,000 400 6,500 556,100 
583,000 55,900 5,300 200 300 700 8,800 72,400 1,082,500 
14,200 188,500 128,500 8,000 3,300 74,600 18,500 32,000 1,651,400 

311,800 69,000 2,500 10,400 1,800 1,000 59,600 33,600 806,300 
23,500 69,400 900 4,200 9,200 600 2,900 32,900 573,100 

286,900 7,500 15,900 0 0 0 100 200 432,700 
43,000 16,300 5,000 1,100 0 6,300 100 100 191,700 
73,700 5,900 5,300 300 1,000 0 0 0 334,800 

2,600 54,900 200 0 8,100 0 0 0 68,200 
101,400 2,500 300 0 0 0 13,900 51,500 295,200 
327,500 900 1,800 100 2,800 6,300 1,500 18,100 486,000 
23,400 0 0 0 0 0 2,600 0 34,200 
13,300 14,300 500 6,300 8,700 600 0 0 66,600 

63,700 7,300 0 500 100 300 20,700 1,500 107,100 
396,700 76,000 800 100 600 59,900 200,700 11,900 1,504,700 
479,000 3,000 9,400 14,000 104,900 10,800 2,800 5,600 836,300 
193,600 278,800 13,700 1,500 1,200 145,200 10,700 131,500 899,400 
18,200 17,800 1,100 7,800 100 8,900 3,300 281,200 610,300 



Tabl~-6 .• Continued 

Jan FelL_ Mar .~ -~ Jun Jul --...A!!9.... SeD Oct Nov Dec Total 

1961 365,300 248,200 128,100 18,200 8.400 149,400 70.700 1,400 3,900 5,600 90,100 61.900 1.151.200 
1962 3,000 17,000 9.100 42.400 15,900 71.600 5,300 0 9.500 46,500 8,500 8.100 236,900 
1963 1,200 1,000 700 17,900 22,400 2,100 100 0 0 0 0 0 45,400 
1964 200 400 700 600 800 1,000 100 0 0 0 12,800 1.600 18.200 
1965 1,900 59.800 25,900 12,100 364,400 13,900 200 100 300 0 3,500 600 482,700 

1966 700 14,600 2.200 512,600 256,800 3,500 500 4.800 6,600 2,800 0 0 805.100 
1967 0 0 0 5.200 1,600 32,500 6.900 0 52,600 207,700 159,000 113.900 579,400 
1968 158,700 90.100 183,600 184,400 520.500 131,200 11,200 500 500 2.200 4,500 18,700 1,306,100 
1969 0 47,900 166,300 86.600 529,300 19,900 0 0 0 2,600 3,400 37.600 893.600 
1970 6,400 78,700 265,200 86,700 22,100 16,300 400 0 6,700 84.400 11.400 2,000 580,300 

1971 100 1.000 0 5.100 3,200 0 400 2,400 0 82,200 24,200 275.500 394,100 
1972 119,200 7,300 3.200 1,300 3,600 1,600 1,700 100 1,000 22.300 12.400 8,100 181.800 
1973 48,300 49.100 164,100 360.700 92,000 295,400 20,700 4,700 28.000 142,100 32,000 23.800 1.260,900 
1974 41.500 13,100 10,200 3.500 34,100 2,500 0 3.600 74,400 78.300 407.200 74,300 742.700 
1975 41.800 202,000 52.000 179,100 396.100 102.700 15.600 1,800 1,800 600 1,000 1.100 995,600 

1976 1.500 2,300 18,300 137,700 153.900 106,800 80.100 1.800 57,300 49.800 10,700 77.300 697.500 
1977 8,900 150,800 152.400 269,600 31,400 4.100 500 700 300 0 400 400 619.500 
1978 0 5.900 42,600 1.000 10,200 200 0 0 700 0 700 200 61.500 
1979 14.100 9,200 57.500 55.300 267,700 89.900 8,200 10,400 1.500 300 400 24,800 539,300 
1980 67,100 30,400 3,500 104,000 164,600 4,100 100 0 0 0 0 0 375.400 

1981 100 0 0 0 26,700 224,700 6,900 200 300 69.100 4.600 2,000 334.600 
1982 1,000 3.100 28.300 8.900 81,600 17,100 2.800 0 0 300 1,300 6,400 150,800 
1983 800 70.700 26,900 4.300 8.900 19,600 4,700 1,400 200 6.400 2.400 1,700 148.000 
1984 1.100 8,300 92.200 9,700 6,900 1,000 0 0 0 10,300 6,200 126,000 261,700 
1985 41,100 42,100 47,800 12.000 5,400 600 200 0 400 174,200 55.600 148,000 527.400 

1986 9,700 110.500 0 5.900 109.800 255.600 7,800 600 12.000 56.500 100.400 110,600 779.400 

1940-86 

rn 
Avg. 36.502 52.545 59.117 100,857 141.902 60.947 15.428 2,589 13.126 31.953 35,760 44.170 594.896 

I 
-" 
W 



Table E-7 

Tehuacana Reservoir Runoff 

- Values in Acre-Feet -

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1940 0 800 0 19,700 2,200 4,500 14,700 100 0 0 81,400 34,300 157,700 

1941 11,700 49,700 32,900 16,800 32,900 43,300 40,800 1,100 200 3,400 500 1,400 234,700 
1942 700 900 1,300 111,700 10,000 9,200 500 800 33,200 7,000 9,400 13 ,300 198,000 
1943 3,600 900 9,400 11,900 59,500 9,700 300 0 400 16,400 100 1,700 113,900 
1944 20,500 40,500 13,800 7,400 116,400 9,400 400 0 0 0 1,700 15,300 225,400 
1945 31,100 40,300 103,200 56,700 2,600 17,000 31,400 3,500 1,600 23,500 4,300 11 ,800 327,000 

1946 15,700 31,900 14,900 6,800 89,100 9,100 500 800 100 200 11,800 6,500 187,400 
1947 53,200 4,900 33,700 25,300 7,000 3,600 0 0 100 0 0 300 128,100 
1948 900 3,000 18,500 3,200 68,100 700 2,500 0 0 0 0 0 96,900 
1949 1,200 1,700 4,700 4,700 6,400 2,500 2,200 300 0 2,600 0 0 26,300 
1950 1,900 33,800 1,500 17,300 6,700 1,200 1,000 0 200 0 0 0 63,600 

1951 100 1,500 100 100 1,900 10,100 0 0 4,500 0 0 0 18,300 
1952 0 1,800 3,200 21,500 20,800 500 100 0 0 0 2,000 11,100 61,000 
1953 3,900 700 31,200 6,400 87,800 300 500 0 1,500 3,000 600 8,000 143,900 
1954 4,600 100 0 300 10,600 0 0 0 0 200 600 0 16,400 
1955 500 5,000 4,900 1,700 2,900 3,500 300 900 700 300 0 0 20.700 

1956 700 6,200 0 0 28,800 2,500 0 0 0 0 5,900 500 44,600 
1957 300 7,300 9,000 182,300 68,300 17,000 200 0 0 12,600 30,600 2,100 329.700 
1958 5,800 3,000 4,800 12,300 81,900 600 2.200 5,400 9,200 2,900 0 900 129,000 
1959 400 9,600 1.100 17.700 32,700 58,000 2,000 200 400 26,200 2,400 21,000 171,700 
1960 40,200 6,600 3,800 2,500 5,600 6,200 400 1,200 0 5,600 2,800 70,200 145,100 
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Table E-7, Continued 

Jan.... Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

1961 81,400 37,200 24,900 3,600 900 22,100 7,000 700 1,200 1,100 23,200 10,800 214,100 
1962 700 6,000 2,500 21,500 2,100 0 1,100 0 2,000 17,200 1,100 0 54,200 
1963 0 0 0 7,600 2,100 200 0 0 0 0 0 0 9,900 
1964 100 400 400 100 100 0 0 0 0 0 0 0 1,100 
1965 1,100 5,800 11,400 5,500 95,400 4,900 0 0 200 0 1,000 100 125,400 

1966 400 9,900 1,200 142,600 43,500 1,100 200 1,900 1,800 0 0 0 202,600 
1967 0 0 0 3,300 400 8,000 100 0 21,400 31,800 30,200 32,100 127,300 
1968 33,000 23,000 29,700 37,400 78,800 30,000 800 0 100 0 1,300 2,800 236,900 
1969 2,700 17,300 47,800 21,800 17,400 100 0 0 0 500 14,400 35,100 157,100 
1970 5,000 8,100 7,300 6,600 100 100 0 0 3,500 14,200 100 0 45,000 

1971 0 500 100 0 0 0 0 0 7,000 10,700 18,100 55,100 91,500 
1972 39,100 1,100 400 100 100 1,500 1,100 0 0 1,700 2,000 7,900 55,000 
1973 19,300 2,600 36,000 40,900 600 48,100 1,200 0 3,400 55,800 5,700 8,500 222,100 
1974 21,900 7,500 13,400 900 4,200 0 0 400 78,000 12,800 52,900 20,700 212,700 
1975 6,800 33,800 6,300 7,800 60,900 1,500 400 0 0 100 0 400 118,000 

1976 100 1,000 9,100 79,400 43,400 22,400 5,200 100 600 54,500 600 41,600 258,000 
1977 5,600 33,700 19,600 29,500 600 24,900 100 0 1,700 0 0 0 115,700 
1978 100 4,800 23,200 100 600 100 0 400 2,000 8,200 7,600 11,100 58,200 
1979 9,300 230,800 16,800 45,500 49,300 5,400 300 5,300 9,400 900 200 20,400 393,600 
1980 23,600 600 800 11,300 55,300 0 0 0 0 0 0 0 91,600 

1981 100 100 400 100 400 55,300 2,300 0 0 23,400 900 200 83,200 
1982 800 3,100 22,800 1,400 9,000 300 4,300 0 0 0 6,700 53,400 101,800 
1983 1,700 30,900 1,900 200 1,800 500 100 34,400 100 400 300 900 73,200 
1984 1,100 5,400 30,700 400 200 0 0 0 0 6,200 1,500 128,000 173,500 
1985 3,600 27,600 5,400 1,800 1,500 100 200 0 0 15,200 37,100 50,800 143,300 

rn 
1986 1,100 123,700 1,200 4,100 17,900 14,500 100 0 100 4,600 23,500 34,600 225,400 I 

--> 
<.n 

1940-86 
Avg. 9,694 18,406 12,879 21,266 26,145 9,574 2,649 1,223 3,928 7,728 8,138 15,168 136,798 



Tennessee Colony Reservoir 

Tennessee Colony Reservoir is a potential project on the main stem of 

the Tri ni ty Ri ver, downstream from Ri chl and 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 

spi 11 s from Cooper Reservoi rand uncontro 11 ed runoff ori gi nat i ng 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 located 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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1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

Jan 

403,400 
18,600 
92,810 
79,300 

254,200 

212,330 
203,490 
172,110 

17,410 
139,010 

12,310 
9,310 

59,010 
27,710 
24,810 

9,710 
3,400 

86,500 
12,210 

528,930 

FelL __ Mar 

359,500 439,200 
40,400 31,500 
26,080 28,810 

243,600 393,800 
562,500 1,939,100 

586,710 407,240 
54,180 204,640 

352,180 361,310 
57,780 343,310 

798,980 76,810 

21,880 20,710 
16,080 19,810 
16,280 105,310 
12,380 6,410 
45,080 49,010 

25,480 7,410 
22,600 28,700 
44,500 81,200 
52,080 38,210 

150,230 77,910 

Table E-8 

Tennessee Colony Reservoir Runoff. 1990 Conditions 

- Values in Acre-Feet -

_ APL _ _MaL_ _ ,.tun Jul ......A!!.9.... SeD 

335,000 515,900 1,479,500 480,600 23,500 12,900 
2,561,000 1,640,600 693,100 35,300 300 77 ,500 

232,330 437,570 442,880 10,810 2,310 300 
73,600 1,431,300 226,700 7,400 300 5,800 

2,169,400 104,000 430,000 484,500 17,800 5,400 

93,030 849,300 855,940 16,010 8,410 58,100 
400,100 148,710 89,340 32,610 9,710 28,600 
44,400 360,660 15,800 37,210 5,210 2,700 

118,400 433,710 345,400 28,310 6,510 2,500 
146,900 800,010 118,200 183,610 83,310 365,500 

19,900 38,610 175,800 12,010 4,510 2,400 
300 4,410 107,800 5,710 1,810 2,700 
300 262,610 10,500 4,110 4,410 2,500 

14,400 47,310 5,100 1,510 3,910 900 
46,300 42,010 10,400 3,510 310 300 

8,700 42,910 300 310 310 300 
300 1,093,500 992,100 46,400 74,600 18,100 

487,800 1,705,200 7,000 23,400 6,400 28,900 
77,000 439,660 263,870 40,510 11 ,810 6,500 
24,500 26,710 11,000 19,910 16,010 4,200 

Oct Nov Dec Total 

186,500 63,700 54,200 4,353,900 
44,800 72,700 71,000 5,286,800 
12,510 6,500 8,910 1,301,820 
6,800 9,000 300 2,477,900 

111,300 28,300 56,000 6,162,500 

14,210 659,400 491,710 4,252,390 
6,210 24,000 164,010 1,365,600 
6,010 4,300 5,810 1,367,700 

53,610 39,900 10,410 1,457,250 
10,810 2,500 4,410 2,730,050 

1,910 6,600 6,310 322,950 
310 4,800 33,410 206,450 

4,110 11,600 31,010 511,750 
55,610 37,800 11,610 224,650 
3,010 2,800 5,210 232,750 

310 300 2,710 98,750 
154,900 388,700 66,100 2,889,400 
21,500 8,100 10,200 2,510,700 

160,610 36,500 196,700 1,335,660 
19,210 22,000 387,400 1,288,010 
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Table E-8, Continued 

Jan 

1961 711 ,300 
1962 37,410 
1963 22,410 
1964 8,710 
1965 78,210 

1966 17,000 
1967 14,910 
1968 350,300 
1969 58,600 

1941 -
1986 Avg. 126,393 

Feb 

443,510 
37,980 
11,580 
17,980 

231,980 

62,900 
11,980 

264,000 
211,700 

164,900 

Mar ADr Mav Jun 

226,790 117,500 24,410 168,110 
46,810 26,440 97,210 47,450 
20,910 25,400 87,210 25,300 
36,910 30,000 17,310 15,400 

108,910 96,200 418,710 118,600 

41,000 468,600 1,289,200 104,900 
23,110 63,300 53,410 5,900 

564,100 723,400 1,498,400 317,400 
695,400 480,900 2,569,700 208,900 

221,529 306,393 568,284 251,472 

Jul ~ SeD Oct ~y ----'1eL Total 

98,860 5,510 14,300 11,510 300 88,380 1,910,480 
21,910 95,410 156,600 37,410 23,400 79,610 707,640 
3,310 3,110 300 710 1,400 4,810 206,450 

810 4,410 114,900 9,810 143,500 49,310 449,050 
5,910 3,510 17,700 6,410 10,600 11,110 1,107,850 

52,900 34,800 31,900 37,700 16,900 21,400 2,179,200 
11,810 35,110 300 310 9,300 117,120 346,560 
70,900 35,700 23,700 23,000 31,800 66,300 3,969,000 
44,100 10,500 16,200 17 ,200 24,700 84,900 4,422,800 

61,526 17,569 34,552 35,114 58,324 73,806 1,919,862 



Table E-9 

George Parkhouse Reservoir Stage I Runoff. Including Spills from Cooper Reservoir 

- Values in Acre-Feet -

Jan Feb Mar ADr May Jun Jul ~ SeD Oct Nov Dec Total 

1941 22,400 15,680 43,770 32,900 106,620 62,650 7,470 790 360 1,210 3,020 6,580 303,450 
1942 1,230 2,850 7,240 90,040 59,660 30,220 880 1,140 3,830 300 3,010 9,610 210,010 
1943 280 1,020 16,080 2,440 7,340 13,610 210 120 140 180 630 1,850 43,900 
1944 4,500 13,390 19,360 5,020 60,770 6,020 530 1,230 340 150 2,060 13,400 126,770 
1945 5,890 34,780 156,320 32,420 5,110 55,510 16,970 160 3,090 16,060 1,310 220 327,840 

1946 12,680 81,330 28,400 18,740 130,220 29,840 310 5,000 230 220 74,210 25,460 406,640 
1947 3,160 350 6,200 9,980 23,610 2,080 150 2,370 260 240 6,500 19,460 74,360 
1948 13,700 13,910 40,580 6,120 79,740 1,190 1,490 140 140 170 210 960 158,350 
1949 35,370 36,670 43,570 10,590 5,900 3,890 1,880 610 480 18,740 310 1,330 159,340 
1950 20,400 188,200 2,780 2,930 94,750 6,770 3,220 600 48,600 210 210 220 368,890 

1951 510 15,760 420 310 1,680 76,870 3,600 120 140 420 630 320 100,780 
1952 1,570 860 1,960 36,430 11,740 2,190 140 120 140 150 5,540 7,870 68,710 
1953 4,290 610 9,870 35,940 34,450 150 4,220 300 150 200 3,150 10,310 103,640 
1954 15,070 2,500 240 4,320 15,290 1,500 140 120 140 17,550 4,360 400 61,630 
1955 660 8,070 8,140 6,380 3,210 170 1,000 1,250 430 680 210 210 30,410 

1956 220 7,630 210 340 8,340 660 140 120 140 150 1,070 910 19,930 
1957 2,510 5,630 17,640 89,110 210,870 69,110 280 1,590 10,600 10,480 151,880 3,990 573,690 
1958 33,140 510 47,650 110,680 163,700 17,980 5,620 150 1,270 350 500 460 382,010 
1959 590 4,580 2,960 2,510 950 3,270 7,330 660 630 7,400 6,480 23,360 60,720 
1960 17,230 5,860 3,910 970 5,650 7,990 4,140 680 2,850 7,030 480 38,890 95,680 
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Table E-9, Continued 

Jan Feb Mar Aor May _Jun Jul ~ Seo Oct Noy Dec Total 

1961 23,080 13 ,640 41,010 3,530 560 5,040 1,410 610 1,740 170 5,350 11,900 108,040 
1962 4,870 3,810 2,130 9,010 2,670 12,450 6,980 1,280 23,750 3,590 14,300 1,840 86,680 
1963 4,640 290 2,270 2,990 4,380 550 5,850 130 140 150 210 210 21,810 
1964 220 250 3,420 8,100 6,360 8,490 140 120 7,780 310 12,510 630 48,330 
1965 8,630 40,550 680 410 41,200 1,390 150 130 2,230 160 450 220 96,200 

1966 460 9,650 510 79,260 108,210 170 320 940 2,370 800 240 450 203,380 
1967 280 250 900 19,280 16,640 26,840 560 160 8,180 12,780 7,350 15,530 108,750 
1968 25,210 10,410 117,500 57,460 91,900 33,750 12,850 1,590 7,400 1,160 9,060 15,000 383,290 
1969 68,380 117,790 76,810 20,010 215,440 1,020 150 120 140 2,100 1,060 10,190 513,210 
1970 3,750 20,420 48,260 70,930 2,340 1,360 160 130 3,230 15,680 1,740 760 168,760 

1971 590 3,090 1,540 230 220 190 250 3,680 780 44,020 490 127,140 182,220 
1972 1,910 450 2,190 290 450 450 150 120 230 4,960 13,710 6,180 31,090 
1973 11,200 11,950 30,480 117,530 4,900 22,810 400 210 27,860 81,350 113,400 35,700 457,790 
1974 87,790 1,580 3,390 79,430 5,170 118,160 180 310 29,200 3,430 161,450 76,370 566,460 
1975 11,520 166,440 66,570 43,690 86,140 88,970 750 200 160 160 220 280 465,100 

1976 220 250 2,150 19,860 12,620 4,800 13,680 290 1,680 8,310 1,440 17,540 82,840 
1977 10,000 20,900 133,930 50,740 860 5,920 260 1,300 450 160 1,970 510 227,000 
1978 1,920 12,690 11,800 960 1,950 2,610 150 120 140 150 1,420 1,150 35,060 
1979 22,280 11,030 19,840 12,240 49,350 35,960 940 1,910 290 220 360 6,950 161,370 
1980 11,860 7,680 300 3,290 9,660 480 160 120 1,800 2,190 280 7,350 45,170 

1981 250 250 5,910 680 11 ,340 59,270 700 150 170 34,690 15,440 510 129,360 
1982 640 5,190 3,180 3,750 241,280 34,090 2,720 260 340 180 4,610 22,470 318,710 
1983 860 57,300 56,040 1,630 5,740 1,280 8,010 190 160 350 530 370 132,460 
1984 360 7,170 34,460 5,220 2,310 270 160 130 140 13,370 5,040 26,890 95,520 
1985 4,460 7,760 39,520 46,930 72,580 3,360 290 120 140 1,510 22,760 16,620 216,050 

", 
I 1986 280 16,280 340 34,130 7,060 48,980 1,880 150 1,540 2,590 21,100 6,830 141,160 N 

0 

1941-86 
Avg. 10,893 21,462 25,270 25,864 44,151 19,790 2,586 690 4,261 6,879 14,832 12,509 189,187 



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-I0 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-ll 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, including 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. 

E-21 
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N 
N 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

.........l.M... 

19,250 
2,130 

130 
8,920 

11,820 

26,000 
6,140 

28,120 
73,260 
98,440 

380 
320 

4,530 
25,770 
1,980 

430 
1,410 

28,180 
330 

36,410 

Feb 

14,040 
5,540 
1,680 

27,470 
60,570 

56,900 
290 

25,560 
49,760 

112,510 

42,770 
320 
780 

13,580 
8,900 

53,460 
3,470 
2,050 
2,390 

19,970 

Mar Apr 

31,800 23,220 
14,820 90,250 
33,090 4,670 
39,940 10,040 
90,640 25,810 

22,600 17,160 
12,500 15,820 
29,830 12,320 
31,220 11,800 

1,960 3,570 

1,110 3,310 
12,670 97,290 
22,350 91,290 

360 10,470 
29,240 23,130 

840 3,560 
27,620 196,970 
46,690 77 ,260 
3,420 290 

19,020 3,020 

Table E-I0 

George Parkhou~e II Reservoir Runoff 

- Values in Acre-Feet -

May Jun ~ --.AIlS... ~ 

70,010 43,680 15,430 1,390 450 
42,660 27,890 1,530 2,110 7,680 
14,910 28,050 130 0 0 
84,690 12,210 800 2,320 400 
10,270 42,520 21,190 70 6,130 

78,890 29,330 350 10,170 170 
21,670 4,030 10 4,690 240 
50,750 2,160 2,800 40 0 
11,920 7,790 3,620 1,030 700 
88,330 5,220 27,510 3,010 46,650 

9,980 140,140 2,760 40 480 
16,190 4,950 30 0 0 
20,850 40 13,600 1,960 720 
71,540 5,680 0 0 0 
7,020 920 9,880 2,450 960 

21,930 620 0 0 0 
199,970 69,400 660 5,250 26,220 
95,460 45,810 2,750 100 600 

480 36,230 48,470 5,590 5,360 
9,830 24,250 7,900 7,570 15,280 

Oct Nov Dec Total 

2,230 5,910 13,410 112,860 
310 5,840 19,590 220,350 

50 880 3,410 86,980 
0 3,830 27,490 218,110 

33,160 2,270 20 304,470 

130 88,880 19,770 350,350 
170 13,110 40,120 118,790 
20 0 1,540 153,140 

9,200 100 4,760 205,160 
460 130 210 388,000 

4,580 790 90 206,430 
0 14,040 5,840 151,560 

700 6,080 16,980 189,880 
47,350 4,290 740 179,780 
2,430 0 0 86,910 

0 2,930 500 84,270 
7,450 114,260 10,990 663,670 

60 430 450 300,020 
14,700 6,360 55,570 179,370 
32,610 830 121,770 298,460 



Tabl~ E-10, Continued 

~ Feb Mar Apr May Jun -->l..Y.L --...AYs.. ~ Oct Nov Dec Iotal 

1961 24,710 14,290 52,240 6,600 4,780 2,190 1,620 280 3,650 30 10,430 24,540 145,360 
1962 19,100 7,980 13,680 18,130 3,800 45,740 4,030 350 40,330 19,990 66,650 3,210 242,990 
1963 8,510 710 6,400 11,860 1,940 370 3,270 0 0 0 0 20 33,080 
1964 0 220 14,650 27,050 19,560 21,590 20 20 25,480 120 25,640 2,630 136,980 
1965 13,470 76,910 4,550 1,160 47,140 1,820 10 50 6,400 0 240 50 151,800 

1966 110 9,920 730 245,190 31,050 730 80 6,820 6,300 2,130 90 970 304,120 
1967 310 670 6,270 75,630 93,960 17,090 4,130 120 26,900 24,320 3,790 42,380 295,570 
1968 23,430 17 ,710 102,700 51,050 74,330 69,530 32,340 2,840 40,550 8,470 26,930 32,360 482,240 
1969 60,120 28,850 49,130 11,750 108,960 3,880 130 40 60 8,540 490 30,210 302,160 
1970 4,130 80,580 73,550 56,820 7,010 620 10 0 16,040 34,500 11,190 3,640 288,090 

1971 3,020 9,440 4,520 970 3,190 90 3,540 13,420 3,050 149,840 5,650 91,920 288,660 
1972 4,730 1,340 1,450 230 190 410 50 460 10 23,330 24,660 8,360 65,220 
1973 21,960 27,210 69,190 62,880 13,170 23,130 850 240 47,500 103,640 72,280 23,660 465,710 
1974 27,210 3,710 2,030 22,770 14,310 67,760 130 530 32,250 41,790 65,230 21,240 298,960 
1975 23,170 83,510 23,640 19,100 46,910 44,080 4,890 190 150 0 50 140 245,830 

1976 60 50 4,050 14,820 9,770 41,660 73,250 920 1,100 11,290 1,290 11,920 170,120 
1977 9,290 23,230 59,060 17,640 890 4,210 90 210 10 0 2,740 780 120,170 
1978 2,350 15,190 11,220 1,930 5,240 9,320 0 0 0 0 20,360 19,630 85,240 
1979 37,570 31,230 61,760 12,310 56,950 19,440 5,180 6,480 160 1,210 440 15,590 248,320 
1980 6,640 11,400 910 1,720 10,190 70 0 0 3,710 25,380 360 16,810 77 ,190 

1981 490 950 15,630 2,520 31,010 104,480 4,120 140 3,410 118,150 44,280 1,820 327,100 
1982 10,250 21,140 10,150 14,650 206,800 35,040 11 ,590 2,340 440 760 9,180 26,590 348,930 
1983 2,640 72,480 35,110 2,330 11,080 6,770 20,530 40 90 280 1,270 560 153,180 
1984 900 44,290 45,700 12,680 33,280 190 0 0 0 14,640 14,260 50,420 216,360 
1985 16,860 22,190 70,800 40,050 44,330 8,120 790 0 0 840 22,460 16,320 124,220 

1986 880 28,480 2,380 37,720 25,380 30,600 10,690 0 4,830 9,800 69,080 21,340 241,180 

1941-86 
Avg. 14,806 24,206 25,813 31,719 39,208 23,187 7,250 1,772 8,431 15,807 16,684 17,440 226,323 
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rTI 
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N 
.p. 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

Jan 

108,030 
10,510 
88,870 
31,080 

195,560 

108,260 
42,060 

107,790 
0 

165,930 

20,630 
76,760 
54,980 
72,350 
4,190 

0 
15,570 
85,430 

7,400 
123,350 

Feb 

64,300 
29,820 
6,450 

57,130 
134,760 

238,610 
6,460 

111,570 
116,710 
375,120 

198,070 
32,360 

105,560 
54.920 
19,230 

129,270 
45,210 

650 
67,490 
21,230 

Tab 1 e f-11 

Marvjn ~ichols I Reservoir Runoff 
Runoff Ori gi na_ti n~ D()wnstream from George Parkhouse I and II Reservoi rs 

- Values in Acre-Feet -

Mar _Apr Mav Jun Jul -Al!9.... Sep Oct 

134,280 85,640 365,200 260,740 90,730 4,720 890 13,240 
78,830 372,180 248,220 30,860 0 0 0 0 

120,920 86,450 0 26,560 5,260 0 0 540 
281,720 99,420 271,550 131,490 0 0 8,370 0 
451,410 774,950 30,120 119,600 0 1,320 0 78,420 

6,420 98,190 148,380 175,200 2,230 0 0 0 
76,370 71,830 157,170 0 70 0 0 0 

138,090 13,340 176,370 7,570 0 0 0 0 
200,980 72,860 72,590 23,370 0 2,390 0 21,570 
78,270 0 260,650 24,880 0 17,100 211,710 8,520 

38,310 11,820 18,990 0 10,810 420 3,410 960 
49,810 316,260 95,460 37,460 2,890 40 0 0 
53,660 0 389,360 0 0 0 0 0 
7,940 19,750 166,750 0 0 0 0 0 

64,170 100,680 8,930 1,320 14,410 3,840 15,300 41,130 

3,620 0 0 34,640 0 0 0 0 
99,230 359,590 562,710 322,580 0 0 12,250 48,150 
77,010 71,540 411,790 19,280 47,260 740 19,000 2,150 
26,250 34,780 4,240 96,480 88,000 11,430 8,070 38,150 
22,510 0 19,260 33,900 78,360 9,930 84,230 83,460 

Nov Dec __ Total 

32,260 75,130 1,235,160 
0 0 770,420 

70 7,030 342,150 
23,630 75,750 980,140 

730 0 1,786,870 

245,390 100,140 1,122,820 
0 75,320 429,280 
0 0 554,730 

47,910 21,280 579,660 
0 0 1,142,180 

7,570 22,720 333,710 
0 118,520 729,560 
0 5,760 609,320 

63,250 3,880 388,840 
0 0 273,200 

5,930 0 173,460 
264,140 23,920 1,753,350 
30,680 2,700 768,230 
35,410 218,160 635,860 
10,110 309,450 795,790 



Table E-l1, Continued 

Jan Feb Mar ADr Mav Jun --!u 1 ~ SeD Oct _Nov Oec Total 

1961 107,940 46,110 124,420 91,530 14,180 1,870 9,630 1,210 3,370 50 35,870 81,180 517,360 
1962 67,510 36,730 16,950 94,800 36,620 24,530 56,910 520 101,210 62,410 98,160 23,430 619,780 
1963 40,910 250 30,060 10,480 15,820 760 6,440 0 0 0 0 0 104,720 
1964 0 740 27,970 103,280 0 33,340 0 0 17,830 8,200 67,170 3,260 261,790 
1965 56,940 252,360 7,550 4,030 234,400 17,820 0 0 1,190 0 0 0 574,290 

1966 730 74,890 630 188,020 387,220 0 0 0 9,300 32,450 0 2,500 695,740 
1967 700 820 6,860 293,590 87,470 249,960 57,090 0 9,820 35,450 116,140 147,740 1,005,640 
1968 97,250 58,890 316,940 218,750 297,760 212,500 16,930 17,590 43,770 9,680 115,110 210,770 1,615,940 
1969 53,210 525,770 286,090 78,520 537,420 6,640 130 0 0 0 4,690 41,800 1,534,270 
1970 53,290 121,310 241,860 167,770 26,580 6,380 0 0 5,190 101,320 24,590 3,630 751,920 

1971 2,690 12,950 6,260 0 8,900 0 3,260 58,390 510 215,330 4,410 629,680 942,380 
1972 15,820 3,800 6,580 600 670 720 0 0 0 2,610 171,040 78,660 280,500 
1973 86,990 117,620 454,630 370,970 40,320 120,700 230 0 126,530 157,240 347,610 127,320 1,950,160 
1974 124,100 8,090 1,810 27,090 9,700 199,640 0 0 124,540 0 335,470 135,770 966,210 
1975 0 184,670 80,120 25,160 115,660 99,180 8,020 1,530 0 0 0 50 514,390 

1976 0 0 13,820 119,950 88,690 48,370 212,910 0 4,540 17,810 9,360 107,930 623,380 
1977 71 ,870 147,270 221,290 243,250 4,900 5,640 820 960 0 0 3,480 70 699,550 
1978 8,980 29,360 93,380 4,740 11 ,290 460 0 0 0 0 0 0 148,210 
1979 233,890 102,700 119,140 155,350 345,350 165,270 4,230 12,140 190 0 0 100,240 1,238,500 
1980 127,780 109,090 1,220 56,900 117,050 7,630 0 0 0 35,320 350 55,080 510,420 

1981 170 0 14,490 3,250 121,280 277,680 0 0 0 370,100 175,030 2,010 964,010 
1982 0 44,550 73,630 45,750 580,500 181,410 27,740 7,490 820 1,320 130,930 414,990 1,509,130 
1983 9,890 193,170 172,660 17,980 40,580 3,630 48,970 0 0 0 0 1,540 488,420 
1984 1,410 52,530 329,520 21,180 75,220 480 0 270 50 88,060 29,160 115,680 713,560 
1985 8,720 79,560 69,380 19,920 61,390 8,120 3,220 0 0 0 50,840 124,820 425,970 

1986 130 81,410 3,090 111,140 36,010 84,870 45,290 0 2,360 11,630 61,110 38,270 475,310 

1941-86 
Avg. 54,123 89,121 102,829 110,071 145,711 67,468 18,301 3,305 17,705 32,288 55,383 76,221 772,526 
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1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

Jan 

28,740 
2,870 

12,680 
14.290 
53,200 

208,610 
41.470 
2,100 

157,660 
94,440 

8,220 
35,060 
30,490 
81,640 

5,690 

260 
9,860 

94,220 
1,410 

109,260 

Feb 

38,990 
7.640 
6,270 

28,760 
119.280 

305.290 
4,150 

107,250 
156,280 
267,110 

92,790 
13,060 
15,550 
41,240 
13,450 

35,400 
21,300 
3,170 

73,450 
29,580 

Table E-12 

Marvin Nichols II Reservoir Runoff. Including S~ills from White Oak Creek Reservoir 

- Values in Acre-Feet -

Mar Apr tolay Jun Jul J.ti.!L ~ Oct Nov Dec Total 

106,780 93,530 147,640 48,490 16,120 3,460 1,090 840 6,860 17,910 510.450 
25,250 319,240 55,380 30.840 2.360 2,050 2,840 420 1,890 31.640 482.420 
32,770 10,110 17,370 100,670 900 140 760 4.240 0 3.920 189.830 

105.680 23.010 208.810 27.470 470 0 3,290 520 8.220 35.640 456.160 
404.250 162,050 41.140 209,210 146.100 3,430 2.630 160.280 19.190 3,130 1.323.890 

89.560 46,240 349.840 185.490 2.340 2,970 6.190 1.490 191,300 104.760 1.494,080 
52,020 91,720 143,500 3,150 690 0 2,810 850 63,130 200,400 603,890 

115,670 20,070 251,520 2,440 3,010 1,580 870 1,290 2,180 1,500 559,480 
66,730 33,820 66,710 5,270 2,420 870 2,510 316,010 4,180 14,040 826,500 
52,430 11,230 152,630 12,730 14,480 11,970 82,300 830 350 530 701,030 

3,820 1,870 8,300 32,060 14,130 0 1,430 1,430 5,020 12,930 182,000 
18,950 217,420 51,040 2,970 4,720 0 0 0 35,250 82,730 461,200 
34,610 90,540 163,960 320 24,140 1,120 7,670 1,020 4,590 36,800 410,810 
2,980 4,340 65,300 110 0 0 0 35,450 22,840 2,550 256,450 

15,080 46,870 1,190 270 730 1,360 1,660 2,140 0 50 88,490 

940 300 20,730 0 0 0 0 0 17,050 0 74,680 
80,050 293,510 230,540 87,750 920 860 20,780 48,680 210,860 18,910 1,024,020 
68,090 213,170 220.420 52.320 51,110 2,050 17,170 2.030 13,090 5.060 741,900 
54,410 36,470 2,310 8,550 11,970 4,120 570 17,770 15,920 130,180 357,130 
31,540 1,800 730 7.500 8,290 610 8,870 17,570 8,880 179.510 4 04,140 



Table E-12, Continued 

Jan Feb _MaL- Apr May Jun Jul ~ ~ Oct Nov Oec Total 

1961 72,770 49,620 73,810 43,150 1,400 23,880 17,930 4,060 3,250 920 33,660 59,290 383,740 
1962 43,550 38,110 30,640 48,300 33,700 6,160 6,750 1,070 28,720 13,430 41,560 29,240 321,230 
1963 25,680 2,290 6,830 9,910 49,760 6,700 2,680 270 10 0 0 150 104,280 
1964 100 4,150 10,000 54,350 5,520 13 ,200 0 2,740 36,640 2,250 13,640 1,260 143,850 
1965 4,390 124,980 10,070 3,610 160,320 26,760 20 0 2,820 40 0 20 333,030 

1966 5,740 51,640 3,710 283,570 219,530 960 3,020 5,830 12,440 21,800 320 4,480 613,040 
1967 3,750 5,070 9,180 65,640 72,200 72,780 5,620 290 1,570 12,030 78,560 65,680 392,370 
1968 47,350 37,030 160,030 39,550 152,420 28,060 7,520 260 9,730 30 6,440 50,430 538,850 
1969 16,510 173,880 124,160 52,150 199,230 1,880 210 0 0 0 680 8,350 577 ,050 
1970 26,900 57,380 135,450 151,960 10,570 6,280 4,180 1,760 4,510 38,060 9,670 1,450 448,170 

1971 3,640 19,870 8,700 570 910 150 18,250 11,630 960 40,950 2,620 327,450 435,700 
1972 36,330 9,370 6,930 1,440 920 5,010 330 0 250 19,840 88,880 68,840 238,140 
1973 51,550 71,800 179,410 185,020 8,620 72,590 4,020 0 26,770 57,650 203,580 96,070 957,080 
1974 134,330 12,630 13 ,300 85,190 7,460 93,620 620 1,380 64,600 17 ,350 237,400 99,750 767,630 
1975 16,450 214,270 88,760 47,960 136,610 55,550 4,150 3,290 90 100 0 290 567,520 

1976 150 540 21,890 96,140 77 ,320 14,340 119,080 190 2,370 1.510 2,440 17 ,190 353,160 
1977 14,460 76,120 168,740 95,050 2,340 8,750 680 830 0 100 54,030 4,280 425,380 
1978 18,020 29,340 56,740 3,410 2,830 240 0 0 0 0 620 660 111,860 
1979 60,720 27,400 57,260 87,230 141,830 26,150 9,180 28,470 8,320 440 4,390 78,940 530,330 
1980 261,050 62,130 5,400 59,150 73,510 8,560 1,580 1,810 430 5,890 2,780 15,690 497,980 

1981 650 2,800 4,390 2,140 89,060 2,300 260 130 137,310 23,980 1,480 467,960 
1982 1,160 5,630 20,250 3,990 44,790 19,620 50,410 670 90 290 24,030 232,720 403,650 
1983 14,470 68,930 75,440 11,710 11,380 10,100 16,080 120 20 100 1,880 8,150 218,380 
1984 4,600 28,410 90,190 14,380 710 230 190 90 40 99,470 28,940 138,350 405,600 
1985 16,400 76,570 67,220 59,710 51,850 11,550 1,370 160 110 170 9,890 124,300 419,300 

1986 2,050 103,770 2,500 134,500 49,090 54,830 2,310 210 130 0 11,410 23,280 384,080 

1941-86 
Avg. 41,847 59,429 60,709 72,980 82,673 34,544 12,682 2,217 7,988 23,535 32,874 50,869 482,347 
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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-l 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 Reservoi r are from a Corps of Engi neers proj ect 

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 

gi ven in Tables F -7 and F -8. Methodo 1 ogi es and data from Texas Water 

F-l 



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

were used to develop the evaporation rates for these proposed reservoirs. 

F-2 



Table F-1 

Lake Bridgeport and Eagle Mountain Lake Net Evaporation 

- Values in Feet -

~....ttL Mar --M.r.... ~ ~ ~ ~ ~ ~ ~ ~ Total 

1940 0.13 0.04 0.45 0.16 0.23 0.18 0.68 0.56 0.58 0.46 -0.06 -0.04 3.37 

1941 0.08 -0.11 0.17 -0.06 0.15 0.01 0.57 0.46 0.46 -0.40 0.21 0.12 1.66 
1942 0.17 0.20 0.32 -0.37 0.37 0.38 0.77 0.58 0.34 0.01 0.32 0.06 3.15 
1943 0.19 0.26 0.09 0.27 0.12 0.44 0.83 1.01 0.57 0.43 0.30 -0.08 4.43 
1944 -0.02 -0.10 0.16 0.23 0.16 0.64 0.67 0.75 0.56 0.20 0.07 0.03 3.35 
1945 0.05 -0.09 -0.10 0.05 0.52 0.31 0.35 0.67 0.39 0.26 0.33 0.20 2.94 

1946 -0.07 0.11 0.16 0.30 0.13 0.53 0.88 0.79 0.27 0.34 -0.01 -0.07 3.36 
1947 0.14 0.20 0.11 -0.01 0.04 0.46 0.84 0.96 0.79 0.46 0.12 0.03 4.14 
1948 0.13 -0.11 0.18 0.44 0.08 0.32 0.72 0.88 0.84 0.48 0.45 0.28 4.69 
1949 -0.15 -0.01 0.17 0.21 -0.07 0.41 0.73 0.65 0.23 0.13 0.35 0.11 2.76 
1950 0.08 0.10 0.42 0.12 -0.04 0.32 -0.06 0.28 0.15 0.58 0.47 0.26 2.68 

1951 0.19 0.02 0.26 0.33 0.04 0.11 0.67 0.84 0.58 0.42 0.23 0.26 3.95 
1952 0.18 0.20 0.19 0.15 0.16 0.70 0.80 1.17 0.90 0.76 0.26 0.10 5.57 
1953 0.18 0.16 0.12 0.22 0.32 0.78 0.66 0.64 0.77 0.06 0.20 0.25 4.36 
1954 0.08 0.34 0.25 0.05 -0.13 0.44 0.94 1.13 0.98 0.53 0.38 0.16 5.15 
1955 0.09 0.13 0.26 0.25 0.07 0.14 0.71 0.87 0.30 0.56 0.53 0.31 4.22 

1956 0.13 0.16 0.45 0.45 0.26 0.77 1.03 1.08 1.09 0.34 0.28 0.12 6.16 
." 1957 0.13 -0.07 0.06 -0.50 -0.54 0.29 0.77 0.98 0.60 0.26 -0.15 0.22 2.05 
I 1958 0.03 0.10 -0.08 0.00 -0.01 0.47 0.45 0.74 0.47 0.41 0.28 0.17 3.03 w 

1959 0.15 0.16 0.35 0.30 0.20 -0.05 0.27 0.64 0.57 0.01 0.31 0.02 2.93 
1960 0.01 0.08 0.16 0.24 0.20 0.51 0.44 0.58 0.45 0.08 0.39 -0.05 3.09 



Table F-l. Continued 

~...ll1L Mar --M.L JID:.. ~ ~ ...A!uL ~ ~ ..lfQL ~ Total 

1961 0.05 0.02 0.04 0.32 0.24 0.02 0.46 0.58 0.27 0.29 0.11 0.11 2.51 
1962 0.13 0.20 0.20 -0.03 0.44 -0.04 0.25 0.65 -0.13 0.32 0.14 0.17 2.30 
1963 0.15 0.17 0.19 0.08 0.13 0.34 0.44 0.65 0.40 0.42 0.18 0.13 3.28 
1964 0.05 0.09 0.15 0.13 0.00 0.40 0.75 0.51 0.08 0.42 -0.05 0.16 2.69 
1965 0.04 0.07 0.17 0.09 -0.24 0.21 0.53 0.39 0.37 0.19 0.25 0.18 2.25 

1966 -0.01 0.01 0.29 0.06 0.13 0.37 0.76 0.49 0.00 0.36 0.24 0.09 2.79 
1967 0.23 0.09 0.16 -0.03 0.20 0.54 0.59 0.73 0.25 0.46 0.10 0.06 3.38 
1968 0.01 0.02 0.03 0.15 0.08 0.41 0.46 0.58 0.37 0.30 0.26 0.16 2.83 
1969 0.04 0.08 0.09 -0.08 0.21 0.49 0.59 0.26 0.10 0.30 0.23 0.12 2.43 
1970 0.10 0.09 0.04 0.01 0.12 0.37 0.73 0.70 0.20 0.24 0.34 0.19 3.13 

1971 0.17 0.15 0.37 0.34 0.35 0.64 0.64 0.24 0.30 0.10 0.21 -0.03 3.48 
1972 0.15 0.17 0.39 0.29 0.27 0.52 0.69 0.55 0.37 0.20 0.10 0.14 3.84 
1973 -0.05 0.01 0.11 0.09 0.39 0.30 0.33 0.70 0.17 0.18 0.14 0.26 2.63 
1974 0.13 0.16 0.28 0.27 0.46 0.63 0.84 0.41 0.10 0.18 0.17 0.08 3.71 
1975 0.10 -0.01 0.13 0.22 0.15 0.41 0.39 0.60 0.35 0.50 0.25 0.13 3.22 

1976 0.25 0.35 0.28 0.11 0.19 0.49 0.38 0.61 0.19 0.09 0.21 0.12 3.27 
1977 -0.02 0.13 0.19 0.24 0.23 0.58 0.76 0.51 0.62 0.46 0.25 0.33 4.28 
1978 0.04 -0.06 0.21 0.34 0.30 0.51 0.93 0.49 0.43 0.46 0.03 0.20 3.88 
1979 -0.03 0.05 0.10 0.16 0.19 0.43 0.57 0.48 0.54 0.48 0.22 0.05 3.24 
1980 0.05 0.08 0.29 0.36 0.20 0.73 1.06 0.97 0.45 0.38 0.17 0.08 4.82 
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Table F-1. Continued 

~.ft!L Mar ~ ~ ~ ~ ....8lliL ~ ~ -...H2.L ~ 

1981 0.19 0.07 0.11 0.15 0.18 0.34 0.73 0.62 0.41 -0.13 0.18 0.20 
1982 0.05 0.05 0.14 0.21 0.02 0.22 0.55 0.71 0.56 0.35 0.12 0.07 
1983 0.04 0.05 0.08 0.25 0.23 0.28 0.70 0.78 0.76 0.25 0.18 0.12 
1984 0.10 0.13 0.15 0.44 0.43 0.64 0.80 0.64 0.60 0.11 0.12 -0.02 
1985 0.03 0.02 0.09 0.23 0.34 0.47 0.64 0.84 0.48 0.15 0.12 0.09 

1986 0.32 0.17 0.28 0.20 0.20 0.29 0.86 0.63 0.32 0.10 0.05 0.00 

1940-86 
Avg. 0.09 0.09 0.19 0.16 0.16 0.40 0.64 0.67 0.44 0.29 0.20 0.12 

Total 

3.05 
3.05 
3.72 
4.14 
3.50 

3.42 

3.45 



Table F-2 

Lake Benbrook Net Evaporation 

- Values in Feet -

~ ~ Ma r -.Aru:- J:1.ll- ....J.!!!L --!!.!!L -..8.Y.L Sept .JkL Jffi.L ~ Total 

1941 0.13 -0.16 0.11 -0.13 0.17 0.07 0.49 0.30 0.57 0.01 0.29 0.07 1.92 
1942 0.18 0.23 0.36 -0.54 0.13 0.25 0.68 0.47 0.23 -0.01 0.36 0.11 2.45 
1943 0.21 0.29 0.12 0.32 0.02 0.43 0.80 0.94 0.34 0.47 0.34 -0.08 4.20 
1944 -0.06 -0.13 0.14 0.17 -0.22 0.65 0.71 0.68 0.59 0.40 0.10 0.04 3.07 
1945 0.06 -0.23 -0.17 -0.03 0.23 0.30 0.30 0.63 0.80 0.22 0.27 0.20 2.58 

1946 -0.06 0.04 0.07 0.25 -0.13 0.51 0.85 0.61 0.32 0.46 -0.06 0.10 2.96 
1947 0.07 0.27 0.11 0.08 0.22 0.42 0.84 0.67 0.69 0.56 0.23 -0.08 4.08 
1948 0.07 -0.20 0.24 0.37 0.10 0.37 0.55 0.86 0.67 0.52 0.49 0.27 4.31 
1949 -0.22 -0.07 0.12 0.05 -0.16 0.27 0.66 0.57 0.53 0.04 0.40 0.12 2.31 
1950 -0.04 -0.03 0.39 0.09 0.14 0.26 0.30 0.65 0.29 0.56 0.52 0.34 3.47 

1951 0.19 -0.01 0.28 0.28 0.09 0.06 0.73 0.80 0.57 0.51 0.27 0.27 4.04 
1952 0.18 0.15 0.17 -0.13 0.10 0.74 0.81 1.08 0.76 0.72 -0.15 -0.08 4.35 
1953 0.23 0.14 0.08 0.10 0.13 0.85 0.55 0.53 0.63 0.10 0.15 0.18 3.67 
1954 0.02 0.25 0.29 0.14 0.12 0.69 0.81 1.13 0.92 0.44 0.22 0.35 5.38 
1955 0.08 0.02 0.25 0.22 -0.07 0.13 0.72 0.68 0.46 0.64 0.47 0.22 3.82 

1956 0.03 -0.03 0.34 0.24 0.29 0.74 1.07 1.12 0.98 0.57 0.43 0.17 5.95 
1957 0.12 -0.06 0.03 -0.63 -0.51 0.36 0.86 1.01 0.43 0.04 -0.13 0.18 1.70 
1958 0.03 0.06 -0.09 -0.19 0.08 0.56 0.58 0.71 0.31 0.35 0.25 0.15 2.80 

-" 1959 0.18 0.01 0.36 0.21 0.16 0.09 0.38 0.75 0.64 -0.21 0.30 0.02 2.89 I 
~ 

1960 -0.03 0.05 0.17 0.20 0.26 0.44 0.57 0.65 0.69 0.31 0.36 -0.20 3.47 



Table F-2, continued 

~ ~ Mar ~ ~ ..l.Y.!L ~ ....8lliL Sept ..JkL .JiQ.L ~ Total 

1961 -0.19 -0.08 0.12 0.34 0.39 -0.03 0.48 0.77 0.46 0.28 0.16 0.07 2.77 
1962 0.13 0.16 0.23 0.02 0.54 0.09 0.39 0.76 0.13 0.28 0.15 0.15 3.03 
1963 0.14 0.19 0.29 0.04 0.16 0.42 0.94 0.86 0.53 0.59 0.14 0.10 4.40 
1964 -0.07 0.07 0.03 0.13 0.24 0.53 0.96 0.67 0.07 0.37 -0.08 0.20 3.12 
1965 0.00 -0.14 0.16 0.17 -0.34 0.42 0.86 0.60 0.48 0.29 0.12 0.04 2.66 

1966 -0.01 -0.02 0.17 0.11 0.20 0.45 0.53 0.45 0.12 0.31 0.26 0.16 2.73 
1967 0.22 0.14 0.28 0.11 0.25 0.42 0.55 0.66 0.28 0.15 0.11 0.10 3.27 
1968 0.01 0.02 0.07 0.17 0.09 0.38 0.60 0.66 0.25 0.36 0.22 0.18 3.01 
1969 0.06 0.05 0.08 -0.08 0.06 0.44 0.79 0.45 0.22 0.36 0.22 0.11 2.76 
1970 0.08 0.07 0.04 0.02 0.20 0.49 0.65 0.75 0.14 0.08 0.27 0.13 2.92 

1971 0.22 0.15 0.37 0.28 0.36 0.61 0.54 0.28 0.40 0.13 0.21 -0.01 3.54 
1972 0.07 0.21 0.39 0.30 0.28 0.46 0.58 0.53 0.37 0.19 0.09 0.12 3.59 
1973 -0.06 -0.01 0.14 0.02 0.31 0.22 0.36 0.70 0.22 0.10 0.18 0.24 2.42 
1974 0.06 0.18 0.29 0.27 0.31 0.49 0.80 0.33 0.08 0.11 0.04 0.04 3.00 
1975 0.05 -0.02 0.12 0.12 0.07 0.36 0.46 0.62 0.48 0.48 0.30 0.12 3.16 

1976 0.25 0.31 0.25 0.06 0.16 0.43 0.31 0.56 0.20 0.09 0.19 0.08 2.89 
1977 -0.03 0.14 0.10 0.14 0.30 0.51 0.81 0.62 0.71 0.47 0.19 0.33 4.29 
1978 0.04 -0.06 0.25 0.24 0.27 0.67 0.98 0.66 0.43 0.56 0.00 0.21 4.25 
1979 0.06 0.05 -0.15 -0.21 -0.30 0.45 0.60 0.16 0.52 0.45 0.27 -0.01 1.89 
1980 0.00 0.31 0.25 0.19 0.18 0.85 1.05 1.01 0.33 0.51 0.25 0.09 5.02 

1941-80 

" Avg. 0.06 0.06 0.17 0.09 0.12 0.42 0.66 0.67 0.45 0.32 0.21 0.12 3.35 I 
...... 









Table F-4. Continued 

~ ~ Mar ~ --'19.L ~ J!!L ..A!!9- ~ ~ JiQL ~ Total 

1961 -0.14 -0.05 -0.02 0.28 0.20 -0.08 0.33 0.48 0.24 0.29 -0.04 0.02 1.51 
1962 0.01 -0.01 0.15 -0.09 0.28 -0.01 0.25 0.54 0.03 0.03 0.04 0.11 1.33 
1963 0.12 0.16 0.12 -0.17 0.10 0.30 0.49 0.66 0.44 0.60 0.25 0.09 3.16 
1964 0.11 0.04 0.00 0.03 0.03 0.37 0.68 0.49 0.10 0.41 0.05 0.11 2.42 
1965 0.03 -0.18 0.04 0.19 -0.41 0.27 0.60 0.51 0.12 0.28 0.06 0.00 1.51 

1966 -0.01 -0.05 0.09 -0.22 0.06 0.36 0.45 0.21 -0.04 0.24 0.24 0.11 1.44 
1967 0.09 0.06 0.17 -0.12 -0.06 0.38 0.35 0.43 0.03 0.11 0.10 0.04 1.58 
1968 0.02 0.04 0.00 0.00 -0.01 0.27 0.31 0.60 0.27 0.26 0.18 0.10 2.04 
1969 -0.01 -0.02 0.02 -0.01 -0.27 0.41 0.69 0.55 0.36 0.33 0.15 0.02 2.22 
1970 0.05 -0.07 -0.05 -0.09 0.04 0.40 0.66 0.62 0.26 0.13 0.26 0.04 2.25 

1971 0.22 0.06 0.28 0.26 0.27 0.56 0.46 0.29 0.38 0.12 0.16 -0.07 2.99 
1972 -0.02 0.19 0.24 0.21 0.35 0.32 0.52 0.55 0.30 0.19 0.01 0.03 2.89 
1973 -0.07 -0.01 0.07 -0.05 0.28 0.18 0.34 0.60 0.14 0.08 0.09 0.13 1.78 
1974 -0.10 0.15 0.22 0.25 0.21 0.34 0.67 0.29 0.04 0.12 0.00 0.00 2.19 
1975 0.02 -0.04 0.04 0.08 0.09 0.31 0.43 0.56 0.46 0.38 0.22 0.07 2.62 

1976 0.17 0.21 0.10 0.05 0.11 0.27 0.25 0.52 0.05 0.09 0.17 0.02 2.01 
1977 -0.07 0.04 0.09 0.12 0.34 0.41 0.68 0.47 0.46 0.39 0.07 0.19 3.19 
1978 -0.05 -0.07 0.14 0.26 0.19 0.50 0.76 0.57 0.34 0.46 -0.03 0.06 3.13 
1979 -0.08 -0.03 0.06 0.14 0.15 0.42 0.40 0.40 0.35 0.39 0.21 0.01 2.42 
1980 -0.06 0.07 0.16 0.15 0.18 0.51 0.82 0.78 0.43 0.36 0.15 0.08 3.63 

-n 
I 
-" 
-" 
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I ..... 

N 

Table F-4. Continued 

Jill- ~ Mar --AID:.. ~ ..lillL ...JyL ~ ~ ~ ...HQL ~ 

1981 0.10 0.08 0.10 0.22 0.13 0.18 0.49 0.58 0.38 0.08 0.13 0.21 
1982 0.02 0.02 0.11 0.10 0.13 0.21 0.51 0.63 0.57 0.22 0.03 -0.02 
1983 0.12 -0.05 0.07 0.32 0.16 0.24 0.50 0.45 0.50 0.28 0.11 0.05 
1984 0.06 0.08 0.08 0.33 0.38 0.47 0.65 0.66 0.54 0.12 0.11 -0.02 
1985 0.04 0.02 0.11 0.21 0.30 0.40 0.55 0.77 0.45 0.16 0.09 0.09 

1986 0.23 0.02 0.31 0.05 0.14 0.19 0.64 0.55 0.29 0.12 -0.03 -0.03 

1941-86 
Avg. 0.02 0.01 0.08 0.05 0.09 0.29 0.49 0.51 0.31 0.22 0.11 0.04 

Total 

2.68 
2.53 
2.75 
3.46 
3.19 

2.48 

2.22 



Table F-5 

Richland-Chambers and Tehuacana Reservoirs Net Evaporation 

- Values in Feet -

...JElL ~ Mar .-AIlL -.MaL -.lY!L --!lY.L ..A.!!9.-. ~ ...Q£L ~ ~ Total 

1940 0.04 -0.06 0.23 -0.01 0.09 0.08 0.31 0.43 0.46 0.29 -0.42 -0.14 1.30 

1941 0.04 -0.10 0.02 0.06 0.11 -0.08 0.33 0.44 0.33 0.03 0.17 0.00 1.35 
1942 0.12 0.12 0.23 -0.31 0.06 0.17 0.45 0.38 0.15 0.17 0.15 -0.04 1.65 
1943 0.08 0.22 0.04 0.23 0.07 0.25 0.43 0.64 0.22 0.17 0.20 -0.06 2.49 
1944 -0.19 -0.15 -0.02 0.10 -0.36 0.39 0.54 0.46 0.45 0.43 -0.16 -0.16 1.33 
1945 -0.03 -0.11 -0.37 -0.05 0.25 0.13 0.14 0.20 0.49 0.02 0.21 0.04 0.92 

1946 -0.18 -0.07 -0.04 0.13 -0.23 0.28 0.53 0.31 0.40 0.30 -0.33 0.09 1.19 
1947 -0.11 0.15 -0.04 0.03 0.00 0.28 0.59 0.47 0.45 0.42 0.08 -0.11 2.21 
1948 -0.10 -0.11 0.06 0.15 0.00 0.42 0.56 0.67 0.58 0.40 0.16 0.08 2.87 
1949 -0.30 -0.07 0.02 -0.05 0.15 0.25 0.37 0.37 0.43 -0.23 0.32 -0.04 1.22 
1950 -0.10 -0.22 0.23 -0.05 -0.02 0.26 0.30 0.50 0.17 0.35 0.33 0.23 1.98 

1951 0.12 -0.06 0.20 0.27 0.25 0.20 0.67 0.87 0.08 0.33 0.20 0.12 3.25 
1952 0.08 -0.03 0.06 -0.15 -0.02 0.44 0.45 0.81 0.70 0.62 -0.17 -0.15 2.64 
1953 0.10 -0.01 -0.08 -0.10 -0.18 0.50 0.31 0.39 0.35 0.19 0.10 -0.13 1.44 
1954 -0.05 0.21 0.22 0.07 -0.01 0.52 0.79 0.85 0.72 0.05 0.14 0.17 3.68 
1955 0.01 -0.13 0.08 -0.02 0.07 0.29 0.44 0.21 0.25 0.51 0.40 0.16 2.27 

1956 0.02 -0.10 0.21 0.16 0.12 0.38 0.78 0.70 0.65 0.42 0.14 0.12 3.60 
1957 0.06 -0.05 -0.10 -0.70 -0.11 0.13 0.54 0.31 0.24 -0.14 -0.17 0.12 0.13 

-n 
1958 0.00 0.03 0.06 -0.10 0.12 0.29 0.41 0.27 -0.16 0.19 0.16 0.13 1.40 I .... 

w 1959 0.20 -0.06 0.21 -0.08 -0.16 0.00 0.15 0.33 0.27 0.04 0.25 -0.08 1.07 
1960 -0.07 -0.01 0.11 0.14 0.27 0.03 0.37 0.23 0.38 0.00 0.03 -0.35 1.13 



-n 
I 
-' .,. 

Table F-5. Continued 

~.ft!L Mar ~ JtsL ~ ~ ...A!!L ~ .JkL -.liQL ~ 

1961 -0.19 -0.09 -0.03 0.26 0.21 -0.09 0.24 0.45 0.18 0.29 0.02 -0.02 
1962 -0.02 0.02 0.15 -0.09 0.26 -0.04 0.40 0.57 0.08 0.09 0.03 0.05 
1963 0.09 0.10 0.13 -0.12 0.10 0.27 0.48 0.63 0.39 0.53 0.17 0.04 
1964 0.07 0.04 0.01 0.03 0.11 0.37 0.66 0.45 0.15 0.38 0.06 0.11 
1965 0.03 -0.15 0.01 0.19 -0.38 0.29 0.62 0.54 0.18 0.29 0.02 -0.07 

1966 0.03 0.00 0.12 -0.15 0.05 0.36 0.46 0.27 -0.02 0.31 0.30 0.20 
1967 0.09 0.15 0.25 -0.01 0.04 0.31 0.41 0.53 0.07 0.22 0.10 0.08 
1968 0.00 0.02 0.03 -0.02 -0.07 0.18 0.33 0.47 0.19 0.25 0.13 0.09 
1969 0.05 -0.01 0.03 0.01 -0.16 0.43 0.70 0.56 0.28 0.34 0.22 0.06 
1970 0.02 -0.05 0.04 -0.18 0.11 0.46 0.68 0.57 0.21 0.19 0.32 0.10 

1971 0.22 0.09 0.31 0.24 0.21 0.49 0.48 0.25 0.36 0.13 0.17 -0.05 
1972 -0.01 0.19 0.22 0.19 0.29 0.31 0.44 0.51 0.29 0.19 0.03 0.03 
1973 -0.06 0.00 0.06 -0.03 0.25 0.16 0.34 0.52 0.17 0.06 0.13 0.13 
1974 -0.09 0.17 0.20 0.25 0.21 0.41 0.63 0.30 0.07 0.12 0.00 0.01 
1975 0.03 -0.03 0.06 0.08 0.06 0.31 0.42 0.52 0.40 0.29 0.23 0.07 

1976 0.16 0.20 0.10 0.04 0.11 0.26 0.25 0.54 0.08 0.07 0.13 -0.01 
1977 -0.06 0.05 0.10 0.11 0.33 0.39 0.70 0.50 0.45 0.39 0.09 0.18 
1978 -0.06 -0.06 0.17 0.26 0.22 0.47 0.73 0.60 0.29 0.43 -0.02 0.05 
1979 -0.07 -0.04 0.06 0.10 0.10 0.39 0.32 0.40 0.32 0.39 0.17 0.00 
1980 -0.03 0.07 0.14 0.14 0.15 0.54 0.79 0.77 0.43 0.36 0.12 0.10 

Total 

1.23 
1.50 
2.81 
2.44 
1.57 

1.93 
2.24 
1.60 
2.51 
2.47 

2.90 
2.68 
1.73 
2.28 
2.44 

1.93 
3.23 
3.08 
2.14 
3.58 
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Table F-5, Continued 

....J..ruL --tt!L Mar .hI:....ltaL ~ ....4.YL --A.Y.£L ~ -.JkL -.liQL. ~ 

1981 0.10 0.05 0.09 0.20 0.14 0.16 0.46 0.57 0.32 0.08 0.15 0.20 
1982 0.04 0.05 0.10 0.08 0.14 0.25 0.50 0.62 0.56 0.24 0.02 0.00 
1983 0.10 -0.05 0.07 0.34 0.17 0.26 0.46 0.37 0.42 0.29 0.11 0.03 
1984 0.06 0.10 0.11 0.38 0.39 0.40 0.59 0.62 0.51 0.05 0.11 0.00 
1985 0.05 0.03 0.11 0.21 0.31 0.37 0.52 0.76 0.45 0.14 0.09 0.09 

1986 0.21 0.04 0.31 0.09 0.13 0.19 0.67 0.53 0.28 0.12 -0.03 -0.05 

1940-86 
Avg. 0.01 0.01 0.09 0.05 0.08 0.28 0.48 0.49 0.31 0.23 0.10 0.03 

Total 

2.52 
2.60 
2.57 
3.32 
3.13 

2.49 

2.16 



Table F-6 

Tennessee Colony Reservoir Net Evaporation 

- Values in Feet -

~..filL Mar --APL ~ -..JJm.... ...1.Y..L ~ ~ ~ ..1f2L .JkL Total 

1941 0.02 -0.09 0.05 0.14 0.20 -0.02 0.30 0.51 0.27 0.07 0.06 -0.02 1.49 
1942 0.15 0.15 0.31 -0.23 0.12 0.25 0.40 0.40 0.08 0.12 0.12 -0.09 1.78 
1943 0.08 0.27 0.08 0.30 -0.14 0.38 0.51 0.60 0.15 0.04 0.17 -0.14 2.30 
1944 -0.20 -0.19 0.09 0.23 -0.19 0.52 0.48 0.53 0.41 0.37 -0.19 -0.29 1.57 
1945 -0.03 -0.02 -0.27 0.11 0.42 0.31 0.16 0.22 0.27 -0.05 0.18 0.03 1.33 

1946 -0.13 -0.01 0.10 0.13 0.02 0.37 0.55 0.28 0.29 0.19 -0.24 0.04 1.59 
1947 -0.15 0.13 0.01 0.07 0.09 0.38 0.67 0.49 0.40 0.36 0.05 -0.09 2.41 
1948 -0.14 -0.11 0.10 0.31 0.11 0.54 0.64 0.70 0.49 0.31 0.06 0.02 3.03 
1949 -0.21 -0.06 0.09 0.15 0.31 0.41 0.28 0.37 0.37 -0.32 0.26 0.01 1.66 
1950 -0.11 -0.21 0.29 -0.01 0.13 0.33 0.34 0.47 0.17 0.29 0.27 0.18 2.14 

1951 0.02 -0.07 0.25 0.32 0.35 0.28 0.56 0.63 0.07 0.25 0.12 0.13 2.91 
1952 0.06 0.00 0.06 -0.02 0.08 0.48 0.44 0.74 0.57 0.51 -0.24 -0.14 2.54 
1953 0.15 0.08 -0.06 0.18 -0.15 0.55 0.44 0.39 0.29 0.14 0.04 -0.15 1.90 
1954 0.02 0.30 0.33 0.16 0.10 0.61 0.81 0.82 0.60 -0.05 0.07 0.12 3.89 
1955 -0.01 -0.11 0.22 0.15 0.27 0.34 0.55 0.03 0.13 0.37 0.37 0.13 2.44 

1956 -0.01 -0.07 0.37 0.27 0.19 0.38 0.83 0.64 0.51 0.38 -0.03 0.11 3.57 
1957 0.09 0.00 0.08 -0.39 0.10 0.26 0.38 0.24 0.19 0.00 0.00 0.00 0.95 

""T1 
1958 0.07 0.09 0.14 0.17 0.19 0.24 0.27 0.26 0.20 0.16 0.11 0.08 1.98 

I 1959 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.03 0.02 0.02 0.01 0.01 0.22 
-" 
en 1960 0.04 0.05 0.08 0.10 0.11 0.14 0.15 0.15 0.11 0.09 0.06 0.04 1.12 
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Table F-6, Continued 

..lML~..J:1.g.r.......Aru:-~...ill!!LJ!!L--.8.!!.9-~~....MQL~ 

1961 0.02 0.02 0.04 0.05 0.05 0.06 0.07 0.07 0.05 0.04 0.03 0.02 
1962 0.07 0.08 0.13 0.16 0.18 0.22 0.26 0.25 0.45 0.38 0.21 0.13 
1963 0.09 0.21 0.34 0.02 0.16 0.50 0.70 0.64 0.37 0.45 0.01 0.03 
1964 -0.03 0.06 0.09 0.25 0.27 0.47 0.76 0.45 0.21 0.30 -0.02 0.12 
1965 -0.05 -0.12 0.13 0.35 -0.42 0.39 0.74 0.46 0.00 0.08 -0.04 -0.03 

1966 0.00 -0.01 0.24 0.61 0.06 0.47 0.58 0.10 0.20 0.30 0.27 0.05 
1967 0.19 0.19 0.37 0.15 0.31 0.29 0.52 0.63 -0.42 -0.16 -0.08 -0.15 
1968 -0.23 -0.04 0.02 -0.13 -0.19 0.00 0.44 0.53 0.09 0.28 -0.06 -0.06 

1969 0.12 -0.08 -0.09 -0.02 -0.07 0.64 0.73 0.30 0.39 0.03 -0.13 -0.27 

1941-69 
Avg. 0.00 0.02 0.12 0.12 0.09 0.34 0.47 0.41 0.24 0.17 0.05 -0.01 

Total 

0.52 
2.52 
3.52 
2.93 
1.49 

2.87 
1.84 
0.65 

1.55 

2.02 



Table F-7 

George Parkhouse I and II Reservoirs Net Evaporation 

- Values in Feet -

Jill:L ~ Mar .-.8.PL ~ ..l.YrL ~ ~ ~ ..J2.tl.... Jf2..L ~ Total 

1941 0.10 -0.01 0.05 -0.15 0.17 -0.09 0.22 0.38 0.38 0.00 0.14 0.01 1.20 
1942 0.13 0.13 0.14 -0.39 0.13 0.18 0.55 0.33 0.24 0.21 0.16 -0.10 1.71 
1943 -0.03 0.20 0.02 0.20 0.11 0.26 0.55 0.68 0.38 0.22 0.19 -0.04 2.74 
1944 -0.02 -0.16 0.00 0.13 -0.21 0.39 0.46 0.34 0.40 0.35 -0.11 -0.15 1.42 
1945 0.05 -0.27 -0.50 0.12 0.23 -0.01 0.19 0.36 0.26 0.10 0.20 0.15 0.88 

1946 -0.15 -0.04 0.03 0.03 -0.26 0.32 0.51 0.34 0.27 0.28 -0.34 0.00 0.99 
1947 0.03 0.18 -0.01 -0.12 0.12 0.31 0.58 0.40 0.32 0.28 0.02 -0.17 1.94 
1948 -0.05 -0.13 0.03 0.25 -0.20 0.41 0.43 0.59 0.55 0.24 0.19 0.09 2.40 
1949 -0.44 -0.13 0.02 -0.03 0.25 0.20 0.32 0.39 0.34 -0.24 0.26 -0.01 0.93 
1950 -0.25 -0.25 0.18 0.02 -0.26 0.33 -0.05 0.31 -0.10 0.30 0.31 0.21 0.75 

1951 0.03 -0.18 0.23 0.16 0.20 -0.10 0.40 0.46 -0.01 0.15 0.13 0.13 1.60 
1952 0.06 0.08 -0.03 -0.29 0.06 0.43 0.41 0.78 0.64 0.57 -0.18 -0.07 2.46 
1953 0.03 0.09 -0.03 -0.21 0.05 0.60 0.11 0.40 0.35 0.31 0.05 -0.01 1.74 
1954 -0.11 0.17 0.24 0.04 -0.20 0.42 0.80 0.85 0.57 -0.09 0.21 0.12 3.02 
1955 0.09 -0.01 0.03 0.00 0.20 0.47 0.39 0.10 0.19 0.33 0.36 0.18 2.33 

1956 0.08 -0.21 0.28 0.19 0.29 0.41 0.85 0.84 0.71 0.38 0.16 0.16 4.14 
1957 0.03 0.00 -0.12 -0.46 -0.34 0.11 0.52 0.40 0.09 0.17 -0.22 0.10 0.28 

"Tl 1958 -0.02 0.14 -0.07 -0.16 0.05 0.18 0.30 0.33 0.10 0.26 0.07 0.13 1.31 
I 

1959 0.22 0.01 0.11 0.12 0.10 0.00 -0.02 0.31 0.02 0.27 1.30 .... 0.31 -0.15 
00 

0.24 1960 -0.03 0.05 0.13 0.23 0.20 0.27 0.30 0.19 0.12 0.23 -0.28 1.65 



Table F-7, Continued 

~ --filL Mar ~ ~ -l.!!!L ~ ~ .2gjL ~ J!QL ~ Total 

1961 0.07 0.02 -0.08 0.25 0.18 0.09 0.24 0.48 0.30 0.32 -0.08 0.00 1.79 
1962 -0.02 0.06 0.12 0.02 0.39 -0.14 0.47 0.50 0.04 0.02 0.06 0.17 1.69 
1963 0.10 0.17 0.02 -0.10 0.13 0.30 0.18 0.64 0.49 0.54 0.29 0.11 2.87 
1964 0.20 0.05 -0.05 -0.11 0.07 0.32 0.76 0.34 0.03 0.45 0.04 0.14 2.24 
1965 0.07 -0.27 0.09 0.23 -0.19 0.21 0.63 0.55 0.14 0.30 0.08 0.10 1.94 

1966 0.03 -0.02 0.18 -0.18 0.08 0.30 0.28 0.22 0.06 0.32 0.22 0.09 1.58 
1967 0.13 0.07 0.12 -0.08 -0.12 0.39 0.10 0.37 0.06 0.10 0.17 0.01 1.32 
1968 0.05 0.06 -0.03 0.03 -0.16 0.10 0.23 0.38 0.03 0.22 0.09 0.13 1.13 
1969 0.01 -0.02 0.00 -0.05 -0.15 0.25 0.52 0.52 0.18 0.23 0.25 0.03 1.77 
1970 0.03 -0.15 -0.01 -0.32 0.02 0.43 0.54 0.53 0.03 0.01 0.16 0.04 1.31 

1971 0.12 0.02 0.22 0.23 0.20 0.54 0.39 0.23 0.26 -0.03 0.14 -0.24 2.08 
1972 0.05 0.16 0.25 0.24 0.32 0.35 0.54 0.48 0.25 0.09 -0.01 0.03 2.75 
1973 -0.09 -0.03 -0.02 -0.02 0.24 0.15 0.33 0.54 0.02 0.05 -0.01 0.06 1.22 
1974 -0.09 0.13 0.21 0.15 0.20 0.21 0.55 0.23 -0.12 0.09 -0.03 -0.04 1.49 
1975 0.00 -0.05 0.03 0.13 0.10 0.21 0.46 0.56 0.43 0.47 0.18 0.03 2.55 

1976 0.18 0.17 0.06 0.06 0.12 0.26 0.25 0.61 0.17 0.07 0.14 0.06 2.15 
1977 -0.09 0.03 0.10 0.12 0.29 0.46 0.58 0.36 0.42 0.37 0.04 0.21 2.89 
1978 -0.07 -0.08 0.07 0.24 0.19 0.41 0.74 0.66 0.44 0.52 -0.04 0.02 3.10 
1979 -0.11 -0.08 0.04 0.10 0.10 0.32 0.31 0.31 0.27 0.25 0.17 0.02 1.70 
1980 -0.02 0.08 0.18 0.20 0.18 0.35 0.79 0.79 0.42 0.25 0.16 0.06 3.44 

"T) 
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Table F-7, Continued 

~~~--Mr...-~~-.ill!L~-.WL~jfQ.L~ 

1981 0.15 0.09 0.12 0.19 0.12 0.23 0.48 0.57 0.44 -0.01 0.12 0.22 
1982 0.00 -0.03 0.13 0.12 -0.04 0.21 0.39 0.47 0.50 0.19 -0.02 -0.05 
1983 0.08 -0.05 0.05 0.22 0.16 0.26 0.41 0.50 0.51 0.19 0.13 0.03 
1984 0.05 0.06 0.05 0.21 0.24 0.46 0.46 0.54 0.42 0.05 0.16 0.00 
1985 0.01 -0.01 0.08 0.16 0.25 0.36 0.52 0.71 0.44 0.16 0.05 0.05 

1986 0.22 0.02 0.23 0.01 0.18 0.18 0.55 0.65 0.44 0.07 -0.03 0.00 

1941-86 
Avg. 0.02 0.00 0.06 0.04 0.08 0.27 0.42 0.47 0.28 0.20 0.10 0.03 

Total 

2.72 
1.87 
2.49 
2.70 
2.78 

2.52 

1.97 



Table F-!! 

Marvin Nichols I and II Reservoirs Net Evaooration 

- Values in Feet -

~ ~ Mar ~ ~ ~ JYL. ~ ~ .JkL ~ ~ Total 

1941 0.06 -0.02 -0.06 -0.17 0.14 -0.07 0.21 0.30 0.29 0.07 0.07 -0.06 0.76 
1942 0.09 0.10 0.06 -0.32 0.08 0.16 0.48 0.13 0.23 0.21 0.18 -0.15 1.25 
1943 0.07 0.18 0.01 0.19 0.03 0.28 0.44 0.58 0.30 0.14 0.18 -0.07 2.33 
1944 -0.07 -0.20 -0.11 -0.04 -0.27 0.36 0.42 0.14 0.36 0.34 -0.21 -0.28 0.44 
1945 0.03 -0.25 -0.68 0.04 0.15 -0.07 0.20 0.29 0.32 0.13 0.14 0.09 0.39 

1946 -0.26 -0.09 -0.01 -0.02 -0.34 0.24 0.40 0.32 0.30 0.24 -0.37 0.03 0.44 
1947 -0.01 0.14 -0.04 -0.09 0.04 0.24 0.50 0.34 0.23 0.23 -0.13 -0.19 1.26 
1948 -0.08 -0.16 -0.05 0.15 -0.23 0.38 0.41 0.52 0.47 0.21 0.05 0.05 1. 72 
1949 -0.45 -0.09 -0.05 0.00 0.24 0.14 0.19 0.34 0.34 -0.42 0.24 -0.02 0.46 
1950 -0.27 -0.38 0.05 -0.03 -0.40 0.26 0.06 0.27 -0.31 0.22 0.26 0.18 -0.09 

1951 -0.08 -0.21 0.16 0.06 0.21 0.03 0.30 0.56 -0.09 0.15 0.09 0.08 1.26 
1952 -0.04 0.07 -0.10 -0.25 -0.02 0.32 0.32 0.61 0.59 0.50 -0.27 -0.12 1.61 
1953 -0.10 0.06 -0.04 -0.18 -0.11 0.51 0.00 0.25 0.32 0.31 0.03 -0.06 0.99 
1954 -0.19 0.15 0.20 0.02 -0.28 0.37 0.66 0.78 0.60 -0.03 0.17 0.04 2.49 
1955 0.04 -0.08 -0.06 -0.07 0.12 0.40 0.26 0.00 0.11 0.19 0.29 0.12 1.32 

1956 0.06 -0.27 0.20 0.14 0.21 0.25 0.66 0.62 0.60 0.33 0.15 0.16 3.11 
1957 -0.06 -0.07 -0.14 -0.45 -0.20 0.03 0.42 0.38 0.09 0.03 -0.31 0.05 -0.23 
1958 -0.04 0.12 -0.06 -0.41 0.03 0.11 0.17 0.16 0.06 0.19 -0.01 0.16 0.48 

""TJ 1959 0.18 -0.12 0.07 -0.01 0.00 
I 

0.07 0.06 0.28 0.24 0.06 0.23 -0.22 0.84 
N 1960 -0.14 -0.02 0.10 0.25 0.17 0.14 0.28 0.29 0.12 0.14 0.21 -0.28 1.26 
-" 



Table F-8, Continued 

~ -.filL Mar -AI!L ~ ~ ~ --AYs... ~ ....Qtl... .JlQ.L ~ Total 

1961 0.04 -0.04 -0.16 0.18 0.12 -0.04 0.14 0.39 0.26 0.24 -0.10 -0.12 0.91 
1962 -0.11 -0.04 0.07 -0.01 0.36 -0.10 0.51 0.52 0.12 0.01 0.06 0.16 1.55 
1963 0.08 0.16 -0.07 -0.12 0.14 0.21 0.14 0.58 0.44 0.52 0.22 0.03 2.33 
1964 0.20 0.02 -0.07 -0.22 0.11 0.33 0.65 0.21 0.05 0.43 0.06 0.07 1.84 
1965 0.02 -0.35 0.02 0.19 -0.18 0.19 0.52 0.48 0.12 0.31 0.11 0.07 1.50 

1966 0.01 -0.04 0.21 -0.12 0.19 0.46 0.37 0.32 0.16 0.25 0.22 -0.09 1.94 
1967 0.02 0.08 0.24 -0.10 0.03 0.33 0.25 0.42 0.16 0.19 0.05 -0.10 1.57 
1968 -0.04 -0.01 -0.13 0.04 -0.12 0.16 0.29 0.42 0.17 0.16 0.00 0.03 0.97 
1969 -0.05 -0.10 -0.07 0.07 0.01 0.37 0.56 0.57 0.21 0.16 0.08 -0.03 1.78 
1970 -0.01 -0.15 0.02 -0.29 0.19 0.46 0.56 0.48 0.32 0.08 0.15 -0.02 1.79 

1971 0.06 0.00 0.16 0.22 0.23 0.50 0.27 0.23 0.29 0.10 0.07 -0.18 1.95 
1972 -0.05 0.14 0.15 0.22 0.27 0.28 0.40 0.48 0.20 0.03 -0.08 -0.05 1.99 
1973 -0.11 -0.04 -0.06 -0.06 0.28 0.11 0.29 0.54 0.05 0.01 -0.03 -0.02 0.96 
1974 -0.13 0.06 0.19 0.12 0.19 0.16 0.44 0.20 -0.10 0.09 -0.09 -0.08 1.05 
1975 0.00 -0.09 0.00 0.08 0.06 0.17 0.42 0.42 0.33 0.35 0.08 -0.01 1.81 

1976 0.10 0.08 -0.02 0.08 0.07 0.18 0.27 0.54 0.09 0.03 0.11 0.00 1.53 
1977 -0.08 0.00 0.05 0.09 0.34 0.40 0.44 0.34 0.32 0.35 -0.02 0.10 2.33 
1978 -0.10 -0.05 0.05 0.20 0.20 0.42 0.66 0.60 0.39 0.36 -0.12 -0.01 2.60 
1979 -0.13 -0.05 0.01 0.02 0.07 0.30 0.19 0.25 0.20 0.22 0.07 0.02 1.17 
1980 -0.06 0.06 0.08 0.10 0.10 0.27 0.67 0.69 0.31 0.19 0.08 0.10 2.59 

" I 
N 
N 
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Table F-8. Continued 

-.h!L.n!LJ:@L-illiL...J1aL..1Y!L-..ill!L~~.J!£LJiQL~ 

1981 0.14 0.02 0.08 0.22 0.04 0.16 0.35 0.40 0.38 -0.04 0.11 0.16 
1982 -0.01 -0.05 0.11 0.04 0.03 0.12 0.37 0.42 0.43 0.10 -0.07 -0.17 
1983 0.05 -0.05 0.02 0.12 0.11 0.17 0.33 0.47 0.44 0.19 0.02 -0.02 
1984 0.04 0.03 -0.01 0.14 0.20 0.39 0.34 0.33 0.30 -0.11 0.01 -0.05 
1985 -0.03 -0.05 0.01 0.10 0.20 0.26 0.43 0.56 0.30 0.08 -0.01 0.03 

1986 0.21 -0.03 0.16 0.01 0.12 0.11 0.51 0.54 0.19 0.04 -0.10 -0.08 

1941-86 
Avg. -0.03 -0.04 0.01 0.00 0.06 0.23 0.37 0.40 0.25 0.16 0.04 -0.02 

Total 

2.02 
1.32 
1.85 
1.61 
1.88 

1.68 

1.43 
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WEST FORK RESERVOIRS 

APPENDIX G 

RESERVOIR OPERATION STUDIES 

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-l 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 less 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-l 



Year 

1940 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

G) 
I 

N 

Inflow 

233,360 

546,900 
698,100 

44,040 
100,080 
223,090 

153,270 
50,180 
42,120 

129,620 
259,520 

48,180 
0 

61,360 
125,860 
66,120 

Lake Sri dge~ort 
~~ Releases S~i 11 s 

43,440 5,000 0 184,920 

21,370 5,000 0 521,140 
40,540 5,000 25,030 637,910 
54,730 5,000 58,050 0 
39,880 5,000 38,550 0 
37,860 5,000 0 119,730 

42,870 5,000 7,610 90,210 
51,380 5,000 12,500 37,980 
54,330 5,000 46,350 0 
32,160 5,000 20,030 0 
33,830 5,000 0 187,690 

49,860 5,000 2,618 13,120 
57,560 5,000 78,000 0 
33,040 5,000 78,000 0 
34,100 5,000 78,000 0 
29,290 5,000 78,000 0 

Table 6-1 

O~eration of the West Fork Reservoirs for De~endabl~ Yield 

- Quantities in Acre-Feet -

Eagle Houotain Lake lake Worth 
Content Inflow ~~ Releases ..llilh Content Inflow ..1YruL.. ........!&L ~ Content 

374,836 366,830 29,990 7,000 17,356 312,484 177 ,520 349,730 11,230 67,000 271,500 37,775 

374,226 946,200 14,930 7,000 0 924,270 177,520 970,750 5,700 67,000 898,050 37,775 
363,846 968,070 27,170 7,000 37,553 919,990 153,877 990,913 10,350 67,000 921,300 30,038 
290,106 117,020 36,580 7,000 61,413 21,627 144,277 89,490 14,030 67,000 8,830 29,668 
306,756 163,400 28,730 7,000 53,043 46,557 172,347 113,280 10,650 67,000 34,760 30,538 
367,256 453,910 26,290 7,000 14,593 400,854 177,520 452,027 10,030 67,000 368,990 36,545 

374,836 294,650 29,470 7,000 27,963 230,217 177 ,520 279,670 11,120 67,000 200,320 37,775 
318,156 176,650 36,520 7,000 43,063 90,780 176,807 147,623 13,190 67,000 74,670 30,538 
254,596 134,410 38,250 7,000 59,203 53,227 153,537 122,060 14,710 67,000 40,390 30,498 
327,026 152,510 24,190 7,000 39,786 64,444 170,627 118,720 8,940 67,000 42,760 30,518 
360,026 456,020 24,090 7,000 3,816 414,221 177 ,520 447,387 9,090 67,000 364,040 37,775 

337,608 101,408 35,060 7,000 19,966 63,997 152,905 93,353 13,290 67,000 20,470 30,368 
197,048 107,970 41,880 7,000 81,120 0 130,875 84,400 17,240 67,000 0 30,528 
142,368 136,020 33,090 7,000 74,040 0 152,765 80,390 13,460 67,000 0 30,458 
151,128 103,890 40,310 7,000 79,540 0 129,805 82,370 15,960 67,000 0 29,868 
104,958 78,000 28,980 7,000 78,520 0 93,305 78,520 12,680 67,000 0 28,708 



Table G~I, Continued 

Year 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

~ 
I 

W 

Inflow 

33,380 
501,760 
59,170 

103,650 
60,520 

64,260 
109,580 
23,810 

103,240 
71,990 

108,060 
33,320 
76,640 
90,980 
38,690 

63,870 
132,360 
91,830 

115,080 
248,140 

Lake BridgeQort 
...lli.Jh -lli.L Relea~es 

28,330 5,000 76,636 
26,970 5,000 39,490 
38,260 5,000 12,190 
33,320 5,000 38,410 
39,250 5,000 22,608 

31,940 5,000 19,018 
29,000 5,000 8,090 
41,040 5,000 31,970 
31,680 5,000 41,410 
28,440 5,000 11,360 

35,490 5,000 0 
42,210 5,000 6,810 
35,500 5,000 4,320 
30,690 5,000 0 
39,220 5,000 12,200 

40,390 5,000 31,330 
47,660 5,000 41,898 
33,830 5,000 4,840 
47,560 5,000 23,610 
41,450 5,000 3,358 

SQi 11 s Content Inflow 

0 28,372 84,286 
104,906 353,766 592,856 
29,310 328,176 268,720 

0 355,096 212,290 
5,770 342,988 114,958 

4,532 346,758 108,340 
39,412 374,836 325,642 
14,160 306,476 105,200 

0 331,626 154,600 
4,720 354,096 122,780 

65,860 355,806 316,890 
0 335,106 96,200 

30,850 336,076 296,140 
29,360 362,006 278,090 
16,350 327,926 272 ,350 

0 315,076 118,960 
5,870 347,008 95,988 

24,062 371,106 191,082 
35,650 374,366 257,410 

206,400 366,298 407,738 

Eagle Mountain Lake Lake Worth 
~ -lli.L Releases ..2Jll.l.li Content Inflow ~ ~ ..2Jll.l.li Content 

33,500 7,000 79,136 0 57,955 79,976 16,280 67,000 0 25,404 
17,960 7,000 40,653 407,678 177,520 497,401 6,500 67,000 411,530 37,775 
26,270 7,000 29,443 229,010 154,517 283,313 9,880 67,000 213,700 30,508 
24,890 7,000 38,073 119,324 177,520 176,407 9,310 67,000 96,120 34,485 
26,780 7,000 43,943 52,730 162,025 106,173 9,950 67,000 33,170 30,538 

21,780 7,000 37,903 46,027 157,655 93,210 8,090 67,000 18,140 30,518 
20,280 7,000 20,110 258,387 177,520 308,917 7,710 67,000 226,950 37,775 
27,460 7,000 49,236 53,367 145,657 109,073 10,320 67,000 39,400 30,128 
22,940 7,000 60,050 32,747 177,520 105,177 8,310 67,000 26,180 33,815 
19,470 7,000 36,983 76,460 160,387 125,093 7,130 67,000 54,270 30,508 

25,010 7,000 23,003 244,744 177,520 295,197 9,320 67,000 213,470 35,915 
29,910 7,000 34,649 43,464 158,697 87,893 11,090 67,000 15,190 30,528 
25,230 7,000 31,143 225,687 165,777 285,360 9,320 67,000 209,050 30,518 
21,310 7,000 38,093 206,737 170,727 272,040 7,940 67,000 197,100 30,518 
27,790 7,000 21,996 213,814 172,477 262,480 10,310 67,000 185,180 30,508 

29,370 7,000 66,060 11,487 177,520 87,127 10,690 67,000 2,170 37,775 
32,750 7,000 46,083 33,440 154,235 84,793 12,280 67,000 12,780 30,508 
23,650 7,000 9,150 127,997 177,520 154,897 9,240 67,000 74,350 34,815 
32,510 7,000 29,103 188,797 177 ,520 239,580 12,160 67,000 157,460 37,775 
28,590 7,000 17 ,703 377,630 154,335 416,983 10,870 67,000 346,550 30,338 



Table 6-1, Continued 

lake Bri dgeQort 
Year Inflow ...IY.9.JL. --lli.L Releases SQi11 s Content Inflow 

1976 124,370 42,000 5,000 37,030 31,802 374,836 144,472 
1977 129,710 53,210 5,000 35,588 109,520 301,228 284,468 
1978 32,930 40,110 5,000 78,000 a 211,048 91,990 
1979 78,100 32,000 5,000 45,290 0 206,858 172,260 
1980 74,330 39,930 5,000 78,000 0 158,258 117,300 

1981 415,300 27,120 5,000 33,430 136,052 371,956 673,122 
1982 377,380 39,140 5,000 17,928 323,460 363,808 653,338 
1983 91,710 47,570 5,000 44,738 26,602 331,608 120,740 
1984 64,600 46,240 5,000 67,250 0 277,718 130,990 
1985 193,660 44,650 5,000 12,580 37,782 371,366 196,882 

1986 147,470 43,660 5,000 12,010 92,530 365,636 319,830 

Average 141,313 39,023 5,000 30,088 67,397 310,469 257,082 

Hote: The critical period is from September 1951 through April 1957. 
feet. 

CO) 
I 

"'" 

Eagle Mountain lake Lake Worth 
...IY.9.JL. ~ Beleases ~ Content Inflow ...IY.9.JL. ~ ~ Content 

28,120 7,000 40,203 45,964 177,520 86,977 10,420 67,000 2,120 37,775 
36,610 7,000 48,763 215,870 153,745 266,163 13,630 67,000 193,470 29,838 
30,460 7,000 77,590 0 130,685 77 ,940 11,740 67,000 0 29,038 
27,660 7,000 50,203 64,425 153,657 116,218 10,400 67,000 37,688 30,168 
36,980 7,000 80,110 0 146,867 80,530 14,660 67,000 0 29,038 

26,150 7,000 40,183 569,136 177,520 614,829 9,810 67,000 529,282 37,775 
26,750 7,000 27,223 614,640 155,245 645,263 10,160 67,000 575,710 30,168 
31,240 7,000 62,283 16,837 158,625 79,650 11,680 67,000 1,200 29,938 
35,570 7,000 78,370 0 170,675 79,140 12,580 67,000 0 29,498 
30,580 7,000 23,793 128,664 177,520 154,127 11,630 67,000 69,010 35,985 

30,220 7,000 23,543 259,067 177,520 284,950 11,460 67,000 208,280 34,195 

28,751 7,000 42,463 178,868 160,275 235,267 10,990 67,000 157,353 32,414 

The minimum combined content of Lake Bridgeport and Eagle Mountain lake is 76,067 acre-



Year 

1940 

1941 
1942 
1943 
1944 
1945 

1946 
1947 
1948 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

G) 
I 

U1 

Lake Sri dge~ort 
Inflow ~ ~ Releases 

233.360 43.440 5.000 16.640 

546.900 21.370 5.000 0 
698.100 40.490 5.000 43.070 
44.040 52.310 5.000 78.000 

100.080 36.480 5.000 67.130 
223.090 38.040 5.000 10.640 

153.270 42,750 5.000 24.690 
50.180 51.090 5.000 28.898 
42.120 51.110 5.000 75.910 

129.620 29.050 5.000 37.780 
259.520 32.830 5.000 0 

48.180 49.780 5.000 14.538 
0 54.440 5.000 78.000 

61.360 30.690 5.000 78.000 
125.860 32,710 5.000 78.000 
66.120 29.780 5.000 67.456 

SQi 11 s 

168.280 

521.140 
630.230 

0 
0 

55.890 

73 .250 
37.980 

0 
0 

131.602 

13.120 
0 
0 
0 
0 

Table G-2 

Ooeration of the West Fork Reservoirs in Overdrafting Mode 

- Quantities in Acre-Feet -

Eagle Moun!ain Lake 
Content Inflow ~ ~ Relea~es ~ Content 

374.836 366.830 29.640 7.000 38.336 291.854 177.520 

374.226 946.200 14.810 7.000 20.253 904.137 177.520 
353.536 978.430 26.660 7.000 56.323 919.990 145.977 
262.266 136.970 36.170 7.000 93,743 12.917 133.117 
253,736 191.980 28.010 7.000 81.663 43.647 164.777 
367.256 400.710 26.110 7.000 28.466 326.391 177.520 

374.836 294.770 29.120 7.000 43.083 215.567 177.520 
302.048 193.048 35.610 7.000 65.693 90.780 171.485 
212.148 163.970 38.130 7.000 86.633 47.905 155.787 
269.938 170.260 23.800 7.000 63.696 64.744 166.807 
360.026 399.932 23.930 7.000 18.543 339.746 177.520 

325.768 113.328 34.710 7.000 51.469 46.674 150.995 
188.328 107.970 40.620 7.000 114.200 0 97.145 
135.998 136.020 29.340 7.000 89.910 0 106.915 
146.148 103.890 34.550 7.000 75.660 0 93.595 
110.032 67.456 23.950 7.000 60,786 0 69.315 

Lak~ Wor!h 
Inflow ~ ~ ~ Con!ent 

350.080 11.170 100.000 238.910 37.775 

970.870 5.470 100.000 865.400 37.775 
1.009.683 10.270 100.000 907.410 29.778 

113.110 13.710 100.000 0 29.178 
138.990 10.580 100.000 27.050 30.538 
391.437 9.960 100.000 277.420 34.595 

280.140 11.100 100.000 165.860 37.775 
170.253 13.120 100.000 64.370 30.538 
144.168 14.620 100.000 29.608 30,478 
142.930 8.940 100.000 33.960 30.508 
387.639 8.850 100.000 272.542 36.755 

107.533 12.680 100.000 1.490 30.118 
117.480 17.080 100.000 0 30.518 
96.260 13.470 82.870 0 30.438 
78.490 15.980 62.860 0 30.088 
60.786 11.760 53.710 0 25.404 



Table G-2. Continued 

lake BridgeQort 
Year Inflow .-lliJh ~ Releases 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

G) 
I 
m 

33,380 
501,760 
59,170 

103,650 
60,520 

64,260 
109.580 
23,810 

103.240 
71.990 

108.060 
33,320 
76.640 
90.980 
38,690 

63,870 
132.360 
91.830 

115.080 
248.140 

29,310 5,000 78,000 
26,830 5,000 46,455 
38,080 5,000 27,930 
31.320 5,000 70,520 
36,110 5.000 51,710 

28.480 5.000 36,828 
25,320 5,000 19.520 
38.100 5.000 60.490 
27,890 5.000 61,720 
24.930 5.000 29.228 

33.660 5.000 6.520 
39.550 5.000 41,470 
34.030 5,000 15.568 
29,590 5,000 28,848 
38.200 5.000 16.790 

37,150 5,000 70.010 
43.010 5.000 68.848 
29.890 5.000 12.880 
43.470 5.000 46.130 
41.330 5,000 15.138 

SQiJls 

0 
110,931 

19,190 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 

174.810 

Eagle Mountain lak~ 
Content Inflow ...ll@J!... ~ Releases 

31,102 85,650 30,440 7,000 60,435 
343,646 605,846 17,450 7,000 52,198 
312,616 274,340 25,760 7,000 55.403 
309,426 244.400 24,400 7,000 72.483 
277 .126 138.290 26.120 7.000 79,703 

271,078 121.618 21.360 7.000 69.126 
330.818 297.660 20,280 7.000 30.400 
251,038 119,560 27.500 7.000 77.866 
259,668 174.910 22,230 7,000 89.410 
272,500 135.928 18.890 7.000 59.543 

335,380 257,550 24.640 7,000 65.033 
282.680 130.860 29.370 7,000 84.853 
304,722 276.538 24,680 7,000 53.473 
332.264 277.578 21.220 7.000 60.603 
310.964 260.590 27.240 7.000 49.156 

262.674 157.640 29.020 7.000 97.090 
278.176 117,068 32.260 7.000 95.836 
322,236 175.060 23,640 7,000 45.063 
342.716 244.280 31.850 7.000 58.546 
354.578 387.928 28.290 7.000 31.723 

Lake Worth 
~ Content Inflow ~~~ Content 

0 57,090 61,275 15,520 46,000 0 25,159 
408,768 177,520 510,036 6,470 87,610 403,340 37,775 
211 ,760 151.937 292,023 9.670 100.000 189.630 30.498 
114,934 177 .520 206.427 9.120 100,000 97.180 30.625 
41.930 161,057 131.133 9,650 100.000 21.560 30.548 

29.474 155.715 107.880 7,920 100.000 0 30.508 
218,175 177.520 278,995 7.710 100.000 164.018 37.775 
32.947 151.767 117.283 10,250 100,000 14.990 29,818 
30,517 177.520 132,307 8.280 100.000 21,980 31.865 
71,740 156.275 142,933 7.010 100.000 37.290 30.498 

152.065 165.087 244,548 9.050 100.000 135,468 30.528 
16,047 158,677 110.680 10.680 100.000 0 30.528 

193.317 156.745 275.320 9.150 100.000 166.200 30,498 
177.665 167.835 265.478 7.920 100.000 157.538 30.518 
184.962 160.067 260.788 10.110 100.000 150.698 30.498 

7.077 177 .520 113.747 10.690 100.000 0 33.555 
7.197 152.295 108.303 11.750 100.000 0 30.108 

74.132 177.520 136.945 8,780 100.000 25.608 32,665 
146.884 177.520 227.110 11.650 100.000 110,350 37.775 
346.040 152.395 399.413 10.700 100.000 296.300 30.188 



Table G-2, Continued 

Lake Sri dgegort 
Year Inflow ~ .JIll... Release~ SQi 11 s Content Inf]olj 

1976 124,370 41,120 5,000 77,750 0 355,078 153,390 
1977 129,710 52,620 5,000 55,338 89,782 282,048 284,480 
1978 32,930 37,180 5,000 78,000 0 194,798 91,990 
1979 78,100 28,990 5,000 76,980 0 161,928 203,950 
1980 74,330 33,100 5,000 78,000 0 120,158 117,300 

1981 415,300 23,830 5,000 68,570 66,102 371,956 638,312 
1982 377 ,380 39,100 5,000 27,550 323,460 354,226 662,960 
1983 91,710 46,440 5,000 78,000 0 316,496 127,400 
1984 64,600 42,380 5,000 78,000 0 255,716 141,740 
1985 193,660 43,270 5,000 46,390 0 354,716 192,910 

1986 147,470 43,290 5,000 16,610 76,210 361,076 308,110 

Average 141,313 37,105 5,000 46,480 53,021 283,505 259,098 

Note: The critical period is from September 1951 through April 1957. 

G"> 
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76,447 acre-feet. 

Eagle Mountain Lake Lake Worth 
~ .JIll... Releases ..2I!ill.s. Content Inflow ~ ~ ~ Content 

26,710 7,000 108,740 0 163,335 109,550 9,950 100,000 0 29,788 
36,040 7,000 81,813 171,157 151,805 254,500 13,540 100,000 141,350 29,398 
29,610 7,000 109,950 0 97,235 110,300 11,570 100,000 0 28,128 
26,500 7,000 84,573 38,625 144,487 124,788 10,180 100,000 12,928 29,808 
35,400 7,000 96,750 0 122,637 97,170 14,460 84,230 0 28,288 

24,780 7,000 81,580 470,069 177,520 557,159 9,120 94,230 446,132 35,965 
26,410 7,000 41,333 614,640 151,097 659,373 10,120 100,000 555,250 29,968 
29,360 7,000 109,700 0 132,437 110,230 11,260 100,000 0 28,938 
31,280 7,000 110,520 0 125,377 111,290 12,210 100,000 0 28,018 
29,710 7,000 82,303 29,167 170,107 113,140 11,070 100,000 0 30,088 

29,680 7,000 69,786 194,231 177,520 266,357 10,980 100,000 153,230 32,235 

27,814 7,000 69,222 155,061 152,056 238,220 10,751 95,990 131,597 31,379 

The minimum combined content of Lake Bridgeport and Eagle Mountain Lake is 



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-l) 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 long 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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studi es of the reservoi rs. Hydro 1 ogi c 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 Reservoi rand 210,000 acre-feet per year from Ri ch 1 and-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 

Reservoi r woul d 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 

di verti ng water from the Tri nity Ri ver into the reservoi rs. For thi s 

study, the increased yield provided by diversions from the Trinity is 
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Tabl e 6-3 

Annual Summar~ of OQeration Stud~ for Cedar Creek Reservoir 
as Currentl~ Permitted 

Year Evaporative Use Inflow Spi 11 s End-of-Year 
loss Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) CAc-Ft) 

1941 44,975 175,000 610,490 439,978 622,237 
1942 51,607 175,000 809,680 543,399 661,911 
1943 81,955 175,000 387,680 238,846 553,790 
1944 49,078 175,000 598,510 285,078 643,144 
1945 32,920 175,000 973,060 798,601 609,683 

1946 39,002 175,000 744,520 468,501 671,700 
1947 72,422 175,000 541,350 293,928 671,700 
1948 92,287 175,000 308,430 229,753 483,090 
1949 39,190 175,000 238,340 0 507,240 
1950 51,489 175,000 452,630 203,412 529,969 

1951 73,181 175,000 151,960 0 433,748 
1952 84,281 175,000 354,410 0 528,877 
1953 56,882 175,000 384,260 145,800 535,455 
1954 99,297 175,000 167,390 0 428,548 
1955 53,085 175,000 116,230 0 316,693 

1956 66,611 175,000 83,030 0 158,112 
1957 14,170 175,000 1,155,780 456,152 668,570 
1958 50,731 175,000 602,180 483,999 561,020 
1959 39,406 175,000 392,320 67,234 671,700 
1960 46,581 175,000 452,390 230,809 671,700 

1961 49,051 175,000 442,910 280,913 609,646 
1962 43,874 175,000 277 ,800 17,849 650,723 
1963 97,818 175,000 115,510 15,408 478,007 
1964 58,707 175,000 61,520 0 305,820 
1965 37,903 175,000 240,460 0 333,377 

1966 46,417 175,000 629,110 205,677 535,393 
1967 45,236 175,000 512,580 156,037 671 ,700 
1968 65,330 175,000 538,270 418,209 551,431 
1969 69,123 175,000 652,910 388,487 571,731 
1970 72,570 175,000 525,300 237,093 612,368 
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Table G-3. Continued 

Year Evaporative Use Inflow Spi 11 s End-of-Year 
Loss Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) 

1971 88.508 175.000 570.700 247.860 671.700 
1972 87.708 175.000 132.190 61.852 479.330 
1973 58.886 175.000 896.660 470.404 671.700 
1974 72.031 175.000 640.100 393.069 671.700 
1975 83.001 175.000 397.060 303.357 507.402 

1976 63.691 175.000 479.310 106.294 641.727 
1977 100.952 175.000 457.060 309.883 512.952 
1978 87.728 175.000 143.930 0 394.154 
1979 77.492 175.000 541.700 111.399 571.963 
1980 114.084 175.000 299.010 86.952 494.937 

1981 83.387 175.000 416.680 42.614 610.616 
1982 80.362 175.000 325.550 9.104 671.700 
1983 88.810 175.000 369.220 251.840 525.270 
1984 97.195 175.000 317.360 0 570.435 
1985 102.221 175.000 747.420 368.934 671.700 

1986 81.190 175.000 718.880 462.690 671.700 

Avg. 67.227 175.000 455.953 213 .726 

Note: The critical period is from June 1953 through January 1957. 
The minimum content is 154.685 acre-feet. 
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Table G-4 

Annual Summar~ of OReration Stud~ for Richland-
Chambers Reservoir as Currentl~ Permitted 

Year Evaporative Use Inflow Downstream Spi 11 s 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 Spi 11 s End-of-Year 
Loss Release Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) CAc-Ft) 

1971 110,387 210,000 394,100 3,622 0 1,133,664 
1972 III ,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 

Note: 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 summaries 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 

wi th i n 5 feet of the top of conservati on 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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Table G-5 

Annual Summar~ of Ogeration Stud~ for Cedar Creek Reservoir 
with Diversions from the Trinit~ River 

Year Evaporative Use Inflow Diversions Spi 11 s End-of-Year 
Loss from Trinity Content 

(Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) 

1941 44,615 227,500 610,490 0 415,838 594,237 
1942 51,105 227,500 809,680 0 491,461 633,851 
1943 81,019 227,500 387,680 0 187,152 525,860 
1944 48,868 227,500 598,510 0 236,485 611,517 
1945 32,631 227,500 973,060 0 738,395 586,051 

1946 38,866 227,500 744,520 0 392,505 671,700 
1947 71,940 227,500 541,350 0 241,910 671,900 
1948 91,235 227,500 308,430 10,720 209,356 462,759 
1949 37,483 227,500 238,340 26,800 0 462,916 
1950 50,961 227,500 452,630 10,720 149,005 498,800 

1951 70,498 227,500 151,960 53,600 0 406,362 
1952 81,530 227,500 354,410 48,240 0 499,982 
1953 56,272 227,500 384,260 26,800 117,997 509,273 
1954 95,389 227,500 167,390 48,240 0 402,014 
1955 51,659 227,500 116,230 64,320 0 303,405 

1956 65,802 227,500 83,030 64,320 0 157,453 
1957 13,946 227,500 1,155,780 21,440 429,354 663,873 
1958 50,149 227,500 602,180 0 458,903 529,501 
1959 38,654 227,500 392,320 5,360 0 661,027 
1960 45,757 227,500 452,390 10,720 179,180 671,700 

1961 48,661 227,500 442,910 0 256,818 581,631 
1962 42,073 227,500 277 ,800 0 0 589,858 
1963 90,412 227,500 115,510 21,440 0 408,896 
1964 52,917 227,500 61,520 64,320 0 254,319 
1965 35,488 227,500 240,460 64,320 0 296,111 

1966 45,907 227,500 629,110 21,440 169,351 503,903 
1967 44,086 227,500 512,580 53,600 126,797 671,700 
1968 64,567 227,500 538,270 0 397,240 520,663 
1969 68,290 227,500 652,910 21,440 348,012 551,211 
1970 71,673 227,500 525,300 0 198,526 578,812 
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Table G-5, Continued 

Year Evaporative Use Inflow Diversions Spi lJ s End-of-Year 
Loss from Trinity Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) 

1971 84,425 227,500 570,700 37,520 203,407 671,700 
1972 85,905 227,500 132,190 21,440 57,400 454,525 
1973 58,680 227,500 896,660 10,720 404,025 671,700 
1974 71,684 227,500 640,100 0 340,916 671,700 
1975 82,016 227,500 397,060 5,360 282,949 481,655 

1976 62,945 227,500 479,310 21,440 78,279 613,681 
1977 99,694 227,500 457,060 10,720 265,133 489,134 
1978 84,485 227,500 143,930 48,240 0 369,319 
1979 76,572 227,500 541,700 21,440 82,344 546,043 
1980 112,704 227,500 299,010 10,720 40,942 474,627 

1981 32,601 227,500 416,680 32,160 26,324 587,042 
1982 76,354 227,500 325,550 16,080 0 624,818 
1983 88,042 227,500 369,220 5,360 181,020 502,836 
1984 94,451 227,500 317,360 53,600 0 551,845 
1985 101,273 227,500 747,420 0 298,792 671,700 

1986 80,836 227,500 718,880 0 410,544 671,700 

Avg. 65,763 227,500 455,953 20,275 182,964 

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). 

b. The critical period is from June 1953 through January 1957. 
The minimum content is 154,934 acre-feet. 
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Table G-6 

Annual Summar~ of OReration Stud~ for Richland-Chambers Reservoir 
with Diversions from the Trinit~ River 

Year Evaporative Use Inflow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) ~c-Ft) 

1940 56,770 273,000 849,400 0 3,622 516,008 1,181,886 

1941 59,364 273,000 1,156,200 0 3,622 935,551 1,066,549 
1942 71 ,845 273,000 1,248,800 0 3,622 784,996 1,181,886 
1943 108,999 273,000 556,100 0 3,622 269,121 1,083,244 
1944 57,369 273,300 1,082,500 0 3,622 778,710 1,053,043 
1945 40,306 273,000 1,651,400 0 3,622 1,237,305 1,150,210 

1946 51,468 273,000 806,300 0 3,622 543,254 1,085,166 
1947 95,209 273,000 573,100 0 3,622 284,373 1,002,062 
1948 120,862 273,000 432,700 6,050 3,622 121,372 921,956 
1949 47,478 273,000 191,700 48,400 3,622 0 837,956 
1950 78,303 273,000 334,800 36,300 3,622 0 854,131 

1951 106,689 273,000 68,200 72,600 3,622 0 611,620 
1952 82,041 273,000 295,200 72,600 3,622 0 620,757 
1953 56,358 273,000 486,000 66,550 3,622 0 840,327 
1954 116,417 273,000 34,200 72,600 3,622 0 554,088 
1955 55,791 273,000 66,600 72,600 3,622 0 360,875 
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Table G-6, Continued 

Year Evaporative Use Inflow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) 

1956 68,524 273,000 107,100 72,600 3,622 0 195,429 
1957 20,289 273,000 1,504,700 30,250 3,622 269,794 1,163,674 
1958 61,320 273,000 836,300 0 3,622 556,535 1,105,497 
1959 46,395 273,000 899,400 0 3,622 499,994 1,181,886 
1960 48,595 273,000 610,300 0 3,622 285,083 1,181,886 

1961 53,719 273,000 1,151,200 0 3,622 823,923 1,178,822 
1962 65,217 273,000 236,900 0 3,622 16,324 1,057,559 
1963 104,705 273,000 45,400 36,300 3,622 O. 757,932 
1964 71,033 273,000 18,200 72,600 3,622 0 501,077 
1965 57,018 273,000 482,700 72,600 3,622 0 722,737 

1966 80,446 273,000 805,100 24,200 3,622 243,105 951,864 
1967 83,145 273,000 579,400 60,500 3,622 50,111 1,181,886 
1968 68,822 273,000 1,306,100 0 3,622 1,134,913 1,007,629 
1969 105,706 273,000 893,600 6,050 3,622 552,082 972,869 
1970 105,329 273,000 580,300 6,050 3,622 153,769 1,023,499 

1971 106,954 273,000 394,100 60,500 3,622 0 1,094,523 
1972 109,866 273,000 181,800 24,200 3,622 8,817 905,218 
1973 76,721 273,000 1,260,900 12,100 3,622 649,765 1,175,110 
1974 96,713 273,000 742,700 0 3,622 362,589 1,181,886 

G) 1975 105,172 273,000 995,600 0 3,622 823,555 972 ,137 I 
~ 
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Table G-6, Continued 

Year Evaporative Use Inflow Diversions Downstream Spill s End-of-Year 
Loss from Tri nity Release Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) 

1976 82,615 273,000 697,500 18,150 3,622 146,664 1,181,886 
1977 136,320 273,000 619,500 12,100 3,622 484,933 915,611 
1978 107,679 273,000 61,500 72,600 3,622 0 665,410 
1979 83,948 273,000 539,300 48,400 3,622 0 892,540 
1980 146,943 273,000 375,400 42,350 3,622 0 886,725 

1981 96,064 273,000 334,600 60,500 3,622 0 909,139 
1982 95,679 273,000 150,800 72,600 3,622 0 760,238 
1983 84,078 273,000 148,000 72 ,600 3,622 0 620,138 
1984 94,074 273,000 261,700 72,600 3,622 0 583,742 
1985 89,539 273,000 527,400 72,600 3,622 0 817,581 

1986 102,044 273,000 779,400 36,300 3,622 72,729 1,181,886 

Avg. 82,126 273,000 594,896 32,052 3,622 268,199 

Notes: a. Diversions are made from the Trinity River at the rate of 6,050 acre-feet per month (65 mgd) 
when the reservoir is below 310.0 (content of 971,753 acre-feet). 

b. The critical period is from June 1948 through February 1957. The minimum content is 175,875 
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 

Reservoi rand Ri ch 1 and-Chambers Reservoi r under system ope rat i on wi th 

diversions from the Trinity River. The operation policy for the two 

reservoirs is as follows: 

• The yi e 1 d of the two reservoi rs wi th system operati on and 

diversions from the Trinity River is 533,300 acre-feet per 
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Table G-7 

Annual Summar~ of Ogeration Stud~ for Cedar Creek Reservoir 
with Diversions from the Trinit~ River and S~stem Ogeration 

Year Evaporative Use Inflow Diversions Spi 11 s End-of-Year 
Loss from Trinity Content 

(Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) 

1941 43,960 320,300 610,490 0 373,187 544,743 
1942 50,147 320,300 809,680 13,100 412,830 584,246 
1943 78,976 320,300 387,680 6,550 96,118 483,082 
1944 48,343 320,300 598,510 26,200 170,346 568,803 
1945 32,149 320,300 973,060 0 645,137 544,277 

1946 38,661 320,300 744,520 0 259,306 670,530 
1947 70,898 320,300 541,350 6,550 189,700 637,532 
1948 89,414 320,300 308,430 19,650 139,076 416,822 
1949 33,301 310,307 238,340 52,400 0 363,954 
1950 50,433 310,845 452,630 26,200 24,759 456,747 

1951 63,954 290,237 151,960 78,600 0 333,116 
1952 73,544 264,883 354,410 65,500 0 414,599 
1953 55,178 320,300 384,260 45,850 7,938 461,293 
1954 86,050 280,001 167,390 78,600 0 341,232 
1955 47,027 224,688 116,230 78,600 0 264,347 

1956 62,431 208,800 83,030 78,600 0 154,746 
1957 13,632 284,922 1,155,780 26,200 382,603 655,569 
1958 49,126 320,300 602,180 6,550 414,511 480,362 
1959 35,414 320,300 392,320 45,850 0 562,818 
1960 44,469 320,300 452,390 26,200 46,507 630,132 

1961 48,063 320,300 442,910 0 172,572 532,107 
1962 38,799 320,300 277 ,800 45,850 0 496,658 
1963 79,433 290,237 115,510 78,600 0 321,098 
1964 45,931 208,800 61,520 78,600 0 206,487 
1965 33,321 216,727 240,460 78,600 0 275,499 

1966 44,894 284,922 629,110 39,300 152,768 461,325 
1967 39,813 300,040 512,580 65,500 27,852 671,700 
1968 63,164 320,300 538,270 13 ,100 361,172 478,434 
1969 67,052 320,300 652,910 39,300 278,385 504,907 
1970 69,888 320,300 525,300 13 ,100 135,819 517,300 
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Table 6-7, Continued 

Year Evaporative Use Inflow Diversions Spi 11 s End-of-Year 
Loss from Trinity Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) CAc-Ft) (Ac-Ft) CAc-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 reservoir 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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Table G-8 

Annual Summar~ of O~eration Stud~ fQr Richland-Chambers Reservoir 
with Diversions from the Trinit~ River and System O~eration 

Year Evaporative Use Inflow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) 

1940 56,974 213,000 849,400 0 3,622 575,804 1,181,886 

1941 59,558 213,000 1,156,200 0 3,622 968,197 1,093,709 
1942 72,243 213,000 1,248,800 0 3,622 871,758 1,181,886 
1943 109,480 213,000 556,100 0 3,622 296,611 1,115,273 
1944 57,401 213,000 1,082,500 0 3,622 838,562 1,085,188 
1945 40,530 213,000 1,651,400 0 3,622 1,302,118 1,177,318 

1946 51,648 213,000 806,300 0 3,622 598,010 1,117,338 
1947 95,629 213,000 573,100 0 3,622 344,170 1,034,017 
1948 121,921 213,000 432,700 0 3,622 176,592 951,582 
1949 49,377 222,990 191,700 28,125 3,622 0 895,418 
1950 82,406 222,456 334,800 16,875 3,622 0 938,609 

1951 116,712 243,060 68,200 67,500 3,622 0 710,915 
1952 89,524 268,415 295,200 67,500 3,622 0 712,054 
1953 60,607 213,000 486,000 39,375 3,622 0 960,200 
1954 131,326 253,296 34,200 67,500 3,622 0 673,656 
1955 61,543 308,610 66,600 67,500 3,622 0 433,981 
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Table G-8, Continued 

Year Evaporative Use Infl ow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) 

1956 73,702 324,499 107,100 67,500 3,622 0 206,758 
1957 20,474 248,379 1,504,700 28,125 3,622 298,066 1,169,042 
1958 61,562 213,000 836,300 0 3,622 605,574 1,121,584 
1959 46,654 213,000 899,400 0 3,622 575,822 1,181,886 
1960 49,189 213 ,000 610,300 0 3,622 344,489 1,181,886 

1961 53,933 213,000 1,151,200 0 3,622 880,645 1,181,886 
1962 65,639 213,000 236,900 0 3,622 46,819 1,089,706 
1963 108,879 243,060 45,400 22,500 3,622 0 802,045 
1964 71,890 324,499 18,200 67,500 3,622 0 487,734 
1965 55,362 316,571 482,700 67,500 3,622 0 662,379 

1966 81,126 248,379 805,100 22,500 3,622 169,067 987,785 
1967 86,212 233,260 579,400 50,625 3,622 112,830 1,181,886 
1968 69,274 213,000 1,306,100 0 3,622 1,162,501 1,039,589 
1969 106,627 213,000 893,600 0 3,622 607,296 1,002,644 
1970 106,335 213,000 580,300 0 3,622 198,205 1,061,782 

1971 110,724 232,423 394,100 45,000 3,622 0 1,154,113 
1972 111,404 213,000 181,800 16,875 3,622 73,502 951,260 
1973 76,901 222,456 1,260,900 5,625 3,622 734,329 1,180,477 
1974 97,941 213,000 742,700 0 3,622 426,728 1,181,886 
1975 105,776 

G) 
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Table G-8, Continued 

Year Evaporative Use Inflow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) 

1976 83,253 221,630 697,500 11,250 3,622 222,304 1,181,886 
1977 137,467 213,000 619,500 5,625 3,622 505,089 947,833 
1978 112,530 253,296 61,500 67,500 3,622 0 707,385 
1979 37,055 231,175 539,300 33,750 3,622 0 958,583 
1980 150,315 213 ,000 375,400 16,875 3,622 47,990 935,931 

1981 98,764 254,812 334,600 39,375 3,622 0 952,708 
1982 100,081 222,990 150,800 56,250 3,622 0 833,065 
1983 91,473 213,000 148,000 67,500 3,622 0 740,470 
1984 107,497 243,250 261,700 67,500 3,622 0 715,301 
1985 103,666 213,000 527,400 67,500 3,622 0 989,913 

1986 106,212 213,000 779,400 0 3,622 264,593 1,181,886 

Avg. 84,996 231,436 594,896 25,133 3,622 299,975 

Notes: a. Diversions from the reservoir are 213,000 acre-feet per year when Cedar Creek Reservoir is 
above elevation 312.0 and 324,500 acre-feet per year when Cedar Creek is below 312.0. 

b. Diversions are made from the Trinity River at the rate of 5,625 acre-feet per month when 
Richland-Chambers Reservoir is below elevation 310.0. 

c. The critical period is from June 1948 through February 1957. The minimum content is 175,814 
G> acre-feet. 
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year, an increase of 32,800 acre-feet per 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 6-7 and 6-8 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 spi 11 s from Cedar Creek Reservoi r duri ng the criti ca 1 peri od 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 Reservoi r is a proposed 337,947 acre-foot reservoi r 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 is a summary of an operation study of 

Ri ch land-Chambers-Tehuacana Reservoi r with di vers ions from the Tri ni ty 

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 Reservoir. 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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Table 6-9 

Annual Summar~ of Ogeration Stud~ for Riehland-Chambers-Tehuaeana Reservoir 
with Diversions from the Trinit~ River and S~stem Ogeration 

Year Evaporative Use Inflow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ae-Ft) (Ae-Ft) (Ac-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ftl (Ae-Ft) 

1940 75,739 301,700 1,007,100 0 3,622 626,039 1,519,833 

1941 79,162 301,700 1,390,900 0 3,622 1,142,358 1,383,891 
1942 95,827 301,700 1,446,800 0 3,622 909,709 1,519,833 
1943 145,305 301,700 670,000 0 3,622 337,670 1,401,536 
1944 76,374 301,700 1,307,800 0 3,622 957,100 1,370,540 
1945 53,906 301,700 1,978,400 0 3,622 1,484,161 1,505,551 

1946 68,544 301,700 993,800 0 3,622 716,730 1,408,755 
1947 126,851 301,700 701,200 0 3,622 379,854 1,297,928 
1948 160,974 301,700 529,600 7,180 3,622 161,723 1,206,689 
1949 62,835 311,691 217,800 43,080 3,622 0 1,089,421 
1950 103,539 311,155 398,400 43,080 3,622 0 1,112,585 

1951 144,140 331,761 86,500 86,160 3,622 0 805,722 
1952 108,057 357,115 356,200 86,160 3,622 0 779,288 
1953 74,363 301,700 629,900 71,800 3,622 0 1,101,303 
1954 158,884 341,997 50,600 86,160 3,622 0 733,560 
1955 72,411 397,311 87,300 86,160 3,622 0 433,676 
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Table G-9, Continued 

Year Evaporative Use Inflow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) (Ae-Ft) 

1956 80,037 413,200 151,700 86,160 3,622 0 174,677 
1957 30.113 337.078 1.834.400 35,900 3,622 174,800 1,499,364 
1958 81,804 301,700 965,300 0 3,622 647,834 1,429,704 
1959 61,905 301.700 1,071,110 0 3,622 613.744 1,519,833 
1960 65,066 301,700 755.400 0 3,622 385,012 1,519,833 

1961 71,679 301,700 1,365,300 0 3,622 988,299 1,519,833 
1962 87,195 301,700 291,100 0 3.622 34,716 1.383,700 
1963 141.316 331,761 55,300 35,900 3.622 0 998,201 
1964 92,878 413,200 19,300 86,160 3,622 0 593,961 
1965 71,059 405.272 608.100 86,160 3,622 0 808,268 

1966 107,307 337,078 1,007.700 28,720 3,622 145,975 1,250,706 
1967 111,806 321,960 706.700 64.620 3,622 64,805 1,519,833 
1968 91.778 301.700 1.543,000 0 3,622 1,351,524 1,314,209 
1969 140,716 301,700 1.050,700 0 3,622 617,813 1,301,058 
1970 139,923 301,700 625.300 0 3,622 158,386 1.322,727 

1971 142,284 321,124 485,600 64,620 3,622 0 1.405,917 
1972 146,669 301.700 236,800 21,540 3,622 19,074 1,193,192 
1973 102,239 311.155 1,483,000 14,360 3,622 756,498 1,517 ,038 
1974 130,242 301,700 955,400 0 3,622 517,041 1,519,833 
1975 140,107 301,700 1.113.600 0 3,622 919.840 1,268,164 
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Table G-9, Continued 

Year Evaporative Use Inflow Diversions Downstream Spi 11 s End-of-Year 
Loss from Trinity Release Content 

(Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Ac-Ft) 

1976 110,394 310,330 955,500 21,540 3,622 301,025 1,519,833 
1977 182,897 301,700 735,200 0 3,622 561,239 1,205,575 
1978 147,326 341,997 119,700 86,160 3,622 0 918,490 
1979 118,424 319,874 810,500 35,900 3,622 0 1,322,970 
1980 199,426 301,700 467,000 14,360 3,622 118,764 1,180,818 

1981 127,877 343,512 417,800 64,620 3,622 0 1,188,227 
1982 128,863 311,691 252,600 78,980 3,622 0 1,075,631 
1983 121,023 301,700 221,200 86,160 3,622 0 956,646 
1984 141,773 331,951 321,800 86,160 3,622 0 887,260 
1985 132,394 301,700 670,700 86,160 3,622 0 1,206,404 

1986 140,957 301,700 1,004,800 14,360 3,622 259,452 1,519,833 

Avg. 110,519 320,136 726,679 34,220 3,622 326,621 

Notes: a. Diversions from the reservoir are 301,700 acre-feet per year when Cedar Creek Reservoir 
is above elevation 312.0 and 413,200 acre-feet per year when Cedar Creek is below 312.0. 

b. Diversions are made from the Trinity River at the rate of 7,180 acre-feet per month when 
Richland-Chambers-Tehuacana Reservoir is below elevation 310.0. 

c. The critical period is June 1948 through February 1957. The minimum content is 142,108 

'" acre-feet. 
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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-I0 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

Il 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 Reservoir is in place but 

that Tehuacana Reservoir is not built. The operation study summarized in 

Table G-II 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-I is a schematic diagram of the basin, showing the relative 

location of major streams and the existing and proposed reservoirs. The 

ex; sti ng Wri ght Patman Lake ; s 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 
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Table G-ll 

Annual Summar~ of Ogeration Stud~ for Tennessee Colon~ Reservoir 
with Natural Runoff Including Spills from Existing Upstream Reservoirs 

Year Evaporative Use Inflow Spi 11 s 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 1,093,965 
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 2,179,200 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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SCHEMATIC DIAGRAM OF EXISTING AND PROPOSED RESERVOIRS 
IN THE SULPHUR RIVER BASIN 

George 
PorkhouseI 

LokeL f~_ 
Sulphur Springs <J EXISTING 

RESERVOIR 

....... 1 PROPOSED 
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Table G-12 

Water Rights for Existing Reservoirs in the Sulohur River Basin 

Adjudication Permit Holder Reservoir Storage Use Diversion 
Certificate No. (Ac-Ft) (Ac-Ft/Yr) 

03-4797 Sulphur River MWD Cooper 81,470 (Mun 26,960 
(Ind 11,560 

03-4798 North Texas MWD Cooper 114,265 Mun 54,000 

03-4799 Irving Cooper 114,265 (Mun 44,820 
(Ind 9.180 

Cooper Total 310,000 146,520 

03-4811 Sulphur Springs WD Sulphur 2,100 (Mun 2,000 
Springs 11,900 (Mun 7,800 

2,260 
1,578 

Sulphur Springs Total 17,838 9,800 

03-4836 Texarkana, Texas Wright 386,900b (Mun 45,000 
Patman (Ind 135.000 

Texarkana Total 386,900 180,000 

Notes: a. Water rights are from records of the Texas Water Commission (61,62). 

Priority 
Date 

11/19/65 

11/19/65 

11/19/65 

7/24/51 
11/25/68 
11/30/70 
9/26/83 

3/ 5/51 
2/17/57 

b. The permitted storage for Wright Patman Lake varies with the season, from 265,300 acre-feet 
to 386,900 acre-feet. 
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Cooper Reservoir and Lake Sulphur Springs are operated at their 

fu 11 permitted di vers ions. Spill s from these reservoi rs 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 exi sti ng water ri ghts are assumed to make full use of 

available flows to the extent of their permits. 

With these assumptions, operation studies were made with various 

combi nati ons of new reservoi rs constructed to determi ne the addi ti ona 1 

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. 
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Table G-13 

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 II, 
Marvin Nichols I, and 
Marvin Nichols II 

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

George Parkhouse I, 
George Parkhouse II, 
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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Table G-14 

Annual Summary of Operation Study for George Parkhouse Reservoir Stage II 

Year Evaporati ve Use Inflow Spi 11 s End-of-Year 
Loss Content 

(Acre-Feet) (Ae-Ft) (Ac-Ft) (Ae-Ft) (Acre-Feet) 

1941 13,867 136,700 240,820 141,035 192,831 
1942 19,144 136,700 220,350 68,886 188,451 
1943 26,860 136,700 86,980 0 111,871 
1944 16,283 136,700 218,110 0 176,998 
1945 10,358 136,700 304,470 123,170 211,240 

1946 11,253 136,700 350,350 170,024 243,613 
1947 21,545 136,700 118,790 7,557 196,601 
1948 25,274 136,700 153,140 54,222 133,545 
1949 11,208 136,700 205,160 26,292 164.505 
1950 8,875 136.700 388.000 202.160 204,770 

1951 17,851 136.700 206,430 94.860 161.789 
1952 26,212 136.700 151.650 0 150,527 
1953 19.194 136,700 189.880 11.091 173,422 
1954 32,606 136,700 179.780 3,753 180,143 
1955 21.933 136.700 86,910 0 108,420 

1956 27.580 136,700 84.270 0 28,410 
1957 5,414 136.700 663.670 306.353 243.613 
1958 14.475 136.700 300.020 234.060 158,398 
1959 11,542 136,700 179.370 0 189.526 
1960 19.038 136.700 298.460 88.635 243,613 

1961 19,224 136.700 145.360 65.079 167,970 
1962 17,984 136,700 242.990 19,758 236.518 
1963 27,495 136,700 33,080 0 105.403 
1964 16.175 136.700 136.980 0 89,508 
1965 16.922 136,700 151.800 0 87.686 

1966 16.452 136,700 304.120 84.192 154.462 
1967 14,818 136.700 295.570 54.901 243.613 
1968 13.679 136.700 482,240 331.861 243.613 
1969 18.653 136.700 302,160 214.945 175,475 
1970 14,025 136.700 288.090 116,773 196.067 
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Table G-14. Continued 

Year Evaporative Use Inflow Spi 11 s End-of-Year 
Loss Content 

(Acre-Feet) (Ac-Ft) (Ac-Ft) (Ac-Ft) (Acre-Feet) 

1971 18.690 136.700 288.660 85.724 243.613 
1972 27.567 136.700 64.220 0 143.566 
1973 14.676 136.700 465.710 214.287 243.613 
1974 17.728 136.700 298.960 144.532 243.613 
1975 28.265 136.700 245.830 175.156 149.322 

1976 20.593 136.700 170.120 0 162.149 
1977 29.483 136.700 120.170 0 116.136 
1978 13.467 136.700 57.530 0 23.499 
1979 16.224 136.700 248.320 0 118.895 
1980 19.213 136.700 77 .190 0 40.172 

1981 18.486 136.700 327.100 0 212.086 
1982 21.612 136.700 348.930 201.718 200.986 
1983 27.538 136,700 153.180 40.677 149.251 
1984 28.459 136.700 216,360 0 200.452 
1985 31,062 136.700 275.990 98,659 210.021 

1986 29,000 136.700 241.180 41.888 243,613 

Avg. 19.522 136,700 230.618 74.397 

Note: The critical period is from July 1975 through October 1978. The 
minimum content is 4 acre-feet. 

G-38 



Table 6-15 

Annyal SummarY of Operation Study for Marvin Nichols Reservoir Stage I 

Year Evaporative Use Inflow Spi 11 s 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 Spi 11 s 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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APPENDIX H 

EXAMINATION OF WATER QUALITY 
OF EXISTING AND POTENTIAL RESERVOIRS 

Thi s appendi x di scusses the water quality of several exi sti ng 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 
Turbidity 
Hardness 
Calcium 
Magnesium 
Sodium 

pH 
Fluoride 
Alkalinity 
Sulfate 
Chloride 
Total Dissolved Solids (TDS) 

The metals which are included in the analysis include: 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Iron 
Lead 

Zinc 
Manganese 
Mercury 
Ni ckel 
Selenium 
Silver 
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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 

ana lys is. Flow-wei ghted averages of streamflow data provi de the best 

estimate of reservoir quality and are used in this discussion. Table H-l 

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 Regulations, 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 

studi ed. Tab 1 e H-4 summari zes 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, 
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Table H-1 

Summary of Water Quality Monitoring Sites 
for Potential Water Supply Reservoirs 

Potential Water Supply Reservoir 

Lake Texoma 

Lake Palestine 

George Parkhouse Reservoir Stage I 

George Parkhouse Reservoir Stage II 

Marvin Nichols Reservoir Stage I 

Marvin Nichols Reservoir Stage II 

Wright Patman Lake1 

Tehuacana Reservoir 

Tennessee Colony Reservoir 

Water Quality Monitoring Site Location Period of Record 
Physical and Heavy Metals 
Chemical Data Data 

Lake Texoma near Dam 3/78-3/89 

Lake Palestine near Frankston, Texas 1/81-8/84 

South Sulphur River near Cooper, Texas 

North Sulphur River near Cooper, Texas 

Sulphur River near Talco, Texas 

White Oak Creek near Talco, Texas 

Wright Patman Lake near Dam 

Tehuacana Creek near Streetman, Texas 

Trinity River near Trinidad, Texas 

12/79-7/87 

10/79-7/87 

10/79-7/87 

11/79-7/87 

10/79-9/84 

10/79-5/85 

10/79-9/87 

1/80-7/87 

1/80-7/87 

2/83-9/85 

10/79-9/81 

1/80-7/87 

Note: 1 Wright Patman Lake is not a potential water supply source in this study. It has been included for 
comparison with Marvin Nichols Reservoir Stages I and II. 
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Pllrllmeter 

Dissolved Oxygen 
(mg/l) 

Turbidity (NTU) 

Total Hardness 
(mg/l os CoC03) 

Fecal Coliform 
(1/100 01 )(0) 

Cal ci um 
(mg/1 as CoC03) 

Magnesi um (mg/l) 

Sodium (mg/1) 

Total Alkalinity 
(mg/l os CoC03) 

Sul"t. (mq/1) 

Chloride (mg/l) 

Fluoride (mg/l) 

Total Dissolved 
Sol1ds (mg/l) 

Nftrate (mg/1) 

Iron (mg/l) 

Manganese (m9/~) 

pH 

Langelier Index(c} 

lake Texoma lake Palestine George Parkhouse 
___ Reservo; r Stage I 
Range Range F1 ow~wtd. Range 

Average of Data Average ~ Average of Data 

9.0 0.0-12.4 

316 190~450 

1-8 

149 102-410 

202 19-316 

361 185-835 

926 661-1,105 

.07 .0005-.44 

7.2-8.4 

None 

32.3 24~47 

13.8 6.2-27.4 

4.5 4.2-4.8 

20.3 

12.0 

27.3 

28.8 

19-21 

5-24 

25-31 

26-31 

.15 0.1-.20 

108 99-127 

6.5-7.6 

Strong 

6.9 3.4~13.0 

83 4.5~l,OOO 

63 

53.2 

2.3 

8.5 

61 

15.2 

5.5 

.18 

105 

1.5 

127.3 

5.4 

42~250 

35-212 

1.5-10 

4.5-93 

31-251 

5-95 

3.6-58 

.1-.5 

69-470 

.02~4.9 

5-160 

4-90 

7-8.4 

Moderate 

Notes: (a) Geometric mean of data. 

~ 

Historical Physical and Che!ll;cal Water quality Data for 
Potential Water Supply Sources 

George Parkhouse 
Reservo; r Stage II 

F1 ow-wtd. Range 
Averllge of Oatil 

107 

96.5 

2.3 

10.5 

93 

30 

5.6 

.15 

99-590 

105-473 

1.9-30 

8.2-230 

54_200 

19-750 

3.1-260 

.1-.7 

160 143-1,500 

7.7-8.1 

Moderate 

Marvin Nichols 
Reservo; r Stage I 

F1 ow-wtd. Range 
Averllge of Data 

7.76 2.2-12 

eo.B 4.5-1.000 

92.5 31-350 

81 19.4-298 

2.7 

U.8 

84.8 

26.3 

6.9 

.24 

148.5 

.93 

36.5 

21.8 

2.1-11 

6.4-100 

21-281 

7-220 

4.2-67 

.2-.4 

110-608 

.08-4.2 

1.5-190 

9-aoo 

7.3-8.1 

Moderate 

Marvin Nichols 
Reservo; r Stage I I 
Flow-wtd. Range 
Average of Data 

7.2 3.4-11.3 

46.5 

27.9 

16.9 

2.7 

6.9 

19 

17 

8.3 

.08 

65 

5.1-90 

15-140 

9.2-85 

1.8-14 

2.4-80 

U-!40 

7-110 

3.9-80 

.1-.5 

58-356 

.3 .13-.78 

373.6 36-540 

50.7 28-810 

6.7-7.7 

Strong 

Wright Patman(b} Tehuacana 
Lake Reservoir 

Range F1 ow-wtd. Range 
Averllge of Data ~ of Oata 

6.9 .1-13 

74 51-91 

62.2 42-77 

2.83 2-3.4 

11.91 . 7.7-18 

69 48-79 

20 5-36 

11.8 7.4-19 

.16 .1-.2 

120 86-150 

.09 .05-.28 

79.8 5-480 

164.3 2-2,200 

6.5-8.8 

Strong 

47.6 30-770 

29.9 18.9-423 

4.2 2.6-83 

14.2 6.1-590 

38.7 30-290 

16.3 4.8-500 

16.6 6.2-560 

.125 .1-.6 

103 61-2.430 

6.8-7.1 

Hoderate 

(b) Wright Patman is not a potential water supply source in this study. It has been included for coatparison with Marvin Nichols Reservoir Stages I and II. 
(c) Indkates the tendency of the raw water to become corrosive. 

Tennessee 
Colony Reservoir 

Fl ow-wtd. Ringe 
Average ~ 

6.24 0.6-11.8 

70.14 1.1~300 

132.3 UO-190 

428 21-180,000 

115.5 

3.82 

25.9 

U2.0 

47.3 

23.0 

.423 

232.1 

1.21 

24.9 

4.75 

97 -197 

2.7-6.1 

12-120 

97-187 

25-130 

10-89 

0.2-1.8 

179-517 

.34-6.28 

1.5-71 

.5-70 

7.1-8.5 

Low 
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Table H-3 

Historical Heav~ Metals Water Oualitv Data for 
Potential Water Suoolv Sourc~ 

Parameter George Parkhouse Marvin Nichols Marvin Nichols Wright Patman1 Tennessee 
Reservoir Stage I Reservoir Stage I Reservoir Stage II lake Colon~ Reservoir 

Flow-wtd. Range Flow-wtd. Range Flow-wtd. Range Range Flow-wtd. Range 
--~ 

Average of Data Average of Data Average of Data Average of Data Averaqe of Data 

Arsenic (ug/l) 4.72 1-31 3.9 .5-7 .59 .5-2 4.3 1-24 2.46 2-11 

Barium (ug/l) 51.4 40-110 56.5 40-140 48.5 37 -100 41.7 30-70 41.2 20-80 

Cadmi um (ug/l) .78 .5-11 .22 .5-2 .86 .5-2 .63 .5-1.0 .862 .5-2 

Chromium (ug/l) 4.3 4-10 6.2 5-50 5.0 10 3.60 .5-10 

Copper (ug/l) 4.7 .5-7 1.5 .5-5 4.2 .5-5 4.5 3-5 4.42 1-8 

lead (ug/l) 1.1 .5-6 1.9 .5-15 .78 .5-5 3.5 1-5 1.91 .5-12 

Mercury (ug/l) .05 .1-.7 .02 .05-.1 .08 .05-.2 .1 .079 .05-.4 

Nickel (ug/l) 5.61 5-10 

Selenium (ug/l) .45 .4-1.0 .3 .5-1 .54 .5-1 1 .518 .5-2.0 

Silver (ug/l) .5 .2 .5-1 .5 .5-5.0 

Zinc (ug/l) 13.9 1.5-38 8.8 1. 5-30 14.4 1.5-34 9.1 1.5-30 1.5-40 

Note: 1 Wright Patman lake is not a potential water supply source in this study. It has been included for comparison with Marvin 
Nichols Reservoir Stages I and II. 
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Table H-4 

1988 Texas Surfacs Water Qualit~ Standards 
for Potential Water Suppl~ Sources 

Parameter Lake Texoma Lake Palest i ne George Parkhouse 
Reservoir Stage I 

Dissolved Oxygen 5.0 5.0 5.0 
(mg/l Ha) 

Fecal Coliform 200 200 200 
(#/100 ml)(b) 

Sulfate (mg/l)(c) 300 30 150 

Chloride (mg/l)(c) 600 50 60 

Total Dissolved 1,500 150 600 
Solids (mg/l)(c) 

pH 6.5-9.0 6-8.5 6-8.5 

Arsenic (ug/1) 360/190 

Cadmi um (ug/1) 32.9/1.12 

Chromium (ug/l) 1,708/203 

Copper (ug/l) 18.8/12.6 

Lead (ug/l) 79.6/3.1 

Mercury (ug/l) 2.4/.012 

Nickel (ug/l) 1,394/155 

Selenium (ug/1) 260/35 

Silver (ug/l) 3.92/.49 

Zinc (ug/l) 115/104 

l!!!1ll: (a) No measurements should fall below this value. 
(b) Thirty-day geometric mean not to exceed this value. 
(c) Annual average not to exceed this value. 

George Parkhouse Marvin Nichols 
Reservoir Stage II Reservoir Stages 1&11 

5.0 5.0 

200 200 

475 150 

190 60 

1,320 600 

6-8.5 6-8.5 

360/190 360/190 

32.9/1.12 32.9/1.12 

1,708/203 1,708/203 

18.8/12.6 18.8/12.6 

79.6/3.1 79.6/3.1 

2.4/.012 2.4/.012 

1,394/155 1,394/155 

260/35 260/35 

3.92/.49 3.921.49 

115/104 115/104 

Wright Patman(d) Tehuacana Tennessee 
Lake Reservoir Colon~ Reservoir 

5.0 5.0 

200 2,000 

475 150 

190 150 

1,320 600 

6-8.5 6.5-9.0 

360/190 360/190 360/190 

32.9/1.12 32.2/1.1 32.2/1.1 

1,708/203 1,679/200 1,679/200 

18.8/12.6 18.5/12.4 18.5/12.4 

79.6/3.1 77.5/3.02 77.5/3.02 

2.4/.012 2.4/.012 2.4/.012 

1,394/155 1,370/152 1,370/152 

260/35 260/35 260/35 

3.921.49 3.8/.49 3.8/.49 

115/104 

(d) Wright Patman Lake is not a potential water supply source in this study. It has been included for comparison with Marvin Nichols Reservoir Stages 
I and II. 

(e) Standards for arsenic and subsequent parameters are expressed as acute limit/chronic limit. 



Table H-5 

Summar~ of Existing Drinking Water Standards 
Treated and Raw Water Qua1it~ 

Existing Standards 1986 EPA Existing Treated Water Raw Water Quality 
Primary Secondary Quality Criteria Qual it~ of Existing Water 

Dri nki ng Dri nki ng for Water Fort Ft. Worth SU1l1l1~ Sources 
Water Water (Human Health Worth Roll ing Fort Cedar Lake 

Standards Standards Cri teri a) Holly Hi 11 s WTP Worth Creek Worth 
WTP 1988 1988 .ill.2.... Reservoir 

Dissolved Oxygen (mg/1) 6.2 6.9 

Turbidity (NTU) 1.0 .27 .26 .25 10.5 

Total Hardness (mg/1 as 
CaC0

3
) 153 82 68 139 

Fecal Coliform (#/100 m1) 0 0 a 0 11.5 

Calcium (mg/1 as CaC0
3

) 124 70 50 104 

Magnesium (mg/1) 50 8 4 4.3 8 

Sodium (mg/1) 30 26 35 

Total Alkalinity (mg/1 as 
CaC0

3
) 126 55 56 117 

Su1 fate (mg/1) 250 EPA 250 29 36 40 25 22 
300 TDH 

Chloride (mg/1) 250 EPA 250 44 26 18 49 
300 TDH 

Fluoride (mg/1) 4.0 2.0 .76 .81 1.0 .2 .3 

Total Dissolved Solids 500 EPA 248 157 123 215 
:::c (mg/1 ) 1,000 TDH 
I 

...... 
Nitrate (mg/1) 10.0 10 <0.05 .08 
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Table H-5, Continued 

Existing Standards 1986 EPA Existing Treated Water 
Primary Secondary Quality Criteria Qual it~ 

Dri nki ng Drinking for Water Fort Ft. Worth 
Water Water (Human Health Worth Roll ing Fort 

Standards Standards Criteria) Holly Hi 11 s WTP Worth 
WTP 1988 1988 1989 

Iron (mg/1) 300 0.3 140 200 

Manganese (mg/1) 50 20 20 

pH >7.0 5-9 8.0 8.6 

Arsenic (ug/1) 50 0 <20 <20 <20 

Barium (ug/1) 1,000 1,000 60 30 200 

Cadmium (ug/1) 10 10 <10 <10 <10 

Chromi um (ug/l) 50 50 20 20 20 

Copper (ug/1) 1,000 1,000 20 10 20 

Lead (ug/1) 5 50 10 10 2 

Mercury (ug/1) 2 1442 <.2 <.2 <.2 

Ni cke1 (ug/l) 

Se1 eni um (ug/l) 20 10 <10 <10 <10 

Silver (ug/1) 50 50 <10 <10 <10 

Zinc (ug/1) 5,000 5,000 10 10 <50 

~: 1 Average treated water quality for both Fort Worth water treatment plants. 
2 Measured in ng/1. 

Raw Water Quality 
of Existing Water 

SU12121~ Sources 
Cedar Lake 
Creek Worth 

Reservoi r 

12.4-569 

5.3-1,139 

6.6-8.6 7.3-8.8 

1-19 

40-90 

.5-2 

1-5 

5-14 

0-4 

1.5-8.7 



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 cooling towers or 

boilers, soaps and dyes in cleaning and textile industries, and emulsifiers 

in photographic development. Waters of 0 to 75 mg/l hardness (expressed as 

CaC03) are generally designated as "soft," of 75 to 150 mg/l as "moderately 

hard," of 150 to 300 mg/l as "hard," and of 300 mg/l 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 

comp 1 ete ly mi xed reservoi r model of Eagl e Mountai n Lake to assess the 

increase in TDS associated with various amounts of diversion from Lake 

Texoma. Eagle Mountain 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/l to somewhat above 475 mg/l 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/l to in excess of 600 mg/l during the maximum drought 

year. The projecti ons i ndi cate 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/l and the State of Texas criterion is 1,000 

mg/l. 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/l. 

Physical and Inorganic Parameters 

The average total hardness in Lake Texoma is 316 mg/l as CaC03, which 

is considered very hard. The average total alkalinity is approximately 149 
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mg/l as CaC03 • Total hardness and total al kal inity 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 Langel ier 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 PALf.5TINE 

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 mgll as 

CaC03 , 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/l as CaC03 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 low 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/l as CaC03 • The flow

weighted average hardness is 63 mg/l as CaC03 , 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 

i ndi cates that water from thi s proposed reservoi r woul d 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 avail ab 1 e quality data i ndi cate 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 i ndi cate that TSWQS for pH. ch 1 ori de. 

sulfate. TDS. fecal col iform 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/l as CaC03 • and the flow

wei ghted average hardness is 107 mg/l as CaC03 • whi ch is cons i dered 

moderately hard. 

H-13 



A moderate tendency toward corrosiveness during cold weather periods 

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

Heavy Metals 

The avail ab 1 e quality data i ndi cate 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 i ndi cate that the TSWQS for pH, ch 1 ori de, 

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 reservoi r development. With the excepti on of turbi dity, 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/l as CaC03 , which is 

considered moderately hard. 

The Langel i er Saturat i on Index i ndi cates that there woul d be a 

moderate tendency for water to become corrosive during cold weather 

periods. 

Wright Patman Lake is downstream of this 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 

peri ods when Wri ght Patman is stratifi ed, elevated i ron and manganese 

1 eve 1 s are not uncommon, especi ally in the bottom samples. Thi s 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 corros i ve 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/l as CaC03 , 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 
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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 

All of the flow-weighted quality data are either very comparable to 

or lower than the data from the exi sti ng water supply sources. Thi s 

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 low average total alkalinity suggests that 

this potential reservoir would have a low buffering capacity. If condi

tions are right (low calcium, high lOS, 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 ri ver flow at the Tennessee Colony site, parti cul arly under summer 

conditions or in low 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 determi ne the possi b 1 e water qual i ty 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

ti ons of withdrawals from the Tri nity Ri ver system by i ncreas i ng the 

effects of reactions and/or dilution. The influence of dilution alone 

could reduce the concentrations of conservative substances in the treated 

sewerage effl uent from 35 to 90 percent. Cons i deri ng treatment plant 

effluent sources, total phosphorus concentrations of diversions from the 

Tri nity Ri ver mi ght be reduced by 95 percent, whil e reducti ons of 1 ess 
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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 Tri ni ty Ri ver i ndi cate 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 1 arge reservoi r woul d reduce the vari abil ity in 

water quality and eliminate some high values. However. low dissolved 

oxygen and high feca 1 co 1 iform bacteri a 1 eve 1 s may cont i nue to be a 

problem. especially in the hypolimnion 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/l as 

CaC03 • which is considered moderately hard. 

The water in Tennessee Colony Reservoir would have a slight tendency 

to become corros i ve duri ng cold weather peri ods. as i ndi cated by the 

Langelier Saturation Index. 

Heavy Metals 

Comparison of the available flow-weighted streamflow data with the 

exi sti ng standards and the water quality data from the exi sti ng water 
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supp ly sources i ndi cates 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 Da 11 as-Fort Worth metropo 1 i tan 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 £ concentrations in the reservoir. Blending 

of water from Tennessee Colony with other sources wou 1 d 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 sl., which 

produce public health concerns in drinking water. 

With the exception of waters from Lake Texoma and Tennessee Colony, 

waters from all existing and potential reservoirs are judged to be 

moderately to strongly corrosive. 
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APPENDIX I 

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. All 

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 

a lternati ves. The appendix concludes with life cycle cost analyses for 

selected scenarios of water supply development. 

I-I METHODOLOGY 

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 engi neeri ng and envi ronmenta 1 
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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 cultural resources, terrestrial habitat, or instream 

flows. These items cou 1 d be expected to add to the cost of a 11 new 

reservoi rs. 

Land Acquisition 

The acquisition of land includes the purchase of land in the 

conservation pool, the purchase of flood easements for land above the 

conservation pool subject to flooding, the purchase of lignite rights, if 

any, the costs associated with acquisition, and an allowance for 

conti ngenci es. The assumed average cost per acre of 1 and for each 

reservoir is given in Table I-I. (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 woul d 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 lignite is assumed to be $425 per acre-foot of estimated reserves 
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Table 1-1 

Assumed Average Land Cost per Acre for Potential Reservoirs 

Reservoir Land Cost per Acre 

George Parkhouse I $ 550 

George Parkhouse II 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 1 and 

Marvi n Ni cho 1 s II dam sites are a short di stance upstream from thei r 

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 1 ignite ri ghts. A 25 percent allowance for 

contingencies is also included in the total land acquisition cost. 

Conflict Resolution 

Confl i ct 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 1-2 

Estimated Amount of Lignite Underlying Potential Reservoirs 

Reservoir 

George Parkhouse 

George Parkhouse 

Marvin Nichols 1 

Marvin Nichols II 

Tehuacana 

Tennessee Colony 

1 

II 

Estimated Amount of Minable Lignite (Acre-Feet) 

o 

o 

3,540 

324 

18,800 

158,800 

gas wells, cemeteries, power lines, and other facilities affected by the 

reservoir. With the exception of conflicts with oil 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 oil 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 1-3 shows the number of well locations, abandoned well s, and 

producing wells in each potential water supply reservoir, as determined 

from Texas Railroad Commission maps. The cost of plugging producing and 

abandoned wells is based on recent experi ence. The cost of purchas i ng 

we 11 sand mi nera 1 ri ghts is based on county tax apprai sa 1 va 1 ues of the 

well s. 
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Table 1-3 

Number of Oil and Gas Wells Inundated by Potential Reservoirs 

Description George George Marvin Marvin Tehuacana 
Parkhouse I Parkhouse II Nichols I Nichols II 

Producing oil wells 0 0 7 117 1 

Producing gas wells 0 0 0 1 17 

Speci a 1 well Sb 0 0 4 19 1 

Locations, abandoned 
locations, abandoned 
oil wells, etc. 6 1 84 316 19 

Abandoned gas wells Q Q ~ --2 13 

6 1 97 453 51 

Notes: a. Well counts are from records and maps maintained by the Texas Railroad Commission. 
b. Special wells include water injection and disposal wells . 

Tennessee 
Colony 

42 

13 

12 

241 

60 

368 



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 reservoi r. It is assumed that interest woul d accrue duri ng 

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 1-4 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 

Operati on and mai ntenance costs for the reservoi rs 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 II 3 

Marvin Nichols I 4 

Marvin Nichols II 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 1-5 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 1-5 

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 

48 128 136 142 149 

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 

96 429 443 453 478 

102 469 478 504 523 

108 509 518 549 587 

120 602 624 651 693 
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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 "CO 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 1-6 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 1-6 

Assumed Construction Time for Transmission Systems 

System Pipeline Length Construction 
in Miles Time in Years 

Trinity River - Cedar Creek 2 2 

Tri nity River - Richland Creek 2 2 

Cedar Creek - Ennis 26 2 

Richland Creek - Ennis 30 2 

Lake Palestine - Cedar Creek 29 2 

Ennis - Tarrant County 42 2 

Tennessee Colony - Tarrant County 92 2 

Texoma - Eagle Mountain 83 2 

George Parkhouse - Tarrant County 120 3 

Marvin Nichols - Tarrant County 153 4 

Operation and Maintenance 

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. 

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 

deve 1 opment woul d not have s i gnifi cant di fferences 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. 

Trinity 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 Tri nity Ri ver water. The di vers ions 

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 

di verted from the Tri nity Ri ver 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 expansi on to the Ri ch 1 and-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 
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pipeline from Richland-Chambers Reservoir to Ennis. If this approach is 

adopted, the transmission system from Richland-Chambers to Ennis will have 

1 ess capaci ty than des i rab 1 e to meet peak demands. To compensate, the 

system from Cedar Creek to Ennis is designed with extra peaking capacity. 

Table 1-7 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 1 eve 1 of treatment 

necessary will depend on the possible impact of nutrients in Trinity River 

water on the Di stri ct' s reservoi rs. These impacts wi 11 be consi dered 

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 1-7 

Opinion of Probable Raw Water Cost for Diversions from the Trinity 

Yield in Acre-Feet per Year = 115,500 

Item Capacity Head Size Length 
(MGD) ~ ~ (Miles) 

Permitting and analysis 

Trinity River to Richland
Chambers pump station 

Trinity River to Richland
Chambers pipeline 

Richland-Chambers settling 
basin 

Trinity River to Cedar 
Creek pump station 

Trinity River to Cedar 
Creek pipeline 

Cedar Creek settling 
basin 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

Total raw water annual cost 

81 101 

71 95 

Unit cost of raw water without transmission 
- per acre-foot 
- per 1,000 gallons 

66 2.0 

60 1.7 

Cost 
0989 $) 

$ 3,000,000 

6,550,000 

3,163,000 

5,000,000 

6,381,000 

2,299,000 

5,000,000 

$31,393,000 

2,782,000 

$34,175,000 

3,180,000 

340,000 

335.000 

$ 3,855,000 

$33.38 
$0.1024 

Note: Capital costs include engineering and contingencies at 25 percent. 
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Table 1-8 

Opinion of Probable Transmission Cost for Diversions from the Trinity 

Yield in Acre-Feet per Year = 115,500 

Item Capacity Head Size Length 
(MGD) ~ ~ (Miles) 

Cedar Creek to Ennis 
pump station 

Cedar Creek to Ennis 
pipeline 

Ennis to Waxahachie 
pump station 

Waxahachie to Tarrant 
County pump station 

Ennis to Tarrant County 
pipeline 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

203 

202 

202 

Total transmission annual cost 

Unit cost of transmission 
- per acre-foot 
- per 1,000 gallons 

323 

96 25.6 

273 

222 

96 48.3 

Cost 
(}989 $) 

$ 15,375,000 

77,444,000 

11,325,000 

9,748,000 

141. 493.000 

$255,385,000 

22.630.000 

$278,015,000 

25,869,000 

348,000 

6.189.000 

$ 32,406,000 

$280.57 
$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 facil ities requires over-sizing 

transmission facil ities 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 

requi res, thi s a lternat i ve is not economi ca 1 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 additi ona 1 transmi ssi on 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 Enni sand Enni s to Tarrant County woul d be greater, and it would be 
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necessary to parallel the pipel ine from Richland-Chambers Reservoir to 

Ennis. 

Table 1-9 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 1-10 

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 

gi ve a unit cost of $1. 06 per thousand gallons of water deli vered 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 Engi neers and permitti ng 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 1-11 and 1-12 

gi ve the probable costs for raw water and for transmi ssi on for thi s 

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 1-9 

Opinion of Probable Raw Water Cost for System Operation 
(with Diversions from the Trinity) 

Incremental Yield in Acre-Feet per Year = 32.800 

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

Permitting and analysis $ 3.300.000 

Trinity River to Richland-
Chambers pump station 75 106 6.475.000 

Trinity River to Richland-
Chambers pipeline 60 2.0 2.713.000 

Richland-Chambers settling 
basin 5.000.000 

Trinity River to Cedar 
Creek pump station 88 89 6.475.000 

Trinity River to Cedar 
Creek pipeline 72 2.7 2.836.000 

Cedar Creek settling 
basin 5,000,000 

Subtotal $31.799.000 

Incremental Cost 
for System Operation 

0989 $) 

$300.000 

(75.000) 

(450.000) 

0 

94.000 

537.000 

0 

$406.000 
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Table 1-9, Continued 

Item Capacity Head 
(MGD) (Ft. ) 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

Total raw water annual cost 

Unit cost of raw water without transmission 
- per acre-foot 
- per 1,000 gallons 

Size Length 
(In. ) (Miles) 

Total Cost 
(1989 $) 

$31,799,000 

2.818.000 

$34,617,000 

3,221,000 

342,000 

371.000 

$ 3,934,000 

$26.53 
$0.0814 

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

Incremental Cost 
for System Operation 

0989 $) 

$406,000 

36,000 

$442,000 

41,000 

2,000 

36.000 

$ 79,000 

$2.41 
$0.0074 



Table 1-10 

O~inion of Probable Transmission Cost for S~stem O~eration 
(with Diversions from the Trinity) 

Incremental Yield in Acre-Feet per Year = 32,800 

Item Capacity Head Size Length Total Cost Incremental Cost 
(MGD) (Ft. ) (In.) (Mil es) (1989 $) for System Operation 

(1989 $) 

Cedar Creek to Ennis pump 
station 251 302 $ 15,413,000 $ 38,000 

Cedar Creek to Ennis 
pipeline 108 25.6 90,902,000 13,458,000 

Richland-Chambers to 
Ennis pump station 131 381 12,825,000 12,825,000 

Richland-Chambers to 
Ennis pipeline 78 29.8 60,930,000 60,930,000 

Ennis to Waxahachie 
pump station 244 293 11,625,000 300,000 

Waxahachie to Tarrant 
County pump station 244 261 11,363,000 1,615,000 

Ennis to Tarrant County 
pipeline 102 48.3 149.689.000 8.196.000 

...... Subtotal $352,747,000 $ 97,362,000 I 
N 
0 
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Table 1-10, Continued 

Item 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

Capacity 
(MGD) 

Total transmission annual cost 

Unit cost of transmission 
- per acre-foot 
- per 1,000 gallons 

Head 
(Ft. ) 

Size 
(In. ) 

Length 
(Miles) 

Total Cost 
(1989 $) 

$352,747,000 

31.257 ,000 

$384,004,000 

35,732,000 

509,000 

7,437,000 

$ 43,678,000 

$294.52 
$0.9039 

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

Incremental Cost 
for System Operation 

(1989 $) 

$ 97,362,000 

8,627,000 

$105,989,000 

9,862,000 

149,000 

1.248,000 

$ 11,259,000 

$343,26 
$1.0534 



Table 1-11 

Opinion of Probable Raw Water Cost for Lake Texoma 

Yield in Acre-Feet per Year = 50,000 

Item 

Permitting and analysis 

Purchase of storage in 
Lake Texoma 

Subtotal 

Capacity 
(MGD) 

Head Size 
l£Ll 1.In..J. 

Interest during construction (only on permitting) 

TOTAL 

Debt service 

Operation and maintenance 

Power 

Total raw water annual cost 

Unit cost of raw water without transmission 
- per acre-foot 
- per 1,000 gallons 

Length 
(Miles) 

Cost 
(1989 $) 

$ 500,000 

10.100.000 

$10,600,000 

44.000 

$10,644,000 

990,000 

100,000 

o 

$ 1,090,000 

$21.80 
$.0669 
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Table 1-12 

Opinion of Probable Transmission Cost for Lake Texoma 

Yield in Acre-Feet per Year = 50,000 

Item Capacity Head Size Length 
(MGD) ~ ~ (Miles) 

Lake Texoma pump station 

Booster pump station 

Lake Texoma to Eagle 
Mountain Lake pipeline 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

56 

56 

Total transmission annual cost 

Unit cost of transmission 
- per acre-foot 
- per 1,000 gallons 

420 

301 

60 83.4 

Cost 
(1989 $) 

$ 9,488,000 

7,031,000 

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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Table 1-13 

Opinion of Probable Raw Water Cost for Lake Palestine 
(with System Operation and Diversions from the Trinity) 

Incremental Yield in Acre-Feet per Year = 148,600 

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

Permitting and analysis $ 3,400,000 

Trinity River to Richland-
Chambers pump station 75 106 6,475,000 

Trinity River to Richland-
Chambers pipeline 60 2.0 2,713 ,000 

Richland-Chambers settling 
basin 5,000,000 

Trinity River to Cedar 
Creek pump station 144 91 7,019,000 

Trinity River to Cedar 
Creek pipeline 84 1.7 3,681,000 

Cedar Creek settling 
basin 5,000,000 

Purchase of water rights 
in Lake Palestine 131.445.000 

Subtotal $164,734,000 

Incremental Cost 
for Lake Palestine 

(1989 $) 

$ 100,000 

0 

0 

0 

544,000 

845,000 

0 

131. 445.000 

$132,934,000 
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Table 1-13, Continued 

Item 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

Total raw water annual cost 

Capacity 
(MGD) 

Head 
(Ft.) 

Unit cost of raw water without transmission 
- per acre-foot 
- per 1,000 gallons 

Size 
(In. ) 

Length 
(Miles) 

Total Cost 
(1989 $) 

$164,734,000 

2,950,000 

$167,684,000 

15,603,000 

1,098,000 

507,000 

$ 17,208,000 

$65.16 
$0.2000 

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

Incremental Cost 
for Lake Palestine 

0989 $) 

$132,934,000 

132,000 

$133,066,000 

12,382,000 

756,000 

136,000 

$ 13,274,000 

$89.33 
$0.2741 



facilities associated with Lake Palestine, system operation, and diversions 

from the Tri ni ty. The table also gi ves the incremental cost of Lake 

Palestine raw water. Table 1-14 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 1-15 summarizes the opinion of probable cost for the raw water 
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Table 1-14 

O~inion of Probable Transmission Cost for Lake Palestine 
(with System Operation and Diversions from the Trinity River) 

Incremental Yield in Acre-Feet per Year = 148,600 

Item Capacity Head Size Length Total Cost Incremental Cost 
(MGD) (Ft. ) (In. ) (Mil es) (1989 $) for Lake Palestine 

(1989 $) 

Lake Palestine to Cedar 
Creek Reservoir pump 
station 125 382 $ 7,694,000 $ 7,694,000 

Lake Palestine to Cedar 
Creek Reservoir 
pipeline 72 29.3 51,050,000 51,050,000 

Cedar Creek to Ennis pump 
station 432 302 25,200,000 9,787,000 

Cedar Creek to Ennis 
pipeline 2-102 25.6 167,415,000 76,513,000 

Richland-Chambers to 
Ennis pump station 131 381 12,825,000 0 

Richland-Chambers to 
Ennis pipeline 78 29.8 60,930,000 0 

Ennis to Waxahachie 
...... pump station 424 295 21,809,000 10,184,000 I 
N 
0:> 
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Table 1-14, Continued 

Item 

Waxahachie to Tarrant 
County pump station 

Ennis to Tarrant County 
pipeline 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

Capacity 
(MGD) 

424 

Total transmission annual cost 

Unit cost of transmission 
- per acre-foot 
- per 1,000 gallons 

Head 
(Ft. ) 

264 

Size 
(In. ) 

2-96 

Length 
(Mil es) 

48.3 

Total Cost 
(1989 $) 

20,288,000 

268 .132,000 

$635,343,000 

56,299,000 

$691,642,000 

64,357,000 

872,000 

14,627,000 

$ 79,856,000 

$302.37 
$0.9279 

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

Incremental Cost 
for Lake Palestine 

(1989 $) 

8,925,000 

118,443,000 

$282,596,000 

25,042,000 

$307,638,000 

28,626,000 

363,000 

7,190,000 

$ 36,179,000 

$243.47 
$0.7472 
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Table 1-15 

Opinion of Probable Raw Water Cost for Tehuacana Reservoir 
(with System Operation and Diversions from the Trinity) 

Incremental Yield in Acre-Feet per Year = 88.700 

Item Capacity Head Size Length Total Cost Incremental Cost 
(MGD) (Ft. ) (Mil es) (1989 $) for Tehuacana Reservoir 

(1989 $) 

Permitting and analysis 
(excluding Tehuacana 
Reservoi r) $ 3.300.000 $ 0 

Trinity River to Richland-
Chambers pump station 96 100 6.644.000 169.000 

Trinity River to Richland-
Chambers pipeline 72 2.0 3.341.000 628.000 

Richland-Chambers settling 
basin 5.000.000 0 

Trinity River to Cedar 
Creek pump station 88 89 6.475.000 0 

Trinity River to Cedar 
Creek pipeline 72 1.7 2.836.000 0 

Cedar Creek settling 
basin 5.000.000 0 

Tehuacana Reservoir _113.121.000 113.121.000 

Subtotal $145,717,000 $113,918,000 
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Table 1-15, Continued 

Item 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Power 

Total raw water annual cost 

Capacity 
(MGD) 

Head 
(Ft. ) 

Unit cost of raw water without transmission 
- per acre-foot 
- per 1,000 gallons 

Size Length 
(Miles) 

Total Cost 
(1989 $) 

$145,717,000 

12,912,000 

$158,629,000 

14,760,000 

544,000 

422.000 

$ 15,726,000 

$77,01 
$0.2363 

Incremental Cost 
for Tehuacana Reservoir 

(1989 $) 

$113,918,000 

10,095,000 

$124,013,000 

11,539,000 

202,000 

51.000 

$ 11,792,000 

$132.94 
$0.4080 

Note: Capital costs for pump stations and pipelines include engineering and contingencies at 25 percent • 



facil iti es associ ated wi th Tehuacana Reservoi r, system operati on, and 

diversions from the Trinity. The table also gives the incremental cost of 

Tehuacana Reservoir raw water. Table 1-16 gives more detail on the opinion 

of probable cost for the reservoir. Table 1-17 shows the quantities and 

unit costs used to develop the opinion of probable cost of construction for 

the reservoir. Table 1-18 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 1 

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 1-19 summarizes the opinion of probable cost for 

George Parkhouse Reservoir Stage I. Table 1-20 gives the quantities and 

unit costs used to develop the opinion of probable construction cost for 

the reservoir. Table 1-21 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 1-16 

Opinion of Probable Raw Water Cost for Tehuacana Reservoir 

- All Values Are Based on 1989 Prices -

Yield in Acre-Feet per Year = 68,300 

TCWCID #1 Share of the Yield in Acre-Feet per Year = 68,300 

Conservation Storage in Acre-Feet = 337,947 

Surface Area at Top of Conservation Storage in Acres = 14,938 

Item Estimated Estimated Comments 
Total Cost TCWCID #1 

Share 

1. Water rights permit $ 800,000 $ 800,000 

2. Continuing environmental 
investigations 200,000 200,000 

3. Archaeological survey 176,000 176,000 $10.00/acre in the PMF pool. 

4. Engineering pre-design 
coordination 100,000 100,000 

5. Detailed geotechnical 
investigation 457,000 457,000 

6. Hydraulic model study 0 0 
...... 
I 

W 7. Section 404 application 20,000 w 20,000 
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Table 1-16, Continued 

Item Estimated Estimated COlllllents 
Total Cost TCWCID #1 

Share 

8. Section 404 permit & related 
environmental & archaeological 
work 
- Archaeological testing 527,000 527,000 $30.00/acre in the PMF pool. 
- Monitor 404 process 100,000 100,000 
- Special studies 200,000 200,000 Endangered species, habitat, 

water quality. 
9. Permitting contingencies 506,000 506,000 25% of permitting costs. 

10. Final design 856.000 856.000 3.75% of construction. 

Pre-Construction Subtotal (1-10) $ 3,942,000 $ 3,942,000 

11. Land acqu i sit ion 
- Land purchase 14,938,000 14,938,000 Top of conservation pool. $1000/ac. 
- Easements 1,582,000 1,582,000 Top of conservation pool + 5'. 

$750/acre. 
- Lignite 7,990,000 7,990,000 $425/ac-ft of estimated reserves. 
- Acquisition costs 3,677,000 3,677,000 15% of land and minerals. 
- Contingencies _ 7.04] .OOQ 7.047.000 25% of above 4 items. 

Subtotal for Item 11 $ 35,234,000 $ 35,234,000 

12. Conflicts 
- Roads and railroads 18,502,000 18,502,000 
- Pipelines & powerlines 7,359,000 7,359,000 
- Oil fields 8,974,000 8,974,000 

...... - Other 523,000 523,000 , 
- Contingencies & engineering 8.840.000 8.840.000 w 

.j:>. 

Subtotal for Item 12 $ 44,198,000 $ 44,198,000 
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Table 1-16, Continued 

Item 

13. Advertising and bidding 

14. Construction 
- Construction 
- Contingencies 

- General representation 
- Resident representation 

& Field laboratory 

Subtotal for Item 14 

TOTAL 

Estimated 
Total Cost 

5,000 

22,835,000 
4,795,000 

285,000 

_1.827,000 

$ 29.742.000 

$113,121,000 

Estimated Comments 
TCWCID #1 

Share 

5,000 

22,835,000 
4,795,000 20% of construction, design, 

& gen. rep. 
285,000 1.25% of construction. 

1.827.000 8% of construction. 

$ 29.742.000 

$113,121,000 



Table 1-17 

Opinion of Probable Construction and Related Costs for Tehuacana Reservoir 

- All Values Based on 1989 Prices -

Item Description Quantity Units Unit 
No. Prices 

1. Excavation 
a. Channel 2,250,000 C.Y. $ 1.31 
b. Core trench & borrow 1,764,000 C.Y. 1.20 

2. Fill 
a. Embankment 3,488,000 C.Y. 1.75 
b. Waste 80,000 C.Y. 1.75 

3. Filter, 1 & 2 (Foundation 
drainage) 181,800 C.Y. 10.00 

4. Roadway 59,555 S.Y. 4.60 
5. Cutoff slurry trench 514,800 S.F. 3.50 
6. Soil cement with cement 137,800 C.Y. 16.00 
7. Guard posts 1,680 Ea. 18.00 
8. Grassing 34 Ac. 3,700.00 

Subtotal 

9. Mobilization (5% of subtotal) 
10. Clearing/grubbing, care of water (6% of subtotal) 

Subtotal 

11. Land c 1 eari ng 6,242 Ac. 535.00 

Construction Subtotal (including land clearing) 

12. Engineering, 5% 1 L.S. 
13. Resident representation 

& testing, 8% 1 L.S. 
14. Geotechnical services, 2% 1 L.S. 

TOTAL 

Total 
Price 

$ 2,948,000 
2,117, 000 

6,104,000 
140,000 

1,818,000 
274,000 

1,802,000 
2,205,000 

30,000 
126.000 

$17,564,000 

878,000 
1.054.000 

$19,496,000 

3.339.000 

$22,835,000 

1,142,000 

1,827,000 
457.000 

$26,261,000 

1-36 
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Table 1-18 

Opinion of Probable Transmission Cost for Tehuacana Reservoir 
(with System Operation and Diversions from the Trinity River) 

Incremental Yield in Acre-Feet per Year = 88,700 

Item 

Cedar Creek to Ennis pump 
station 

Cedar Creek to Ennis 
pipeline 

Richland-Chambers to 
Ennis pump station 

Richland-Chambers to 
Ennis pipeline 

Ennis to Waxahachie 
pump station 

Waxahachie to Tarrant 
County pump station 

Ennis to Tarrant County 
pipeline 

Subtotal 

Interest during construction 

TOTAL 

Capacity 
(MGD) 

251 

241 

354 

354 

Head 
(Ft. ) 

302 

350 

295 

262 

Size 
(In. ) 

108 

102 

2-90 

Length 
(Mil es) 

25.6 

29.8 

48.3 

Total Cost 
(1989 $) 

$ 15,413,000 

90,902,000 

12,975,000 

95,791,000 

15,019,000 

14,681,000 

246,227,000 

$491,008,000 

43,509,000 

$534,517,000 

Incremental Cost 
for Tehuacana Reservoir 

(1989 $) 

$ o 

o 

150,000 

34,861,000 

3,394,000 

3,318,000 

96,538,000 

$138,261,000 

12,252,000 

$150,513,000 
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Table 1-18, Continued 

Item 

Debt service 

Operation and maintenance 

Power 

Capacity 
(MGD) 

Total transmission annual cost 

Unit cost of transmission 
- per acre-foot 
- per 1,000 gallons 

Head 
(Ft. ) 

Size 
(In.) 

Length 
(Mil es) 

Total Cost 
(1989 $) 

49,737,000 

651,000 

11.863,000 

$ 62,251,000 

$304.85 
$0.9356 

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

Incremental Cost 
for Tehuacana Reservoir 

0989 $) 

14,005,000 

154,000 

4,426,000 

$ 18,585,000 

$209,53 
$0.6430 



Table 1-19 

Opinion of Probable Raw Water Cost for George Parkhouse Reservoir Stage I 

- All Values Are Based on 1989 Prices -

Yield in Acre-Feet per Year = 123,000 

TCWCID #1 Share of the Yield in Acre-Feet per Year = 123,000 

Conservation Storage in Acre-Feet = 685,706 

Surface Area at Top of Conservation Storage in Acres = 29,740 

Item Estimated Estimated Comments 
Total Cost TCWCID #1 

Share 

l. Water right permit $ 1,400,000 $ 1,400,000 

2. Continuing environmental 
investigations 300,000 300,000 

3. Archaeological survey 361,000 361,000 $10.00/acre in the PMF pool. 

4. Engineering pre-design 
coordination 140,000 140,000 

5. Detailed geotechnical 
investigation 1,042,000 1,042,000 

6. Hydraulic model study 100,000 100,000 
...... 
I 7. Section 404 application 30,000 w 

<0 
30,000 



Table 1-19, Continued 

Item Estimated Estimated Conunents 
Total Cost TCWCID #1 

Share 

8. Section 404 permit & related 
environmental & archaeological 
work 
- Archaeological testing 1,084,000 1,084,000 $30.00/acre in the PMF pool. 
- Monitor 404 process 140,000 140,000 
- Special studies 300,000 300,000 Endangered species. habitat. 

water quality. 
9. Permitting contingencies 904.000 904,000 25% of permitting costs. 

10. Final design 1.954.000 1. 954.000 3.75% of construction. 

Pre-Construct ion Subtotal (1-10) $ 7.755.000 $ 7,755.000 

11. Land acquisition 
- Land purchase 16.357.000 16,357.000 Top of conservation pool. $550/ac. 
- Easements 1,031,000 1.031.000 Top of conservation pool + 5'. 

$412.50/acre. 
- Lignite 0 0 
- Acquisition costs 2.608.000 2,608.000 15% of land and minerals. 
- Contingencies 4.999.000 4.999.000 25% of above 4 items. 

Subtotal for Item'll $ 24,995,000 $ 24.995,000 

12. Conflicts 
- Highways 10.640.000 10,640,000 
- County roads 167,000 167.000 

...... - Pipelines 2.332,000 2,332,000 , - Oil fields 96,000 96,000 
+>0 
0 - Other 1,030,000 1,030.000 

- Contingencies & engineering 3.566.000 3.566.000 

Subtotal for Item 12 $ 17,831,000 $ 17,831,000 



Table 1-19, Continued 

Item 

13. Advertising and bidding 

14. Construction 
- Construction 
- Contingencies 

- General representation 
- Resident representation 

& Field laboratory 

Subtotal for Item 14 

Subtotal 

Interest during construction 

TOTAL 

Debt service 

Operation and maintenance 

Total annual cost 

Unit cost of raw water 
- per acre-foot ...... - per 1,000 gallons I 

-I'> 
--' 

Estimated 
Total Cost 

5,000 

52,110,000 
10,943,000 

651,000 

4.169.000 

67.873.000 

$118,459,000 

22.854.000 

$141,313,000 

13,149,000 

750.000 

$ 13,899,000 

$113.00 
$0.3468 

Estimated 
TCWCID #1 

Share 

5,000 

52,110,000 
10,943,000 

651,000 

4.169.000 

67.873.000 

$118,459,000 

22.854.000 

$141,313,000 

13,149,000 

750.000 

$ 13,899,000 

$113.00 
$0.3468 

Comments 

20% of construction, design, 
& gen. rep. 

1.25 of construction. 

8% of construction. 

4 years at half of 8.5%. 

30-year bonds at 8.5% interest. 



Table 1-20 

Ouinion of Probable Construction and Related Costs 
for George Parkhouse Reservoir Stage I 

- All Values Based on 1989 Prices -

Item Description Quantity Units 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. Fi 11 
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. Fi lter, 1 & 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 
(Insta 11 /pai nt) 2,240 S.F. 200.00 448,000 

b. Stop gate & lift 
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 

1-42 



Table 1-20, Continued 

Item 
~ 

Subtotal 

Description 

22. Land clearing 

Quantity Units 

5,350 Ac. 

Construction Subtotal (including land clearing) 

23. Engineering, 5% 1 L.S. 
24. Resident representation 

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

2% 1 L.S. 

TOTAL 

Unit 
Prices 

535.00 

Total 
Price 

$49,248,000 

2.862.000 

$52,110,000 

2,606,000 

4,169,000 

1.042.000 

$59,927,000 

1-43 



Table 1-21 

Opinion of Probable Transmission Cost 
for George Parkhouse Reservoir Stage 1 

Yield in Acre-Feet per Year = 123,000 

Item 

George Parkhouse Reser
voir pump station 

Booster pump station 
number 1 

Booster pump station 
number 2 

George Parkhouse Reser
voi r to Tarrant 
County pipeline 

Subtotal 

Capacity 
(MGD) 

152 

152 

152 

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 

Head 
iEL.l 

363 

316 

363 

Size Length 
l!n.J. (Miles) 

84 119.6 

Cost 
(1989 $) 

$ 12,863,000 

11,213,000 

10,875,000 

277 • 790.000 

$312,741,000 

43.360,000 

$356,101,000 

33,135,000 

410,000 

5.833.000 

$ 39,378,000 

$320.15 
$0.9825 

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

1-44 



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 II 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 1-22 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 1-24 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 1 would supply 624,400 acre-feet per 

year of yield. It is assumed that the Tarrant County Water Control and 

Improvement District Number One would use 35 percent of this water (218,600 

acre-feet per year) if it develops this alternative. Table 1-25 summarizes 

the opinion of probable cost for Marvin Nichols Reservoir Stage I and shows 

1-45 
























































































































































































































































































