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SAN ANTONIO WATER SYSTEM

P.O. Box 2449, San Antonio, Texas 78298-2449 210/225-7461

February 1, 1993

MR. CURTIS JOHNSON

TEXAS WATER DEVELOPMENT BOARD
P.O. Box 13231, Capitol Station

Austin, Texas 78711-3231

RE: REPORT NO. 1 - DEVELOPMENT TRENDS
RESIDENTIAL CONNECTIONS BY WATERSHED PLANNING AREA
(TWDB Contract Number 9-483-722)

Dear Curtis:

Today we are providing you with copies of eight documents which give you a status report on
the planning process we are implementing for the San Antonio Water System through partial funding
provided by your agency. A brief description of each of the other reports is contained in a separate letter
to you dated today.

Report No. 1 provides computer listings and maps showing the number of residential connections
located within each of the seven watershed planning areas. An analysis of all utility connections have
been provided for the following years: 1976, 1977, 1979, 1980, 1988.

A companion document (Report No. 3) provides the same listings. However, the historical utility
connection data is first aggregated by 7.5 minute USGS maps and then disaggregated into watersheds.
This allows our staff to use USGS maps as a base to record information and to better coordinate our
efforts with State agencies such as yours.

I am sure you will have many questions concerning these data. Since these data serve as the
launching platform for all other reports, I am suggesting that our staffs have a working session sometime
during the week of February 22-26 to allow submittal of computer disks and programs to you and thereby
reduce the amount of paper while increasing the amount of information conveyed to you.

Very truly yours,

JOE A, ACEVES / é‘
President and Chief Executive Officer
JA:lk

twdb1.11




. PLANNING AREA |RESIDENTIAL CONNECHONS 1976 Thru 1988

Watershed Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 93,113 149,908 149,668 157,376 163,160 190, 069
confluence 110,285 3,487 3,575 3,635 3,967 5,062
Lower Leon 32,691 13,388 13,734 15,348 17,524 21,204
Lower Salado 59,963 36,763 39,705 42,319 41,075 61,136
Medina 81,818 4,661 5,073 5,523 5,817 13,252
Upper Leon 97,153 7,835 9,486 16,425 16,968 41,856
Upper Salado B2,645 7,579 8,683 12,054 14,254 38,626

557,668 223,621 229,924 252,680 262,765 371,205
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Central

RESIDENTIAL CONNECTIONS

1976 Thru 1988

Watershed 7.5’ Area
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1976 RES

9,953
2,061
80,102
30,801
m
11,768
15,052

149,908

1977 RES

11,09
1,828
77,586
31,288
172
12,608
15,092

149,668

1979 RES

13,520
2,644
81,283
32,314
172
11,858
15,585

1988 RES

5,432
2,710
.51
31,219
173
B, 444
5,668

3,160

New Connections = 40,161 or _27% of all New Connections in Study Area

1988 RES
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Report file: q_sws_R
pPage 13 1728/93  7:50:34 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.57 Area : E-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 5214040000- 0 5,418 1,222 1,443 1,909 2,176 4,681
Central 5214030000- 0 2,112 2,126 1,951 2,216 2,223 5,378
Central 5214020100- 0 1,102 1,325 1,328 1,416 1,417 1,691
Centrat 5214020000~ 1 184 483 502 663 664 657
Central 5214000000- & 3,398 2,479 3,454 3,824 3,843 5,790
Central 5214000000- 3 1,928 1,795 1,890 2,908 4,391 e
Central 5214000000- 2 1,010 326 326 330 329 2,783
Central 5213010200- O 643 2,057
Central 5213010104- 0 184 215
Central 5213010100- 4 1,102 197 200 254 389 3,750
Central 5213010000- 2 551 3,010

.........................................................................................................

.........................................................................................................



Report file: ¢ sws_R
page 17 1/728/93 7:56:37 pm TOTAL RESIDENTIAL COMNECTIONS
1976-1988
7.5' Area : E-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 5214020100~ 0 643 309 469 480 482 1,974
Central 5214020000- 1 1,928 1,752 1,359 2,164 2,228 3,362
Central 2,51 2,061 1,828 2,644 2,710 5,338

.........................................................................................................




Report file: q_sws_R
Page 30 1/28/93 7:53:15 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.57 Area : D-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 5214000000~ 2 826 2,079 2,133 2,132 2,142 2,519
Central 5213010200- 0 3,765 13,821 13,491 13,203 13,150 13,609
Centrat 5213010104~ O 1,561 2,056 2,099 3,179 2,424 3,434
Central 5213010102- 0 1,653 2,743 2,753 2,944 2,945 3,852
Central 5213010100- 2 4,408 7,488 7,77 9,885 13,345 9,557
Centrai 5213010100- 0 3,030 8,601 8,788 9,047 8,883 9,507
Central 5213610000- 2 5,051 12,409 12,625 13,033 13,479 15,565
Central 5213010000- 1 1,102 7,231 4,184 4,106 4,085 4,227
Centrat 5213000000- 1 1,286 3,183 3,17 3,m 3,364 3,563
Central 5213000000- 0 1,469 4,107 4,104 4,055 4,057 4,024
Central 5211000000- 2 1,653 962 964 968 973 982
Central 5200000000-12 6,061 15,422 15,503 15,420 15,687 16,301

.........................................................................................................




Report file: q sws_R
Page 34 1728793 7:54:26 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5! Area : D-4

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 5214020000- O 184 126 135 m 174 180
Central 5214000000~ 2 184 213 216 243 23 440
Central 5214000000~ 0 3,122 5,573 5,633 5,698 5,761 5,751
Central 5213000000~ 1 367 627 592 589 787 772
Central 5200000000-13 5,601 10,632 10,885 10,623 10,618 10,795
Central 5200000000~ 12 4,683 13,630 13,827 14,990 13,648 14,136
Central 14,161 30,801 31,288 32,314 31,219 32,074




Report file: q_sws_R
Page 39 1728793 T7:55:09 pm TOTAL RESIDENTIAL COMNECTIONS
1976-1988
7.5" Area : D-2

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Centrat 5213010100~ & 459 171 172 172 173 541
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Report file: q sws_R
Page 46 1/28/93 7:57:03 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5’ Area : C-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 5211020000~ © 1,286 2,987 2,999 2,980 2,989 3,255
Central 5211000000~ 2 3,398 4,692 5,519 4,752 6,328 5,245
Central 5211000000- 0 1.377 2,833 2,835 2,868 2,874 3,085
Central 5200000000-12 459 1,256 1,255 1,258 1,253 1,289
Central 6,520 11,768 12,608 11,858 13,444 12,874

.........................................................................................................
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Report file: q sws_R
Page 50 1/28/93 T:57:45 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Area : C-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central $212000000- © 643 256 265 272 2n mn
Central 5212000000~ 0 643 256 265 272 2n n
Central 5211000000- 0 1,653 1,942 1,961 1,949 1,954 2,463
Central 5211000000- 0 1,837 2,018 1,993 2,026 2,031 2,588
Central $209000000- © 1,102 99 98 117 115 18
Centrat 5208000000- 0 643 839 894 966 968 1,201
Central 5$208000000- 0 2,204 1,316 1,425 1,470 1,489 1,79
Central 5200000000~ 12 6,979 7,850 7,792 8,096 8,138 9,992
Central 5200000000-11 735 132 128 124 130 128
Central 5200000000- 9 2.5M 340 283 286 290 451
Central 5200000000- 8 184 0 1 1 1 2
Central 5200000000~ & 735 4 7 6 8 2

.........................................................................................................

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



Report file: WPA_swsR

Page 1 1/29/93 11:12:23 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream

Watershed Segment - Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 5214040000- 0 5,418 1,222 1,443 1,909 2,176 4,681
Central 5214030000- 0 2,112 2,126 1,951 2,216 2,223 5,378
Central 5214020100- 0 1,745 1,634 1,797 1,896 1,899 3,665
Central 5214020000- 1 2,112 2,235 1,861 2,827 2,892 4,019
Central 5214020000- 0 184 126 135 17 174 180
Central 5214000000~ 4 3,398 2,479 3,454 3,824 3,843 5,790
Central 5214000000- 3 1,928 1,795 1,890 2,508 4,391 2,721
Central 5214000000- 2 2,020 2,618 2,675 2,705 2,702 5,742
Central 5214000000- 0 3,122 5,573 5,633 5,698 5,76% 5,751
Central 5213010200- 0 4,408 13,821 13,491 13,203 13,150 15,666
Central 5213010104- 0 1,745 2,056 2,099 3,179 2,426 3,649
Central 5213010102- 0 1,653 2,743 2,753 2,944 2,945 3,852
Central 5213010100- 4 459 171 172 172 173 541
Central 5213010100~ 4 1,102 197 200 254 389 3,760
Central 5213010100~ 2 4,408 7,488 7, T 9,885 13,345 9,557
Central 5213010100- O 3,030 8,601 8,788 9,047 8,883 9,507
Central 5213010000- 2 5,601 12,409 12,625 13,033 13,479 18,575
Central 5213010000- 1 1,102 7,231 4,184 4,106 4,065 4,227
Central 5213000000- 1 1,653 3,810 3,763 3,900 4,151 4,335
Centrat 5213000000- 0 1,669 4,107 4,104 4,055 4,057 4,024
Central 5212000000~ 0 643 256 265 272 272 n
Central 5212000000- 0 643 256 265 272 272 311
Central 5211020000- 0 1,286 2,987 2,999 2,980 z2,989 3,255
Central 5211000000- 0 1,653 1,942 1,941 1,949 1,954 2,463
Central 5211000000- 2 5,051 5,654 6,483 5,720 7,301 6,227
Central 5211000000- 0 3,214 4,851 4,828 4,894 4,905 5,673




Report fiie: WPA_swsR

Page 2 1729/93 11:12:27 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream

HWatershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Central 5209G00000- 0 1,102 990 98 117 115 118
Central 5208000000- 0 643 839 894 966 968 1,201
Central 5208000000- 0 2,204 1,316 1,425 1,470 1,489 1,796
Central 5200000000-13 5,601 10,632 10,885 10,623 10,618 10,795
Central 5200000000-12 18,182 38,158 38,377 39,764 38,726 41,718
Central 5200000000-11 735 132 128 124 130 128
Central 5200000000- 9 2,571 340 283 286 290 451
Central 5200000000~ 8 184 0 1 1 1 2
Central 5200000000~ 6 735 4 7 6 8 2

.........................................................................................................

.........................................................................................................




Confluence RESIDENTIAL CONNECTIONS 1976 Thru 1988

Watershed 7.5' Area Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES

Confluence
Confluence
Confluence

Confluence

Confluence 13,774 87 88 9 81 121
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Confluence 110,285 3,487 3,575 3,635 3,967 5,062

New Connections = 1,575 _ or 1% of all New Connections in Study Area
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7.5 Minute Area|l Latitude
Water Well ID _ 68— 435
Map Name SDUTHTDN
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LAND AND WATER RESOURCES CONSULTANT
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Report file: q sws_R

Page 51

Ctonfluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence
Confluence

.........................................................................................................

.........................................................................................................

1/28/93 7:58:07 pm
Stream
Segment Acres
6000000000~ 0 184
5802000000- O 92
5802000000- 0 1,653
58000C0000- 0 2,388
5700000000- 0 92
5204000000- 0 2,57
5203000000- O 2,204
5202020000- 0 918
5202000000- 2 918
5202000000- O 735
5200000000- 4 459
5200000000- 3 826
5200000000~ 0 92
5002000000~ © 643
5000000000~ 2 2,388
4613000000- O 551
4611000000- O 918
4609000000~ O 551
0-58 367
0-57 1,010
0-55 275
19,835

1976 RES

TOTAL RESIDENTIAL CONNECYIONS

1976-1988

7.5/ Area : C-4

1977 RES 1979 RES
0 0
58 57
557 538
4 4

1 1
170 166
62 60
14 12
27 25
9 9

0 0
3 24
1 1

1 1
102 104
7 7
12 12
82 129
23 25
81 81
10 10
1,244 1,266

107

12
157

401

17
42
10

22

139
11t
22

7



Repart file: q_sws_R

Page 54 1/28/93 7:59:10 pm TOTAL RESIDENTIAL CONNECTIONS
1976- 1988
7.5% Area : C-3
Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 5002000000- 0 1,928 41 43 42 41 51
Confluence 5000000000~ 2 92 5 5 5 4 7
Confluence 5000000000- @ 92 0 0 0 0
Confluence 4800000000- & 1,377 149 152 147 151 23
Confluence 4613000000~ 0 643 28 29 30 29 40
Conf luence 4611000000- ® 184 3 3 4 3 5
Confluence 4610010000- @ 826 22 23 23 a5 36
Confluence 4610000000- @ 2,479 34 36 40 43 74
Confluence 4609000000- © 3,306 259 257 253 256 292
tonfluence 4608040000- & 184 2 2 3 3 3
Confluence 4608020000- 0 1,286 74 78 85 88 105
Confluence 4608000000~ 4 459 16 17 18 19 25
Confluence 4608000000- 2 275 17 17 17 17 20
Conf luence 4608000000- © 7,530 165 179 189 189 321
Confluence 4606040000- © 735 18 17 17 18 19
Confluence 4606020100 © 1,102 15 15 19 23 36
Confiuence 4506020000+ 1 735 3 3 3 3 2
Confluence 4606020000~ © 826 21 21 23 25 35
Confluence 4606000000- 4 551 21 24 24 24 39
Confluence 4606000000~ 2 2,479 45 44 44 45 &6
Confluence 4506000000- 0 1,285 35 36 37 40 44
Confluence 4604020000 0 551 o 0 0 0
Confluence 4604000000- 2 1,561 2 2 2 2 3
Confluence 4604000000~ 0 184 0 0 0 0
Confluence 4500000000- 13 1,837 35 36 41 40 te4
Conf luence 44600000000~ 11 551 1 " 12 12 18
Confluence 4600000000-10 2,020 49 49 46 49 o8
Confluence 4600000000- ¢ 367 0 0 0 0 0
Confluence 4600000000- & 2,57 281 285 296 496 330
Confluence 4400000000- & 1,286 45 48 43 45 72
Confluence 4600000000- & 735 0 o 0 0
Confluence 0-46 92 1 1 0 0
Confluence £0,129 1,397 1,633 1,463 1,690 2,049




—

Report file: q_sws_R
Page 56 1/28/93 7:59:39 pm TOTAL RESIDENTIAL COMNECTIONS
1976-1988
7.5' Area : C-2

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 4£606040000- 0 1,377 17 16 18 18
Confluence 4606020100- 0 275 1 1 1 1
Confluence 4606020000~ 1 1.377 1 1 1 1
Confluence 4606000000~ & 35 5 7 7
Confluence 4604020000+ 0 459
Confluence 4602000000- 0 134
Confluence 4,408 24 25 27 28



Report file: q_sws_R
Page 58 1/28/93 8:00:07 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : B-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 5700000000~ O 4,683 107 109 101 105 173
Confluence 4,683 107 109 101 105 173

.........................................................................................................




Report file: q_sws_R
Page 60 1/28/93 8:00:08 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Area : B-4

Streem
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 5700000000- 0 3,673 137 142 143 147 228
Confluence 5500000000- O 3,765 242 248 245 250 285
Confluence 5300000000- 0 7,530 127 1346 135 163 2514
Confluence 5203000000- 0 g2 0 0 1 1
Confluence 5202000000- 0 9 0 0 0 ]
Confluence 5200000000- 2 275 8 10 10 10 16
Confluence 5200000000- 0 367 2 1 2 2
Confluence 5000000000~ 2 735 12 12 13 13 17
Confluence 4900000000- 0 3,489 19 24 25 27
Confluence 0-57 92 0 0 0 0
Confluence 0-5% 551 32 36 7 37
Confluernce 0-53 735 7 4 5 5 5
confluence 0-52 1,19 9 10 12 13 12
Confluence 0-50 4,316 53 51 57 60 101

.........................................................................................................

.........................................................................................................
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Report file: ¢ _sws_R
Page 62 1/28/93 8:00:36 pm TOTAL RESIDENTIAL CONMNECTIONS
1976-1988
7.5 Area : B-3

.........................................................................................................

Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 5000000000- 0 357 0 0 0 0
Confluence 4900000000~ 0 1,837 8 10 10 10 13
Confluence 4800000000~ 0 2,663 40 39 43 39 57
confluence 45604020000- 0 459
confluence 44604000000- O 918 0 0 0 0
Confluence 4602000000~ 0 367

. Confluence 4500000000- 4 1,102 0 0 0 0 4]
Confluence 4600000000- 0 918
Confluence 0-50 92 0 0 0 0
Confluence 0-48 1,377 14 14 13 13 14
Confluence 0-46 3,673 25 25 25 19 37
Conf luence 13,774 87 88 al 81 121



Report file: ¢ sws_R
Page 64 1/28/93 8:01:33 pm TOYAL RESIDENTIAL CONNECTIONS
1976-1988
7.5° Area : B-2

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence  4602000000- 0 459

.........................................................................................................



Report file: WPA_swsR

Page 3 1/29/93 11:12:28 a TOTAL RESIDENTJAL CONNECTIONS
1976- 1988
Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 6000000000~ 0 184 0 0 0 0

Conf luence 5802000000~ 0 92 56 58 57 57 97
Confluence 58020000600- 0 1,653 550 557 538 536 565
Conf luence 5800000000~ 0 2,388 3 4 4 4 5
Confluence 5700000000~ 0 8,448 245 252 245 253 411
Confluence 5500000000~ 0 3,765 242 248 245 250 285
Confluence 5300000000- 0 7,530 127 136 135 163 251
Confluence 5204000000~ 0 2,571 169 170 166 204 401
Confluence 5203000000- O 2,296 61 62 61 61 66
Confluence 5202020000- 0 918 15 14 12 12 17
Confluence 5202000000- 2 918 27 27 25 7 42
Confluence 5202000000- O 826 9 9 @ 8 10
Confluence 5200000000~ 4 459 0 0 0 0 0
Confluence 5200000000~ 3 826 23 23 24 264 22
Confluence 5200000000- 2 275 8 10 10 10 16
Confluence 5200000000- 0 459 3 2 3 3 4
Confluence 5002000000- 0 2,57 42 44 43 42 52
Conf luence 5000000000- 2 3,214 115 19 122 124 163
Confluence 5000000000~ 0 459 1] 0 0 0

Confluence 4900000000~ 0 5,326 27 34 35 37 46
Conf luence 4800000000- 0 4,040 189 M 190 190 288
Confluence 44613000000- 0 1,194 35 36 37 37 51
Confluence 4611000000- O 1,102 15 15 16 15 27

Confluence 4610010000- O 826 22 23 23 25 36




Report file: WPA_swsR

Page & 1/29/93 11:12:31 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 4610000000- O 2,479 34 35 40 43 74
Confluence 4609000000- 0 3,857 347 339 382 413 463
Confluence 4608040000- 0 184 2 2 3 3 3
Confluence 4608020000- 0 1,286 74 78 85 88 105
Confluence 4608000000- & 459 16 17 18 19 25
Confluence 4608000000- 2 275 17 17 17 17 20
Confluence 4608000000- 0 7,530 165 179 189 189 321
Confluence 4606040000- 0 1,377 17 16 18 18
Confluence 4606040000+ 0 735 18 17 17 18 19
Confluence 4606020100- © 275 1 1 1 1
Confluence 4606020100- © 1,102 15 15 19 23 36
Confluence 4606020000~ 1 1,377 1 1 1 1
Confluence 4606020000~ 1 735 3 3 3 3 2
Confluence 4606020000- 0 826 21 21 23 25 35
Confluence 4606000000~ 4 735 5 7 7 8
Confluence 4606000000- 4 551 21 24 24 24 39
Confluence 4606000000- 2 2,5M 47 48 46 47 66
Confluence 45606000000- 0 1,286 35 36 37 40 44
Confluence 4604020000- 0 459
Confluence 4604020000~ 0 1,010 0 0 0 0
Confluence 4604000000~ 2 1,561 2 2 2 2 3
Confluence 4604000000~ 0 1,102 0 0 0 0
Confluence 4602000000- 0 643

Confluence 4602000000- O 367



Report file: WPA_swsR

Page 5 1/29/93 11:12:33 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Confluence 4600000000-13 1,837 35 36 41 40 77
Confluence 4600000000- 11 551 1 1" 12 12 18
Confluence 4600000000-10 2,020 49 49 46 49 98
Confluence 4600000000~ 9 367 0 0 0 0 0
Confluence 4600000000- 8 2,57 281 285 296 496 330
Confluence 4600000000~ 6 1,286 45 46 43 45 72
Confluence 4600000000~ & 1,837 0 0 0 0 0
Confluence 44600000000- 0 918
Confluence 0-58 367 21 23 25 24 33
Confluence 0-57 1,102 70 81 81 80 99
Conf luence 0-55 826 42 46 47 47 56
Confluence 0-53 735 7 4 5 5 5
Conf luence 0-52 1,194 9 10 12 13 12
Confluence 0-50 4,408 53 51 57 60 101
Conf luence 0-48 1,377 14 14 13 13 14
Conf luence 0-46 3,765 26 26 25 19 37




Lower Leon RESIDENTIAL CONNECTIONS 1976 Thru 1988

Watershed 7.5¢ Area Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES

o
.

Lower Leon 6 11,019 5,163 5,231 5,429 5,669 10,258
5 8,081 1,3%2 1,424 2,156 1,565 2,407
Lower Leon cC-é6 735 898 914 914 13 924

Lower Leon % 12,856 5,935 6,165 6,849 9,377 7,615

Lower Leon o]

]
w

New Connections = 7,816 or _S % of ail New Connections in Study Area

8 / 6 i 5 1 4 3

PR

ia¥)

R

i mmmn

C. THOMAS KOCH. INC.

LAND AND WATER RESOURCES CONSULTANY




(- T 7 7.5 Minute Area| Latitude
R L water wail 10 _68—_3D
Maop Name CULEBBA HILL

B B W 4 o I Seale 1:100,000 7.5’ Area
27664321 : - ]{I 0 05 10 15 _ 20
SCALE (MILES)

Longitude

o8
!

601107-00 P\

6011-04

CAE 1/20/93 44DBCOMP.DWG %mTHOHAS KOCH. INC.

AND WATER RESOURCES GONSULTANT




"A\

7.5 Minute Area

water watt 10 _ 68— 36
Mop Name SAN ANTONIO WE

Scals 1:100,000

2.0

];] ] 05 10 15
[ mmme ]
SCALY (MILES)

4

«

{ atitude

| _Longitude

7.5 Area

e o

e

. H LN
. PR RN P
——. ;
\ &21301-00  :

% 60-03

N\, 5213-00 &
..
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GAE 1/206/903 44D5COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




TES43 T

7.5 Minute Ared

water well 10 _68— 43

Map Name MACDDNA

Scale 1:100.000

* /] 05 10
T

Latitude

Longitude

7.5 Area

- 6315-09

63-13
|

08

GAE 1/29/93 44C8CONP.DWG

I
0S

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




{ T ] /7.5 Minute Areaq Latitude
i o9 o] Water Well 10 _68— 44
Map Name TERREL WELLS

Scale 1:100,000 7.5 Area

41 005 10 15 20
——
SCALR (MILES)

Longitude

5211-02"

)

§3-07 Y s,
ls:s-a 53-01 l\ 3

| \ 13

GAE 1/28/93 44C5CONP.DWG C. THOMAS KOCH INC.

LAND AND WATER RESCURCES CONSULTANT




Report file: q sws R
Page 26 1728793 7:52:04 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.57 Area : D-6

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Leon  6009000000- 0 7,163 2,485 2,507 2,698 2,888 5,217
Lower Leon  6007000000- O 918 2,071 2,104 2,100 2,127 2,413
Lower Leon 6005000000~ 0 1,286 479 490 500 498 1,151
Lower Leon 6003000000~ 0 367 480
Lower Leon 6000000000~ 9 1,286 128 130 131 156 97

.........................................................................................................

.........................................................................................................




Report file: q_sws_R
Page 31 1/28/93 T:53:44 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5’ Area : D-S

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Leon 6007000000~ 0 184 151 158 160 160 178
Lower Leon 6005000000~ 0 918 8 8 12 12 25
Lower Leon 6000000000- 9 2,388 569 586 668 727 1,034
Lower Leon 6000000000~ 7 275 109 115 117 121 122
Lower Leon 6000000000~ S 2,020 449 449 1,092 440 467
Lower Leon 6000000000~ 3 2,296 106 108 107 105 581
Lower Leon 8,081 1,392 1,424 2,156 1,565 2,407




Report file: q_sws_R
Page 43 1728/93 7:56:06 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : C-&

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Leon %003000000- 0O 735 898 914 914 213 924
Lower Leon 735 898 914 914 913 924

.........................................................................................................




Report file: q_sws_R
Page 47 1728/93 7:57:04 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : C-5

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Leon 6003000000- 0 6,336 3,196 3,418 4,132 6,671 5,036
Lower Leon 6060000000~ 3 6,520 2,739 2,747 2,17 2,706 2,579

.........................................................................................................



Report file: WPA_susR

Page 6 1/29/93 11:12:35 a TOTAL RESIDENTIAL COMNECTIONS
1976- 1988
Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Leon 6009000000~ 0 7,163 2,485 2,507 2,698 2,888 5,217

Lower Leon 6007000000~ 0 1,102 2,222 2,262 2,260 2,287 2,591

Lower Leon 6005000000~ ¢ 2,204 487 498 512 510 1,176

Lower Leon 4003000000~ 0 7,438 4,094 4,332 5,046 7,584 6,440

Lower Leon 6000000000~ 9 3,673 697 716 799 883 2,031

Lower Leon 6000000000~ 7 275 109 115 117 121 122

Lower Leon 6000000000~ 5 2,020 449 449 1,092 440 467

Lower Leon 6000000000- 3 8,815 2,845 2,855 2,824 2,811 3,160

Lower Leon 32,601 13,388 13,734 15,348 17,524 21,204




Lower Salado RESIDENTIAL CONNECTIONS 1976 Thru 1988

Watershed 7.5 Area Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES

Lower Salado E

4 12,213 7,209 8,397 11,170 9,525 23,694
Lower Salado E - 3 2,847

Lower Salado D - 4 26,814 24,678 26,319 26,115 26,392 30,623

Lower Salado D - 3 5,326 322

Lower Salade C - & 12,764 4,876 4,989 5,034 5,158 6,497
Lower Salado 59,963 36,763

New Connections = 24,373 or 17% of all New Connections in Study Area
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GAE 1/28/93 \08\comquad? C. THOMAS KOCH, INC.




7.5 Minute Area Latitude
wWater weu 10 _G8— 29
Map Nam_LM_DR)N—

Soale $:100,000 7.5 Area

4] g 0S5 E.o 15 20
SCALE (MILES)

Longitude

|7

mmmdl s:nulrmm—m
-‘%\ \ szomms—tb 'é’ :
. V4

bl
/ .
"

3 5203.1204—03 .
.

520614-00 l k

".. 5206816-0p

'~._1 :; -
5206 14m “’:i z:

EGRE—-10 8
Co. . K

520609,

520609-00
521402-01 .

GAE 1/29/93 44E4COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




water weil 10 _68— 30

7.5 Minute Area| Lofiude

Map Nama SCHERTZ

Longitude

Scale 1:100,000

;f;;‘;;l : i * 0 s 10 1
SCALZ (MILES)

7.5’ Area

0245-00 £

,.. 7(

0242—00

-,

\
\ 12~40

023702——00\\.._..._

GAE 1/20/93 44E3COMP.DWG

C. THOMAS KOCH, INC.

LAND ANC WATER RESODURCES CONSULTANT



7.5 Minute Area

Water well 10 _68— 37

map Name SAN ANTONID EAJT

Scole 1:100,000

41 6 05 10 15 20
SCALE (MILES)

17 | 18

L atitude

Longitude

7.5 Area

v sauoz-or _ 5206-06
R

s

* - T
\"i_‘

520605-00

52060204

g

520604-00

GAE 1/20/93 44D4COMP.DWG

C. THOMAS KOCH, INC.

{LAND AND WATER RESCURCES CONSULTANT




7654321

7.5 Minute Areaq

water well 10 _68~ 38
Map Name MARTINEZ

Scale 1:100,000
* 0 0.5 1.0 15

SCALE (MILES)

2.0

Latitude

Longitude

7.5 Area

. 52060202

520602-01

o’

520602—-00

4613-00

_023708-00.. f"“\it\—<
i

™.
-,

-'R}.‘“wgﬂw?””

P

46080400

4608-04 /!

e TN

0237-08

'.’-' ”._," T
- 02370602-00

N

0235-13

e

GAE 1/29/93

44D3COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




. 554321

7.5 Minute Areaq

Water Well I0 _ 68— 43

Map Name SUUTHTDN

Scale 1:100,000

* S LlS 20
SCALE (MILES)

| 18

Latitude

Longitude

7.5* Area

5211 00

52-12

GAE 1/29/93 44C4COMP.DWG

© 4 5204—00 }

4611-00

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




Report file: q_sws_R
Page 18 1728793 7:50:37 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Area : E-4

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Salade 5206090000- O 1,745 1,234 1,333 1,390 1,427 2,844
Lower Salado 52056080400- 0 184 150 157 162 187 445
Lower Salado 5206080200- 0 826 1,467
Lower Salado 5206080100- 0 1,194 1,116 1,138 1,196 1,297 3,816
Lower Salado 5206080000- 4 1,469 550 1,418 1,207 1,398 3,739
Lower Salado 5206080000- 2 2,5M 2,820 2,893 5,272 3,149 4,007
Lower Salado 5206080000- 1 551 411 421 820 937 1,243
Lower Salado 5206060000- O 1,194 1,857
Lower Salado 5206020000- & 551 852
Lower Salado 52046000000- 9 735 760 849 900 906 1,302
Lower Salado 5206000000- 8 275 168 168 223 224 740
Lower Salado 5206000000- & 918 1,372

.........................................................................................................

.........................................................................................................




Report file: q_sws_R
Page 21 1/728/93 7:51:35 pm TOTAL RESIDENTIAL CONNECTIONS
1976- 1988
7.5' Area : E-3

.........................................................................................................

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES

..........................................................................................................

Lower Salado 5204080400- 0 1,377

Lower Salado 5206080200- 0 459
Lower Salado 5206080000- & 184
Lower Salado 5206080000- 2 275
Lower Salado 5206060000- 0 92
Lower Salado 5206020400- 0 92
Lower Salado 5206020000- 4 367
Lower Salado 2,847

.........................................................................................................




Report file: q sws_R
Page 35 1728793 7:54:27 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : D-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Salado 5206060000- 0 367 1,331 1,331 1,334 1,332 1,331
tower Salado 5206050000- 0 1,745 3,376 3,919 3,698 3,609 3,633
Lower Salado 5206030000- 0 1,469 3,389 3,35 3,269 3,266 3,437
Lower Salado 5205020100- 0 18 68 66 65 61 It
Lower Salado 5206020000- 4 1,194 1,286 1,293 1,291 1,293 1,259
Lower Salade 5206020000- 2 3,857 1,957 1,965 2,078 2,190 3,837
Lower Salado 5206020000- 1 367 16 30 39 42 95
Lower Salado 5206020000- 0 2,204 11 1,058 1,280 1,660 2,101
Lower Salado 5206000000- & 1,010 §,624 1,654 1,804 1,801 2,563
Lower Salado 5206000000- S 7,805 4,378 5,093 4,529 4,536 4,788
Lower Salado 5206000000- 3 1,377 1,625 1,622 1,758 1,607 1,851
Lower Salado 5206000000- 2 4,500 4, N7 4,932 4,970 4,995 5,653




Report file: q sws_R
Page 37 1728793 T:54:54 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Area : D-3

.........................................................................................................

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Salado 5206020400- 0

Lower Salado 5206020200- 0

Lower Salado 5206020000- & 92
Lower Saladc 5206020000- 2

Lower Salado 5206020000- 1

Lower Salado 5206020000- 0

.........................................................................................................

.........................................................................................................




Report file: q sws_R
Page 52 1/28/93 7:58:42 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : C-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Lower Salado 5206020000- 0 1,745 42 39 40 39 83
Lower Salado 52056020000~ 0 2,112 43 43 40 59 83
Lower Satado $5$2056000000- 2 4,775 4,630 4,746 4,788 4,894 5,830
Lower Salado 5206000000- 0 4,132 161 161 166 166 501
Lower Salado 12,764 4,876 4,989 5,034 5,158 6,497

.........................................................................................................




Report file: WPA_swusR

Page

Lower

Lower

7

Salado

Salado

1/729/93 11:12:37 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream
Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES
5206090000- 0 1,745 1,234 1,333 1,390 1,427
$205080400- 0 1,561 150 157 162 187

Lower

Lower

Lower

Lower

Lower

Lower

Lower

Lower

Lower

Lower

Lower

Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado
Salado

Salado
Salado

5206080200- 0 1,286

5206080100- 0 1,194 1,116 1,138 1,196 1,297
5206080000- 4 1,653 550 1,418 1,207 1,398
5206080000- 2 2,847 2,820 2,893 5,272 3,149
5206080000 1 551 411 421 820 937
5206060000- 0 1,653 1,334 1,331 1,334 1,332
5206050000- 0 1,745 3,376 3,919 3,698 3,609
5206030000- 0 1,469 3,389 3,356 3,269 3,266

5206020400- 0 1,102

5206020200- 0 1,286

5206020100~ 0 918 68 66 65 61
5206020000- 0 1,745 42 39 40 39
5206020000- & 2,204 1,286 1,293 1,291 1,293
5206020000- 2 5,601 1,957 1,965 2,078 2,190
5206020000- 1 1,010 16 30 39 42
5206020000- 0 4,867 954 1,101 1,320 1,719
5206000000~ § 735 760 869 900 906
5206000000- 8 275 168 168 223 224
5206000000- &6 1,928 1,626 1,656 1,804 1,801
5206000000- 5 7,805 4,378 5,093 4,529 4,536
5206000000- 3 1,377 1,625 1,622 1,758 1,607
5206000000- 2 9,275 9,347 9,678 9,758 9,889
5206000000- 0 4,132 161 161 166 166

445

1,467

3,816

3,739
4,007
1,243

83

2,121
3,837

102
2,269

1,302
740
3,935
4,788
1,851
11,483
501




———

P

Medina RESIDENTIAL CONNECTIONS| 1976 Thru 1988
Watershed 7.5’ Area Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Medina b -7 20,29 215 224 235 259 607
Medina D -6 22,31 2,691 2,847 3,301 3,778 10,638
Medina -7 12,489 270 281 283 279 384
Medina c-6 25,895 1,464 1,699 1,683 1,482 1,597
Medina c-5 826 21 22 21 19 26

Medina 81,818 4,661 5,073 5,523 5,817 13,252
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GAE 1/28/93 \08\comquad?

C. THOMAS KOCH, INC.

LAND AND WATER RESOQURCES CONSULTANT



7.5 Minute Area
Water Well 0 _68— 34

Longitude
Map Name LA CDSTE NE

Scale 1:100,000 7.58' Araaq
* | lS 1O L3 20

SCALE (MILES)

Latitude

7001=02

700102-00
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R T \J2010102-00 ..\
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' % %, oo
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\72=02
7201.1.:_)1 -02 .
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N
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720200
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~ GAE 1/29/93 44DTCOMP.DWG

C.

LAND AND WATER RESOURCES CONSULTANT

THOMAS KOCH, INC.




7.5 Minute Area | Latitude
Water weil 10 _68— 395
Map Nome RA H

i s i 8 Soate 1:100,000 7.5' Area
B7854521 — *- 605 10 1S
SCALE (MILES)

Longitude

08 1

601107—00 "\

6011-04

_6007-00

600504

- GAE 1/20/03 44DECOMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




( 7.5 Minute Area| Latitude
' i o e Water Well ID_G8— 42

Map Name LA CDSTE
2 HEER- S Scale 1:100,002 7_5' Areo

57654357 —— 41 0 S 10 LS 20
SCALE (MILES)

Longitude

63-19

6903—00\,?;‘ e N
N ' . -
T 6319-007 N

GAE 1/29/93 44C7COMP.DWG C. THOMAS KOCH. INC.

LAND ANO WATER RESOURCES CONSULTANT




7.5 Minute Area | Ldtitude 29
Water Well 10 _ 68— 43 .

Map Name MACDDNA
Scale 1:100,000 7.5' Area = L6

41 0 0S5 10 1S 20
SCALR (MILES)

Longitude = _98

_8315-0g/ 63—13
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08 09

. GAE 1/29/83 44C8COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Area Latitude
Water well I0_68~ 44
Map Neme TERREL WELLS

1 St S i O Scate 1:100,000 7.5 Area
§54321 — * 0 05 10 LS 20
SCALE (MILES)

Longitude

00 64 00—-63
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GAE 1/29/83 44C5CONP.DWG C. THOMAS KOCH. INC.

LAND AND WATER RESOURCES CONSULTANT



Report file: q_sws_R
Page 23 1728793 7:51:36 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1588
7.5 Area : D-7

.........................................................................................................

Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Medina 7202000000- 0 1,928 3 3 3 3 3

Medina 7201000000~ 1 184 1 1 1 1 1

Medina 7201000000- 0 275

Medina 7200000000~ & 92

Medina 7200000000~ 2 1,010 7 8 7 7 57

Medina 7001020000- O 1,469 1

Medina 7001000000- 2 2,663

Medina 7001000000- 0 184

Medina 7000000000~ 1 3,489 4 4 5 7 46

Medina 6408000000- O 3,030 99 107 103 108 201

Medina 6406000000~ 0 1,745 20 20 27 ri4 57

Medina 6400000000- 8 2,5M 3 3 3 3 1

Medina 6400000000~ 6 735 1 12 16 25 124

Medina 6400000000- 4 918 67 66 70 78 116

Medina 20,294 215 2264 235 259 6a7




Report file: g _sws R
Page 27 1/28/93 7:52:32 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5¢ Area : D-6

.........................................................................................................

Stream

Watershed Segment ¢ Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Medina 7001020000~ 0 735 1 1 1 1 325
Medina 7600000000- 1 4,500 103 107 110 112 134
Medina 6800000000- 0 92

Medina 6600000000- O 1,010 3 3 3 2 166
Medina 6406000000- 0 92 1 1 1 1 1
Medina 6404000000- 0 4,683 24 62 153 205 799
Medina 6402000000- 0 1,653 1,391 1,548 1,745 1,988 4,155
Medina 6400000000~ 4 3,581 175 184 192 194 337
Medina 6400000000~ 2 2,755 649 597 752 932 2,904
Medina 6400000000- 0 3,214 344 344 344 343 1,817
Medina 22,314 2,691 2,847 3,301 3,778 10,638

.........................................................................................................




Report file: q sws_R
Page 41 1728/93 7:55:37 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : C-7

Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Hedina 7202060000- 0 826 7 7 7 7 7
Medina 7201010000- O 459 7 7 8 8 8
Medina 7201000000- 1 826 8 8 b 5 55
Medina 7201000000- 0 1,928 5 5 5 5 &
Medina 7200000000- 2 918 13 13 13 10 21
Medina 7200000000~ 1 367

Medina 7200000000- O 184

Medina 7001000000~ © 367 16 17 17 17 23
Medina 6901000000- 0 1,102 45 48 51 51 59
Medina 6900000000- 1 2,847 126 132 132 136 158
Medina 0-72 2,663 43 &4 45 40 47
Medina 12,489 270 281 283 7% 384

.........................................................................................................



Report file: q_sws_R
Page 44 1/28/93 7:56:34 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Ares : C-6

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Medina 7001000000~ O 1,653 103 108 m 108 128
Medina 7000000000~ 1 1,653 1 1 1 1 5
Medina 6901000000~ ¢ 643 4 4 4 10
Medina 6900000000 1 184 2 2 2 2 2
Medina 6900000000- O 1,194 24 28 29 L3 45
Medina 6800000000- O 1,102 2 2 2 2 3
Medina 6600000000- 0 3,214 18 18 19 19 18
Medina 6501000000- 0 1,745 62 65 62 65 74
Medina 6500000000~ 1 1,377 105 12 104 104 15
Medina 6500000000- © 2,296 247 251 454 251 304
Medina 6400000000- © 6,336 769 978 w3 769 763
Medina 0-70 1,102 20 21 20 22 25
Medina 0-69 459 3 3 1 1 2
Medina 0-68 92 2 2 2 2 1
Medina 0-66 1,286 14 14 14 14 16
Medina 0-65 1,561 88 90 85 87 86



Report file: q_sus R
page 48 1/28/93 T7:57:32 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : C-5

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

Stream
watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Medina 6400000000~ O 826 21 22 21 19 26

.........................................................................................................

.........................................................................................................




Report file: WPA_swsR

Page 9 1/29/93 11:12:40 a TOTAL RESIDENTIAL CONMECTICONS
1976-1988

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Medina 7202000000~ 0 1,928 3 3 3 3 3
Medina 7202000000- 0 826 7 7 7 7 7
Medina 7201010000- 0 459 7 7 8 8 8
Medina 7201000000- 1 184 1 1 1 1 1
Medina 7201000000- 0O 275
Medina 7201000000- 1 826 8 8 5 S 55
Medina 7201000000~ 0 1,928 5 5 5 5 6
Medina 7200000000~ 4 92
Medina 7200000000- 2 1,010 7 8 7 7 57
Medina 7200000000- 2 918 13 13 13 10 21
Medina 7200000000~ 1 367
Medina 7200000000- 0 184
Medina 7001020000- 0 1,469 1
Medina 7001020000- 0 735 1 1 1 1 325
Medina 7001000000~ 2 2,663
Medina 7001000000- 0 184
Medina 7001000000- 0 2,020 119 125 128 125 151
Medina 7000000000- 1% 3,489 4 4 5 7 46
Medina 7000000000- 1 6,152 104 108 111 113 139
Medina 6901000000~ 0 1,745 49 52 55 55 69
Medina 6900000000~ 1 3,030 128 134 134 138 160
Medina 6900000000- 0 1,194 24 28 29 31 45
Medina 6800000000- 0 1,194 2 2 2 2 3
Medina 6600000000- 0 4,224 21 21 22 21 184

Medina 6501000000- 0 1,745 62 65 62 65 74




Report file: WPA_swsR

Page 10 1/29/93 11:12:50 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Medina 6500000000~ 1 1,377 105 112 104 104 115
Medina 6500000000- 0 2,296 247 251 454 251 304
Medina 6408000000- 0 3,030 99 107 103 108 201
Medina 6406000000- 0 1,745 20 20 27 27 57
Medina 6406000000~ © 92 1 1 1 1 1
Medina 6404000000- 0 4,683 24 62 153 205 799
Medina 6402000000- 0 1,653 1,39 1,548 1,745 1,988 4,155
Medina 6400000000~ 8 2,571 3 3 3 3 1
Medina 6400000000~ & 735 1" 12 16 25 1264
Medina £400000000- 4 918 &7 66 70 78 116
Medina 6400000000~ 4 3,581 175 184 192 194 337
Medina 6400000000~ 2 2,755 649 597 752 932 2,904
Medina 6400000000~ 0 10,376 1,134 1,344 1,138 1,13 2,606
Medina 0-72 2,663 43 4t 45 40 47
Medina 0-70 1,102 20 21 20 22 25
Medina 0-69 459 3 3 1 1 2
Medina 0-68 92 2 2 2 2 1
Medina 0-66 1,286 14 14 14 14 16
Medina 0-65 1,561 88 90 a5 a7 86




Upper Leon

RESIDENTIAL CONNECTIONS

1976 Thru 1988

Area

Upper

Acres 1976 RES 1977 RES 1979 RES
30,119 951 992 1,090
3,214 167 m 171
41,690 2,233 2,948 3,780
11,846 2,339 2,530 2,931
643 4 5 10
8,815 1,346 2,027 7,592
826 795 813 851
97,153 7,835 9,486 16,425

1980 RES 1988 RES
1,145 1,622

176 315

4,613 14,672
3,475 12,757

10 16

6,693 11,280
856 1,19
16,968 41,856

of all New Connections in Study Area
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C. THOMAS KOCH. INC.

LAND AND WATER RESOURCES CONSUILTANT




:77. :ES r\d i nu 1.E3 JC\ red Latitude
Water wett 10 _ 68— 19
Map Name Vaon_Raub

Seale 1:100,000 7.5 Area = F6

4] !

Longitude = _98

0.5 1.0 15 20
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. GAE 1/29/93 44F6COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT



7.5 Minute Areaq
water watl 10 _ 68— 20
Mop Name Camp Bullis

Scale 1:100,000

Latifude

—_

Longitude 98

7.5 Area

A7 6543521

]b :

05 10 1S
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LAND AND WATER RESOURCES CONSULTANT




27654331

7.5 Min ue Area

Water wetl 0 _G68—_ 27
Map Name HELOTES

Scals 1:100,000
05 10 ],

SCALEL (MILES)

Latitude

Longitude

7.5 Area

| 09 10I 11
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C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Area
Water et 10 _68— 28

Map Name CAS_TLE HILLS

Soale 1:100,000

]ll 005 190 1S 20
[ )
SCALL (MILES)

7654321

12

Latitude

Longitude

7.5 Area
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7.5 Minute Area | Ladtitude
Water well 10_68— 34

Longitude
Feveenen s Map Name LA COSTE NE
:: Scate 1:100,000 7.5°
F76S452T — ]ix 005

10 1.5

20
SCALE (MILES)
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6011070
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C. THOMAS KOCH, INC,
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878654321

c8

7.5 Minute Areaq

Water Weil 10 _G8— 35
Map Nome RA H

Seale 1:100,000

* o 05 10 2
SCALE {MILXS)

Latitude

Longitude

7.5" Areaq

601107-00

6011-04

_6007-00

6005--00

" GAE 1/20/93 44DBCOMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Area| Ldtitude
water well 10 _68— 36

| _Longitude

Mop Namae SAN ANTDNID VE‘:T

BV : 8 Scale 1:100,000 7.5" Area
T EE 43T e I{J 0 85 10 15 20
SCALE (MILES)

" GAE 1/20/63 44D5COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT
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Report file: q_sws_R
Page 1 1/28/93 T7:48:36 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5’ Area : F-6

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon 4027000000- 0 1,010 1
Upper Leon 6026000000- 0 2,112 12 13 14 14 30
Upper Leon 6024010000- 0 2,112 56 56 62 74 134
Upper Leon 6024000000~ 1 1,469 72 7 95 98 195
Upper Leon 6024000000- 0 551 61 60 63 61 92
Upper Leon 6022000000- 0 4,224 s 396 450 464 525
Upper Leon 6021000000~ 0 1,449 22 40 42 63 52
Upper Leon 6017000000~ 1 1,561 14 13 16 13 16
Upper Leon 6011040600- 0 1,561 37 37 37 39 57
Upper Leon 6011040500- 0 3,398 4 4 4 4 17
Upper Leon 6011040300- 0 1,745 4 8 10 # 35
Upper Leon 6011040000- 6 1,837 90 90 93 93 105
Upper Leon 6000000000-27 2,296 3
Upper Leon 6000000000- 26 826 2 2 2 2 8
Upper Leon 6000000000-24 918 28 31 33 35 ™
Upper Leon 6000000000-22 2,204 127 130 134 138 235
Upper Leon 6000000000-21 367 15 14 14 14 14
Upper Leon 6000000000-19 459 3 21 21 22 24

.........................................................................................................

.........................................................................................................




Report file: q_sws_R
Page & 1/28/93 7:48:39 pm TOTAL RESIDENTIAL CONMECTIONS
1976-1988
7.5% Area : F-5

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon  6022000000- © 275 1
Upper Leon 6000000000-21 643 121
Upper Leon 6000000000-19 2,296 167 1M 17 176 193
Upper Leon 3,214 167 m 171 176 315

ot




Report file: q_sws_R
Page 11 1/28/93 7:48:43 pm TOTAL RESIDENTIAL CONNECTIONS
1976- 1988
7.5¢ Area : E-6

.........................................................................................................

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES

Upper Leon 6017010000-
Upper Leon 6017060000-
Upper Leon 6017000000~
Upper Leon 6015020060~
Upper Leon 6015000000~
Upper Leon 6015000000~
Upper Leon 6014000000~
Upper Leon 6013020000-
Upper Leon 6013010000~
Upper Leon 6013000000-
Upper Leon 6013000000-

1,377 174 198 197 197 211
551 69 &9 70 123 132
643 35 35 35 36 47

918 146 149 157 281t 691
184 207 212 228 274 593

1,653 173 289 545 648 1,648
2,204 277 287 309 285 73
2,204 168 243 353 445 825

—t
Y
~
v

Upper Leon 6013000000~ 459 8 7 12 &4 409
Upper Leon 6011120000~ 1,194 2 3 3 3 3
Upper Leon 6011100000- 2 2 3 3 12
Upper Leon 6011090000~ 275

Upper Leon 6011070000~ 735 4 [ 4 [ 5
Upper Leon 6011060000~ 3,214 69 80 89 94 164
Upper Leon 6011040600~ 367 &5 66 &7 67 70
Upper Leon 6011040500~ 735 13 14 14 21
Upper Leon 6011040300~ 4,224 141 174 188 151 269
Upper Leon 6011040100~ 1,010 18 22 30 3 51
Upper Leon 6011040000~ 184 63 63 62 57 59
Upper Leon 6011040000~ 184 46 50 49 35 57
Upper Leon 6011040000~ 826 56 56 59 43 59
Upper Leon 6011040000~ 6,795 154 164 204 508 3,876
Upper Leon 6011020000- 1,286 33 39 59 19 2,357
Upper Leon 6011000000-12 1,010 2 2 2 2 2
Upper Leon 46011000000- 9 551 2 2 2 2 2
Upper Leon 6011000000- 7 643 4 &4 4 4 4
Upper Leon 6011000000- 4 367 1 1 1 1 1
Upper Leon 6000000000- 14 735 7 7 61 90 816
Upper Leon 6000000000-13 1,928 273 679 943 1,016 1,865

.........................................................................................................




Report file: q_sws_R
Page 14 1/28/93 7:50:35 pm YOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : E-5

Stream
Watershed Segment Acres 1976 RES 1977 ReS 1979 RES 1980 RES 1988 RES
Upper Leon 6019000000- 0 918 12
Upper Leon 6014000000 0 918 349 378 431 446 1,312
Upper Leon 6010020000- 0 2,653 279 279 283 555 6,345
Upper Leon 6010000000- 2 2,571 338 421 633 851 2,341
Upper Leon 6010000000- 0 918 1,124 1,219 1,319 1,348 2,081
Upper Leon 6000000000- 19 2,847 36 s 15 35 134
Upper Leon 6000000000-17 459 4 5 4 3 2
Upper Leon 6000000000-13 551 189 193 226 237 530

.........................................................................................................

.........................................................................................................




( Report file: q sws_R
Page 24 1/728/93 7:51:50 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : D-7
Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon 6011070000- © 643 4 5 10 10 16
Upper Leon 643 & 5 10 10 16




Report file: q_sws_R
Page 28 1/28/93 7:52:47 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Area : D-6

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon 6013000000- 0 27s 3 4 &4 23 261
Upper Leon 6011070000~ 0 643 2 2 2 2 3
Upper Leon 6011020000~ 0 918 36 199 2,641 902 2,658
Upper Leon 6011000000~ & 1,377 5 S é 5 7
Upper Leon 6011000000- 2 1,214 37 119 555 932 3,694
Upper Leon 6011000000- 0 459 140 n 2,554 568 730
Upper Leon  6010000000- 0 459 295 301 448 453 1,213
Upper Leon 600000000013 275 402 515 621 2,973 718
Upper Leocn 6000000000~ 11 643 215 355 530 605 779
Upper Leon 6000000000-10 551 211 216 231 230 1,217
Upper Leon 8,815 1,346 2,027 7,592 6,693 11,280

.........................................................................................................




.

Report file: q_sws_R
Page 32 1/28/93 7:53:44 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5" Area : D-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon 6010000000- 0 826 795 813 851 856 1,194
Upper Leon 826 795 813 851 856 1,194

.........................................................................................................




Report file: WPA_swsR

Page 11 1/29/93 11:13:17 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon 6027000000- O 1,010 1
Upper Leon 6026000000- 0 2,112 12 13 14 14 30
Upper Leon 6024010000- 0 2,112 54 56 62 74 134
Upper Leon 6024000000~ 1 1,469 72 77 95 98 195
Upper Leon 6024000000- 0 551 61 60 63 é1 92
Upper Leon 6022000000- 0 4,500 375 396 450 464 526
Upper Leon 6021000000- 0 1,469 22 40 42 63 52
Upper Leon 6019000000- 0 918 12
Upper Leon 6017010000- 0 275 13 16 16 16 31
Upper Leon 6017000000~ 1 2,938 188 211 213 210 227
Upper Leon 6017000000~ 0 551 69 69 70 123 132
Upper Leon 6015020000- 0 643 35 35 35 36 47
Upper Leon 6015000000- 2 2,296 4 4 5 5 7
Upper Leon 6015000000- 0 918 146 149 157 281 691
Upper Leon 6014000000~ 0 1,102 576 590 659 720 1,905
Upper Leon 6013020000- 0 918 4 7 @ 9 12
Upper teon 6013010000- 0 1,653 173 289 545 648 1,648
Upper Leon 6013000000~ 2 2,204 277 287 309 285 373
Upper Leon 6013000000~ 1 2,204 168 243 353 445 825
Upper Leon 6013000000- 0 735 1 1 16 87 670
Upper Leon 6011120000- O 1,194 2 3 3 3 3
Upper Leon 6011100000- O 1,745 2 2 3 3 12
Upper Leon 6011090000- 0 275

Upper Leon 6011076000- 0 2,020 10 1 16 16 24




Report file: WPA_swsR

Page 12 1/29/93 11:13:19 & TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon 6011060000- Q 3,214 &9 80 89 94 164
Upper Leon 6011040600- O 1,928 102 103 104 106 127
Upper Leon 6011040500- © 4,132 17 18 18 4 38
Upper Leon 6011040300~ 0 5,969 145 182 198 162 304
Upper Leon 6011040100- O 1,010 18 22 30 3 51
Upper Leon 6011040000~ 6 2,020 153 153 155 15¢ 164
Upper Leon 6011040000- S 184 46 50 49 35 s7
Upper Leon 6011040000- 3 826 Sé 56 59 43 59
Upper Leon 6011040000~ 0 6,795 154 164 204 508 3,876
Upper Leon 6011020000- © 2,204 89 238 2,700 1,021 5,015

Upper Leon 6011000000-12 1,010
Upper Leon 6011000000- ¢ 551

oM NN
[< S L S S ]
~N P~ oo
[+ N S I Y]
o NN

Upper Leon 6011000000- 7 643

Upper Leon 6011000000- 4 1,745

Upper Leon 6011000000~ 2 3,214 37 119 555 932 3,694
Upper Leon 6011000000- 0 459 140 3N 2,554 568 730
Upper Leon 6010020000~ 0 2,663 279 279 283 555 6,345
Upper Leon 6010000000~ 2 2,5M 338 421 633 851 2,341
Upper Leocn 6010000000- 0 2,204 2,214 2,333 2,618 2,657 4,488
Upper Leon 6000000000-27 2,296 3
Upper Leon 6000000000- 26 826 2 2 2 2 8
Upper Leon 6000000000~ 24 918 28 31 33 35 79
Upper Leon 6000000000-22 2,204 127 130 134 138 235
Upper Leon 6000000000-21 1,010 15 14 14 14 135
Upper Leon 6000000000-19 5,601 237 227 227 233 351
Upper Leon 6000000000-17 459 4 S 4 3 2
Upper Leon 6000000000-14 735 7 7 61 90 816
Upper Leon 4000000000-13 2,755 Bb4 1,387 1,790 4,226 3,113
Upper teon 6000000000-11 643 215 355 530 605 779

Upper Leon 600000000¢-10 551 211 216 231 230 1,217



.

Report file: WPA_swsR

Page 13 1/29/93 11:13:35 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Leon 97,153 7,835 9,486 16,425 16,968 41,856




Upper Salado |RESIDENTIAL CONNECTIONS| 1976 Thru 1988

wWatershed 7.5/ Area Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES

Upper Salado F - & 1,561 4 19 61 74 137
Upper Salado f -5 25,712 34 41 39 38 332
Upper Salado F - 4 19,559 93 96 112 119 1,140
Upper Salado ¥ - 3 92 3
Upper Salade E - 5 11,019 1,689 1,920 3,31 4,183 13,355
Upper Salade E - & 24,702 5,759 6,607 8,531 9,840 23,659

7,579 8,683 12,054 14,254 38,626

New Connections = 31,047 or 21% of all New Connections in Study Area
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27654321

7.5 Minute Area
Water wen 10 _68— 19
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GAE 1/29/93 44F6COMP.DWG
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C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULYANT




E§7654371

12

/7.5 Minute Area
Water weti 10 _ 68— 20
Map Nama Coamp Bullis

1{1 ;

Latitude

Longitude 28

Scale 1:100,000 7.5" Areqa
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C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




27654321

PO OOMMOT

7.5 Minute Area
water wall 0 _ 68— 21
Map Name Bulverde

Scals 1:100,000

4] 005 19 1S 20
[ . |
SCALE (MILES)

Latitude

Longitude = _98

7.5° Area = F4
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- GAE 1/29/93 44F4COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




E765 4321

7.5 Minute Area

Water wall 10 68— 2O
Map Name Bat Cove

Secals 1:100,000
0.5 10 15 20

T VS

SCALE (MILES)

Latitude

Longitude

7.5" Area
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C. THOMAS KGOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Areal Latitude
Water Well 1D 68_ E&
Maop Norme CASTLE HILLS

Soole 1:100,000 7.5’ Area

F7 65571 — 4] 0 65 10 15 20
SCALE (MILES)

Longitude
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GAE 1/29/93 44E5COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESDURCES CONSULTANT




7.5 Minute Area| Latitude
water well 10 _H8— 29
Map Mama LDNGHDRN

Soale 1:100,000 7.5 Area

A WSS — 141 005 10 15 2o
SCALE (MILES)

Longitude
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. GAE 1/29/93 44E4COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




( Report file: q sws_R
Page 2 1/28/93 7:48:38 pm TOTAL RESIDENTIAL CONKECTIONS
1976-1988
7.5 Area : F-6
Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Saledo 5206270000- 0 918 1 13 49 59 114
Upper Salede 5206000000-27 275 2 5 1 13 17
Upper Saledo 5206000000-26 387 1 1 1 2 6
Upper Salado 1,561 4 19 61 74 137




~,
.

Report file: q_sws R
Page 5 1728/93 T:48:39 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5 Area : F-5

Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Saladoe 5206260000- 0 1,653

Upper Salado 5206240000- 0 4,040

Upper Salado 5206220000- 0 918

Upper Salado 5206200000- 0 826

Upper Salade 5206180400- 0 1,561 1 1 1 1 153
Upper Salade 52061803C0- 0 3,306 0
Upper Salado 5206180200- 0 643 3 57
Upper Salado 5206180000- 4 3,489 15 15 15 15 18
Upper Salado 5206180000- 3 643 0
Upper Salado 5206120700- 0 1,286 17 21 21 20 100
Upper Salado 5206000000-27 735 1]
Upper Salado 5206000000-26 1,010 2
Upper Salado 5206000000-24 2,938

Upper Salado 5206000000-22 735 1 1 1 1 2
Upper Saladc 5206000000-20 459 1 1

Upper Salado 5206000000-18 1,469 0



Report file: q_sws_R
Page 7 1/28/93 7:48:41 pm TOTAL RESIDENTIAL CONNECYIONS
1976- 1988
7.5' Area : f-4

Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206180400- 0 92 0
Upper Satado 5206180200- 0 551 206
Upper Salade 5206120800- 0 643 7
Upper Salado 5206120700- 0 1,102 2 4 Ss2
Upper Saftado 5206120600- 0 826 2 2 3 8
Upper Salado 5206120404- 0 2,020 2 2 2 2 5
Upper Salado 5206120403- 0 1,194 17 18 20 20 26
Upper Salado 5206120401- 0 3,306 5 5 4 9 686
Upper Salado 5206120400- & 4,705 62 64 76 75 142
Upper Salado 5206120400- 3 2,388 5 S 6 6 8
Upper Salado 52061200060- & 2,663

Upper Salado 19,559 93 96 112 119 1,140

.........................................................................................................




Report file: q_sws_R

TOTAL RESIDENTIAL COMNECTIONS
1976-1988
7.5' Area : F-3

1977 RES 1979 RES

1980 RES

..........................................................................................................

.........................................................................................................

Page 9 1/28/93 7:48:43 pm
Stream

wWatershed Segment Acres

Upper Salado 5206120400~ 3 92

Upper Salado 92




Report file: g sws_R
Page 15 1/28/93 7:50:36 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Area : E-5

Stresm
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206180200- 0 92 3
Upper Satado 5206180100- 0 1,745 8 8 7 7 617
Upper Salado 5206180000- 2 367 1 1 1 1 26
Upper Satado 5206180000- 918 134 185 204 178 332
Upper Salado 5206180000- 0 1,653 151 262 418 493 1,563
Upper Salado 5206000000-18 5,969 754 821 2,037 2,858 10,165
Upper Salado 5206000000-16 275 641 643 644 646 649
Upper Salado 11,019 1,689 1,920 3,311 4,183 13,355

.........................................................................................................




Report file: q_sws_R
Page 19 1728793 7:50:53 pm TOTAL RESIDENTIAL CONNECTIONS
1976- 1988
7.5" Area : E-4

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206180000- 0 184 42 43 44 63 43
Upper Salade 5206160000- 0 1,102 197 249 324 570 1,332
Upper Salade 5206140000- 0 5,877 2,928 3,513 4,225 4,608 8,901
Upper Salade 5206120403- 0 643 0
Upper Salado 5206120401- 0 1,745 15 35 15 . 15 54
Upper Salado 5206120400- 3 2,020 4 4 4 8 669
Upper Salado 5206120400- 1 735 8 8 7 8 220
Upper Salado 5206120400- 0 459 29 42 127 147 239
Upper Salado 5206120200- 0 1,102 69 137 320 427 1,715
Upper Salado 5206120000- 4 1,561 60 134 231 244 725
Upper Salado 5206120000- 2 551 22 33 92 137 1,011
Upper Salado 5206120000- 0 643 9 10 9 12 736
Upper Salado 5206100200- 0 918 421 429 555 575 1,660
Upper Salado 5206100000~ 2 2,938 631 860 1,308 1,674 3,845
Upper Salado 5206000000-16 643 69 Al &9 152 312
Upper Salado 5206000000-14 2,296 676 462 501 520 1,227
Upper Salado 5206000000-10 1,286 579 ST7 700 700 970

.........................................................................................................

.........................................................................................................




Report file: WPA_swWsR

Page 14 1/29/93 11:13:44 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salade 5206270000- ¢ 918 1 13 49 59 114

Upper Salade 5206260000- 0 1,653

Upper Salade 5206240000- 0 4,040

Upper Salado 5206220000- 0 918

Upper Salado 5206200000- 0 826

Upper Salade 5206180400- 0 1,653 1 1 1 1 153
Upper Salado 5206180300- 0 3,306 0
Upper Salado 5206180200- 0 1,286 3 266
Upper Salado 5206180100- 0 1,745 8 8 7 7 617
Upper Salado 5206180000- & 3,489 15 15 15 15 18
Upper Salado 5206180000- 3 643 0
Upper Salado 5206180000- 2 367 1 1 1 1 26
Upper Salado 5206180000- 1 918 134 185 204 178 332
Upper Salado 5206180000- 0 1,837 193 305 462 536 1,606
Upper Salado 5206160000- 0 1,102 197 249 324 570 1,332
tUpper Salado 5206140000- O 5,877 2,928 3,513 4,225 4,608 8,901
Upper Salado 5206120800- 0 643 7
Upper Salado 5206120700- 0 2,388 17 21 23 24 152
Upper Salado 5206120600- O 826 2 2 2 3 8
Upper Salado 5206120404- 0 2,020 2 2 2 2 5
Upper Salado 5206120403- 0 1,837 17 18 20 20 26
Upper Salado 5206120401- 0 5,051 20 40 19 24 740
Upper Salado 5206120400- & 4,775 62 64 76 75 142

Upper Salado 5206120400- 3 4,500 9

~o

10 14 680




Report file: WPA_susR

Page 15 1/29/93 11:14:00 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206120400- 1 735 8 8 7 8 220
Upper Salado 5206120400- 0 459 29 42 127 147 239
Upper Salado 5206120200- 0 1,102 69 137 320 427 1,715
Upper Salade 5206120000- & 4,224 60 134 231 244 725
Upper Salade 5206120000- 2 551 22 33 92 137 1,011
Upper Salado 5206120000- 0 643 9 10 9 12 736
Upper Salado 5206100200- 0 918 421 429 555 575 1,660
Upper Salsdo 5206100000- 2 2,938 631 860 1,308 1,674 3,845
Upper Salado 5206000000-27 1,010 2 5 11 13 17
Upper Salado 5206000000-26 1,377 1 1 1 2 8
Upper Salado 5206000000-24 2,938
Upper Salado 5206000000-22 735 1 1 1 1 2
Upper Salado 5206000000-20 459 1 1
Upper Salado 5206000000-18 7,438 754 821 2,037 2,858 10,1565
Upper Salado 5206000000-16 918 710 716 713 798 961
Upper Salado 5206000000-14 2,296 676 462 501 520 1,227
Upper Salado 5206000000-10 1,286 579 577 700 700 970




Upper Salado |RESIDENTIAL CONNECTIONS| 1976 Thru 1988

Watershed 7.5/ Area Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES

Upper Salado F - & 1,561 4 19 61 74 137
Upper Salado -5 25,72 34 41 39 38 332
Upper Salado -4 19,559 93 9% 112 119 1,140
Upper Salado 3
Upper Salado -5 11,019 1,689 1,920 3,31 4,183 13,355
Upper Salado E - 4 24,702 5,759 6,607 8,531 9,840 23,659

Upper Salado 82,645 7.579 8,683 12,054 14,254 38,626

m - m ™
'
w
0
~n

New Connections = 31,047 or 21% of all New Connections in Study Area
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( Report file: q sws_R
Page 2 1/28/93 7:48:38 pm TOTAL RESIDENTEIAL CONNECTIONS
1976-1988
7.5 Area : F-6
Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 35206270000- 0 918 1 13 49 59 114
Upper Saledo 5206000000-27 275 2 5 1" 13 17
Upper Saledo 5206000000-26 3467 1 1 1 2 6
Upper Salado 1,561 4 19 61 74 137




Report file: q_sws R

Page 5

1/728/93  7:48:39 pm

Stream

Segment Acres
5206260000- 1,653
5206240000~ 4,040
5206220000- 918
5206200000- 826

0

0

0

0
5206180400~ 0
5206180300- 0 X,306
5206180200- 0
5206180000~ 4
5206180000- 3
5206120700- 0
5206000000-27 735
5206000000-26 1,010
5206000000-24 2,938
5206000000-22 735
5206000000-20 459
5206000600-18 1,469

1976 ReS

15

17

TOTAL RESIDENTIAL CONNECTIONS

7.5¢ Area : F-S

1977 RES

15

21

1979 RES

..................................................................................

15

21

1980 RES 1988 RES
1 153
0

57

15 18
0

20 100
¢

2

1 2

1

¢

38 332



Report file: q_sws_R
Page 7 1/28/93 7:48:41 pm TOTAL RESIDENTIAL CONNECYIONS
1976- 1988
7.5' Area : f-4

Stream

Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206180400- 0 92 0
Upper Satado 5206180200- 0 551 206
Upper Salade 5206120800- 0 643 7
Upper Salado 5206120700- 0 1,102 2 4 Ss2
Upper Saftado 5206120600- 0 826 2 2 3 8
Upper Salado 5206120404- 0 2,020 2 2 2 2 5
Upper Salado 5206120403- 0 1,194 17 18 20 20 26
Upper Salado 5206120401- 0 3,306 5 5 4 9 686
Upper Salado 5206120400- & 4,705 62 64 76 75 142
Upper Salado 5206120400- 3 2,388 5 S 6 6 8
Upper Salado 52061200060- & 2,663

Upper Salado 19,559 93 96 112 119 1,140

.........................................................................................................




Report file: q_sws_R

TOTAL RESIDENTIAL COMNECTIONS
1976-1988
7.5' Area : F-3

1977 RES 1979 RES

1980 RES

..........................................................................................................

.........................................................................................................

Page 9 1/28/93 7:48:43 pm
Stream

wWatershed Segment Acres

Upper Salado 5206120400~ 3 92

Upper Salado 92




Report file: g sws_R
Page 15 1/28/93 7:50:36 pm TOTAL RESIDENTIAL CONNECTIONS
1976-1988
7.5' Area : E-5

Stresm
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206180200- 0 92 3
Upper Satado 5206180100- 0 1,745 8 8 7 7 617
Upper Salado 5206180000- 2 367 1 1 1 1 26
Upper Satado 5206180000- 918 134 185 204 178 332
Upper Salado 5206180000- 0 1,653 151 262 418 493 1,563
Upper Salado 5206000000-18 5,969 754 821 2,037 2,858 10,165
Upper Salado 5206000000-16 275 641 643 644 646 649
Upper Salado 11,019 1,689 1,920 3,311 4,183 13,355

.........................................................................................................




Report file: q_sws_R
Page 19 1728793 7:50:53 pm TOTAL RESIDENTIAL CONNECTIONS
1976- 1988
7.5" Area : E-4

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206180000- 0 184 42 43 44 63 43
Upper Salade 5206160000- 0 1,102 197 249 324 570 1,332
Upper Salade 5206140000- 0 5,877 2,928 3,513 4,225 4,608 8,901
Upper Salade 5206120403- 0 643 0
Upper Salado 5206120401- 0 1,745 15 35 15 . 15 54
Upper Salado 5206120400- 3 2,020 4 4 4 8 669
Upper Salado 5206120400- 1 735 8 8 7 8 220
Upper Salado 5206120400- 0 459 29 42 127 147 239
Upper Salado 5206120200- 0 1,102 69 137 320 427 1,715
Upper Salado 5206120000- 4 1,561 60 134 231 244 725
Upper Salado 5206120000- 2 551 22 33 92 137 1,011
Upper Salado 5206120000- 0 643 9 10 9 12 736
Upper Salado 5206100200- 0 918 421 429 555 575 1,660
Upper Salado 5206100000~ 2 2,938 631 860 1,308 1,674 3,845
Upper Salado 5206000000-16 643 69 Al &9 152 312
Upper Salado 5206000000-14 2,296 676 462 501 520 1,227
Upper Salado 5206000000-10 1,286 579 ST7 700 700 970

.........................................................................................................

.........................................................................................................




Report file: WPA_swWsR

Page 14 1/29/93 11:13:44 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988
Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salade 5206270000- ¢ 918 1 13 49 59 114

Upper Salade 5206260000- 0 1,653

Upper Salade 5206240000- 0 4,040

Upper Salado 5206220000- 0 918

Upper Salado 5206200000- 0 826

Upper Salade 5206180400- 0 1,653 1 1 1 1 153
Upper Salado 5206180300- 0 3,306 0
Upper Salado 5206180200- 0 1,286 3 266
Upper Salado 5206180100- 0 1,745 8 8 7 7 617
Upper Salado 5206180000- & 3,489 15 15 15 15 18
Upper Salado 5206180000- 3 643 0
Upper Salado 5206180000- 2 367 1 1 1 1 26
Upper Salado 5206180000- 1 918 134 185 204 178 332
Upper Salado 5206180000- 0 1,837 193 305 462 536 1,606
Upper Salado 5206160000- 0 1,102 197 249 324 570 1,332
tUpper Salado 5206140000- O 5,877 2,928 3,513 4,225 4,608 8,901
Upper Salado 5206120800- 0 643 7
Upper Salado 5206120700- 0 2,388 17 21 23 24 152
Upper Salado 5206120600- O 826 2 2 2 3 8
Upper Salado 5206120404- 0 2,020 2 2 2 2 5
Upper Salado 5206120403- 0 1,837 17 18 20 20 26
Upper Salado 5206120401- 0 5,051 20 40 19 24 740
Upper Salado 5206120400- & 4,775 62 64 76 75 142

Upper Salado 5206120400- 3 4,500 9

~o

10 14 680




Report file: WPA_susR

Page 15 1/29/93 11:14:00 a TOTAL RESIDENTIAL CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 RES 1977 RES 1979 RES 1980 RES 1988 RES
Upper Salado 5206120400- 1 735 8 8 7 8 220
Upper Salado 5206120400- 0 459 29 42 127 147 239
Upper Salado 5206120200- 0 1,102 69 137 320 427 1,715
Upper Salade 5206120000- & 4,224 60 134 231 244 725
Upper Salade 5206120000- 2 551 22 33 92 137 1,011
Upper Salado 5206120000- 0 643 9 10 9 12 736
Upper Salado 5206100200- 0 918 421 429 555 575 1,660
Upper Salsdo 5206100000- 2 2,938 631 860 1,308 1,674 3,845
Upper Salado 5206000000-27 1,010 2 5 11 13 17
Upper Salado 5206000000-26 1,377 1 1 1 2 8
Upper Salado 5206000000-24 2,938
Upper Salado 5206000000-22 735 1 1 1 1 2
Upper Salado 5206000000-20 459 1 1
Upper Salado 5206000000-18 7,438 754 821 2,037 2,858 10,1565
Upper Salado 5206000000-16 918 710 716 713 798 961
Upper Salado 5206000000-14 2,296 676 462 501 520 1,227
Upper Salado 5206000000-10 1,286 579 577 700 700 970
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SAN ANTONIO WATER SYSTEM

P.O. Box 2449, San Antonio, Texas 78298-2449 210/225-7461

February 1, 1993

MR. CURTIS JOHNSON

TEXAS WATER DEVELOPMENT BOARD
P.O. Box 13231, Capitol Station

Austin, Texas 78711-3231

RE: REPORT NO. 2 - DEVELOPMENT TRENDS
BUSINESS CONNECTIONS BY WATERSHED PLANNING AREA
(TWDB Contract Number 9-483-722)

Dear Curtis:

Today we are providing you with copies of eight documents which give you a status report on
the planning process we are implementing for the San Antonio Water System through partial funding
provided by your agency. A brief description of each of the other reports is contained in a separate letter
to you dated today.

Report No. 2 provides computer listings and maps showing the number of business connections
located within each of the seven watershed planning areas. An analysis of all utility connections have
been provided for the following years: 1976, 1977, 1979, 1980, 1988.

A companion document (Report No. 4) provides the same listings. However, the historical utility
connection data is first aggregated by 7.5 minute USGS maps and then disaggregated into watersheds.
This allows our staff to use USGS maps as a base to record information and to better coordinate our
efforts with State agencies such as yours.

I am sure you will have many questions concerning these data, Since these data serve as the
launching platform for all other reports, I am suggesting that our staffs have a working session sometime
during the week of February 22-26 to allow submittal of computer disks and programs to you and thereby
reduce the amount of paper while increasing the amount of information conveyed to you.

Very truly yours,

JOE A. ACEVES /‘
President and Chief Executive Officer
JA:lk

twdb?2.fl




1976 Thru 1988

PLANNING AREA | BUSINESS CONNECTIONS

Watershed Acres 1976 BUS 1977 BUS 1979 BUS 1980 8uUs 1988 BUS ;
Central 93,113 16,980 16,943 18,092 18,485 21,716
Confluence 110,285 501 518 541 594 747
Lower Leon 32,691 1,024 1,258 1,106 1,107 1,674
Lower Salado 59,963 2,983 3,264 3,295 3,713 6,624
Medina 81,818 334 335 372 372 817
Upper Leon 97,153 F£) 822 935 988 3,112
Upper Salado 82,645 1,223 1,363 1,646 1,922 4,328
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Central BUSINESS CONNECTIONS: | 1976 Thru 1988

Watershed 7.5’ Area Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 8US l
____________________________________________________________________________________________________________ 1
Central E-5 17,631 937 1,061 1,338 1,390 3,573 ]
Central E-4 2,57 440 479 592 607 925 i
Central D-5 31,86 8,293 8,069 8,116 9,019 9,292 j
Central D -4 14,141 5,270 5,256 5,907 5,323 5,197
Central D -2 459 52 52 58 55 186
Central C-5 6,520 1,205 1,240 1,272 1,285 1,503 ;
Central C-4 19,927 783 786 809 806 1,038 f
Central 93,113 16,980 16,943 18,092 18,485 21,714

New Connections = 4,734 or 31

% of all New Connections in Study Area
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LAND AND WATER RESOURCES CONSULTANT
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Water Well 0 _ 68— 45
Map Name SDUTHTDN

Scale 1:100.000

Il] 6035 10 1S g.o
8CALE (MILES)

18
I

Latitude

Longitude

7.5’ Area

GAE 1/29/63 44C4COMP.DWG

L
5206-02.,

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




Report file: q ews B
Page 13 1/28/93 7:21:58 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.57 Area : E-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 aus 1979 BUS 1980 BUS 1988 sus
Central 5214040000- 0 5,418 3¢9 46 58 61 b7
Central S214030000- 0 2,112 330 i 494 522 906
Central 5214020100- 0 1,102 249 270 32 318 )
Central 5214020000- 1 184 38 40 61 59 7™
Central 5214000000- 4 3,398 98 114 180 187 &1
Central 5214000000- 3 1,928 167 195 211 211 33
Central 5214000000- 2 1,010 2 2 2 2 7
Central 5213010200- © 643 68
Central 5213010104- 0 184 7
Central 5213010100- 4 1,102 14 17 20 30 »8
Central 5213010000- 2 551 ue

e Y T L T T T R R L T R L L A RS L ]




Report file: q sws 6
Page 30 1/28/93 7:25:38 pm TOTAL BUSINESS CONNECTIONS
19746-1988
7.5 Area : D-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Central 5214000000- 2 826 339 350 354 356 428
Central 5213010200- 0 3,765 1,223 1,230 1,281 1,272 1,352
Central 5213010104- 0 1,561 126 139 181 398 336
Central 5213010102- 0 1,653 190 189 21 216 316
Central 5213010100- 2 4,408 431 464 459 476 b 14"
Central 5213010100- 0 3,030 1,205 826 859 850 896
Central 5213010000 2 5,051 1,322 1,4%0 1,420 1,401 1,669
Central 5213010000- 1 1,102 732 735 698 657 932
Central 5213000000~ 1 1,286 885 877 860 1,552 853
Central 5213000000- O 1,689 521 523 524 525 541
Central 5211000000- 2 1,653 120 120 126 126 141
Central 5200000000-12 6,061 1,199 1,206 1,143 1,152 1,249



Report file: q sws_B
Page 34 1728/93 7:26:21 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : D-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Central 5214020000- 0 184 19 22 22 26 27
Central $5214000000- 2 184 10 10 11 10 20
Central 5214000000- 0 3,122 &71 489 512 533 588
Central 5213000000~ 1 367 &21 412 1,120 403 394
Central 5200000000-13 5,601 3,219 3,188 3,130 3,103 3,041
Central 5200000000-12 4,683 1,130 1,135 1,112 1,250 1,127
Central 16,141 5,270 5,256 5,907 5,323 5,197




Report file: q sus 8
Page 39 1/28/93 7:27:46 pm TOTAL BUSINESS CONNECYIONS
1976-1988
7.5' Area : D-2

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 gus 1979 BUS 1980 BUS 1988 8uUS
Central 5213010100- 4 459 52 52 58 55 186
Central 459 52 52 58 55 186

.........................................................................................................




Report file: q sws B
Page 46 1/28/93 7:29:26 pm TOTAL BUSIKESS CONNECTIONS
1976-1988
7.5 Area : €-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Centratl 5211020000 0 1,286 192 195 199 203 277
Central 5211000000~ 2 3,398 574 592 613 599 686
Central 5211000000- 0 1,377 349 382 k14 385 433
Central 5$200000000- 12 459 90 "M 89 98 107
Central 6,520 1,205 1,240 1,272 1,285 1,503




Report file: q_sws_B
Page 50 1/28/93 7:30:08 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : C-4

.........................................................................................................

Stream

Watershed Sepment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Central 5212000000- 0 643

Central 5212000000~ 0 643 17 16 18 19 26
Central 5211000000~ 0 1,653

Central 5211000000- 0 1,837 1 118 118 118 172
Central 5209000000- 0 1,102 9 1" 30 n 20
Central 5208000000- 0 643

Central 5208000000- 0 2,204 67 64 66 Fal 105
Central 5200000000-12 6,979 524 522 523 528 646
Central 5200000000-11 735 15 16 14 15 13
Central 5200000000- 9 2,5M N n 33 39 45
Central 5200000000 8 184 0 1] ¢ 0 0
Central 5200000000- 6 735 9 8 7 5 1"

.........................................................................................................




_—

Report file: WPA_swsB

Page 1 1/29/93 12:16:06 p TOTAL BUSINESS CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Central 5214040000- 0 5,418 39 46 58 61 222
Central 5214030000 0 2,112 330 377 494 522 906
Central 5214020100- 0 1,745 358 397 442 448 606
Central 5214020000~ 1 2,112 369 392 523 536 841
Central $214020000- 0 184 19 22 22 24 27
Central 5214000000- 4 3,398 98 114 180 187 461
Central 5214000000- 3 1,928 167 195 211 21 363
Central 5214000000- 2 2,020 351 362 347 348 735
Central 5214000000- 0 3,122 47 489 512 533 588
Central 5213010200- 0 4,408 1,223 1,230 1,281 1,272 1,420
Central 5213010104- 0 1,745 126 139 181 08 73
Central 5213010102- 0 1,653 190 189 211 216 316
Central 5213010100- 4 459 52 52 58 55 186
Central 5213010100- 4 1,102 14 17 20 30 358
Central 5213010100 2 4,408 431 464 459 474 579
Central 5213010100- O 3,030 1,205 826 859 850 896
Central 5213010000- 2 5,601 1,322 1,410 1,420 1,401 2,018
Central 5213010000- 1 1,102 732 735 698 697 932
Central 5213000000~ 1 1,653 1,306 1,289 1,980 1,955 1,247
Centrat $213000000- © 1,469 521 523 524 525 541
Central 5212000000- 0 643
Central 5212000000- 0 643 17 16 18 19 26
Central 5211020000- 0 1,286 192 195 199 203 277
Central 5211000000- 0 1,653
Central 5211000000- 2 5,051 694 712 739 725 827
Central 5211000000- 0 3,214 460 480 489 503 605




Pt

Report file: WPA_swsB

Page 2 1/29/93 12:16:09 p TOTAL BUSINESS CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Central 5209000000- 0 1,102 9 1" 30 11 20
Central 5208000000- 0 643
Central 5208000000- O 2,204 &7 64 66 Al 105
Centrat 5200000000-13 5,601 3,219 3,188 3,130 3,103 3,041
Central 5200000000-12 18,182 2,943 2,954 2,867 3,028 3,129
Central 5200000000-11 735 15 16 14 15 13
Central 5200000000- 9 2,57 31 3 33 39 45
Central 5200000000- 8 184 0 0 0 0 0
Central 5200000000~ 6 735 9 8 7 5 "
Central 93,113 16,980 16,943 18,092 18,485 21,714




Confluence

BUSINESS CONNECTIONS

1976 Thru 1988

Conf i erce

Confimrmce
Confl ernce

C-4
c-3
c-2
Confl_erce B -5
B -4
B -3
Confluence g -2

Confluence -

1976 BUS 1977 BUS 1979 BUS
17 173 186

180 186 189

9 7 13

20 22 23

112 122 123

9 8 6

..............................................................................................................

1980 BUS 1988 BUS
207 227
206 266
11
28 48
127 192
15 14 !
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C. THOMAS KOCH. INC.

LAND AND WATER RESOURCES COMSHLTANT




7.5 Minute Areaq

Water Well ID0 _68-— 45

Mop Name SOUTHTON

Scale 1:100,000

1{] 605 10 15 20
.
8CALE (MILES)

Latitude °9

Longitude = _98

7.5 Area C4

5206-02.._

DY

GAE 1/29/93 44C4COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




(-

63432

7.5 Minute Areaq

Woter wall 10 _68— 46

Scale 1:100,000

]‘l 8 05 10 15 20
e
SCALE (MILES)

Latitude = _P9

Longitude = _98
7.5" Area = C3

460402 -

Juouu-oo

GAE 1/29/93 44C3COMP.DWG

C.

LAND AND WATER RESOURCES CONSULTANT

23

THOMAS KOCH, INC.




iAE 1/18/93  OGBFRAME Dme

7.5 Minute Areq
Water Weil 1D _68— 47

Mop Namel.O Vernia SW
Seols 1:100,000

0 0S5 10 15 20

SCALE (MLLES)

Latitude = P9

Longitude = _98

7.5 Area = (@

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




754352

7.5 Minute Area
Woter Well ID_ 68— 52

Map Mame THELMA

Scale 1:100,000

41 0 05 10 1S5 pPp
[ seew " mes)
SCALE (MILES)

Latitude = _29

Longitude = _98

7.5 Area = BS

 6305-00

 6301-00

4

GAE 1/29/93 44B5COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Area

Water well 10 _68— 93
Map Name LDSDYA

Scale 1:100,000

* 0 05 10 15 20
L, S —|

Latitude

Longitude

7.5 Area

600452060400

GAE 1/29/93 44B4CONP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Areal Latitude
water wait 0 _68— 54

Map Noms SASPAMCD
Socle 1:100,000 7.5 Area = 33

276543351 — 41 0BS540 15 20
SCALE (MILES)

Longitude = _98

450100

+

3302-00

N
330400
i |
| 21 | 22 | 23

GAE 1/29/93 44B3COMP.DWG

C. THOMAS KOCH, INC.

LAND ANO WATER RESOURCES CONSULTANT




7.5 Minute Areqa Latitude
Water Welt 10 _(GR— 55
Map Name F lOresville

Longitude

05 10 15 390
SCALE (MILES)

R : Scols 1:100,000 7.5" Area
A7654377 JJ 0

\o\.o’ .0’0 i, /‘/\ ~
oo

RN 20% o
orésville *o"'w .
‘ ~

GAE t/18/93 038FRAME.DWG C. THOMAS KOCH INC.

LAND AND WATER RESOURCES CONSU"L,TANT,




Report file: q sws B
Page 51 1/28/93  7:30:37 pm TOTAL BUSINESS CONNECYIONS
1976-1988
7.57 Area : C-4

.........................................................................................................

Stream

Watershed Segment Acres 1976 BUS 1977 8US 1979 sus 1980 BUS 1988 BUS
Confluence 46000000000- 0 184 1] 0 0 0

Confluence 5802000000- 0 92

Confluence 5802000000- 0 1,653 57 54 s7 80 59
Confluence 5800000000- 0 2,388 2 2 2 2 3
Confluence 5700000000~ © 92 0 0 0 0 2
Confluence 5204000000 0 2,5M 38 35 37 34 43
Confluence 5203000000- 0 2,204 14 15 21 22 19
Confluence 5202020000- 0 918 2 3 5 4 9
Confluence 5202000000- 2 918 4 (4 4 4 3
Confluence 5202000000- 0 35 1 1 1 1 1
Conf luence 5200000000 4 459 1 1 1 0 2
Confluence 5200000000- 3 826 3 3 2 2 7
Confluence 5200000000~ 0 92 0 0 0 1] 0
Confluence 5002000000- © 643 0 1] 0 1 2
Confluence 5000000000- 2 2,388 16 21 22 21 n
Confluence 4613000000- 0 551 4 4 4 4 3
Confluence 4611000000- 0 918 10 10 10 10 10
Confluence 4509000000+ 0 551 1 1 1 1 5
Confluence 0-58 367 2 3 2 2 3
Confluence 0-57 1,010 14 14 15 15 22
Confluence 0-55 275 2 2 2 2 3



Report file: q_sws_B
Page 54 1/28/93 7:31:33 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5’ Area ; C-3

.........................................................................................................

Stream

Watershed Segment Acres 1976 8US 1977 BUS 1979 BUS 1980 Bus 1988 BUS
Confluence 5002000000~ O 1,928 4 4 4 4 7
Confluence 5000000000- 2 92 1 1 1 1 2
Confluence 5000000000~ 0 92 0 0 0 0

Confluence 4800000000~ 0 1,377 20 20 20 22 22
Confluence 4613000000- 0 643 4 4 4 & 8
Confluence 4611000000- 0 184 2 2 2 2 3
Confluence 4610010000- 0 826 4 4 3 3 4
Conf luence 4610000000- 0 2,479 3 3 4 5 5
Conftuence 4609000000- 0 3,306 28 30 29 29 43
Confluence 4608040000~ 0 184 1 1 1 1 1
Confluence 4608020000- 0 1,286 B 8 7 7 9
Confluence 4508000000 4 459 4 4 4 7 15
Confluence 4508000000~ 2 27 0 0 ] 0 0
Confluence 4508000000- O 7.530 29 29 29 3% 36
Confluence 4506040000~ O 735 2 2 4 4 3
Confluence 4606020100~ 0 1,102 0 0 0 0 0
Confluence 4506020000~ 1 735 0 1 1 1 1
Confluence 4606020000~ 0 826 3 4 4 3 0
Confluence 4606000000- 4 551 2 2 2 2 -2
Confluence 4606000000~ 2 2,479 & 6 9 9 12
Confluence 4606000000~ 0 1,286 ] 5 5 5 5
Confluence 4604020000- 0 551 0 0 0 0

Confluence 4604000000- 2 1,561 F4 2 2 2 5
Confluence 4504000000- O 184 0 0 0 0

Confluence 4600000000-13 1,837 7 7 8 8 13
Confluence 4600000000-11 551 3 3 3 3 4
Confluence 4600000000-10 2,020 6 7 6 6 9
Confluence 4600000000~ 9 367 1 0 0 0 2
Confluence 4600000000~ 8 2,571 27 29 29 33 42
Confluence 4600000000~ 6 1,286 8 8 8 1 13
Confluence 4600000000~ & 735 0 0 0 0

Confluence 0-46 92 0 0 0 0

.........................................................................................................

.........................................................................................................



N

P

e

Report file: ¢ sws_B
Page 56 1/28/93 T7:32:16 pm TOTAL BUSINESS CONNECTIONS
1976- 1988
7.5¢ Area : C-2

.........................................................................................................

Stream

Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Confluence 4606040000- 0 1,377 8 6 10 9

Confluence 4606020100~ 0 275 0 0 0 0

Confluence 4606020000- 1 1,377 0 0 0 0

Confluence 4606000000- 4 735 1 1 3 2

Confluence 4604020000- 0 459

Confluence 4602000000- 0 184

Confluence 4,408 9 7 13 Lkl



A

Report file: q_sws_B
Page 58 1728793 7:32:30 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5’ Area : 8-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Confluence 5700000000 O 4,683 20 22 23 28 48
Conf luence 4,683 20 22 23 28 48




Report file: q sws B
Page 60 1728793 7:32:31 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5' Area : B-4

.........................................................................................................

Stream

Watershed Segment: Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Conf luence 5700000000- 0 3,673 42 42 40 45 70
Confluence $500000000- 0 3,765 32 37 38 35 ¥4
Conf luence $300000000- 0 7,530 1 15 12 13 18
Confluence 5203000000- 0 92 0 0 1] ¢

Confluence 5202000000- 0 92 0 0 0 0

Confluence 5200000000~ 2 275 1 1 1 1 3
Confluence 5200000000~ 0 367 0 1 2 2 2
Confluence 5000000000~ 2 735 3 3 3 3 4
Confluence 4900000000- ¢ 3,489 2 2 2 3 3
Confluence 0-57 9”2 0 0 0 0

Confluence 0-55 551 7 7 6 6 10
Confluence 0-53 735 1 1 1 1 4
Confluence 0-52 1,19 1 1 3 3 8
Confluence 0-50 4,316 12 12 15 14 26

.........................................................................................................

.........................................................................................................




Report file: q_sws B
Page 62 1728/93 7:33:13 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.57 Ares : B-3

.........................................................................................................

..........................................................................................................

Confluence 4604000000~
Confluence 4602000000

0
0
0

Confluence 4604020000- 0 459
0
0
Confluence 4400000000 &
0

Confluence 4500000000~ 918

Confluence 0-50 92 0 0 0 0

Confluence 0-48 1,377 0 0 0 0 1
Confluence 0-46 3,673 3 3 3 10

Confluence 13,774 9 8 [ 15 14




( Report file: q sws 8

Page 64 1728/93 7:35:27 pm TOTAL BUSINESS CONNECTIONS

1976-1988
7.5 Area : B-2
Stream

Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BuUS 1988 BUS

Confluence 4602000000- 0 459

Confluence 459
¢ L
\




Y

Report file: WPA_swsB

Page 3 1729793 12:16:11 p TOTAL BUSINESS CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Confluence 6000000000- 0 184 0 0 0 0
Confluence 5802000000~ 0 92
Confluence 5802000000- 0 1,653 57 54 . 57 80 59
Confluence 5800000000- 0 2,388 2 2 2 2 3
Confluence 5700000000~ O 8,448 62 64 63 73 120
Confluence 5500000000- 0 3,765 32 37 38 36 &4
Confluence 5300000000- 0 7,530 11 15 12 13 18
Confluence 5204000000- 0 2,57 318 35 37 36 43
Confluence 5203000000- 0 2,296 14 15 21 22 19
Confluence 5202020000- 0 918 2 3 5 4 9
Confluence 5202000000- 2 918 4 & 4 4 3
Confluence 5202000000- 0 826 1 1 1 1 1
Confluence 5200000000- 4 459 1 1 1 0 2
Confluence 5200000000~ 3 826 3 3 2 2 7
Confluence 5200000000- 2 275 1 1 1 H 3
Confluence 5200000000- 0 459 1] 1 2 2 2
Confluence 5002000000~ © 2,5M 4 4 4 5 9
Confluence 5000000000- 2 3,214 20 25 26 25 37
Confluence 5000000000~ 0 459 . 0 0 0 0
Confluence 4900000000- 0 5,326 3 3 4 5 4
Confluence 4800000000- 0 4,040 25 24 21 25 29
Confluence 4613000000~ ¢ 1,194 8 8 8 8 1
Confluence 4611000000- 0 1,102 12 12 12 12 13
Confluence 4610010000~ 0 826 4 4 3 3 4




Report file: WA_swsB

Page 5 729793 12:16:16 p TOTAL BUSINESS CONNECTIONS
1976-1988

S:ream
Watershed sSegment Acres 1976 BUS 1977 BUS 1979 BUS 19% BUS 1988 BUS
Confluence L600000000-13 1,837 7 7 8 8 13
Confluence £&00000000-11 551 3 3 3 3 4
Conf luence 4£600000000-10 2,020 6 7 6 6 9
Conf luence 4600000000- 9 367 1 0 0 0 2
Conf luence 4600000000~ 8 2,57 27 29 29 33 42
Conf luence «600000000- & 1,285 8 8 1 13
Confluence <600000000- 4 1,837 0 0 0 0 0
Confluence 600000000~ 0 918
Confluence 0-58 367 2 3 2 2 3
Confluence 0-57 1,102 14 14 15 15 22
Confluence 0-55 826 9 9 8 8 13
Confluence 0-53 735 1 1 1 1 4
Confluence 0-52 1,194 1 i 3 3 8
Confluence 0-50 4,408 12 12 15 14 26
Confluence 0-48 1,377 0 0 0 o} 1
Confluence 0-46 3,765 3 3 3 10 5




Report file: WPA_suwsB

Page 4 1/29/9% 12:16:14 p TOTAL BUSINESS CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BuUS 1988 BUS
Conf luence 4610000000~ 0 2,479 3 3 4 5 5
Confluence 4409000000~ 0 3,857 29 31 30 30 48
Confluence 4608040000- 0 184 1 1 1 1 1
Confluence 4608020000- 0 1,285 8 8 7 7 9
Confluence 4608000000~ 4 459 4 4 4 7 15
Confluence 4608000000- 2 27 0 0 0 0 0
Confluence 4608000000- 0 7,530 29 29 29 34 36
Confluence 4606040000- 0 1,377 8 .3 10 9
Confluence £606040000- 0 5 2 2 4 4 3
Confluence 4606020100~ 0 275 0 0 0 0
Confiuence 4606020100~ 0 1,102 0 0 0 0 0
Conf luence 4606020000- 1 1.377 0 0 0 0
Confluence 4606020000~ 1 735 0 1 1 1 1
Confluence 4606020000~ 0 826 3 4 4 3 0
Confluence 4606000000~ & 735 1 1 3 2
Confluence 4606000000~ & 551 2 2 2 2 2
Confluence 4606000000- 2 2,571 & 6 10 @ 12
Confluence 4606000000- O 1,286 5 5 5 S -]
Conf luence 4604020000- 0 459
Confluence 4604020000- 0 5,010 0 1] 0 : 0
Confluence 4604000000- 2 1,561 2 2 2 2 5
Confluence. 46064000000- O 1,102 0 1] 0 0
Confluence 4602000000- 0 643

Confluence 4602000000- 0 367




Lower Leon

BUSINESS CONNECTIONS

1976 Thru 1988

Watershed 7.5’ Area Acres
Lower Leon D-6 11,019
Lower Leon D-5 8,081
Lower Leon cC-6 735
Lower Leon c-5 12,85

Lower Leon 32,691

New Connections =

1976 BUS 1977 BUsS 1979 sus
397 411 458
217 222 218
10 1 13
400 614 417
1,024 1,258 1,106

650 or 4% of all New Connections in Study Area

1980 BUS 1988 Bus J
451 8% i
232 323 |

12 15 ;
412 442 |
1,107 1,674 f

1
-+
.

. PR Fan sy v m _-..v.u«_l

I svman g
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Wb ey f ey faas by

“C THOMAS KOCH

—INC,

LAND AND WATER RESOURCES CONSULTANT



(- | PR 7.5 Minute Area Latitude
D N L water well 10 _ 68— 35

Longitude

Map Nams CULEBEQ HILL

Saale 1:100,000 7.5’ Area

.36555“5525 : ]‘I i oS 10 1 o
SCALE (MILES)

08

601107-00

GAE 1/28/93 44DBCOMP.DWG C. THOM KOC
LA




=1 | 7-3 Minute Area| Latituge = 29
- 5 water wait 10 _68— 36 Longitude = 98
Map Narme SAN ANTDNIU WE:;T

Scale 1:100,000 7.5 Area = DS

&1 ] 0.5 E.IJ iE 5.0

1Y
—- o,

\'\ 52130102-00

\

k -
\ 621301-00

N, 5213-00 %
Ny

GAE 1/20/03 44D5COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES OONSULTANT




L~

T e84 3%

7.5 Minute Area

Woter wetl 10 _68— 43
Map Name MACDDNA

Scate 1:100,000

* 005 10 LS _ 28
[ s T )
SCALE (MILES)

Latitude
Longitude
7.5 Area

 6315-00

63-13
|

GAE 1/29/983 44CE8COMP.DWG

Cc8

|
0s

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT



7.5 Minute Area| Ldtitude
Water wetl I0_68— 44
Map Name TERREL WELLS

Scale 1:100,000 7.5' Arac

Longitude

52110200

5

1-00

/‘__

_S8— 02

e 60020 g\q

‘\_

N —~7 .

- N L i 00-60 .~3
!\. . g B
YC""" T . 3
H . H
5 | e ik v

GAE 1/29/93 44C5COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




—

Report file: q_sws B
Page 26 1728793 T:24:41 pm TOTAL BUSINESS CONNECTIONS
176-1988
7.5 Area : D-6

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Lower Leon 6009000000~ 0 7,163 122 125 135 164 In
Lower Leon 6007000000- 0 918 161 170 182 182 219
Lower Leon 4005000000~ 0 1,286 96 95 93 96 191
Lower Leon 6003000000~ 0 367 9
Lower Leon 6000000000- 9 1,286 18 21 48 29 103
Lower Leon 11,019 397 411 458 451 894




Report file: q sus B
Page 31 1/28/93 7:25:54 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5¢ Area : D-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Lower Leon 6007000000~ 0 184 36 34 32 30 26
Loser Leon 6005000000~ 0 918 26 25 26 26 25
Lower Leon 6000000000- 9 2,388 25 29 29 27 106
Lower Leon 6000000000- 7 275 1} 10 14 1% 13
Lower Leon 6000000000- S 2,020 93 99 9 110 99
Lower Leon 6000000000 3 2,296 26 25 26 25 54
tower Leon 8,081 217 222 218 232 323

.........................................................................................................



—

P

B3 ¥
-

Report file: q_sws_B

Page 43

...........

...........

1/28/93 T:28:29 pm TOTAL BUSINESS CONNECTIONS
1976- 1988
7.5 Area : C-6

..............................................................................................

Stream

Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS

6003000000- 0 735 10 1 13 12 15
735 10 1" 13 12 15



Report file: q sws 8
Page 47 1/28/93 7:29:40 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : C-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BuUS 1988 BUS
Lower Leon 6003000000- 0 6,336 78 87 L4 89 142
Lower Leon 6000000000- 3 6,520 322 527 326 h7.41 300
Lower Leon 12,856 400 614 417 412 442

.........................................................................................................

Poaaas

S




Report file: WPA_swsB

Page 6 1729793 12:16:47 p TOTAL BUSINESS CONNECTIONS
1976-1988
Stream

Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 B8uUS
Lower Lecn 6009000000- 0 7,163 122 125 135 144 372
Lower Leon 6007000000- 0 1,102 197 204 214 212 245
Lower Leon 6005000000 0 2,204 122 120 119 122 216
Lower Leon 6003000000- O 7,438 88 98 104 101 166
Lower Leon 6000000000- © 3,673 43 50 7 56 209
Lower Leon 6000000000~ 7 275 1 10 14 14 13
Lower Leon 6000000000~ S 2,020 93 99 91 110 99
Lower Leon 6000000000~ 3 8,815 348 552 352 348 354
Lower Leon 32,691 1,024 1,258 1,106 1,107 1,674

.........................................................................................................



Lower Salado | BUSINESS CONNECTIONS 1976 Thru 1988

Watershed 7.5 Area Acres 1976 8US 1977 BUS 1979 BUS 1980 BUS 1988 Bus

Lower salado £ - & 12,213 656 730 871 984 3,167

Lower Salado £ - 3 2,847

Lower Salado O - 4 26,814 2,172 2,375 2,271 2,563 3,202

Lower Salado 3 - 3 5,326 39

Lower Salado € - & 12,764 155 159 153 164 216
Lower Satado 59,963 2,983 3,264 3,295 3,713 6,624

S 7

N
N
%)
no

......

..... e

~C. THOMAS KOCH. INC.

LMD AND WATER RESOURCES CONSULTANT




=y 7.5 Minute Ared| Ladtitude
o b Water weil 10 _68— C9

Longitude

Map Name LDNGHDRN

Seole 1:100,000 7.5 Area

T :s:s:‘.szz:' H : * 0 'S a 1
SCALE (MILES)

| 17 | 18

m-m.&.‘%‘ \

b

T‘ “"'\-.. I'" “
5206-16,
820818 /"

5206~1 4 ‘i

521402-01

GAE 1/28/93 44E4COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




( o PN Py 7.5 Minute Areaq Latitude = P9

- AN Water weit 10 _ 68— 30

. frdon) | Map Name SCHERTZ

i Soale 1:100,000 7.5’ Area = £3
: : 4} .

Longitude = _98

85432 05 10 ) 20
SCALE (MILES)

N\ 12-40
023702200 \.o.__|

GAE 1/29/93 44E3CONP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Area

Water Welt 10 _68— 37

Map Name SQN ﬁNTﬂNID EAST

Scole 1:100,000

* 0 03 10 15 20
L s s

17 |

Latitude = 29
Longitude = 98
7.5" Area = 4

LY /

e"bo!
T -

\F | -5
. -

520602

5206 03 / an

i—-h...._

i;'.

smlo.—-ﬁ-

GAE 1/29/83 44D4COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT



63432

7.5 Minute Area

water welt 10 _68— 38
Map Name MARTINEZ

* Scale 1:100,000
']

65 10 185 20
SCALE (MILES)

£9
98

Latitude

Longitude

7.5" Area = D3

. $20602-02

4613-00

J ozyoe—or! V.

B g \--"..
Ho23706-06 N

L |
".'..E / \

e——.

.H:%;ifl

_023708-06..

"~

s

4608-04

e

0237-08

GAE 1/29/93

44D3COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7ES4 327

7.5 Minute Area

Water well D _68— 45
Map Name SOUTHTON

Scale 1:100,000

* a 05 10 15 20
[ S —

18

Latitude

Longitude

7.5" Areaq

Y,

/ 5B02-00 )

A
MitEtell
Loka;

520602,

GAE 1/29/03 44C4COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




Report file: q sws_ 8
Page 18 1728793 7:22:48 pm TOTAL BUSINESS CONNECTIONS
1976- 1988
7.5' Ares : E-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 Bus
Lower Salado 5206090000- O 1,745 304 N 356 388 504
Lower Salade 5206080400- O 184 1 2 2 4 5
Lower Salado 5206080200- O 826 109
Lower Salado 5206080100- O 1,194 84 o1 114 139 596
Lower Satado S206080000- 4 1,469 13 13 14 23 286
Lower Salado 5206080000- 2 2,57 112 123 137 150 490
Lower Salado 5206080000- t 551 40 53 "7 148 331
Lower Satado 5206060000- 0 1,194 303
Lower Salado 5206020000- 4 551 96
Lower Salado 5206000000- 9 735 79 95 102 100 171
Lower Salado 5206000000- 8 275 23 22 29 32 102
Lower Salado 5206000000- & 918 174

.........................................................................................................

.........................................................................................................




Report file: q sws_B
Page 21 1/28/93 7:23:58 pm TOTAL BUSINESS CONNECT]ONS
1976- 1988
7.5 Ares : E-3

.........................................................................................................

Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS

..........................................................................................................

Lower Salado 5206080400- 0 1,377

Lower Salado 5206080200- 0 459
Lower Salado 5206080000- 4 184
Lower Salade 5206080000- 2 275
Lower Salado 5206060000- 0 92
Lower Salado 5206020400- 0 92
Lower Salado 5206020000- 4 367

.........................................................................................................

.........................................................................................................




Report file: q sws_B
Page 35 1/28/93 7:26:50 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : D-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 8US 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Lower Salado 5206060000- O 367 21 20 16 19 20
tower Salado 5206050000- O 1,745 309 305 299 295 298
Lower Salado 5206030000- O 1,469 350 499 286 294 301
Lower Salado 5206020100- O 918 15 10 16 17 29
Lower Salado 5206020000- & 1,194 32 29 30 n 58
Lower Salado 5206020000- 2 3,857 239 272 316 £y} 542
Lower Salado 5206020000~ 1 367 1
Lower Salado 5206020000- O 2,204 59 66 66 91 132
Lower Salado 5206000000- 6 1,010 189 195 213 215 317
Lower Salado 5206000000- S 7,805 554 568 592 613 921
Lower Salado 5206000000- 3 1,377 133 124 125 130 161
Lower Salado 5206000000~ 2 4,500 271 287 312 527 422

. e e R k= = . B B e S = e = e P B = = = . R eSS A E ... ... - ———————

B R el Tl R e Ty gy g S S S,




Report file: q sws_B
Page 37 1/728/93 7:27:17 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5' Area : D-3

.........................................................................................................

Watershed Segment Acres 1976 8US 1977 BUS 1979 BUS 1980 BUS 1988 BUS

..........................................................................................................

Lower Satado 5206020400- 0 1,010

Lower Salado 5206020200 0 1,286 10
Lower Salado 5206020000- 4 o2
Lower Salado 5206020000- 2 1,745
Lower Salado 5206020000- 1 643 1"
Lower Salado 5$206020000- 0 551 18

.........................................................................................................

.........................................................................................................




Report file: q_sws_B
Page 52 1728793 7:31:19 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : C-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Lower Salado 5206020000- 0 1,745
Lower Salado 5206020000- 0 2,112 é 7 5 7 14
Lower Salado 5206000000- 2 4,705 125 126 122 126 159
Lower Saledo 5206000000- 0 4,132 24 26 26 33 43
Lower Salado 12,764 155 159 153 166 216

.........................................................................................................



Report file: WPA_swsB

Page 7 1729/93 12:16:19 p TOTAL BUSINESS CONNECTIONS
1976- 1988
Stream

Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Lower Salade 5206090000- 0 1,745 304 33 356 388 504
Lower Salado 5206080400- 0 1,561 1 2 2 4 5
Lower Salado 35206080200- 0 1,286 109
Lower Salade 5206080100- 0 1,194 84 91 114 139 596
Lower Salado 5206080000- & 1,653 13 13 14 23 286
Lower Salado 5206080000- 2 2,847 112 123 137 150 490
Lower Salade 5206080000- 1 551 40 53 117 148 331
Lower Salado 5206060000- 0 1,653 21 20 16 19 323
Lower Salado 5206050000- 0 1,745 309 305 299 295 298
Lower Salado 5204030000- 0 1,469 350 499 286 294 301

Lower Salado 5206020400- O 1,102
Lower Salado 5206020200- O 1,284 10
Lower Salado 5206G20100- 0 918 15 10 16 17 29

Lower Salado 5206020000- 0 1,745

Lower Salado 5206020000~ 4 2,204 32 29 30 3 154
Lower Salado 5206020000- 2 5,601 239 272 316 33 542
Lower Salado 5206020000- 1 1,010 12
Lower Salado 5206020000- O 4,867 65 73 m 98 164
Lower Salado 5206000000- 9 735 79 95 102 100 m
Lower Salado 5206000000- 8 275 23 22 29 32 102
Lower Salado 5206000000- 6 1,928 189 195 213 215 491
Lower Salado 5206000000- 5 7,805 554 568 592 613 921
Lower Salado 5206000000- 3 1,377 133 124 125 130 161
Lower Salado 5206000000- 2 9,275 396 413 L34 653 581
Lower Salade 5206000000- 0 4,132 24 26 26 33 43




BUSINESS CONNECTIONS

1976 Thru 1988

Watershed 7.5’ Area

Acres

J S R Uy R S

34 4 mmiorm

SR oI R g

SR S RN

-t »

mquad

~C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Area ] (atitude
Water Well 1D _68— 34
wap Name LA COSTE NE

Scale 1:100,000 7.5 Area

41 oS 10 L5 20
SCALR (MILXS)

Longitude

"R \Jootko2
"% 720400 '

;. \J2010102-00- .-

\72:02

siai-oo N {7202-00
os | 06 | o7

GAE 1/20/63 44D7COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESOQURCES CONSULTANT




7.5 Minute Areal rditude
Water Wett 10 _ 58— 35

Longitude

mop Nome CULEBRA HILL

Sonle 1:100,000 7.5 Areaq

41 0 0.3 !.0 lE 20
SCALE (MILES)

08 | 11
601107-00 G \eweoo: e

60110200\

6011-04

GAE 1/20/93 44DECOMP.DWG C. THOMAS KOCH, INC.

LAND ANO WATIR RESOURCES CONSULTANT




7.5 Minute Area| Lotitude 29
Water weit 10 _G8— 42

Map Neme LA COSTE
Scale 1:100,000 7.5' Area = C7
* '

Longitude 28

05 10 LS 0

'\' I .
\nij ‘ . -,
] 8319-00 7 N

GAE 1/29/93 44C7COMP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Areq Lafitude = P9
Water Well 10 _G68— 43 .
Map Name MACDDNA

Scale 1:100,000 7.5 Area = C6

41 9065 10 15 g9
[ e samam)
SCALR (MILES)

Longitude = _98

63—16 ’

-

_~8315-00/ 63~13

08 0s

GAE 1/29/93 44C8COMP.DWG C

. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




7.5 Minute Areaq Lafitude = _29
Water Well 10_G8— 44

Map Name TERREL WELLS
Scale 1:100,000 7.5' Area = (5
4] 0

Longitude = _98

05 10 15 20
SCALE (MILES)

| 15

......

i ;e
07 | K \./‘u--.,
‘63-—0 €301 | ~, i

| 12 | 13

GAE 1/20/93 44C5CONP.DWG

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSUL?ANT




Report file: q_sws_B
Page 23 1728793 7:23:59 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : D-7

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Medina 7202000000~ 0 1,928 4 3 2 2 3
Medina 7201000000~ 1 184
Medina 7201000000- O 275
Medina 7200000000- & 92
Medina 7200000000- 2 1,010 1 1 1 1 2
Medina 7001020000- ¢ 1,469
Medina 7001000000- 2 2,663 1
Medina 7001000000- 0 184 2 1 1 1
Medina 7000000000- 1 3,489 1 2 1 3
Medina 6408000000- 0 3,030 5 6 8 8 8
Medina 6406000000- 0 1,745 3 4 3 3 7
Medina 6400000000- 8 2,571 2 2 2 2 4
Medina 6400000000- & 735 1 1 2 2 3
Medina 6400000000- 4 918 3 2 3 3 4
Medina 20,294 21 21 24 23 35

.........................................................................................................




Report file: q_sws B
Page 27 1/28/93 7:24:55 pm TOTAL BUSINESS COMNECTIONS
1976-1988
7.5 Area : D-6

.........................................................................................................

Stream

Watershed Segment Acres 1976 BUS 1977 BUS 1979 8US 1980 BUS 1988 BUS
Medina 7001020000- © 735 1 1 1 1 6
Medina 7000000000~ 1 4,500 13 13 13 14 22
Medina 4800000000- 0 92

Medina 6600000000+ 0 1,010 4
Medina 6406000000~ 0 92 0
Medina 6404000000~ 0 4,683 7 8 13 12 32
Medina 6402000000~ © 1,653 16 17 17 18 13
Medina 6400000000- 4 3,581 14 16 16 17 32
Medina 6400000000~ 2 2,755 13 13 16 18 55
Medina 6400000000- © 3,214 17 15 20 18 138
Medina 22,314 81 83 96 98 420

.........................................................................................................




)

Report file: q sws B

Page 41 1/28/93 7:28:00 pm

................................................................................................

1976 BUS

TOTAL BUSINESS CONNECTIONS

1976-1988

7.5* Area : C-7

.........................................................................................................

1977 BUS

1979 BuS

.........................................................................................................

Medina 7202000000- ©
Medina 7201010000~ ¢
Medina 7201000000- 1
Medina 7201000000- 0
Medina 7200000000- 2
Medina 7200000000~ 1
Medina 7200000000~ 0
Medina 7001000000- ¢
Medina 6901000000- 0
Medina 6900000000- 1
Medina 0-72
Medina

.........................................................................................................




——

Report file: q sws_B
Page 44 1728793 7:28:57 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5' Area : C-6

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Medina 7001000000- 0 1,653 13 16 17 17 19
Medina 7000000000~ 1 1,653 1 1 1 1 2
Medina 6901000000- 0 643 1 1 1 H 4
Nedina 6900000000- 1 184 1 1 1 1 2
Medina 6900000000~ 0 1,194 3 4 5 3 8
Medina 6800000000- 0 1,102 4
Medina 6600000000- 0 3,214 5 S ¢ 9 10
Medina 6501000000- 0 1,745 5 S 6 6 15
Medina 6500000000- 1 1,377 13 12 12 13 20
Medina 6500000000- O 2,296 70 65 66 65 7
Medina 6400000000~ O 6,33 37 38 36 33 52
Medina 0-70 1,102 6 7 8 9 12
Medina 0-69 459 1 3 5
Medina 0-68 92 0
Medina 0-66 1,286 4 4 3 3 7
Medina 0-65 1,561 20 21 23 25 34
Medina 25,895 179 180 189 189 272

.........................................................................................................




—~

P

Report file: q_sws_B
Page 48 1728793 T:29:55 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5¢ Area : C-5

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Medina 6400000000- 0 826 9 9 13 12 23

.........................................................................................................

.........................................................................................................




Report file: WPA_susB

Page 9 1/29/93 12:16:22 p TOTAL BUSINESS CONNECTIONS
1976- 1988

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Medina 7202000000- 0 1,928 4 3 2 2 3
Medina 7202000000- 0 826 2 2 2 2 1
Medina 7201010000- 0 459 1 2 2 2 2
Medina 7201000000~ 1 184
Medina 7201000000- O 275
Medina 7201000000- 1 826 3 3 5 7 9
Medina 7201000000- O 1,928 7 7 7 7 7
Medina 7200000000- 4 92
Medina 7200000000- 2 1,010 1 1 1 1 2
Medina 7200000000~ 2 918 5 5 5 5 é
Medina 7200000000~ 1 367
Medina 7200000000- 0 184
Medina 7001020000- O 1,469
Medina 7001020000~ © 735 1 1 1 1 6
Medina 7001000000~ 2 2,663 1
Medina 7001000000- O 184 2 1 1 1
Medina 7001000000~ 0 2,020 15 18 19 19 19
Medina 7000000000~ 1 3,489 1 2 1 3
Medina 7000000000~ 1 6,152 14 14 14 15 24
Medina £901000000- 0 1,745 7 [ 6 6 21
Medina 6900000000 1 3,030 16 14 18 16 22
Medina 6500000000- 0 1,194 3 4 5 3 8
Medina 6800000000- © 1,194 4
Medina 6600000000- 0 6,224 5 5 9 9 14

Medina 6501000000- 0 1,745 5 5 6 6 15




Report file: WPA_swsB

Page 10 1/29/93 12:16:32 p TOTAL BUSINESS CONNECTIONS
1976-1988
Stream

Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Medina 6500000000- 1 1,377 13 12 12 13 20
Medina 6500000000- 0 2,2%6 70 65 66 65 78
Hedina 6408000000- 0 3,030 5 (] 8 8 8
Medina 6406000000~ 0 1,745 3 4 3 3 7
Medina 6406000000- 0 92 0
Medina 6404000000- 0 4,683 7 8 13 12 32
Medina 6402000000~ 0 1,653 16 17 7 18 131
Medina 6400000000- 8 2,57 2 2 2 2 4
Medina 6400000000- 6 735 1 1 2 2 3
Medina 6400000000- 4 918 3 2 3 3 4
Medina 6400000000~ 4 3,581 14 16 16 17 32
Medina 6400000000- 2 2,755 13 13 16 18 55
Medina 6400000000- 0 10,376 63 62 69 63 213
Medina 0-72 2,663 3 3 5 5 5
Medina 0-70 1,102 6 7 8 9 12
Medina 0-69 459 1 3 5
Medina 0-68 92 0
Medina 0-66 1,286 4 4 3 3 7
Medina 0-65 1,561 20 21 23 25 34




(-

\
Upper Leon | BUSINESS CONNECTIONS 1976 Thru 1988 |

i
'

Watershed 7.5’ Area Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 8Us

Upper Leon F - 6 30,119 102 123 132 152 231
F-5 3,214 37 38 37 36 70
E-6 41,69 2644 275 339 352 969
Upper Leon E - 5 11,846 178 222 232 240 1,012
D-7 643

D-6 8,815 75 86 1M 122 668
Upper Leon D - 5 826 95 78 8 86 162

QO
o

/ i 6 i 5 1T 4 13

Jypp——

Rp—

e 3 i s : i
GAE 1/28/93 \08\comquod? C. THOMAS KOCH, INC.

LAND AND WATER RESCURCES CONSULTANT




7.5 Minute Area] Latitude = 29
Water Well 10 _H(8— 19

Map Nome Van_ Raub

i Han £ 5 1 8 Scale 1:100,000 7.5 Area = f6
27654321 — }‘] ¢ 05 180 15 26
T - —

SCALL (MILLES)

Longitude = _98

0Z7102-00
oREEX

0271-00

;izdm—oo : (602401 ~

L4

0271D3-00§

. 6026-00) . 6022200

6017-01

GAE 1/29/93 44F8COMP.DWG C. THOMAS KOCH. INC.

LAND AND WATER RESOURCES CONSULTANT




ET 6543521

7.5 Minute Areaq
Water welt 10 _ 68— 20

Map Name _COQmMD Bullis
Seails 1:100,000

Latitude

Longitude

7.5 Area

4] 005 180 15 ag
[ e T ]
SCALE (MILES)

—IB0-21

<
2
6021 -3 r‘\%&

Ny

Y

- 60-19

- 520624-00 \ " e

.
v A
.. \

_ 52061803-00
5206-22 - Y/ '

52062

. 520618-04

5206~ 18 /3208180200 —
62081802 ~.

52061207-40

65

12

GAE 1/29/93 44PSCOMP.DWG

; 13 14

C.

LAND AND WABER RESOURCES CONSULTANT

THOMAS KOCH, INC.




87654321

7.5 Minute Area

Water Well 0 _G8— 27

Map Name HELDTES

Scale 1:100,000

4] 0 0.5 !.0 l.g S

; 09 10I

Latitlude = _P9

Longitude = _98

7.5 Area = E6

11

6011-12

601707

Tee ™, ..'-. - -."%q'

601107-00

4 o snmu-os 60‘ T.{HOG-I»OO
60110405-00 :

601104-00

601102—00

6011-02 \ |

~..6017—01

08

GAE 1/29/03 44ESCOMP.DWG

|
10

C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




C Vs o 7.5 Minute Aread| Latitude
7 I - water wei 10 _H8— 28
Map Name QASTLE HILLS

H e W LS : Soale 1:100,000 7.5 Area
27854321 . I‘J 0 05 10 15 20
SCALE (MILZS)

Longitude

520618-00

- § carece

521 4-'—‘._94 21404~

£60

60./0~02
T 5208-18

__l;_ AL s21402-01 f __|

3214020100

' f : _ ' 5214-03
: § [ eo1002-00(f- . -

. '621403-00

.l

= #2130101-04 -
£010~00" il
o : 21301-02 T 52130102-00 ; 5214-0

52130101 [

|
12 14 15

GAE 1/29/93 44ESCOMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER S8ESOURCES CONSULTANT




7.5 Minute Area| vatitude = 29

Water Well 10 _68— 34
Longitude = 98 =
vop name LA COSTE NE 8

Scale 1:100,000 7.5' Area = D7/
4] 0

F76S4821

03 10 15 0

6011070

"R \7001=02 |
L -} B N
= % \7204-00 700192-00

D \Z2010102-00- .- N\{

' 75%02

720&_:1-02 :
o 7202—-00

N
\ .

I
06

GAE 1/29/93 44D7COMP.DWG C. THOMAS KOCH, INC.

LAND AND WATER RESQURCES CONSULTANT




7.5 Minute Area | (atitude 29
Woter Well 10 _ 68~ 39

Mop Homae RA H

‘8 i Saale 1:100,500 7.5 Area = D6
T e5 4353 . - *- o 05 10 15 20

SCALE (MELES)

Longitude o8

08 '

601107-00 NS

6011-04

6005-00

GAE 1/20/03 44DBCOMP.DWG C. THOMAS KO INC.

LAND AND WATER RESOURCES CONSULTANT




woer Well 1D _68— 36

7.5 Minute Area

Latitude

Longitude
uces Name SAN ANTONID WEST

) Seals 1:100,000
* (1] 05 10 15 20
[______Seew _ ssoes)

SCALE (MILES)

4

7.5" Area

52130167202
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=
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{ 5213010200
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NI
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* gt

GAE 1/20/83 44D5COMP.DWG

|
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C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTANT




Report file: q_sws_ B
Page 1 1/28/93 7:20:59 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5' Area : F-6

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 8US
Upper Leon 6027000000- O 1,010 0
Upper Leon 6026000000- © 2,112 6 7 7 7 8
Upper Leon 6024010000- © 2,112 2 2 4 13
Upper Leon 6024000000~ 1 1,469 5 5 5 10
Upper Leon 602400000C- 0 551 1" 14 16 16 19
Upper Leon 6022000000- O 4,224 18 25 27 L}] 57
Upper Leon 6021000000~ 0 1,469 4 é 3 3 3
Upper Leon 6017000000~ 1 1,561 2 2 2 2 4
Upper Leon 6011040600- 0 1,561 S 6 6 6 8
Upper Leon 6011040500- 0 3,398 3 3 9 30 "
Upper Leon 6011040300~ 0 1,745 4 8 7 1 10
Upper Leon 6011040000- 6 1,837 8 9 10 10 9
Upper Leon 6000000000-27 2,296 5
Upper Leon 6000000000-26 826 2
Upper Leon 6000000000~ 24 918 4 4 4 4 7
Upper Leon 6000000000-22 2,204 24 24 3 24 42
Upper Leon 6000000000-21 367 S [} 6 6 16
Upper Leon 6000000000-19 459 2 2 3 3 7

.........................................................................................................

.........................................................................................................




Report file: q sws_B
1/28/93 7:21:02 pm

Page &

TOTAL BUSINESS CONNECTIONS
1976-1988
7.5’ Area : F-5

.........................................................................................................

..........................................................................................................

6022000000- 0
60000G0000-21
6000000000- 19

.........................................................................................................

.........................................................................................................

1977 8uUS 1979 BUS 1980 BUS 1988 BUS
0

3

38 37 36 67
38 37 36 70



Report file: q sws_B
Page 11 1728/93 7:21:06 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5’ Area : E-6

.........................................................................................................

Hatershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS

Upper Leon 6017010000~
Upper Leon 6017000000~
Upper Leon 6017000000-
Upper Leon 6015020000~
Upper Leon 6015000000~
Upper Leon 6015000000~
Upper Leon 6014000000~
Upper Leon 6013020000~
Upper Leon 6013010000-
Upper Leon 6013000000~
Upper Leon 6013000000~

918 12 1 10 10 45

0

1

0

0

2

0

0 0

0 918 2 2 2 2 4

0 1,653 9 1 11 9 24

2 2,204 36 43 42 43 60

1 2,204 22 23 30 3

Upper Leon 6013000000~ 0 459 2 2 2 1 1"

Upper Leon 6011120000- © 1,194

Upper Leon 6011100000- 0 1,745 0

Upper Leon 6011090000- 0 275

Upper Leon 6011070000- 0 735

Upper Leon 6011060000- O 3,214

Upper Leon 6011040600- 0 367

Upper Leon 6011040500~ 0 735

Upper Leon 6011040300- 0 4,224 27

Upper Leon 6011040100~ 0 1,010 1

Upper Leon 6011040000- 6 184 7

Upper Leon 6011040000- 5 184 2

Upper Leon 6011040000- 3 826 13

Upper Leon 6011040000~ 0 6,795 38
0

s W
S W~ -
w
W

35 29 55

NNQ&HN"

52 104

w&n
&

Upper Leon 6011020000~ 1,286 3 4 6 55
Upper Leon 6011000000-12 1,010 0
Upper Leon 6011000000- 9 551 0
Upper Leon 6011000000- 7 643 0
Upper Leon 6011000000~ & 367 2 2 3 3 3
Upper Leon 6000000000-14 735 2 2 3 3 S
Upper Leon 6000000000-13 1,928 41 1 7% 95 430




Report file: q_sws B
Page 14 1728/93 7:22:20 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5' Area : E-S

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Leon 6019000000- 0 918 2 2 2 2 &
Upper Leon 6014000000 0 918 9 35 35 36 60
Upper Leon 6010020000~ 0 2,653 7 I 5 75 695
Upper Leon 6010000000- 2 2,571 36 &7 50 51 116
Upper Leon 6010000000- © 918 14 19 21 28 62
Upper Leon 6000000000~ 19 2,847 35 35 3 35 53
Upper Leon 6000000000-17 459 3 3 3 3 5
Upper Leon 6000000000-13 551 8 9 " 10 17

.........................................................................................................

.........................................................................................................




Report file: q_sws B
Page 24 1/28/93 7:24:13 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5' Area : b-7

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 8US 1980 BUS 1988 BUS
Upper Leon 6011070000- 0 643
Upper Leon 643

.........................................................................................................




Report file: q sws_ B
Page 28 1/28/93 7:25:10 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5’ Area : D-6

.........................................................................................................

Stream
Watershed Segment Acres 1976 8US 1977 Bus 1979 BUS 1980 BUS 1988 BUS
Upper Leon 6013000000- O 275 2 3 3 2 3
Upper Leon 6011070000- 0 643 1 1 2
Upper Leon 6011020000- 0 918 3 5 4 3 51
Upper Leon 6011000000~ 4 1,377 13 13 14 14 23
Upper Leon 6011000000- 2 3,214 1 15 25 27 122
Upper Leon 6011000000- 0 459 4 8 12 22 41
Upper Leon 6010000000- 0 459 13 13 10 7 112
Upper Leon 6000000000~ 13 2n 4 4 4 3 5
Upper Leon 6000000000-11 643 12 13 27 26 104
Upper Leon 600000000010 551 12 1 12 18 205

.........................................................................................................




Report file: q_sws_B

TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : D-S

.........................................................................................................

..........................................................................................................

.........................................................................................................

Page 32 1/28/93 7:26:07 pm
Stream

Watershed Segment Acres

Upper Leon 6010000000- 0 826

Upper Leon 826

1976 BUS 1977 BUS 1979 BUS 1980 BUS
78 B4
95 78 84

.........................................................................................................




Pl

Report file: WPA_swsB

Page 11 1/29/93  12:17:00 p TOTAL BUSINESS CONNECTIONS
1976-1988
Stream

Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Leocn 6027000000- O 1,010 0
Upper Leon 6026000000- O 2,112 6 7 7 7 8
Upper Leon 6024010000- 0 2,112 2 2 4 4 13
Upper Leon 6024000000~ 1 1,469 4 5 5 5 10
Upper Leon 6024000000- 0 551 1 14 16 16 19
Upper Leon 6022000000- 0 4,500 18 25 27 31 57
Upper Leon 6021000000~ ¢ 1,469 4 é 3 3 3
Upper Leon 6019000000- 0 o18 2 2 2 2 4
Upper Leon 6017010000~ 0 275 1 1 1 3
Upper Leon 6017000000- 1 2,938 7 19 20 20 25
Upper Leon 6017000000~ 0 551 4 8 10 1 1
Upper Leon 6015020000~ © 643 0
Upper Leon 6015000000- 2 2,296 2 3 3 2 2
Upper Leon 6015000000~ © 918 12 b 10 10 45
Upper Leon 6014000000- O 1,102 9 35 36 38 60
Upper Leon 6013020000~ 0 918 2 2 2 2 4
Upper Leon 6013010000- Q 1,653 9 1 k| 9 24
Upper Leon 6013000000~ 2 2,204 36 43 42 43 60
Upper Leon 6013000000- 1 2,204 22 23 30 31 72
Upper Leon 6013000000- 0 735 4 5 5 3 14
Upper Leon 6011120000- 0 1,194 0
Upper Leon 6011100000- 0 1,745 0
Upper Leon 6011090000- Q 275

Upper Leon 6011070000- 0 2,020 2 2 1 1 8




Report file: WPA_swsB

Page 12 1729793 12:17:02 p TOTAL BUSINESS CONNECTIONS
1976-1988
Stream

Watershed Segment Acres 1976 8US 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Leon 6011060000~ 0 3,214 8 7 7 8 15
Upper Leon 6011040600~ 0 1,928 8 9 9 9 11
Upper Leon 6011040500- 0 4,132 7 7 13 30 15
Upper Leon 6011040300~ 0 5,569 3 7 42 30 65
Upper Leon 6011040100- 0 1,010 1 2 2 2 3
Upper Leon 6011040000- 6 2,020 15 16 16 14 15
Upper Leon 6011040000- 5 184 2
Upper Leon 6011040000- 3 826 13 15 15 16 25
Upper Leon 6011040000- O 6,795 38 38 48 52 104
Upper Leon 6011020000~ 0 2,204 6 8 8 9 106
Upper Leon 6011000000-12 1,010 0
Upper Lecn 6011000000~ ¢ 551 0
Upper Leon 6011000000~ 7 643 0
Upper Leon 6011000000~ 4 1,745 15 15 17 17 26
Upper Leon 6011000000~ 2 3,214 11 15 25 27 122
Upper Leon 6011000000- O 459 4 8 12 22 41
Upper Leon 6010020000- 0 2,663 7 72 e 75 695
Upper Leon 6010000000- 2 2,57M 36 47 50 51 116
Upper Leon 6010000000- O 2,204 122 110 115 121 336
Upper Leon 6000000000-27 2,296 5
Upper Leon 6000000000-26 826 2
Upper Leon 6000000000~ 24 918 4 4 4 [ 7
Upper Leon 6000000000-22 2,204 24 24 23 26 42
Upper Leon 6000000000-21 1,010 5 6 6 6 19
Upper Leon 6000000000-19 5,601 Th 75 74 74 127
Upper Leon 6000000000-17 459 3 3 3 3 5
Upper Leon 600000000014 735 2 2 3 3 5
Upper Leon 6000000000-13 2,755 53 54 94 108 452
Upper Leon 6000000000~ 11 643 12 13 27 26 104

Upper Leon 6000000000- 10 551 12 11 12 18 205




Report file: WPA_swsB

Page 13 1/729/93 12:17:27 p TOTAL BUSINESS CONNECTIONS
1976~ 1988
Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Leon 97,153 31 822 935 988 3,112

.........................................................................................................




Upper Salado BUSINESS CONNECTIONS 1976 Thru 1988

Watershed 7.5 Area Acres 1976 8US 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Salado F - 6 1,561 2 5 7 7 15
Upper Salado F - 5 25,712 20 17 18 17 48
Upper Salado F - & 19,559 19 24 27 30 81
Upper Salado F - 3 92 0
Upper Salade E - 5 11,019 3in 348 481 498 1,377
Upper Salado E - 4 24,702 871 969 1,113 1,370 2,807

Upper Salado 82,645 1,223 1,363 1,646 1,922 4,328

New Connections = 3,105 or 20% of all New Connections in Study Area

......

GAE 1/28/93 \08\comquad C. THOMAS KOCH, INC.

LAND AND WATER RESOURCES CONSULTAMNT
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Report file: q_sws_B
Page 2 1728793 7:21:02 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5’ Area ; F-6

.........................................................................................................

Stream
Hatershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 8US
Upper Salade 5206270000- 0 918 1 3 4 4
Upper Salado 5204000000-27 275 1 2 3 3 5
Upper Salado 5206000000-26 387 1
Upper Salado 1,541 2 5 7 7 15

.........................................................................................................



Report file: q sws B8
Page 5 1/28/93 7:21:02 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : F-5

.........................................................................................................

Stream

Watershed  Segment Acres 1976 BUS 1977 8US 1979 Bus 1980 BUS 1988 BUS
Upper Salado 5206260000- 0 1,653

Upper Salado 5206240000- 0 4,040 1 1 1 1

Upper Salado 5206220000- 0 918

Upper Salado 5206200000~ 0 826

Upper Salado S5206180400- 0 1,561 2 1 1 1 2
Upper Salado 5206180300- 0 3,306 3 3 3 1 9
Upper Salado 5206180200- 0 643 22
Upper Salado S5206180000- & 3,489 7 6 6 7 6
Upper Salado 5206180000- 3 643 3 3 3 3 2
Upper Salado 5206120700- 0 1,286 4 3 4 4 4
Upper Salado 5206000000-27 735 1
Upper Salado 5206000000-26 1,010 0

Upper Salado 5206000000-24 2,938

Upper Salado 5206000000-22 735 0
Upper Saledo 5206000000-20 459
Upper Salado 52060000G0-18 1,469 2

.........................................................................................................

.........................................................................................................




Report file: q sws B
Page 7 1/28/93 T:21:04 pm TOTAL BUSINESS CONMECTIONS
1976-1988
7.5¢ Area : F-4

Stream

Watershed Segment Acres 1976 BUS 1977 BuUs 1979 gus 1980 8US 1988 BUS
Upper Salado 5206180400- O 92 1

Upper Salado 5206180200- O 551 17

Upper Salado 5206120800- 0 643 0

Upper Salado 5206120700- 0 1,102 1 7

Upper Salado 5206120600- 0 826 3 3 3 3 5

Upper Salado 5206120404- 0 2,020 1

Upper Salado 5206120403~ 0 1,194 0

Upper Salado 5206120401- 0 3,306 & 4 & 5 13

Upper Salado 5206120400- & 4,775 1" 13 14 14 28
Upper Salado 5206120400- 3 2,388 1 4 [ 7 9
Upper Salado 5206120000- 4 2,663

Upper Salado 19,559 19 24 27 30 81




Report file: q sws_B
Page 9 1/28/93 7:21:06 pm TOTAL BUSINESS CONNECTIONS
1976- 1988
7.5 Area : -3

.........................................................................................................

Stream
Watershed Segment Acres 1976 BUS 1977 8us 1979 BUS 1980 8US 1988 BUS
Upper Salado 5206120400- 3 92 0
Upper Salado 92 0

.........................................................................................................




Report file: q sws_8
Page 15 1/28/93 7:22:21 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5' Area : E-5

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Satedo 5206180200- 0 92 8
Upper Salado %5206180100- 0 1,745 é 6 8 67
Upper Salado 5206180000- 2 367 1 1 1 13
Upper Salado 5206180000- 1 918 18 17 17 18 57
Upper Salado 5206180000- O 1,653 12 1" 16 15 100
Upper Salado 5206000000-18 5,969 235 270 395 412 1,088
Upper Salado 5206000000-16 275 40 43 b4 44 46
Upper Salado 11,019 n 348 481 498 1.377

.........................................................................................................




SN

Report file: q sws_B
Page 19 1728793 7:23:16 pm TOTAL BUSINESS CONNECTIONS
1976-1988
7.5 Area : E-4

.........................................................................................................

Stream
Watershed Segment Acres 1976 8us 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Salado 5206180000- 0 184 1 1 1 1 2
Upper Salado 5206160000- 0 1,102 53 63 63 76 229
Upper Satado 5206140000- 0 5,877 125 142 153 176 592
Upper Salado 5206120403- 0 643 1 1 1 1 1
Upper Satado 5206120401~ 0 1,745 ] 10 8 10 20
Upper Salado 5206120400- 3 2,020 9 12 12 12 86
Upper Salado 5206120400- 1 735 5 1 5 5 24
Upper Salado 5206120400- 0 459 3 4 S 4 é
Upper Salado 5206120200- 0 1,102 4 4 13 126 31
Upper Salado 5206120000- & 1,561 6 é é 5 41
Upper Salado 5206120000- 2 551 2 3 S 6 53
Upper Salado 5206120000- ¢ 643 2 2 3 3 3
Upper Salado 5206100200- O 918 175 194 232 283 555
Upper Salado 52056100000- 2 2,938 38 40 &4 52 210
Upper Salado 5206000000-16 643 230 244 255 256 295
Upper Salado 5206000000-14 2,296 170 187 196 210 348
Upper Satado $5205000000-10 1,286 &1 55 m thé 291

.........................................................................................................

.........................................................................................................



Report file: WPA_swsB

Page 14 1/29793 12:17:27 p TOTAL BUSINESS CONMECTIONS
1976-1988
Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 BUS
Upper Salado 5206270000- 0 918 1 3 4 4 9

Upper Salado 5206260000- 0 1,653

Upper Salado 5206240000- 0 4,040 1 1 1 1

Upper Salado 5206220000- 0 918

Upper Salado 5206200000~ 0 826

Upper Salado 5206180400- 0 1,653 2 1 1 1 3
Upper Salado 5206180300- 0 3,306 3 3 3 1 9
Upper Salado 5206180200- 0 1,286 47
Upper Salado 5206180100- 0 1,745 6 6 8 8 67
Upper Salado 5206180000- 4 3,489 7 6 6 7 6
Upper Salado 5206180000~ 3 43 3 3 3 2
Upper Salado 5206180000~ 2 367 1 1 1 13
Upper Salado 5206180000~ 1 918 18 17 17 18 57
Upper Salado 5206180000- 0 1,837 13 12 17 16 102
Upper Salado 5206160000- 0 1,102 53 3 63 76 229
Upper Salado 5206140000- 0 5,877 125 142 153 176 592
Upper Salado 5206120800- 0 643 ' 0
Upper Salado 5206120700- 0 2,388 4 3 4 5 1
Upper Salado 5206120600- 0 826 3 3 3 3 5
Upper Salade 5206120404- 0 2,020 1
Upper Salado 5206120403- 0 1,837 1 1 1 3 1
Upper Salado 5206120401- 0 5,051 10 1% 12 15 33
Upper Salado 5206120400- 4 4,775 1 13 14 1% 28

Upper Salade 5206120400- 3 4,500 10 16 18 19 95




Report file: WPA_swsB

Page 15 1729793 12:17:42 p TOTAL BUSINESS CONNECTIONS
1976-1988

Stream
Watershed Segment Acres 1976 BUS 1977 BUS 1979 BUS 1980 BUS 1988 sUS
Upper Salado 5206120400- 1 735 5 1 5 5 24
Upper Salado 5206120400- 0 459 3 4 5 4 6
Upper Salado 5206120200- 0 1,102 4 4 13 126 n
Upper Salado 5206120000- & 4,224 é 6 [ S 41
Upper Satado 5206120000- 2 551 2 3 5 ] 53
Upper Saiado 5206120000- 0 643 2 2 3 3 3
Upper Salado 5206100200- 0 918 175 194 232 283 555
Upper Salado 5206100000~ 2 2,938 38 40 &4 52 210
Upper Salado 5206000000-27 1,010 1 2 3 3
Upper Salado 5206000000-26 1,377 - 1
Upper Salado 5206000000-24 2,938
Upper Salado 5206000000-22 735 0
Upper Salado 5206000000-20 459
Upper Salado 5206000000-18 7,438 235 270 395 412 1,090
Upper Salade 5206000000-16 918 270 287 299 300 339
Upper Satado 5206000000-14 2,296 170 187 196 210 368
Upper Salado 5206000000-10 1,286 41 55 11 144 29

.........................................................................................................

.........................................................................................................
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Project Control of Texas

Kenneth R. Rector

PRESIDENT

August 10, 1990

The Honorable Weir Labatt
Councilman

100 Military Plaza

San Antonio, Texas 78205

Re: Advisory Technical Water Committee
Preliminary Report

Dear Weir:

Enclosed please find the Final Report (August 1990) for recommended future water supply
projects.

The City Water Board, City Public Service, City of San Antonio, The Alamo Conservation and
Reuse District, large private well owners, Bexar County Water Purveyors, and members of
the local engineering community participated in the preparation of this report.

We have studied all relevant projects presented in previous reports including the San
Antonio Water Resource Study (1986), The Edwards Aquifer: Perspectives for Local and
Regional Action (1987), The Regional Water Plan (1988), The Water Management Plan
Using Braunig and Calavaras Lakes (1990), and Texas Water Development Board Studies
{1988 and 1990).

The unanimous opinion of the commitiee is the immediate need to vigorously pursue
concurrently the four projects listed for completion prior to the year 2010 and the
projects listed for completion after 2010 and before 2040.

Very truly yours,

A

Kenneth R. Rector
Committee Moderator

KRR:je

Enclosure

3427 Northeast Parkway = San Antonio, Texas 78218-3329 = (512} 824-4308




BEXAR COUNTY

TECHNICAL WATER PLANNING COMMITTEE

PROJECT DIRECTORY

REPRESENTING:

CITY OF SAN ANTONIO:

ACRD:

CITY WATER BOARD:

CITY PUBLIC SERVICE:

P. O. Box 839966
San Antonio, Texas 78283-3966

Mr. Weir Labatt
Councilman
299-7040 FAX: 299-8113

Mr. Joe Aceves
Director of Public Works
Telephone: 299-8024 FAX: 270-4217

Ms. Rebecca Q. Cedillo
Director, Planning Dept.
Telephone: 299-7873 FAX 299-8113

Mr. Steven Rabe
Conservation Program Coordinator
Telephone: 299-7869 FAX: 299-8113

Mr. S. Marcus Jahns, Executive Director ACRD
P. O. Box 839966

San Antonio, Texas 78283-3966

Telephone: 299-7148 FAX: 299-8113

1001 E. Market
San Antonio, Texas 78205

Mr. Lowell Roberts, General Manager

Mr. Bill Allanach, Applewhite Project Manager
Mr. Steve Eklund, Engineer

Telephone: 225-7461 FAX: None

145 Navarro
San Antonio, Texas 78205

Ms. Jamie Axtell
Assistant General Manager
Telephone: 227-3211, Ext. 2788 FAX: 227-4528



TECHNICAL WATER PLANNING COMMITTEE PROJECT DIRECTORY
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CITY PUBLIC SERVICE
CONTINUED: Mr. Joe Fulton
Director, Research Environmental Planning
Telephone: 227-3211, Ext. 2698 FAX: 227-4528

Mr. W. H. Geissler

Manager, Generation and Environmental Planning
P. O. Box 1771

San Antonio, Texas 78296

Telephone: 227-0091 FAX: 227-4528

Mr. Howard Bye
Matthews & Branscomb
106 S. St. Mary's, Suite 800
San Antonio, Texas 78205

Telephone: 226-4211 FAX: 226-0521
BEXAR METRO WATER
DISTRICT: Mr. Thomas Moreno

P. O. Box 3577

San Antonio, Texas 78211-0577
Telephone: 922-5133 FAX: 9024-9229

CIBOLO CREEK MUNICIPAL
AUTHORITY: Mr. Thomas G. Weaver, General Manager
Mr. David R. Dennis, Assistant General Manager
P. O. Box 930
Schertz, Texas 78154
Telephone: 658-6241 FAX: None

LACKLAND CITY WATER

- COMPANY: Mr. Herb Quiroga, Vice President
Rayco, Inc.
San Antenio, Texas 78201
Telephone: 349-1111 FAX: 344-9486
CH2M HILL: Mr. Jack Suddath, Area Otfice Manager

Mr. Robert Adams
45 N. E. Loop 410, Suite 840
San Antonio, Texas 78216
Telephone: 377-3081

- FAX: 349-8944

HAYNES & BOONE: Mr. Jay Gwin
112 E. Pecan Street, Suite 1600
San Antonio, Texas 78205-1540
Telephone: 978-7000 FAX: 978-7450



TECHNICAL WATER PLANNING COMMITTEE

C. THOMAS KOCH, INC.

WILLIAM H. MULLINS, INC.

PAPE-DAWSON ENGINEERS:

PROJECT CONTROL.:

RABA-KISTNER CONSULTANTS,

VICKREY & ASSOCIATES:

LEE WILSON & ASSOCIATES:

Mr. Tommy Koch

R. R. 1, Box 161

Blanco, Texas 78606
Telephone: 1-833-4133 FAX: 1-833-5477
Mr. Willlam H. Mullins

5701 Broadway

San Antonio, Texas 78209

Telephone: 828-5521 FAX: 828-1277

Mr. Gene Dawson, Sr., President
Stephen A. Kacmar

9310 Broadway

San Antonio, Texas 78217

Telephone: 824-9494 FAX: 824-3491

Mr. Ken Rector, President
3427 Northeast Parkway
San Antonio, Texas 78218

Telephone: 824-4308 FAX: 824-4785

INC.

Mr. Carl F. Raba, Jr.

Mr. Tom Fox

P.O. Box 630287

San Antonio, Texas 78269-0287

Telephone: 699-9090 FAX: 689-6426

Mr. Ken Vickrey
7334 Blanco Road, Suite 109
San Antonio, Texas 78216

Telephone: 349-3271 FAX: 349-2561

Mr. Lee Wilson

105 Cienega St.

P. O. Box 931

Santa Fe, New Mexico 87504
Telephone: 505/988-9811

FAX: 505/986-0092

PROJECT DIRECTORY

PAGE 3



ASSUMPTIONS

The Applewhite Reservoir will be completed and in operation
by 1995. It provides an essential component of the surface and
ground water system to serve the Greater San Antonio
Metropolitan Area (GSAMA) by providing storage, treatment and
distribution capability for this and other water projects.

The planning period used for this report is the 50-year period
from 1990 to 2040.

The amount of water that is presently being pumped from the
Edwards Aquifer by wells located in GSAMA for both potable
and non-potable use is approximately 325,000 acre feet per
year. In addition, approximately 40,000 acre feet per year of
non-potable water is being provided by surface water and
reuse.

The Edwards Aquifer will become subject to regulation which
establishes a maximum amount of water that can be pumped
from the Aquifer by wells located in GSAMA. The report
assumes a reduction from the Aquifer to 300,000 acre feet per
year by the year 2010.

The Texas Water Development Board projects that the water
demand in Bexar County by the year 2040 will be
approximately 670,000 acre feet per year, which is an
additional 330,000 acre feet per year. The water demand
projected for the year 2010 is 413,000 acre feet per year,
which is an additional 73,000 acre feet per year. These
projections are based upon a high population growth rate,
average per capita use and the existence of conservation
measures (TWDB Study dated November 20, 1989).

Yield and cost figures are provided by the Texas Water
Development Board (TWDB Unit Cost Comparison for
Alternative Water Supplies for Bexar County dated May 1990).
Cost estimates should not be relied upon for individual project
costs but are for comparison purposes to be used in identifying
the most promising means for additional water sources.



CONCLUSIONS

The Greater San Antonio Metropolitan Area (GSAMA) cannot
continue to rely upon the Edwards Aquifer as its primary
source of water for potable and non-potable use.

Additional water sources are essential for the continued
economic development of GSAMA.

water sources for AMA_are available and feasibl
for | jiate devel i h i 5010 _f T
following:
1. Conservation lifestyle
2. Reuse waste water for potable and non-potable uses
3. Additional surface water
4. Additional ground water
It is imperative that the water projects and engineering

studies recommended be pursued by GSAMA vigorously and
without delay to provide an adequate water supply.



The

RECOMMENDATIONS

following projects are recommended for immediate and

concurrent implementation:

A.

Average per capita consumption in GSAMA must be reduced
through conservation measures to 165 metered gallons per
person per day.

Waste Water Reuyse:
1. Develop 50,000 acre feet of reuse water. The first uses
of this water will be non-potable with a transition and

testing period for potable uses.

2. Increase the yield of surface reservoirs, including
Applewhite, by acceptance of upstream discharges.

Medina_Canal Water (Bexar/Medina/Atascosa lrrigation
District): Acquire 15,000 acre feet per year.

Pump 40,000 acre feet per year
into the San Antonio finished water distribution system.

Garwood/Texana: Obtain rights to 45,000 acre feet per year.

Begin engineering studies and permitting process for the
following projects to be on line prior to the year 2040.

1. Additional Reuse
2. Cuero |
3. Lindenau

4, Goliad



G. Summary Table of Projects Recommended for Immediate
Development. (Costs from the Texas Water Development
Board Report dated May 1990)

Yield Cost Total
Project Acre/Ft/Yr. $/Acre/Ft. Annualized Cost
Reuse | 50,000 $292 $14,600,000
Medina Canal 15,000 $273 $ 4,095,000
Carrizo Wells 40,000 $310 $12,400,000
Garwood/Texana 45,000 $428 $19,260,000
SUB TOTAL
(immediate 150,000 $50,355,000
development)

H Summary of Projects Recommended for Long Range Develop-

ment:

1. Reuse !l Additional 50,000 acre feet per year of reuse; costs the same as
listed above.

2. Cuero |, Lindenau and Goliad should all be pursued. It is assumed all will

be constructed for regional water distribution with GSAMA sharing to a
projected need of 130,000 acre feet per year at an average cost in the
area of about $500 per acre foot; or, one or two will be constructed 1o
provide the same result.

1990 Current Rates (present rates for 1,500 cubic feet of
water per person per month):

San Antonio $12.37 + $2.40 for Applewhite
Austin $26.30
Corpus Christi $16.91
Dallas $14.41
Fort Worth $22.25
Houston $27.37

The costs for water in the years 2010 and 2040 in GSAMA will
still be less than other major metropolitan areas in the state
of Texas.



BELATTVE COSTS OF TREATED WATFR DELIVERED TO
BEXAR COUNTY UTILITY DISTRIBUTION SYSTRMS

WATFR  CONSTRICTIGN  INTFRACTION

. YIFLD 0osT cosT RIGHITS & LEAD TIME  WI'TH OTHFR
ALTFRNATIVE (AC~-FT/YR)  ($/1000 GAL) (S$/AC-FT)  VIABILITY (YEARS) (YEARS) PROJECTS
1. Appleudiite Reservoir (Average Yield) 48,000 $1.15 $376.17 1~-A 0 5
o 2.a) Purchase of Medina Irrigation Water 15,000 $0.84 $272.55 1-A 2 2 1.
3.2) Transfer of Water by Pipeline to San Antonio 50,000 $1.32 $428.30 1-A 2 5
from Town Lake or Lake Travis (LCRA)
3.b} Pumpover fram Lake Travis to Canmyon Reservoir, 50,000 $1.34 $434,79 1-A 2 5
with Recapture at McQueeny Lake (LCRA)
— 4, Purchase of Texas Water Development Board 43,000 $1.89 $611.25 1-4A 2 5
share of Texama Reservoir, and Comveyance to
San Antomio
. #*5, Purchase of Water from Garwood Irrigation District 30,000 $1.32 $428.30 1-a 2 5 4,
g, Carmizo-Wileox Aquifer Wells Punping to the 40,000 $0.95 $309.56 1-4A 1-5 2
San Antonrio Finished Water Distribution System
s REAY, Canyon Lake Reservoir 5,000 N/A N/A 1-4 1-2 5
8.a) Western Region Reuse 4,000 N/A N/A 1-4A 1-2 5 1.
- 9.a) Fdwards Aquifer - Obtain Additional Rights N/A N/A 1-4A 1-2 0 2.a}
9,h) Edvards Aquifer - Purchase of 1 - 10 ac. in 80,000 $0.50 $162.70 1-4a 1-2 2
Uvalde County, West of Knippa Gap
T #+2]0,a) Wastevater Reuse (20K ac-ft:monpotable) 20,000 $0.90 $292.02 1-A 0 1-5 1,
#*#%10.b) Wastevater Reuse (30K ac-ft:nonpotable/potable) 30,000 $0.% $§292.02 1-A 0 1-5
- 2.b) Purchase of Medina Lake & Recharge 15K - K $0.84 $272.55 1-B 2 2 9.,a)
¥%10,c) HWastewater Reuse (2nd 50K ac-ft) 50,000 0.9 §292.02 1-B 0 1-5
— B.b) PEastern Region Reuse 5,000 N/A N/a 1-8B 1-2 5
11,  Cuero I Reservoir 141,000 $1.49 $483,46 1-8B 1-5 18
12. Goliad withmrt Cibolo Reservoir, Including 148,000 $1.48 $480,22 1-B 1-5 18 1.
. a Conveyarce System from Goliad to Applesdite
13,  Lindenau Reserwoir 107,000 51.83 $593.78 1-B 1-5 18
‘‘‘‘ N/A - Information not available, VIABILITY KEY
* With a firm contract for water rights from one or both of these 1 -~ Feasible A - Before the year 2000
altematives, there would be a possibility of contracting with 2 - Questionable B - After the year 2000

e GBRA to trade for Camyon downstream rights. It is assumed that between
these 2 projects, 45,000 ac-ft/yr would be availabie to GSAMA,

= The 40,000 ac-ft/yr yield from Carrizo-Wilcox Aquifer would NITE: Total time for project implementation
require appraximately 2,000 - 3,000 acres of land and could is the sum of "WATFR RIGHTS" anx
be broght on line in increments of 5,000 ac-ft/yr. V'OONSTRUCTION & LFAD TIME"

Czmyon Regional Water Authority presently in negotiations.

Skt

~— &k Reuse projects are based on the current availability of
100,000 ac—ft/yr of effluent which could increase
by another 50,000 ac—ft/yr by the year 2040,



PROJECTS CONSIDFRED BUT SUBSEQUENTLY DELETED

YIED QOST oosT
ALTFRNATIVE (AC-FT/YR)  ($/1000 GAL) ($/8C-FT) VIABILITY
Cibolo Reservoir (Lower) 25,000 $3.78 $1,226.50 2-B
Cibolo Reservoir (Upper) 2-B
Cibolo and Goliad Reservoirs Carbined (With 173,000 $1.80 $584.05 2-B
Diversion at Cibolo and Goliad Used to Meet
Dernstream Needs)
Transfer of Water From Lake Travis to 50,000 31.25 $405.59 2-B
Canyon Reservoir, Recapture at Cuero Reservoir
Transfer from Town Lake to the Blanco River 50,000 $1.08 $350.43 2-B
with Recapture at Cuero Reservoir
Cloptin Crussing Reservoir 43,000 51.84 $597.02 2-B
Shaws Bend Reservoir 123,000 $1.82 $590.54 2-3
Diversion of Surface Water from Cibolo Creek 3,000 $200.00 1=-A
(CIB E-1)
Guadalupe River Recharge 2-B
VIARILITY KEY
1 - Feasible A - Before the year 2000

2 - Questionable

B - After the year 2000
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TEXAS WATER DEVELOPMENT BOARD

‘alter W. Cardwell, ITI, Chairmen ' Thomas M. Dunaing, Member
Stuart 5. Coleman, Vice Cheirman G.E. (Sonny) Kretsschmar Charles W. Jenness, Membe?
™len E. Reney, Member Executive Administrator Wesley E. Pittman, Member

May 17, 1990

- commissioner J. E. Birdwell, Il
Texas Water Commission

P. O. Box 12037

capitol Station

Austin, Texas 78711

~ Re: Unit Costs for San Antonio Water Supply Alternatives
Dear Commissioner Birdwell:

We have prepared a brief report, which is attached, identifying a

number of alternatives for additional water supplies to the Bexar
- County area, including preliminary relative unit cost figures for
- each alternative. Also in the report is one of many possible
ccenarios for meeting water demands and stabilizing Edwards Aquifer
pumpage. This is provided as an example only, and should not be
considered an Agency recomnendation.

As the report states, these are preliminary, relative numbers, and
- should not be used for engineering planning for specific projects.

I trust this information will be useful to you. If we can be of
— further assistance, please let me know.

Sincerely,

/s/

- G. E. Kretzschmar
Executive Administrator

_— Attachment

P O. Box 13231 Capitol Station ® 1700 N. Congress Avenue ® Austin, Texas 787113231
- e emiarn wa o Telafe €17 478 ML
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UNIT COST COMPARISONS FOR ALTERNATIVE
WATER SUPPLIES FOR BEXAR COUNTY
Prepared by Texas Water Developmers Board

Planning Division, Facility Needs Section
May, 1990

EXECUTIVE SUMMARY

A preliminary review of the costs and availability of additional water supplies for
Bexar County indicates that sufficient supplies can be made available through a
balanced program of conservation and wastewater reuse along with the
implementation of alternatives that could include additional ground-water sources,
new reservoirs and diversions from adjoining basins, which will satisfy arca water
demand and permit net ground water pumpage from the Edwards Aquifer to be
stabilized at approximately 200,000 acre-feet per year. Preliminary cost data
indicates that the unit cost of treated water, supplied through a combination of
alternatives, will increase dramatically, but will remain in the range of costs which
are currently experienced by similar urban areas which must rely on surface water.
Cost estimates developed for this report are very preliminary, and, while sufficient
for relative comparison with other alternatives, should not be relied upon for
estimating costs for specific projects. Instead, they are intended to be used as
guidelines to identify the most promising means for additional water supply, so that
institutional, financial, and engineering planning for a coordinated solution to the
water supply problems in this urban county can be completed.

BACKGROUND

Numerous studies and reports on water supply in Bexar County have all concluded
that alternative water supplies must be identified and developed as soon as possible,
50 as to avoid irreversible and serious damage to the environmenta) features of the
San Antonio area, as well as serious economic impacts. The CH2M Hill report, San
Antonio Regional Water Resources Study, (1986), is perhaps the latest and most
comprehensive of studies in this regard. Much of the data used to develop this
summary report came from this study, and from Espey Huston and Associates,
report on Water Availability Study for the Guadalupe and San Antonio River
Basins, (1986), as well as information found in the United States Bureay of
Reclamation’s Study of the San Antonio-Guadalupe River Basins, (1978). The
purpose of this summary report is: (1) to identify options available to supply
additional water to the Bexar County area, regardless of institutional or contractual
barriers to their implementation; (2) to use a common methodology for estimating
both capital and annual costs to arrive at a relative unit cost for treated water, and;
(3) to compare the alternatives, strictly on a cost basis. No attempt has been made
to identify or evaluate the numerous environmental, lega} and institutional concerns




h I11.

which will need to be worked out before many of these alternatives can be
implemented.  Resolution of these concerns may increase the costs of the
alternatives. Perhaps the most important step in beginning any Jong-range plan to
supply additiona! water to Bexar County is to develop an institutional arrangement
whereby the costs for providing this water can be shared fairly among the numerous
entities which currently withdraw water from the Edwards Aquifer. Many other
questions remain regarding some of these alternatives, involving inter-basin transfers,
contractual arrangements, and water rights, which will require review and approval
by the Texas Water Commission, river authorities, and other governmental entities,

ASSUMPTIONS

As mentioned above, many volumes have been written on possible solutions to the
water supply problem in Bexar County, and because this summary report was, of
necessity, prepared in a very short time, certain simplifying assumptions have been
made, which require that the unit costs developed herein be seen as only a relative
guide to be used in comparing alternatives, and not as rigorous cost estimates for
costs of water. Major assumptions made in developing this summary are as follows:

A All costs are in 1990 dollars. No attempt was made to adjust future costs
for inflation, nor to account for differential inflation rates for projects which
will be started at different times in the future. In order to partially account
for this, the average costs for treated water for the total supply to Bexar
County have been developed decade by decade, with costs for new sources
added only after construction is scheduled to begin. Costs are for obtaining
and treating water only, and should not be construed as water rates which
have additional cost components.

B. All of the southern and eastern alternatives are assumed to discharge into
' Applewhite Reservoir, which would serve as equalization storage, and which
is scheduled to be completed as one of the first projects. Northemn
alternatives are assumed 1o discharge to a storage facility and water treatment

plant located in northeast San Antonio.

C. Pipelines arc sized approximately, based on the Hazen Williams formula,
C=100, using approximate routing.

D.  Pipeline velocities are generally held between 3 and 5 feet per second.
E.  Only water which would come from the Colorado River is assumed to be
purchased, and is estimated to cost $85 per acre-foot for firm supplies, and

$4.50 per acre-foot for interruptible supplies.

F. Only undeveloped water, or developed water which is currently in excess of
known water rights and/or contracts was considered.

Page 2




G. No costs for storage, transmission and distribution of finished water have
been included in these cost estimates,

H.  Operation and maintenance costs for surface water treatment came from cost
curves developed for the City of Austin, for a conventional system with lime

softening.

1 Construction costs for pipelines, water treatment plants, intake structures and
booster pump stations came from cost curves developed for similar projects
in Texas.

J. Debt service costs are estimated based on 25 year bonds at 8.5% interest,

except for the Texana purchase, where actual debt service is used.

K.  The cost of treating Edwards Aquifer water and pumping to the surface was
assumed at $16 per acre-foot, based on 1985 data included in the CH2M Hill
study, (1986), adjusted to 1990 dollars using the Consumer Price Index.

L Estimates for major reservoirs were based upon numerous engineering studies
conducted by Espey, Huston and Associates and the Bureau of Reclamation,
cost indexed to 1990 dollars using the Bureau of Reclamation composite cost
index.

M. No streambed or evaporative losses are included for options using lakes and
rivers for conveyance

METHODOLOGY

Water demands over the next 50 year period were obtained from Texas Water
Development Board projections, made in October, 1989, using the high series for
population projections, and the high series projection for all non-municipal water
use categories. Municipal water conservation projections of the Water Development
Board were then subtracted from the projected demands, for a net water demand
projection, as indicated in Figure 1. It was then assumed that an increasing amount
.of wastewater would be reused over the planning period, as projected by CH2M Hill
(1986), reaching a maximum of 100000 acre-feet per year, by treating and re-using
it.

Cost estimates were prepared for proposed reservoirs, and for conveyance of the
water from the reservoirs to either Applewhite Reservoir or to northeast San
Antonio. An exception was the Medina Reservoir, from which water was assumed
to be recharged directly into the Aquifer near the reservoir. Water from the
CWMM@h_Bastrop and Wilson/Atascosa Counties was assumed
10 be developed using wellfields, and pumped directly to the distribution system for
San Antonio andfor other utilities in Bexar County, after receiving the same

Page 3




treatment as Edwards Aquifer water. With suitable blending, it is believed that this
ground water will be of sufficient quality to meet Safe Drinking Water Act
standards, but further analysis and evaluation will need to be performed prior to
proceeding with this option, because of the relative high_iron ent and the
presence of other dissolved chemicals.

Based on the above cost estimates, a spreadsheet model was developed to calculate
a total annua) cost for debt service to repay the capital costs of reservoirs,
conveyance Systems, and water treatment plants, along with the estimated annual
costs for treating the water, pumping it, and purchasing it, if applicable. Some of
the alternatives involve capture of the water at the reservoir or source, and pumping
it directly to either Applewhite or a utility distribution system, while others use a
combination of pumpovers to rivers, with subsequent recapture and diversion at
reservoirs downstream.

From this spreadsheet, unit costs were calculated based on assumed annual yields,
which came from one or more of the references mentioned above, and/or from
Texas Water Development Board allocations.

From these estimates, a menu of alternatives was developed, as shown in Table 1,
which compares the relative costs.

As can be seen from an inspection of Table 1, relative unit costs vary from a low
of $0.41 per 1,000 gallons for the Carrizo Aquifer in Wilson County, to a high of
$3.78 for Cibolo Reservoir. Most of the costs range from $1.00 to $2.00 per 1,000
gallons. Because of limited supplies, ground water from the Carrizo Aquifer should
be seen only as an interim, supplementary source.

ANALYSIS

Using the unit costs and yields for the various alternatives listed in Table 1, along
with the demands developed by the Texas Water Development Board, Figure 1 was
constructed, showing one possible solution to the water supply needs for Bexar
County, while retaining net ground-water pumpage at approximately 200,000 acre-
feet per year, on the average. CH2ZM Hill (1986) determined that this floor
pumping level would maintain sufficient flow at Comal and San Marcos Springs.
It should be emphasized that Figure 1 is only one of a myriad of combinations
which could be implemented to supply water to Bexar County. In general, those
shown in Figure 1 were the alternatives which had the lowest unit costs, met long-
term needs, and were considered relatively high in probability of implementation.

ke Page &4




TABLE 1

RELATIVE COSTS PER 1,000 GALLONS OF TREATED WATER
DELIVERED TO BEXAR COUNTY UTILITY DISTRIBUTION SYSTEMS

- Yield in Estirmated Cost
terpatj Acre-Feet per year per 1,000 gallon
- Applewhite Reservoir (Firm Yield) 15,000 $2.50
Applewhite Reservoir (Average Yield) 53,000 $1.05
Cuero 1 Reservoir 145,000 $1.49
- Lindenau Reservoir 107,000 $1.83
Cuero 1 and Lindenau Reservoirs 219,000 $1.80
Cibolo Reservoir 25,000 $3.78
. Cibolo and Goliad Reservoirs Combined (With 173,000 $1.80
Diversion at Cibolo and Goliad Used to Meet
_ Downstream Needs)
Goliad without Cibolo Reservoir, Including 148,000 $1.48
a Conveyance System from Goliad to
- Applewhite
Wastewater Reuse 100,000 $0.90
Transfer of Water From Lake Travis to 50,000 $1.25
— Canyon Reservoir, Recapture at Cuero
— Reservoir
Purchase of Medina Reservoir, and 30,000 $0.84
. Construction of Injection Wells to
Recharge the Edwards Aquifer
Transfer from Town Lake to the Blanco 50,000 $1.08
- River, with Recapture at Cuero Reservoir
Transfer of Water by Pipeline to San Antonio 50,000 $1.32
— from Town Lake
‘ Purchase of Texas Water Development Board 43,000 $1.89
share of Texana Reservoir, and Conveyance
- to Applewhite Reservoir
' Texana Purchase, Combined with Purchase of Water 88,000 $1.32
from Garwood Irrigation District
o Clopton Crossing Reservoir _ 43,000 $1.84
Pumpover from Lake Travis to Canyon Reservoir, 50,000 $1.34
with Recapture at McQueeny Lake
- Shaws Bend Reservoir 123,000 31.82
Carrizo-Wilcox Aquifer Wells in Wilson or 40,000 $0.41
- Atascosa County, Pumping to the San Antonio
Finished Water Distribution System
Carrizo-Wilcox Wells in Bastrop County, Pumping 40,000 $0.95
W to Northeast San Antonio Distribution System
Substitute interruptible water for firm in LCRA ? deduct $0.25

Alternatives
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As mentioned carlier in this report, many of the aliernatives have significant
environmental and/or institutional problems which must be worked out, and some

may, in fact, not be feasible at all, but such a determination was beyond the scope
of this report.

If interruptible water is purchased, in lieu of, or in addition to, the firm purchases,
costs would decrease by about $0.25 per 1,000 gallons. Use of interruptible water
from LCRA could be considered to reduce aquifer pumping in the early years, but
because of the probable coincident occurrence of peak need and interruption of
supply, it is not considered a viable, long-term option. '

Figure 1 also shows the average total costs per 1,000 gallons, for treated water in
Bexar County, by decade from 1990 to 2040. Current costs are approximately $0.05
per 1,000 gallons, or about $16.00 per acre/ffoot, according to CH2M Hill, (1986).
As additional purchased water, ground water, wastewater reuse, and surface water
reservoir sources are introduced, the costs rise dramatically, reaching a peak of $1.00
per 1,000 gallons in 2010, and declining to $0.61 per 1,000 gallons in 2040, as debt
service payments on earlier projects drop off. Even so, an increase from $0.05 per
1,000 gallons to $1.00 per 1,000 gallons represents a monthly increase of
approximately $11.00 in real terms over a 20 year period, for a typical residential
consumer using 11,400 gallons per month. When added to the current water rate
for San Antonio, the total unit cost is still below many urban areas which use
surface water as their supply. This analysis also assumes that the total cost would
be allocated as a water use charge, as opposed to a wider distribution of costs
through user charges, taxes, and connection fees, proposed by CH2M Hill (1986).

SUMMARY

In summary, this preliminary, relative cost comparison between the water supply
alternatives for San Antonio indicates that there are a number of viable,
economically feasible alternatives to supplying the needs projected for Bexar County
through the year 2040. In order for a water supply plan to be successful, however,
it will be necessary for an institutional framework to be put into place which will
ensure an integrated approach to supplying the water, as well as equitable
distribution of costs and benefits to the users of water in the San Antonio area,

It seems apparent that the most viable plan consists of conservation, wastewater
reuse and a system of surface water reservoirs, possibly including Applewhite,
Medina, Lindenau, Cuero and Goliad, supplemented by purchases from adjoining
basins, and/or additional ground-water sources from the Carrizo-Wilcox Aquifer.

Provided appropriate institutional arrangements can be made, stabilization of
Edwards Aquifer pumping can be accomplished, at reasonable cost to water users.
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410 Larkwood
San Antonio, Tx 78209
April 13, 1992

Mike Personnett, Water Policy Division

Texas Water Commission

P.0. Box 13087, Capitol Station

Austin, Texas 787 11-3087

Dear Mike:

Thanks for our phone conversation this morning. I also appreciated your
presence in the meeting last Wednesday.

The promised article is enclosed. It was published in 1977 in the Scientific
American, written by Robert Ambroggi, a senior advisor with the Food and
Agriculture Organization of the United Nations. It was this article that gave
us confirmation that the aquifer storage was a significant factor in regional
water planning,

Also enclosed is Dr. David Todd's presentation material that accompanied
his talk to the Citizens Committee in October. He is an extraordinarily
articulate, as well as capable scientist, and won approval from people from
opposing "camps” with a balanced overview of the advantages and
disadvantages of groundwater storage. It might be helpful if you explored
with him the meaning of "conjunctive use.” The coordinated planning
effort needed for conjunctive use of ground and surface water should
result in optimal yield of an aquifer--not minimat yield. If you adjudicate
rights for an aquifer, rather than using a withdrawal fee, you make it
almost impossible to manage aquifer storage and you create shortage by
law even when water is abundant in the region.

The "augmentation” study is a real opportunity to resolve many questions.
If we can ennumerate all the costs and benefits (economic, and
environmental) of managing the aquifer as a storage reservoir vs, treating
the aquifer as a river and causing us to seek storage facilities elsewhere, it
will be easier to make sound and equitable, long range decisions. The fact
that Comal Springs is projected to go dry for seven years in a repeat of a
'50's drought even with a 350,000 affy limit on pumping suggests that the
species is condemned unless augmentation works, and that adjudicating
rights is, in fact, a relatively short term solution.

Thanks for your time. Please keep in touch.
Sincerely,

(v

Mrs. Kirk Patterson
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Underground Reservoirs
to Control the Water Cycle

Ar any one time perhaps two-chirds of the fresh warer on the earth

is held in underground reservoirs. These reservoirs could be much

more incensively drawn on, to be refilled when wacer 1s plenciful

ne tends (o think of the globai wa-
O ter cyele as proceeding in the

foliowing way. Water is evapo-
raled [rom the oceans by solar energy:
melcorological processes transport it
through the atmosphere. [rom which it
fasils 1o the earth as rain or snow, and
eventually it returns to the oceans by
way of rivers and streams. This picture
gveriooks the enormous amounts of wa-

by Robert P. Ambroggi

ter that reside for various periods of
time (from weeks to milleaniums) in un-
derground reservoirs. Moreover. few of
the peopic invalved in planning the dis-
tribution of waler resources have recog-
nized the opportunity the underground
reservoirs provide for dealing with the

water shortages that increasingly beset’

agriculture and other human activities
in various parts of the world and for

greatly increasing the amount of water
that could be put to the service of hu-
man endeavor. [a this article | contend
that mankind should deliverately draw
down the underground reservoirs—(ar
more than it alrcady does to some ¢x-
tent—to meet the needs ol agricuiture,
industry and community activities. be-
cause sooner or later nature. sometimes
abetted by humaa efforts, will refil the

VATURAL UNDERGROUND RESERVOIR is Alled when water

e into permesbis 10k or reck fermations wnder 8 river or
ﬂ-hlhcmphumldkhmlnlymahtupeﬁ-ﬁ
neging (rem weeks \o millennipms before it Sads its way buack inte
tion and rewell, Grownd

..p-lthdmm’nﬁlh

s indicated by the lower river
procemas that contribute to endergrow

qtlﬂnunlndnn-“
wmm-mmdmmd-‘m inie he grownd s perieds when

in this Qlustratden. Other agtursl
nd resarveirs include rais nd
saow faling o the greund and sespage from inkes sad swamps. Res-
MWhlﬂmhc-cmknﬂdwkhﬂyhymr

« lakas snd by the pumping of weter
the water supply exceeds demand.
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pert of the dingram, and the water stored in the oecaan (buviam lrft) the scennn sad 70,000 frem
unmmmxu—-mwn&u.-nm 390,800 cubic kilometers
of water. The paried of Ume
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rescrvoirs. The result will be 2 vastly
increased coatrol of the water cycle and
“an avoidance of the struggies over waier
that virtually every nation will lace
within the next few decades if the pres.-
ent wasteful practices in the manage-
ment of waler are continued.
The widespread crop shortages of

1972 provided an indication of the diffi-
cuities that lie ahead il water is not man.
aged more cefficiently. The shortages
were the result of a deficit of some 400
cubic kilometers (400 biflion cubtc me-
ters) in the continentai part afl the water
cycle. On the global scale of waler flow
the deficit was small. byt it had a heavy

EVAPORATION

impact because most couniries use wa-
ter in such a way that they hfe litle
margin for dealing with the conse-
quences of drought. Under present prac-
tices the production of food in the worlid
is coming dangerously close to the limu
of sclf-sufficiency. The prevention of
food crises will in the future require the
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manipulation of water on 3 far larger
scale than nations have practiced up 10
now. One can envision the need {or a
great increase in irrigation and for the
iransfer of water between river basins
and even between continents.

People involved in the management
ol water draw 2 distinction belween re-

30.000.000
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FROZEN WATER

o e

CONTINENT
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newable water resources and nonrenew.
able ones. The conventional water cy-
cle 1 have described carries the rencw.
able resourccs. which amount t0 about
$00.000 cubic kilameters per year. The
nonrenewable resources have a volume
of 1.5 billion cubic kilometers. They-are
stored in three reservoirs: the oceuns
{97.3 percent of the resources). the con-
tinents (2.7 percent) and the atmosphere
(.0N01 percent).

hese distinctions overlook the fact

that all the water resources of a con-
linent proceed through a ¢ycie. The oniy
difference between rencwable and non-
rencewable resources is the spced with
which the water is cycled. The resources
\hat are called renewable move fairly
rapidly. whereas the nonrenewable re.
sources move quite slowiy.

The period of time a particular
amount of water spends in i3 cycle is
termed its residence time. Water in the
atmospheric reservoir may have a resi-
dence time of 10 days. Deep in the
oceans the residence time of & body of
water may be more than 1,000 years.
The residence lime of continental water
resources ranges [rom a few weeks to
many millenniums. depending on the
type of reservoir: a river channel. a lake,
a swamp. a glacier, polar ice and ground
water. The ground-waler reservoirs
show the largest diversity of residence
time: a few days or weeks in karst (lime-
stone) aquilers, a few weeks or months
in gravelly riverbeds. a few months or
years in alluvial deposits. a few years or
decades in other unconfined aquifers

and a few decades. centuries or millen- .

niums in confined aquifers,

Let us look more closely at the move-
ment of water in the conventional water
cycle. The annual evaporation {rom the
oceans and lhe continents is about
500.000 cubic kilometers per year:
130.000 from thc oceans and 70.000
(rom the contincnts. The other part of
the equation is precipitation. which av-
erages 110.000 cubic kilometers per
year over the continents and 190.000 cu-
bic kilometers over the oceans, To put it
another way. the oceans yicld 430.000
cubic kilometers by evaporation and re-
ceive 190.000 in precipitation. whereas
the continénts lose 70.000 by evapora-
tion and rsceive 110.000 in precipita.
tion. Henue cvery year 40.000 cubic kil-
ometers of {resh water is transferred
from the oceans to the continents. In sc-
cordance with the principie of the con-
servation of water within the water y-
cle, every year 40.000 cubic kilometers
returns 10 the ocean in the form of sur-
face and underground runoff.

One might there{ore suppose 40.000
cubic kilometers of water per year
wouid be available 1o mankind il water

‘resources were managed with the ut-

most eficiency. Actually much of that

waler i inagcessible: it conaists of
Acods. water held in the soul. water run-
ning in uninhabited piaces and so on
The most that mankind might hope to
utilize 13 about 14.00Q cubic kilometers
which 15 the hase. or stable. low in rivers
and streams. The base fow is reguiated
mainly by discharges (rom undgrground
reservorrs (11,000 cubic kilometers).
from man-madc reservoirs (1.830) and
from lakes (260).

Even the total of 14.000 cubic kilome:
ters is nat [ully within reach unless
wransfers of watcr are made on an enor.
mous scale. since a large part of the total
is in uninhabitahle areas. As of 1977 the
amouni of watsr under human controt
was approximately 1.000 cubic kilome-
ters per year. Taking into aczount the
fact that about $.000 cubic kilometers
of the stable river runoff is in inhasnita-
ble rcgions. there remains some 6.000
cubic kilometers that under conditions
of sound management man could em.
ploy for his needs in the future.

he human species normally inhabits

enly 60 million oi the 150 million
square kilometers of the continents, be-
ing effectively excluded [rom such
places as deserts, polar regions. high
mountains and forests. Within- the in-
habitable zones about }.200 miltion
hectares of land are potentially usabie
for agricutture: in 1970 about 1.400 mil-
lion hectares were under cultivation. (A
hectare is 2.47 acres.) lLis unreasonable
to suppose the amount of additional
land that could be brought under culbti-
vation over the next century would be as
mueh as 1.000 million hectares. A better
strategy in meeting Lhe rising require-
ment for [ood would be to use land
more intensively, with irrigation playing
a major roie. The amount of land under
irrigation in 1970 was 180 million hec-
tares. lrrigation consumed some 1.400
cubic kilometers ol water per year. In-
dustry consumed 500 and other human
activities 200, so that mankind’'s world-
wide consumption of water was 3.100
cubic kilometers.

The [cad crisis of 1972 arose from a
deficit of 35 million metric tons of cere-
als (wheat, rice and coarse grains). A
further consequence was that the wheat
stocks of the exporting ‘countries
dropped from 30 million metric lons in
1971 to 30 million in 1974. Another
year or two of deficit in rainfall would
create a global food crisis with dramatic
international implications. Thus it ap-
pears that the {ood situation in the world
has reached a point where the effects
of water deficiency are much severer
and more widely [eit than they werc in
the past.

Another disturbing problem for food
production is the possibility that the
worid's weather patierns may be chang-
ing. An example is offered by the north-
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\ trn Circumpoiar vortex. the great cap of
I high-altitude winds tevalving around
!the pole from west 1o east. [n reeent
! years the lower edge of the northern vor-
itx has been (arsher south than it was (or
jome years previously. As a resuit the
high-pressure zones have aiso been (ar-
ther south. thereby biocking the mon-
00N rains out of the regions where they
are vital to the survival of hundreds of
millions of people. The rains therciore
have [allen into the oceans or onto iand
ireas that already have more than
enough rain.

Ail these events raise the question of
whether man is technologically capable
of mamipulating the water cycle in such
1 way as 1o prevent the calamitics that
might arise with prolonged shortages of
rainfall or changes of climate. Certainiy
a fair number of technological efforts to
deal with such problems have been
made or proposed. They include cloud
seeding. the long-distance transport of
xebergs. the desalination of seawater
aind the storage of river floodwaters
through systems of dams and reservoirs.
How effective are these approaches?

he effort to induce precipitation by

seeding clouds with silver jodide.
frozen carbon dioxide and other sub-
gances has not yet been put on a firm
scientific basis. It remains a somewhat
apensive and haphazard endeavor,
Cniy a few of the many experiments in
this ficld have demonsirated that ctoud
zeding can increase precipitation in a
brnited range of favorable conditions.
Some cxperiments have resulted in less
precipitation. In sum, weather modifica-

- tion is still in the research stage.

The towing of polar icebergs. mainiy
from the Antarctic. to arid continental
t0asts has been proposed. For example,
i would be polsible 10 tow a large ice.
krg {containing six cubic kilometers of
[resh water) from Antarctica to the Ata-
ama Desert in Chile in about seven
months. with a water loss of 30 percent.
The iceberg would be moored at its des-

taation and then melted or quarried for

nr0us purposes. Although nothing has
wiually been done along this line, it
vouid be worthwhile to consider a pilot
prorect {or developing countries such as
Chile and Peru. The Antarctic runofl
wmounts 10 about 2.000 cubic kilome-
wrs of icebergs per year. so that the wa.
r resource is considerable.
. The desalination of seawater has at.
*rcied & good deal of attention. particu.
larly because over the past decade the
cost has been reduced (rom about $1.50
per 1.000 gallons to about 50 cents (13
*ents per cubic meter). The present
. gend is 10 build nuclear plants with the
| fusl purpose of generating electricity
' sad desalinating subetantial quantities
! of sezwater, This approach, howsver.
wpears [casible only for the domentic
| ymer supply of coastal regions in the
! siuent countries. in visw of the capital

investment required and the high cost of
operating the plants. The present pro.
duction of [resh water by this means is a
mere three cubic kilometers per year.

Up to now the most effective method
mankind has employed to manipuiale
the water cycle has been 10 build dams
and reservoirs that control the flood cy-
cles of rivers. Some 1,340 cubic kilomyg-
ters of {rcsh water is stored in this way:
560 in Asia. 490 in North America. 400
in Africa, 200 in Europe, 160 in South
America and 10 in Australia. The pros-
pects for a large expansion of the tech-
nology appear to be limited, however,
particularly in the developing countries.
because the cost of regulating one cuhic
kilometer of water per year by the dam.
reservoir method now amounts 1o about
5100 million. Moreover, the residence
time of the stored water rarcly excecds a
year. so that the system offers inade.
quate prorection against a rainfall defi-
cit that continues for more than a year.

Neverthcless. by building dam-reser-
voir systems mankind has unwittingly
set in motion the long-term controf of
the water cycle through ground-water
reservoirs. For example, the vast irriga-
tion system of the Indus River basin in
Pakistan, which was initiated in 1360,
gaverise to a dense network of irrigation
canals. A large proportion of the surface
water diverted [rom tivers into these ca.
nals seeped into the underground reser-
voirs. The result was that the water tabie
rose steadily for morc than a century,
creating a huge underground storage.
Another exampile it afforded by the As-
wan Dam in Egypt: several cubic kilo-
meters per year is leaking {rom the res-
ervoir behind the dam inio the sand-
stone rquifer of the Western Desert of
Egypt. the largest ground-water reser-
voir of the Sahara. Ventures of this kind
suggest a long-term control of the water
cycie through the artificial recharge of
underground reservoirs. Is this a sound
strategy for the future?

Nllure annually cycles about 12.000
cubic kilometers of water through
underground reservoirs to form Lhe sta-
ble river runofl. or low river flow: this
represents 3O percent of the total runofl.
Mankind meanwhile is regulating less
than 2.000 cubic kilometers by dam-res-
ervoir systems. On the other hand. only
1.200 cubic kilometers of the 3.100 cy.
bic kilometers of water that mankind
uses yearty comes from ground.water
reservoirs, For more than a century gov.
ernments have relied on the dam-reser-
voir approach and have largely ignored
the resources available underground.
Apparently the reason was that little
was known about the condition and be-
havior of the underground water.
Underground reservoirs have various

functions, inctuding the suppiy. storage. -

mixing and conveying of water. Uniil
now mankind's main reliance has been
on the supply function. that is. on drill.

ing wails that tap the underground sup
piies. Only in Callfernia and more rc
cently in lsrael has much attention bey-
given 1o the storage function. Californ ..
diveris a3 good deal of water from th.
aorth. where it is abundaat, (o the 10uh
where it i3 scarce. Ground waler hy
been extensively depleted by pumpim
in the south. and much of the waty;
trunsferred from the north scrves 10 re
plenish those ground-waier reservorrs
The depleted reservoirs therefore pro.
vide 2 mechanism of storage.

Similarly. in Israel (he National W
ter Carrier system transfers 100 multion
cubic meters of water per year from e
north to the south. Some 200 milhian
cubic meters of it it stored in winter in
the two main ground-water reservors af
sandstone and limestone. The objechives
are to cover the peak demand for water
in the summer and the higher demand in
years of low rainfall and also to im prove
the quality of the water through mixing

Obviously a ground.water reservoir
that is full cannot be employed for addi.
tionai long-term storage. This was the
condition of almost all the world's
ground-water reservoirs until the 19th
century. when the technology of drilling
and pumping became widespread. Nev.
ertheless, even now only a fsw ground.
water rescrvoirs are depicted enough to
provide space for trapping water from
the water cycle. Part of the problem is
that hydrologists are .generally conser-
vative and insist that the exploitation of
ground-water reservoirs be kept below
the “sale yield.” which is defined as the
amount of yield that can be expected (o
be replaced by natural techarge during
the year.

Any rescrvoir managed in this way
must be considered a saturated reser-
voir. It has no room for deliberate re.
charping for long-lerm storage. which is
the hest way to control the water cyele.
The first condition for long-term storage
therefore is to deliberately increase the
exploitation of an aquifer beyond the
safe yield. If it is possible. the exploita-
tion should also carry the level of the
reservoir below its natural outlets. In
short. the policy should be to overesx.
plcfit the reservoir.

Sm:h a policy implies attention to the
probiem of recharging the reservoir.
which can be done cither naturally or
artificially. The natural recharge of a
ground.water reservoir results from the
downward percolation of water from
streams and also of waler that falls as
rain or snow on permeable soils. Experi-
ence over the past three decades has
shown that a single year of unusually
heavy rainfall. which can be expected
usually at least once in 15 years, will
replenish an aquifer that has been drawn
down from 10 10 20 metars during previ-
ous years. For instance. the floods of
1969 in Tunisia repienished all the reser-
voirs that up to then had been described

6l.



43 uvereaploited. Similarly. a shallow
aquifer in the Souss Valley of Morocco
had suppeorted a flourishing production
of citrus fruit since 1946 but by 1937
Was 2 source of grear concern becanse
the water able had declined at a ratc of
3 meter per year. The rains of 1957 were
well above normal; they recharged the
aquiler by about 10 meters. aimost re-
storing the initial situation.
MNature is therefore aiready operating
a long-term storage system with some
0 or IS years of residence time. which
represents the best security against
droughts or years of low rainfall. | sus-
pect that further experience with
ground-water reservoirs will reveal that
in some places it may be possible to de-
plete a reservoir for as long as 40 years
and still have it refilled by natural proc-
esses. Indeed. we already know that a
much longer storage time (centurics or
- millenniums) was arrived at by nature in
the huge ground-water reservoirs that
exist under deserts such as the Sahara,
Recent studies have shown that the re-
coverable water {rom those reservoirs
would ‘make possible the irrigation af
several hundred thousand hectares of
land for centuries, even if it were as.
sumed that the natural recharge of the
reservoirs was insignificant. Mankind's
perpetual quest for more waler means,

however, that close attention should be
given to the artificial recharge of under-
ground reservoirs.

The practice of artificial recharge be.
gan in this century. In general it wag
done on a small scale and with limited
objectives: restoring the level of a water
table that was declining rapidiy or im-
proving the quality of the water. Most
of the work was done in California.
where some 300 stations recharged a 1o-
tal of about cight cubic kilometers of
water between 1900 and 1960, Since
1960 the level of artificial recharge has
reached one cubic kilometer per year. A
certain amount of artificial recharging
has also been done in Europe. mainly to
improve water quality.

The ater plans of California and lsra-
el that [ have meationed iavoive artifi-
cialrecharging ona larger scale and also
embrace the concept of long-term stor.
age in ground-water reservoirs, The
most striking example of artificial re-
charge. however, is 10 be {ound in the
Indus vajley, although until about 1§
years ago it was an uncontrotled and
largely incidenta] process,

The Indus project is the largest irriga.
tion system in the world, covering more
than 10 million hectares, As I have men-
tioned, itywas developed in the lndus
River system over the past century. A
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network of 60.000 kilometers of cand
in Pakistan covers the greater part o
vast ground- water reservoir encompas
ing 16 million hectares and exiendut
350 meters downward. The reserves
has a bottom layer of relatively salwr
water (6.000 parts per mullion. com
pared with the 35.000 pars per million
in typical seawater) and an upper lay2
with water of higher quatity {700 par?
per million),

The reservoir is continuously rt
charged by lcakage from the irrigace
canals. This artificial recharge was eso
mated in [965 at 17 cubic kilometers po
ycar, compared with eight cubic kilome
ters of natural recharge. As a resull o
these inputs the water table rose by #
centimeters per year, bringing about vr
terlogging in many parts of the indw
valley and causing problems of saiimg
in the soil. :

A group from Harvard Universit
studied this situation as part of a projed
sponsared by the Worid Bank. The tean
proposed making use of the ground w»
ter for irrigation and water manage
meat. Part of the plan was to mine Ux
ground water for 30 years to lower the
water table and alleviate the salinity
problem. The water thus pumped mus
be diluted by canal water in order 10
keep an acceptablie level of salinity nex
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pe rwois U1 rigated plants. In addition
" the water laken out of the ground-water
mservoir must be carried off to the sea
» fyough the canals. ’
i, The water the Indus sysiem has
impped from the water cycle over the
century and stored in underground
* aervoirs represents ioday a volume of
shout 400 cubic kilometers of usable
_water stored in the upper 10 meters of
e part of the aquiler that is overlain by
| g yrigated area. The water has been
* pined by means of a system of tube
weils. Most of them were drilled by pri.
nte enterprise to a depth of about 30
peters: they draw waler up at the rate of
pout JO liters per second. Tube weils
" satalled by government agencies go lo a
#pth of about 70 meters and discharge
garate of about 120 liters per second.
The result of these activities is that
und water. heavily supplemented by
qificial recharge. is contributing a third
& the water supply in the region and has
gade possibie an expansion of four mil-
yoiwctares in the amount of land from
which crops can be harvested. Each hec-
are of irrigated land could also benefit
pom 40.000 cubic meters of usabie wa-
g swored underground over the past
"quiury. The exploitation of this stored
vies could allow either an annual ex.
. gazion o the cropped area or a guaran-
e of {ull Urigation in times of severe
fought or severa] years of Jow rainfall,
Agresent prices one cubic kilometer of
gable vater per year could be produced
the ground-water reservoir for
oot 510 million. whereas the same
gouai of water trapped from the water
-mgle with 2 dam and reservoir would
vt $100 miltion.
¥ tuch a system is the key to the future
-dagrcuiture and of water management
ifood preduction is to keep pace with
‘Jeinerease in population and the avail-
"$ity of water is to kétp pace with the
.ging demands being put on water re-
gaces. The joint operation of surface
-od wderground reservoirs will allevi-
tg both seasonal and long-term defi-
"grcies of water. The success of such a
g requires that the underground
izs e (ully equipped for an ex-
giation that could continue for any
igred of ime [rom a few months per
g: 1 [ew years per decade. To pre-
sch 1 system calls for political de-
s that up 0 now have nol sven
Jge considered in most jurisdictions.
P pplication of systematic man-
ol 10 aquifer is only in the ex-
oy stage. Further experience
mprave the techniques employed
tr management of waler resources in
and of ground-water reservoirs
ax n point is the technology of
dcnlly recharging ground-water res.
wsirs on 2 large scale. I that technolo-
eo¢ improved. the ground.water

reservoirs would serve for both seasonal
and preionged storage. Moreover. the
total supply of manageable water would
be increased because the sysiem would
save waler that otherwise would evapo-
rite or escape unuscd.

Scepage from irrigation canals is one
of the best techniques [or artificially re-
charging ground-water reservoirs on a
large scale. Aceordingly the lining of ca.
nais. which is often done to reduce seep-
age. is in fact 2 useiess expenditure. It
would be better to remodel the canals
and enlarge them. provided that the
work were closely coordinated with the
installation of tube wells to controf the
rising of the water 1able.

Another means of artificially recharg.
ing ground.water reservoirs in Temper.
ate zones is lo spread the high warters
from winter thaws over bare irrigable
land. that is. 1o irrigate the land even
though no crops are growing. The tech.
nique would provide both a lemporary
storage in the soil that would be useful
to the crops when they were planted and
a long-term storage in the ground-water
reservoir underlying the irrigaied area.

A simple and very old technique for
recharging ground-water reservoirs is to
buiid !akes and small dams in the upper
basins of rivers, so that some of the wa-
ter that would normally run off will seep
into the ground. More expensive lech.
niques are to build infiltration pits (an
excavilion to caich storm runoff that
otherwise would run uselessly out to
ses) and recharging wells. by means of
which water is pumped into the ground
rather than drawn from it. In the 11.8.
infiltration pits and recharging wely
have been installed extensively on Long
Island, in Arkansas, on the northern
Great Plains and in certain Western
\tes, -

On a global scale the problem facing
mankind is not a lack of fresh wa.
ter but a inck of efficient regimes for
using the water that is available. The
need to produce more food will contin-
ue, and it can be met only by an assured
supply of water in agricultural areas.
The water deficit of 400 cubic kilome.
lers that caused the food crisis of 1972 is
insignificant when one considers that
about 435.000 cubic kilometers of water
is still in storage in the top 30 meters of
ground-water reservoirs.
Mankind can soive the water probiem
il governments and decision makers are
prepared 1o embark on the proper man-
agement of their watler resources and
particularly of their reserves of ground
water. Mareover, it is becoming techno-
logically feasible to deal with such ad-
verse developments as waier deflcien.
cies resulting from changes in weather
patterns by initisting the large-scale and
-ierm control of the water cycls
through ground-waler reservoirs.
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CASED WELL, which is the Indus regioa is
called & tabe well, Is portruyed. Such weils are
the menns whereby grewnd water s drawn
dewn ia the Indus valley as & source of kriga-
ton and sise of management of the ground-
water reources. The well s made by drilling
10 a depth of trom 30 10 70 meters aad putting
inte the hele s cusing snding la » screen that
&2 some distance inte the water table Screen

keeps sut the large particies of seild matter.
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ROBERT P. AM BROGG! ("Under-
ground Reservoirs to Control the Warer
Cycle "y has heen senior adviser with the
Food und Agriculture Organization of
the United Nations sinee 1961, In addi.
ton he serves as a consultant to the
Uniled Nations Development Program.
the World RBank and the United Nations
Environmen: Program. A French citj.
zen from Corsica. he was graduated
from the University of Nancy in [939
and rveeived his doctorate at the Uni.
versity af Paris {the Sorbonng): Refore
he joincd the Food and Agricuiture Or.
ganization he was director of the Water
Resources Depariment of Morocco.
where in 1942 he began working in the
ficld of ground-water hydrology. Am.
broggi's major current interest is the im-
proved management of the scarce re-
seurces of water of good quality. He is
involved in the Blue Plan for the Medi.
lerrancan. a regional undertaking of the
IR Mecditerranean countries (o assist
their governments in the sound develop.
ment and national management of their
natural resources.

ELWYN T SIMONS {"Ramapithe.
cut’} is professor of geology at Yaje
University and head of the division of
vericbrate paleontology at the Yale Pga-
body Museum. Last year he was on
leave doing research at the University of
Kasse! in Germany. where he held an
Alexander von Humboldt Senior Scien.
tist’s Prize [rom the Federal Republic of
Germany. During that sabbatical he car.
ried out his new studies of Ramapishecus
in Europe. Africa and the Near East.
Simons has icd or hag participated in
more than 10 fossil-hunting expeditions
on three continents. and he has written
two books and more than 100 research
papers. The most significant achicve.
ments of his fieldwork were the discov.
ey of Aegypropithecus and other carly
apes of the North Alrican Oligocene,
aad the uncovering of the first specimen
of Gigantopuhecus in northern India,

DAVID ADLER (“Amorphous-Sem.
onductor Devices™) is professor of
dectrical engineering at the Massachu.-
setts [nstitute of Technology. Aftcr at.
ending the Bronx High School of Sci-
ence and Renssclaer Polytechnic Insii-
tute. he received his Ph.D. from Har-
vard University in 1964. Before joining
the {aculty at M.L.T. he spent a year gt
te Atomic Energy Research Establish.
ment at Harwell in Enghngl. He is a

thut advises the U.S, Army Research
Office in the National Research Council.
as chairman of the Solar Photovoltaic
'anel of the M.[.T. Solar Energy Work.
shop and us president of the Harvard
Graduate Stideny Council. In addition
10 amorphous scmiconductors Adler’s
rescarch inicrests include solar cells.
transitions between insulators and met-
als. transition-meral compounds and
potymeric semiconductors.

LCOYD' L. OUD ("Cancer Immunaol.
LY ") is vice-president of the Sloan-Keq.-
tering Institute for Cancer Rescarch.
Born in California. he is a graduaie of
the University of California at Berkeley.
He received his M.D. at the University
of California School of Medicine in
1958 and that year joined the Sloan-Ket-
tering Institute. He was appointed vice.
president and associate dircctor of the
institute in 1973, and also associate di-
recior of research of the Memorial
Sloan-Kcttering Cancer Center and Me-
morial Hospital for Cancer and Allied
Discascs. In addition he had been profes.
sor of biology in the Sloan-Kettering Di.
vision of the Graduate School of Medi-
cal Sciences at Cornell University. Old
is onc of the founders of the discipliné
of tumor immunology. He was among
the first to 