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TABLE4.18  RIO APULCO AND ARROYO SONTALACO
' ~ SIZE DISTRIBUTION OF BED MATERIAL

SIEVE RIO ARROYO
_ No.  SIZE APULCO SONTALACO
- (MM) %FINER %FINER
3762
y R 508
1" 25.4 929
172" 12.7 79.7 93.0
#4 4.76 59.0 783
#6 ' 3.35 51.6 71.6
# 2.36 44.5 - 63.1
#10 2 387 55.2
#20 085 28.3 371
#40 0.42 14.4 160
#50 0.25 94 11.2
#100 0149 22 N |

#200 0.074 | 0.5 2.0

Notes : Measured by CFE, June 9, 1989
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TABLE 4.20 ~ PARTICLE SIZE DISTRIBUTION OF
RESERVOIR SEDIMENT DEPOSIT BASED ON
SAMPLES TAKEN FROM RESERVOIR SHORE LINE

STZE SAMPLET ~SAMPLEZ SAMPLE3 SAMPLE4 SAMPLES

(MM) PERCENT FINER

76.2

508

38.1

254

19.1 _

12,7 - 996 99.8 997

9.52 - 994 - 998 99.7

476 98.2 99.2 99.6 _

-2 - 968 98 99.5 994

0.84 §8.3 - 946 988 976

0.42 54.9 624 - 83 72.2

0.25 38.1 29.4 46.2 39.7 R
0.149 26.4 122 213 22.3 998
0.074 10.1 6.9 : 15.4 16.2 974
0.054 - 84 59 14.1 15.1 754
0.021 49 4.1 8.7 1.6 45.9
0.0047 2.3 1.1 5.1 2.8 109

Note: (1) Samples were taken by the Study Team in September, 1992,

(2) Sample numbering is from upstrem to downstream.



RESERVOIR BED MATERIAL AT DRILL HOLE NG. 1

TABLE 4.21 (1/4)

PARTICLE SIZE DISTRIBUTION,

7.9

Depth from Particle Sizes {mm)
Surface of D044 021 051 0 074 149 25 42 B4 200 476

Reseroivr Bed (m) Percent Finer

375 395 293 870 1000

395 4,20 618 965 998 1000

4.5 4.95 526 928 998 1000

495 5.15 406 823 693 1000

5.35 5.80 642 958 1000

5.95 6.10 514 896 1000

6.45 4.65 185 845 985 1000

7.30 7.50 608 895 985 10600

7.50 799 66.1 966 1000

8.70 8.85 598 055 994 100.0

- 043 0.90 458 9092 1000

10.20 10.40 394 836 1000

1095 11.10 892 914 976 1000

11.25 1140 526 953 999 1000

1140 - 1185 665 924 1000

11.85 12.22 177 480 877 1000

13.35 13.80 612 944 1000

1395 14.20 69.8 916 997 1000

14.75 14.90 68.1 957 989 1000

15.20 15.65 678 957 1000

1590 16.11 41.1 865 978 1000

17.15 17.60 - 665 972 1000

18.12 18.31 464 0962 1000

18.50 18.88 118 185 192 239 585 834 963 997 998 1000
12,10 19.40 582 928 964 1000

19.40 - 19.55 . _ 428 493 585 744 958 996 1000
. 20.63 20,77 66.0 100.0 _ :

21.60 21.80 820 940 960 100.0

2345 2395 381 961 100.0

2417 2495 465 811 984 1000

25.40 25.46 320 412 420 460 554 677 831 916 997 1000
26.30 26.68 65.0 - 916 942 1000

27.35 27.68 670 860 930 1000

28.00 28.34 819 9%0 994 1000

29.30 29.62 755 996 100.0

3125 - 31.28 170 578 650 670 789 851 917 984 996 1000
31.28 31.63 701 997 999 100.0

33.20 33.60 478 856 996 1000

34.20 34.70 648 947 972 1000

36.05 3643 453 764 B20 1000

37.10 37.42 407 669 T2.6 100D

37.61 37.81 278 570 624 100.0

39.05 39.15 228 400 403 404 592 712 B29 959 989 1000
3915 39.37 573 975 989 1000

4045 40.65 615 946 969 1000

41,10 4146 638 894 938 100.0

4305 43.40 543 B850 888 1000

43,95 4433 498 819 833 1000

4530 45.80 206 667 874 1000

46,20 46.50 212 326 331 387 453 603 887 977 1000
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PARTICLE SIZE DISTRIBUTION,
RESERVOIR BED MATERIAL AT DRILL HOLE NO. 2

TABLE 4.21 (2/4)

100.0

Depth from : Particle Sizes (mm) _
Surface of 0044 021 051 074 - 149 .25 42 84 200 476

Reseroivr Bed (m) Percent Finer - '
1.31 1.48 455 966 993 1000

2,18 - 2.39 584 967 1000

3.16 3.37 545 949 999 1000

4.37 4.58 78.1  99.2 996 1600

537 5.58 42.1 3.6 988 1000

6.25 6.44 46.8 987 1000 . _ .
7.44 7.63 64 171 455 619 959 97.6 980 989 995 1000
7.81 8.00 355 917 1000 : :

823 8.42 306 807 100.0

9.48 9.65 31.0 81.0 1000

10.42 10.60 41.5 ~ 85.0 1000 :
11,22 11.40 13.0 530 892 1000

12.22 12.42 63.0 989 993 1000 .

13.33 13.55 461 908 1000

14.47 14.64 520 970 993 1000

15.26 1545 492 877 98.9 1000

17.70 18.00 546 0904 995 1000

18.65 18.83 564 956 980 1000

2082 - 21.00 644 968 994 1000

21.60 . 21.80 520 964 992 100.0

22.20 22.40 418 .94C 991 1000

23.60 23.80 550 989 904 1000

25.20 25.40 61.5 97.8 996 1000

26.40 26.60 559 9230 984 1000

27.50 27.71 516 890 1000

29.20 29.45 593 922 995
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RESERVOIR BED MATERIAL AT DRILL HOLE NO. 3

TABLE 421 (3/4)

PARTICLE SIZE DISTRIBUTION,

Depth from : : Particle Sizes (mm)
. Surface of 0044 021 051 074 140 25 42 B84 200 476
Reseroivr Bed (m) Percent Finer
0.06 0.80 23.0 717 - 969 1000
1.60 1.80 135 564 924 1000
2.40 2.60 123 518 983 1000 _ .
4.83 5.00 30 85 212 313 706 847 940 985 991 1000
520 5.40 50 144 326 451 850 918 953 984 994 1000
5.40 5.60 224 754 917 1000 '
6.25 6.45 163 610 910 1000
8.15 8.35 242 520 705 1000
9.05 9,25 21.7 638 954 1000
10.20 10.40 167 690 964 1000
11.30 11.50 17.6 5520 894 1000
16.34 16.55 65 202 586 731 972 989 993 1000
17.20 17.40 99 386 858 1000
19.80 20.05 327 953 992 1000
20.55 20.78 29 63 173 319 981 967 990 996 1000
22.40 22.60 95 508 955 1000
2493 '25.19 .19 53 144 200 698 843 937 995 100.0
27.19 27.40 1.2 328 575 671 971 991 997 1000
29.20 29.65 4777 953 1000
30.98 KIN Y 194 694 997 1000
30.80 31.00 25 61 151 241 809 984 997 999 1000
3458 34.80 205 844 993 100.0
35.89 36.10 259 850 992 1000
37.68 37.90 550 934 982 1000
39.14 39.36 51,1 948 989 1000
40.75 41.00 543 918 998 1000
41.81 4202 181 512 971 1000
44.30 44.50 §9.4 942 989 1000




TABLE 4.21 (4/4)

PARTICLE SIZE DISTRIBUTION,
RESERVOIR BED MATERIAL AT BRILL HOLE NO. 4

916

Depth from _ . Particle Sizes (mum)
Rsl“‘f'fmf' 0044 021 051 074 149 25 42 .84 200 476 9.52 127 1901 254 381
eseroive Bed ) P .
ercent Finer
(m)
1 30 60 170 332 154
. PARTICLE SIZE DISTRIBUTION,
RESERVOIR BED MATERIAL AT DRILL HOLE NO. 8
Depth from Particle Sizes {mm)
RS“ff!“‘*f 10044 021 051 074 249 25 42 84 200 476 952 127 191 254 381
eseroivi Bed P -
. - ercent Finer .
(m)
L 02 07 25 107 251 687 858 922 926 1000
2, 20 50 120 220 570 7710 780 79.0 100.0 .
3, 20 50 90 1L7 235 598 715 965 99.1 1000
4, 13.5 208 389 529 825 044 1000
s, 333 703 928 949 977 989 100
6. 38 99 323 531 767 836 895 956 100
7, 88 215 384 461 676 789 887 926 977 1000
B. 25 55 130 174 257 330 59.1 884 962 1000
9. 27 48 86 108 203 290 409 495 565 1000
10. 03 05 05 05 05 0505 42 203 520 613 1000
1. 33 46 57 64 92134 219 316 573 788 1000 :
12, 86 309 685 820 925 953 %92 100
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TABLE 4,23 NATIONAL INDEXES

Year Population Gross Domestic Products

Total Average Annual G.D.P. 1985 Prices Growth Rate
Growth Rate (%) (Current)

(millions) (5 yrs interval) (billion Pesos) (billion pesos; (%)

1965 42.69 - 252.0 16,535 -
1970 - 50.69 3.49 - 4443 23,101 ]
1975 60.15 3.48 1,100.1 31716 - -
1980 69.66 2.98 4,276 43,773 -
1985 77.94 227 47392 41,392

1986 79.57 . - 79,191 45,655  A3.7
1987 81.20 - C 192,802 46,403 1.6
1088 = 82.84 . 389,259 46,964 12
1980 . 84.49 - 503,668 . 48,493 3.3
1990 86.15 2.20 678924 50,622 4.4
1991 87.84 - 852,783 52,451 3.6

Source: UN monthly Bulletin of Statistics, International Financial Statistics
Yearbook; 1992, :
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TABLE 424 MUNICIPALITY DATA

Number Municipio Cabecera Municipal Elevation Area
: (meters) (km2)
Estado de Puebla
1. Principally in the Rio Apulco Basin
83  Ixtacamaxtitian Ixtacamaxtitlan 2,150 502
200  Xochiapulco Cinco de Mayo 2,050 57
207 Zacapoaxtla Zacapoaxtia 1,800 177
212 Zautla Santiago Zautia .2,000 235
Total area 971
1L Principally in the Xinayucan Diversion Area _
17 Atempan Atempan 1,950 50
- 186  Tlatlauquitepec Tlatlauquitepec 1,900 246
204 Yaonahuac Yoanahuac 1,800 55
211 Zaragoza Zaragoza 2,300 28
Total area 379
III. Adjacent Areas .
16 Aquixtla. Aquixtla 2,100 150
43 Cuetzalan del Progreso Cuetzalan del Progreso 1,000 158
44 Cuyocaco Cuyoaco 2,560 295
53  Chignahuapan . Chignahuapan 2,320 925
94 Libres Libres 2,400 305
101  Nauzontla Nauzontla 1,500 30
105 Ocotepec Ocotepec 2,400 80
172 Tetela de Ocampo Tetela de Ocampo 700 418
202 Xochitlan Xochitlan de V. Suarez 1,000 26
Total area 2,387
Estado de Tlaxcala
1. Rio Apulco Basin
30 Terrente Terrente 2,400 280
34 Tlaxco Tlaxco de Mordos 2,330 56
Total area 336
IL. Adjacent Areas :
4 . Altzayanc Villa Altzayance de Hidalgo 2,600 56
31 Tetla Tetla 2,522 145
' Total area 201




TABLE425  POPULATION DATA (1/2)

Number * Municipio ' Population
e L ' Total Males Females

Estado dé Puebla

I. Rio Apulco Basin

B3  Ixtacamaxtitlan 28,405 14,320 14,085
172 Tetela de Ocampo 8,407 4,218 4,189
186 Tlatlauquitepec 4451 2,305 2,146
200 - Xochiapulco 4,086 2,046 2,040
202  Xochitlan de Vicente Suarez 2,242 " 1,081 1,161
207  Zacapoaxila 41,855 20,560 21,295
212 Zautla ' : 11,936 5,575 6,361

Total 101,382 50,105 51,277
11, Xiucayucan Diversion Basin
17 Atempan : 6,897 3,370 3527
186 Tiatlauquitepec _ 34,996 17,004 17,992
24  Yaomahuac : 4,379 2,155 2,220
211 Zaragoza _ 10,869 5,287 . 5,582
212 Zautla : 6,188 2,974 3,214

Total : 63,329 30,794 32,535
Hl. Adjacent Areas

16 Aquixtla _ 7,140 3,534 3,606

17 Atempan _ 5,799 2902 2,897
43 Cuetzalan del Progreso 35,676 17,641 18,035
44  Cuyoaco ' 12,410 6069 - 6341
53 Chignahuapan 41,896 21,091 20,805
94 Libres 20,634 10,105 10,529
101  Nauzontla o : 3,734 1,830 1,94
105  Ocotepec 4,699 2,363 2,336
172 Tetela de Ocampo 16,519 8,091 8,428
186  Tlatlauquitepec 3,000 - 1,509 1491
202 Xochitlan 8,223 4,067 4,156
24  Yaonahuac ' 1,308 677 631

Total - - 161,038 79,879 81,159

Source; 1990 Census



TABLE 4.25 POPULATION DATA (2/2)

Number  Municipio Population _
Total Males Females

Estadode 'I’léxcala

L. Rio Apulco Basin

30  Terrenate ' 5,367 2,776 2,591
34 Tlaxco 119 o4 55
“Total 5,486 2,840 2,646

H. Adjacent Areas : .
4  Altzayanca 11,819 6,055 5,764

30  Terrenate 8,293 4,258 4,035
31  Tetla - 15,429 7,654 7,775
34 ' Tlaxco 26,970 13,385 13,585

Total 62,511 31,352 31,159

Total, Rio Apulco Basin .

Puebla = 101,382 50,105 51,227

Tlaxcala 5,486 2,840 2,646
“Total _ 106,868 52,945 53,873

Total, Xiucayucén Diversion

Puebla 63,329 30,794 32,535
Tlaxcala _ L. - -
Total 63,329 30,794 32,535
Total, Adjacent Areas
Puebla 1_61,038 79,879 - 81,159
- Tlaxcala ' 62,511 31,352 31,159
Total 223,549 111,231 112,318




TABLE 426 POPULATION CHANGES OF MUNICIPALITIES IN THE RIO APULCO
BASIN AND THE XIUCAYUCAN DIVISION BASIN '

Population (person} "~ Growih Rate (%)
1560 1970 1980 1990 T1960-70 1970-80 1980.00
1. Estado de Pucbla (Whole siate) 1973837 2,508,226 3,347,685 4,126,101 271 335 233
o (1) Aquixtls : 6,407 6,568 6,632 7,140 26 09 13
o+ {2) Atcmpan 6,109 7.991 8,172 12,696 30.8 23 554
o (3) Cuctzalann det Progreso 22,418 24,501 28,877 35,676 93 179 235 -
o (4) Cuyoaco 8,637 9,544 11,667 12410 105 223 6.4
o {5) Chignahuapan 24,733 30,201 33,712 41,896 2201 116 243
*  (6) Ixiacamaxtitlan 18,084 21,807 ' 26,827 28,405 206 230 59
o {7 Libres 12,304 13,023 17,313 20634 51 328 192
o (B) Nauzontla 2744 3,158 3,551 3,734 151 124 52
o (9) Geotepee 3,505 3,795 4,721 4,699 83 244 A0S
o * (10) Tetels de Ocampo 18,908 19967 2183 24926 56, 94 142
o+ * (11) Tlatlauguitepec 24976 29,113 31,323 42,447 166 76 355
* (12) Xochiapuleo 3462 3,652 3,749 408 5.5 27 90
o * (13) Xochitlan de Vincente Svarez 7,647 8,042 9,642 10,465 52 199 85
o+ (14) Yacnahuac 2,935 3,409 4,163 5,687 161 221 366
* (15) Zacapoaxtla 20,819 26,134 35456  41.855 255 357 180 .
* (16) Zaragoza 4,378 6,150 9,070 10,869 40.5 475 198
»% (17) Zauvila - 14,464 16,834 18,124 - 164 17
Total *188156 231,519 273,543 325749 230 182 194
11. Estado de Tlaxcala (Whole state) 346,699 420,638 556,597 761,277 213 323 368
o (1) Alizayanca 6,726 7,846 9,494 11,819 167 210 245
o* (2) Terenate 5983 7.204 9,208 13,660 204 27.8 48.3
o (3) Tetla 6,650 4,000 8,491 15,429 46 213 817
o* (4) Tlaxco 16,954 16,405 20,384 27,089 A32 243 329
Total 36,353 38,455 415717 61997 58 237 49
Il Grand Total '
L. Pucbla 188,156 231,519 © 273,543 325,749 230 182 191
1L Tlaxcala 36,308 38,455 41517 61997 59 231 429
G. Total C224464 269974 321,120 203

393.746

189

226

Source: INEGI (Institute Nacional De Estadistica Geografie D Infermetica, "PUEBLA: Resullados Definitives

Diatos Por Localidad, X1 Censo General De Poblacion Y Viviends, 1990),

: Huanchinango, "Region Socioeconomica”
Remarks: * Rio Apulco Basin

+ Xiucayucan Division Basin
© Adjacent Area



TABLE 427 EMPLOYMENT DATA (1/2)

Number Municipio Males Employed In Agriculture
No. No, %o No. %

L Rio Apulco Basin

Puebla
83 Ixtacamaxtidan 14,320 6,673 46.6 5,843 87.6
200 Xochiapulco 2,046 874 42.7 779 89.1
207  Zacapoaxtla 20,560 8,755 42.6 5,791 66.1
212 Zaufla - 8,549 2,791 326 1,686 60.6
Sub-total 45,475 19,093 420 14,039 73.5
Tlaxcala
30 Terrente 7,034 3,177 45.2 2,668 84.0
34  Tlaxco :
Sub-total 7,034 3177 45.2 2,668 84.0

Total 52,509 22,270 424 16707 750
18 Xiucayucén Divetsion Basin

17 Atempan 6,272 2,662 424 2,163  81.2

186  Tlatlauquitepec - 20,818 9,211 44,2 6,786 73.7
204 - Yaonahuac 2,836 1,197 422 882 73.7
211 Zaragoza o 5,287 2,111 39.2 845 40.0

Total 35,213 15,181 43.1 10,676 70.3

III.Puébla State 2,008,531 872,628 434 386298 443

T-355



TABLE427 EMPLOYMENT DATA (2/2)

Number . Manufacture “Construction Commerce Community -
- _ ' Services
No. - % No. % No. % No. %
L. Rio Apulco Basin
Puebla e o
83 - 147 2.2 : 272 4.1 106 1.6 45 0.7
200 - 15 1.7 12 14 4 1e 40 4.6
207 - 530 6.0 691 79 578 6.6 344 - 39
212 520 18.6 151 54 244 8.7 47 1.7
Sub-total 1,212 .. 63 1,126 5.9 G942 49 476 25
Tlaxcala
30 142 4.5 176 5.5 48 1.5 13 04
Total 1,354 6.1 1302 58 990 44 489 2.2
II. Xiucayucan Diversion Basin
17 100 3.8 108 4,0 78 29 .80 .0
186 455 . 49 476 5.2 381 4.1 339 3.7
204 70 5.8 58 4.8 29 24 - 61 5.1
211 243 115 127 6.0 253 120 265 126
Total © 868 5.7 769 5.1 741 4.9 745 0 49
IIL Puebla State
151,256 173 65,008 74 87171 100 32,083

3.7

T-56
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TABLE 4.29 CLIMATOLOGICAL DATA FOR THE RIO APULCO BASIN

1. Basin Wide Average

Annual JAN FEB MAR

APR MAY TUN JUL AUG SEP OCT NOV DEC

Rainfall {mm) 7213 13 16 40 68 138 120 114 143 66 26 13
Evaporation (mm} 1,IB7 90 101 144 144 139 109 99 100 83 90 87 33
Mean Temperature (°C) - 13.2 108 15.7 166 156 144 145 142 133 125 116

12.0 142

1L Long Term Averages for the Five Individual Stations

Rainfall (mm)

' Anmual JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
IXTACAMAXTITLAN 584 9 10 16 41 71 164 89 83 96 42 14 8
ZAUTLA 543 10 100 12 25 44 101 . 78 73 115 45 19 10
LA GLORIA 814 11 12 16 42 70 148 155 149 126. 56 18 1D
CAPULUAQUE 920 18 16 16 34 53 161 126 107 213 107 47 21
SAN ANTONIO 998 16 18 21 60 101 174 155 159 164 81 31 18
Evaporation {mm)

Annual JAN FEB MAR “APR MAY JUN JOL AUG "SEP GCT NOV DEC

IXTACAMAXTITLAN 1488 93 106 162 157 150 128 128 133 101 100 68 &8
ZAUTLA 1050 73 Bi 128 135 140 102 9t 82 75 8 15 T2
LA GLORIA 1355 108 112 156 145 140 109 99 103 87 100 98 95
CAPULUAQUE 1052 70 80 117 130 127 94 78 82 70 68 70 63
SAN ANTONIO 1373 105 125 158 154 140 112 101 99 84 102 95 96
Mean Temperature (°C) . _ L
: Annual JAN TFEB MAR APR MAY JUN TUL AUG SEP (KT NOV DEC
IXTACAMAXTITLAN 16 13 14 16 18 19 19 18 1% iT 16 15 14
ZAUTLA 16 13 14 16 18 19 18 17 17 17 16 14 13
LA GLORIA 121t 12 13 14 16 14 13 .13 13 13 13 12
CAPULUAQUE 13- -1 13 15 17 18 16 15 15 15 13 13 12
SAN ANTONIO 93 72 83 103 112 119 106 92 94 91 87 83 73
111, Station La Soledad
Annual JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Rainfall (mm} 3,325 87 66 91 103 178 452 610 534 575 344 184 102
Evaporation {mm) 1003 45 53 8t 102 118 114 104 112 97 I8 53 43
Mean Temperature (°C) 169 145 149 17.0 210 229 232 222 217 214 196 172 154
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TABLE 430 LAND USE - PUEBLA STATE

1. Principally in the Rio Apuico Basin (Area in Hectares)

Land Use Ixtacamaxtitian

(1) Rain-feed agriculture

(2} Shifting agriculture

(3) Irrigated agriculture

{4) Semi-intensive pasturage
(5) Extensive pasturage -
{6) no use

T-39

Xochiapulco Zacapdaxtla Zautla Total

Ha. % Ha. % Ha. % Ha. D Ha. %

(1) Agricolade Temporal 33419 66.5 3,928 693 15485 877 10367 441 63199 65.1
(2) Agricola Nomada 3,804 7.6 564 24 4,368 4.5
(3) Agricola Bajo Riego 180 1.0 - - 180 0.2
(4) Pecuario Semi Intensivo 12,496 249 1,644 290 1,789 1041 12,239 521 28,168 290
(5) Pecuario Extensivo 480 1.0 : : 480 - 03
{6) Urbano - - 96 1.7 212 1.2 338 14 646 07

(7} No Disponible
Towl 50,19¢ 100 . 5668 100 17,666 100 23,508 100 97,041 100
IL. Principally in the Kiucayucan Diversion Basin
Land Use Ixtacamaxtitlan  Xochiapulco Zacapoaxtia Zautla Total
' Ha. % Ha. % Ha, % Ha, % Ha. %
(1) Agricola de Temporal 4933 985 19,284 781 5513 96.2 2,720 692 32450 824
(2} Agricola Nomada
(3) Agricola Bajo Riego - - 154 0.6 - - 480 122 634 1.6
(4) Pecuario Semi Intensivo - - 4,707 191 85 1.5 545 138 5337 136
(3) Pecuario Extensivo
(6) Urbano 77 1.5 314 13 133 2.3 188 48 712 13
(7} No Disponible - - .y 0.5 221 0.6
“Total 5010 1000 24,680 100 5731 100 3933 100 39,354 100
Notes: Landuse



TABLES.1 RELATIONSHIP BETWEEN RESERVOIR
STORAGE CAPACITY AND ANNUAL

" ENERGY OUTPUT |
TV HWL ~MOL EFFECIIVE — ANNUAL
APPLIED (EL.m) (EL.m) STORAGE  ENERGY
o E (MCM) - (GWh)
1992 - 804.5 797.5 102 6292
1988 804.5 797.5 113 630.0
1977 804.5 797.5 1.6 630.0
1962 804.5 797.5 133 6312
1992 8045 7950 12.5 629.1
1988 804.5 795.0 146 6303
1977 8045 7950 155 630.5
1962 8045 795.0 188 6323
1992 804.5 790.0 16.1 6263
1988 804.5 7900 | 185 627.9
1977 804.5 790.0 210 629.3
1962 804.5 7900 277 6320
1992 8045 785.0 17.6 622.4
1988 804.5 785.0 210 624.2
1977 804.5 785.0 242 625.6
1962 804.5 785.0 32.6 6287
1992 804.5 780.0 18.2 6177
1988 804.5 780.0 220 619.7
1977 8045 7800 26.5 621.4
1962 804.5 780.0 375 625.0
1992 804.5 775.0 184 6128
1988 804.5 775.0 23 614.8
1977 804.5 775.0 81 . 6167
1962 804.5 7750 41.6 620.8




TABLES5.2 RUNOFF AVAILABLE FOR SEDIMENT DIVERSION

(Unit : MCM)

_ Q (CMS)*

_ . 30 40 50 60 70 80 90 100
YEAR 1963 3.68 0.27 0.00 0.00 0.00 0.00 0.00 0.00
1964 0.95 0.09 0.00 000 0.00 0.00 0.00 0.00
1965 3.91 1.65 078  0.00 0.00 000 0.00 0.00
1966 2994 2505 2229 2009 1838 1664 1490  13.19
1967 1048  6.24 4,69 3.81 295 2.10 122 0.36
1968 1.66 0.07 0.00  0.00 0.00 000  0.00 0.00
1969 3418 2122 1280  7.66 4.35 1.84 029 0.00
1970 0.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1971 1491 1025 6.79 3.71 1.43 0.00 0.00 0.00
1972 3.52 1.43 0.03 0.00 0.00 0.00 000  0.00
1973 - 5.92 1.70 000  0.00 0.00 0.00 0.00 0.00
1974 9853 8272 7024 5905 5093 4401 3810 33.15
1975 2342 1441 9.29 5.84 3.53 244 1.58 0.70
1976 2018 11.09 6.81 4.42 2.95 2.09 1.23 0.35
1977 0.00 0.00 0.00  0.00 0.00 0.00 0.00 0.00
1978 960 547 - 373 2.44 1.58 0.73 0.00 0.00
1979 4161 3349 2849 2416 1985 1641 1454  12.80
1980 9.78 6.18 4.46 2.72 1.35 047 0.00 0.00
1981 5921 4357 3444 2837 2289 1856 1565  13.05
1982 © 672 3.58 1.89 1.04 0.18 0.00 0.00 0.00
1983 2.30 0.84 0.00 0.00 0.00 0.00 0.00 0.00
1984  98.61 8434 7243 6436 5829 5290 49.14 4570
1985 673 379 1.8 0.00 0.00 0.00 0.00 0.00
1986 440 2.68 1.19 0.31 0.00 000  0.00 0.00
1987 0.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1988 23.02 2042 17.83 1581 1462 1374 1288  12.03
1989 5333 4603 3974 33,70 2828 2455 2195 19.36
1990  9.18 3.98 0.00  0.00 0.00 000 0.00 0.00
1991 14.65 7.80 426 - 1.8% 0.11 0.00 0.00 0.00
TOTAL 59195 438.36 343.75 279.33 231.68 196.46 171.50 150.70
AVE. 2041 1512 . 1185  9.63 7.99 6.77 591 5.20

NOTE : * Excess runoff exceeding 'Q’ is assumed to be used for sediment diversion
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TABLE 53 - NUMBER OF DAYS AVAILABLE FOR SEDIMENT

DIVERSION
o - Q{CMSyF
B 30 4D 50 60 70 80 90 100
YEAR 1963 7 2 0 0 0 0 0 0
S 1964 1 1 0 0 0 0 00
1965 4 2 i 0 0 0 0 0
1966 7 4 3 2 2 2 2 2
1967 6 3 1 ! 1 1 I 1
1968 3 i 0 0 0 0 0 0
1969 18 12 6 5 32 1 0
1970 1 0 0 0 0 0 0 0
1971 7 4 4 3 2 1 0 0
1972 5 2 1 0 0 0 0. 0
1973 7 4 0 0 0 0 0 0
1974 21 15 14 11 9 7 6 4
1975 12 8 4 4 2 1 1 1
1976 16 7 3 2 1 ] 1 1
1977 0 0 0 0 0 0 0 0
1978 7 2 2 1 i i 0 0
1979 - 12 8 5 5 5 3 2 2
1980 6 2 2 21 1 0 0
1981 22 15 7 7 6 4 3 3
1982 4 3 1 1 ] 0 0 0
1983 2 1 0 0 0 0 o 0
1984 20 15 12 8 7 5 4 4
1985 4 3 2 0 0 0 0 0
1986 2 2 1 1 0 0 0 0
1987 3 0 0 0 0 0 0 0
1988 3 3 3. 2 1 1 1 1
1989 10 8 7 7 6 3 3 3
1990 7 6 0 0 0 0 0 0
1991 11 6 4 2 2 0 0 0
TOTAL 228 135 83 64 50 33 25 22
AVE. 786 479 28 221 172 114 08 076

NOTE : * Excess runoff exceeding 'Q" is assumed to be used for sediment diversion



TABLE 54  RUNOFF AVAILABLE FOR SEDIMENT FLUSHING

(Unit: MCM)
. Q (CMS)y* '
- 30 40 50 55.2 60 70 80 90 100

YEAR 1963 2504  13.56 6.88 . 429 293 1.43 0.56 0.00 0.00
1964 21,18 = 1370 9.38 1.53 594 4.33 346 2.60 1.74
1965 31.82 1695 11.03 9.12 1.87 5.28 376 2.89 2.03
1966 126.15 9049 6980  63.05 57.82 49.67 4446 4028  37.06
1967 4909 3555 27.59 2445 2154 1614 1175 8.86 7.62
1968  25.03 9.19 2.90 1.33 0.89 0.03 0.00 0.00 0.00
1969 183.86 138.85 11004 9832 BR70 7051 5407 4106 3073
1970 4040 1915 8.40 5.00 3.16 0.51 0.00 (.00 0.00
1971 89,19 6455 4907 4294 3873 3145 2624 2203 1857
972 8159 3129 1729 1228 9.02 4.92 2.33 048 0.00
1973  83.16 4373 2145 1542 1147 6.48 4,63 2.90 1.17
1974 23306 19498 169.16 15838 14960 13398 11999 107.15 9648
1975 14584 11621 9572 8679 79.04 6669 5683 4733  37.82
1976 12151 7627 4937 4017 3353 2376 1790 1364  10.19
1977 9.4 5.09 245 1.55 0.72 0.00 0.00 0.00 0.00
1978 8705 5576 3560 2952 2455 1723 1218 8.12 5.50
1979 13724 10678 8398 7459 6755 5663 4959 4354 37.83
1980 5638 - 4227 3399 3084 2834 2402 20,10 1664  13.60
1981 26255 19734 15885 144,10 13238 11174 9420 7935 68.54
1982 . 49.81 3643 2778 2441 2220 1874 1529 11.83 8.38
1983 2951 1743 1180 . 9.79 8.13 575 4.03 2.56 1.69
1984  266.10 22253 19233 18144 17239 15579 14240 12985 119.49
1985 6338 4007 2886 2523 2233 1765 1413 1154 8.95
1986 3593 2581 2022 1753 1509 1153 8.39 5.80 3.94
1987 27.04 1470 7.75 4.90 2.61 0.13 0.00 0.00 0.00
1988  64.78 5255 4639 4337 4094 3749 3403 3108 2848
1989 13212 11116 9829 9326 8869 79.60 7206 6601 59.97
1590 7992 4753 3281 2800 2427 1671 9.80 395 1.56
1991 8922 56,61 . 3604 290.04 2421 1656 1194 8.48 5.26
TOTAL 262699 1896.53 146531 1306.64 1184.64 98475 834.12 70797 606.60
AVE. 5059 6540 5053 4506 40.85 3396 2876 2441 2092

NOTE : * Excess runoff exceeding 'Q’ is assumed to be used for sediment flushing through spillwa
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TABLESS NUMBER OF DAYS AVAILABLE FOR SEDIMENT FLUSHING

— G (CMSy* _

5 j . 3040 500 552 60 70 80 90 100
YEAR 1963 18 10 6 5 2 1 T 0 0
: 1964 12 5 5 4 3 1 1 I 1
1965 25 11 5 3 3 3 1 1 1
1966 58 30 17 14 12 7 5 4 3
1967 21 13 7 77T 6 4 2 1
1968 28 11 6 2 1 0 0 0
1969 70 39 27 25 22 21 16 13 11
1970 33 16 8 6 4 2 0 0 0
1971 37 20 15 11 9 7 5 4 4
1972 52 25 12 9 6 3 3 2 0
1973 57 32 16 11 8 3 2 2 2
1974 55 39 24 2420 17 16 14 1
1975 46 28 20 19 18 14 11 11 11
1976 69 40 23 17 16 8 5 4 4
1977 6 4 2 2 2 0 0 0 0
1978 47 29 14 12 12 6 5 4 2
1979 42 32 23 19 16 10 7 7 6
1980 22 12 7 7 5 5 4 4 3
1981 104 55 36 30 2 22 19 15 10
1982 21 12 8 7 4 4 4 4 4
1983 24 9 5 4 4 2 2 1 1
1984 66 42 27 22 2 17 15 12 12
1985 37 18 10 7 7 5 3 3 3
1986 19 7 6 6 5 4 i 3 2
1987 20 9 7 6 -5 1 0 0 0
1988 21 8 7 6 4 4 4 3 3
1989 36 17 14 1 11 10 7 7 7
1990 53 22 14 9 9 8 8 5 2
1991 © 50 28 20 13 10 7 4 4 3

TOTAL 1149 623 301 318 373 190 155 130 107
AVE. 3962 2148 1348 1097 941 686 534 448 3.69

NOTE : * Excess runoff exceeding 'Q' is assumed to be used for sediment flushing
through spillway.



Table 6.1 TRAP EFFICIENCY OF SOLEDAD RESERVOIR

Total storage Capacity Trap
(x 106 m3) — Inflow ratio efficiency
(1) Reservoir volume 58.753 0.103 0.73
at EL. 804.5 m in 1962
(2) Reservoir volume ' 28.828 - 0.050 0.66
- at EL, 804.5 m in 1977
~ (3) Reservoir volume 22.305 0.039 0.63
at EL. 804.5 m in 1988
(4) Reservoir volume 2117 0.037 0.62
‘at EL. 804.5 m in 1990
(5) Reservoir volume 18.398 0.032 0.61

at EL. 804.5 m in 1992

Notes: (1) Mean annual inflow: 572,694 x. 1046 m3

(2) The mean trap efficiency over 30-year period (1962 - 1992) is

assumed to be about 0.65.



TABLE6.2 MEAN MONTHLY SEDIMENT CONCENTRATION
MEASURED AT TURBINE UNIT NO.1

| _ SIZES SIZES
YEAR/MONTH »{.062mm <0.062mm
(mg) (mg/)

1989 JAN 26 17
FEB 33 35
MAR 33 32
APR 26 25
MAY 25 21
JUN 32 27
JUL 154 32
AUG : 257 -3
SEP ' 133 5
OCT 14 3
NOV 9 4

: DEC ' 16 0
1990 JAN 12 12
FEB 16 S
MAR 19 20
APR 20 23
MAY 25 28
JUN 90 54
JUL 231 161
AUG 114 81
SEP 28 89
OCT 19 57
NOV 27 35
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TABLE 7.1
PRELIMINARY COST ESTIMATE
NEW INTAKE AND LOW LEVEL OUTLET - ALTERNATIVE C + F

HEW THYAKE STRUCTURE &
HEW LOW LEVEL OQUTLET

PRELIMINARY COST ESTIMATE (*)

i tnit Unit
- No. Description Units Quant. Price Cost Price Cost
' {K) Peso | (N) Peso | (U.5. %) {U.5. %)
HEW INTAKE STRUCTURE
1 |Cofferdam (cells) Sq.M. 2,500 1,500 1 3,750,000 500 | 1,250,000
2. |Excavation {Rock) Clta . 3,000 63 188,760 21 62,900
3 iConcrete Cu.M, 3,500 760 | 2,660,000 253 886,667
4 |Gates {4.5m x 4.5m) ea, 2 1 1,500,000 | 3,000,000 500,000 71 1,000,000
5 (Trashracks (8m x 12m) ea. 1| 1,500,000 | 1,500,000 500,000 | . 500,000
POWER TUNMEL(D=dm,L=100m. )
6 |Excavation (Rock) Citam. 2,000 74 148,000 25 49,333
7 [Tunnel Concrete + Plug €u .M. 1,200 760 912,009 253. 304,000
8 [Shotcrete ’ cu.m, 160 380 60,800 127 20,267
9 |Rockbolts n. 540 88 47,466 29 15,822
L.L.OUTLET TUNKEL(D=4m,L=215m : i
10 [Excavation (Reck) cu.m. 4,300 74 318,200 25 106,067
11 |Concrete cu.m. 1,520 760 | 1,155,200 253 385,067
12 |Shoterete Cu.m. 300 350 114,000 127 38,000
13 [Rockbolts m. 1,100 &8 96,690 29 32,230
L.L. OUTLET STRUCTURE )
14 jExcavation {Rock) cu.m. 2,000 63 125,800 - 21 41,933
15 jConcrete Cui.i. 1,000 . 760 760,000 253 253,333
16 [Hollow Jet Valve (D=1.7m.) ea, 1| 1,500,000 ] 1,500,000 500,000 500,000
17 1Electrical, Controls, etc ea. 1] 2,250,000 | 2,250,000 750,000 750,000
18 iYard, Misc. Strucrures ea. 1] 3,000,000 | 3,000,000 1,000,000 | 1,000,000
19 |Mobiiization, Unwatering, etc es. 11 3,000,000 [ 3,000,000 [ 1,000,000 | 1,000,000
Subtqtal:' 24,586,856 8,195,619
Contigency @ 30% 7,376,057 2,458,686
_ TOTAL: 31,962,913 10,654,304
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TABLE 7.2

PRELIMINARY COST ESTIMATE
SETTLING BASIN - ALTERNATIVE G

SETTLIRG BASIN

PRELIMINARY COST ESTIMATE (*)

{30m x 110m)
: Unit Unit
tHo. Description Units ~ Quant. _Price Cost Price fost
. : ' ((N) Peso | (M) Peso | (U.5. %) | (U.5. %)
SETTLING BASIN . - :

1 |Cofferdam (cells) $¢.m. 9.600 1,500 }13,500,000 500§ 4,500,000

2. |Excavation {Rock} Cll.m. ‘51,000 63 | 3,207,800 21 171,069,300

3 [Concrete cy.m, 11,000 760 | 8,360,000 253 | 2,786,667

4 |Gates (4.5m x 4.5m) ea. i 311,500,000 | 4,500,000 500,000 | 1,500,000

SLUICE SHAFT{D=m,L=70m. ) 3 .

5 |Excavation (Rock) Ci.M. 1,380 280 386,400 .93 128,800

6 |Concrete . CiLm, 500 760 3an, 0600 253 125,667

7 |Shotcrets Cu.m 100 380 38,000 127 | 12,667

B |[Rockbolts -t 950 - 88 83,505 29 27,835

" |SLUICE TUNNEL{D~4m,L=278m.) _ o ) _

9 lExcavation {Rock) cu.m 5,500 74 | . A07,000 25 | - 135,667
10 [Concrete Ci.m 2,000 760 11,520,000 " 253 506,667
11 |Shotcreie cu.m 400 . 380 |- 152,000 127 | - 40,667
12 |Rockbolts m. 1,500 88 131,850 29 43,550

POWER TUMNEL (D=dm,L<185m. ) : S

13 }Excavation {Rock) cu.m 3,700 74 273,800 25 91,267
14 |Tunnel Concrete + Plug cu.m 1,600 760 | 1,216,080 253 405,333
15 |Shotcrete cu.m 300 180 114,000 127 38,000
16 {Rockboits m. 1,000 83 87,900 29 - 29,300
D/S RIVER QUTLET . _ :

17 |Excavation {Rock) cu.m. 15,000 63 943,500 A4 314,500
18 |Concrete cu.m. 1,500 - 766 | 1,140,000 . 2583 385,000
19 [Hollow Jet Valve {D=1.7m.) ea. 1| 1,500,006 1,500,000 _:500,000 500.000
20 |Electrical, Contrels, etc ea. 1| 3,750,000 { 3,750,000 | 1,250,000 { 1,250,000
21 {Yard, Misc, Strucrures €a&. 1| 3,000,000 | 3,000,00¢ { 1,000,000 | 1,000,000
22 |Hobitization, Unwatering, etc €a. 1| 4,500,000 | 4,500,000 { 1,500,000 | 1,500,000
Subtotal: 49,191,855 16,367,285

Contigency § 30% 14,757,557 4,919,186

TOTAL: 163,909,412 | 21,316,471

(*) Based partially on Unit Cost Prices for Civil Works Provided by CFE, Dec._1992 (3US = 3 New Peso)
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TABLE 7.3

PRELIMINARY COST ESTIMATE
CHECK DAM SITE B - ALTERNATIVE [

CHECK DAM SITE 8 - ALTERNATIVE T
{DAH CREST ELEVATION 1425)
(Hudﬂ+15=55m. W=278m, V=194,000cu.m.)

PRELIMINARY COST ESTIMATE (%)

Unit Unit
Ro. - Pescription Units Quant. Price Cost Price Cost
(M) Peso 1 {N) Peso | (U.5. %) (v.5. %)
CHECK DAM SITE B
1 |Cofferdam (cel]sg 5q.M. 1,500 1,500 | 2,250,000 500 750,000
2 |Excavation (Rock cu.m. 6,000 63 377,400 2} - 125,800
3 Excavation {Conmon) cu.m. 120,000 25 | 3,860,000 8 { 1,000,000
4 ioncrete - RCC cu.m. 194,000 69 113,386,000 23 | 4,462,000
5 |Concrete Regular cu.m. 1,500 760 | 1,140,000 253 380,000
6 |Foundation Treatment ea. 1| 2,250,000 | 2,250,000 750,000 750,000
7 |Yard, Hisc. Strucrures ea. 1 750,000 750,000 250,000 250,000
& |Hobilization, Unwatering, etc ed. 1} 2,250,000 | 2,250,000 750,000 750,000
Subtotal: 25,403,400 8,467,800
Contigency @ 30% 7,621,020 2,540,340
TOYAL: 33,024,420 11,008,140

(*) Based partially on Unit Cost Prices for Civil Works Provided by CFE, Dec. 1992 (3US « 3 Hew Peso)
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TABLE 7.4
PRELIMINARY COST ESTIMATE
SAND CONVEYANCE TUNNEL WITH DIVERSION DAM - ALTERNATIVE J

SAND CONVEYANCE TUNNEL WITH. - PRELIMINARY COST ESTIMATE {*)
* DIVERSION DAM - ALTERNATIVE J :

{Assume Diversion Dam equals 1/3 the
Size/Quantities of Check Dam -Site_B)

_ o : = Unit Unit
Na. : Description Units Quant, “Price .- Cost Price Cost
' : (N) Peso (N} Paso (0.8. §) {0.5. %)

-IDIVERSION DAM - ALTERNATIVE J] ' : Ay o _
: $q.m. 500 1,500 | 750,000 " 500 | 250,000

1 |Cofferdam {cells _

-2 [Excavation (Rock ; cul.m. - 2,000 63 125,800 21 - 41,933
-3 |Excavation (Common) Cu.m. 40,000 25 11,000,000 ' 8 333,333
4 |Concrete - RCC ! cu.m, 65,000 69 1 4,485,000 23 | 1,495,000
5 JConcrete Regular cu.m. 500 . 760 "380,000 | 253 |- 126,687
6 [Foundation Treatment ea, : i 750,000 750,000 250,000 750,000

SAND CONV.TUNNEL (De4m,L«4Km) : ) S ) ) e

7 Excavation (Rock) “Ct T 72,000 63 | 4,528,800 2t 1 1,505,600
8 |Concrete {T=.3m) cuJm. - 16,000 760 112,160,000 253 { 4,053,333
% |Shotcrete TR 6,000 380 | 2,280,000 127 | - 766,000
10 |Rockbolts . S M 22,000 88 ¢ 1,931,600 25 643,867
11 |vard, Intake, Hisc. Strucrure ea. 14 4,500,000 | 4,500,000 | 1,500,000 | 1,500,000
12 |Gates, Mechanical, Electrical ea. 193,006,060 | 3,000,000 | 1,000,000 { 1,000,000
13 |Mobilization, Uneatering, etc ea. i

4,500,000 | 4,500,000 | 1,500,000 | 1,500,000

Subtotal: . _ 40,391,200 13,463,733

Contigency @ 30% : : 12,117,360 : 4,039,120
TOTAL: 52,508,560 17,502,853

(*) Based partially on Unit Cost Prices for Civil Works Provided by CFE, Dec. 1992 {$US = 3 New Pesn)
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Table 75

' PERTINENT DATA FOR
NEW POWER INTAKE AND TUNNEL SEGMENT

INTAKE STRUCTURE

Type

Invert Elev. - m

Top Elev. - m

Hydraulic Design Capacity - cms

Intake Gate
Type
Number

_ Size-m

Trashrack Size - m
Velocity Thru Gross
Area - mps

Bulkhead Size - m

Gate Control House
Dimensions ~ m

Type

Diameter (ILD)-m
Length! - m

Minimum water submergence
above tunnel crown - m

Minimum Reservoir Water Surface El.
for Power Operation - m

1 To the existing power tunnel connection

Vertical Reinforced Concrete
785
806.5
55.2

Fixed-Wheel Gate
1
4.0 x 4.0
7.0(w) x 8.5(h)

1.0
4.0(w) x 6.0(h)

7.0(1) x 6.0(w) x 5.0(h)

Pressure, Circular Concrete-lined

4.0
114.0

5.0

794.0



~Table

7.6

PERTINENT DATA FOR CONVERSION OF EXISTING POWER
INTAKE INTO NEW LOW LEVEL OUTLET FACILITY

KE STRU
Type

JUNNEL

Type R
Diameter (I.D.) - m
Length! - m
Steel Lining
Thickness - mm
Length-m

' STRUCTUR

Type
- Fixed-Cone Valve
Number
Size - m
Hydraulic Capacity - cms
Design Head - m
Guard Valve
Type
Size - m

Use Existing Structure/Rehab Existing Gate

I From the conncction with the existing tunnel,

T-74

and Replace Trashrack

Pressure, Circular Concrete-Lined
4.0
290

13
48

Hydraulic-Controlled Fixed-Cone Valve

1
2.4
13 to 70
57

Butterfly Valve
3.5



Table 7.7

PERTINENT DATA FOR
CHECK DAM ON THE APULCO RIVER NEAR HUAHUAXTLA

RESERYQIR
Nomal Max, Water Surface Elev. -m

Design Tailwater Elev. - m
SION OF RIVER DURINY

Design Flood (5 - yr) - cms

1489
Available Storage Capacity - mem 17.6
Surface Area - hectares 68.0
Design Life - years 15
DAM
Type Roller-Compacted Concrete
Crest Elev, - m 1494
CrestLength - m 294
Upstream Slope Vertical
Downstream Slope 08H:1V
Maximum Height above Riverbed - m 34
RCC Dam Volume - cm ' 138,000
'SPILLWAY |
Type Free Overflow in Cezn:rai3 Portion of Dam with Stilling
: asin
Crest Elev.-m 1489
" Crest Length-m 100
Design Flood (1,000 - yr) - cms 1,306
Maximum Flood Level of Design Flood 1492,3
Stilling Basin
Floor Elev, - m 14355
Length-m 35
Guide Wall Elev. - m 1466
1463

TRUCTION
Two Stages using Fill Cofferdams and Low Level
Oudet thra Base of Partially Constructed Dam
343

First Stage Divession thiu Left Bank of River Section
Cofierdam _
Crest Elev. -m 1464
: Length - m . 340
Seconyd Stage Diversion thru Low Level Qutlet
Cofferdam .
Crest Eley, -m 1467
Length -m . S0
- intake Structure for River
DiverstonyReservoir Bottom Quitlet
Invert Elev. - m 1459.5
Outlet Elv, -m 1459.0
Size-m 55%x55
TLength-m 29.5
Gate Type Fixed Whee!
Gate Size - m 55x%x55
River Diversion Intake
Invert Ely, -m 1455.5
Closure Congrete stoplogs
High Level Intake
Invert Elv. - m 1487.0
Opening Size (s sides) - m 55 (w)x4.0 ()



TABLE 81(1/2) CONSTRUCTION COST OF NEW POWER INTAKE AND

creeammmeumL—.

LOW LEVEL QUTLET
it
Item _ ' S ; Price Cost
No. Description : Unit Quantity S} 3Ny -
A NEW POMER INTAKE
uUnwatering During Construction ,
Circular Cell Cofferdam .
Steel Sheet Piles SaM 2,500 1.500.00 3,750,000
Fiil For Cells : L) . 16,000 16,00 256,000
Unwatering . . Ls 1 600,000.00 600,000
Intake Structure :
Excavation (Rock) CH 5,900 63,00 37,700
Cencrete :
Structure CH 2,230 760,06 1,694,800
Gate House CM - 50 760.00 35,000
Retaining Walls CM 780 760.00 592,800
Acecess Road Surface (] n - 380.00 . 26,600
Fitd CH 16,300 28.00 456,400 -
Intake Gate (4m x 4m) EA - 1 940, 000.00 900,000
Bulkheed (4mx6m) EA 1 400,000.00 - 400,000
Trashrack (7m X B.5m) EA 1 750,000,00 - 750,000
Electrical, Controels, Misc. LS 1 1,350,000.00 - 1,350,000

8 HEW POMER TUNNEt. SEGHENT
(1.0, = 4.0m, L = 114m)

Excavation (Rock) CM 2,240 74.00 165,760

Rockbolts M 910 . BB.0D 80,080

Shotcrete - _ o] . 180 380.00 68,400
- Conicrete Lining o ™ 810 760.00 615,600

Concrete Plug for Existing Tu CM 450 760.00 342,000

C INTAKE FOR LOW LEVEL OUTLETY
{Rehab of Existing Intake)
Rehab Existing Gate Ls 1 - 6080,000,00 600,000

Replace Trashrack %] 1 750,000.00 750,000

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

11,186,300

1,271,840

L LR T T

1,350,000



| TABLE 8.1(2/2) CONSTRUCTION COST OF NEW POWER INTAKE AND
' LOW LEVEL OUTLET

Description Unit

Quantity

.............................................................. L R L L L

104 LEVEL OUTLET TUNHEL
(1.D. = 4.0m, L = 290m)

_ Excavation (Rack) cH
Rockbolts ]
shoterete CM
toncrete Lining CH

Steel Lining (t=13mm, L=48m) KG -

L.1.0. OUTLET STRUCTURE

Excavation (Rock) e
toncrete CM
toltow Jet Valve (D=2,1m) EA
Butterfly Valve (D=2.7m} EA

Electrical, Controls, Misc, Eq LS§

D/S CHANNEL IMPROVEMENTS

FROM MEW GUTLET TD SPILLWAY

Clear & Grub Existing Riverbed SaM

Removal of Loose Rock mear cH
Spillway lmpact Aree

¥OBILIZATION & CONSTRUCTION
ACCESS (Incl. Acces Shaft) LS

5,700
2,300
450
2,050
60,100

5,100
340

1

!

1

10,000
4800

Unit

Price Cost

{$4) {$N)
74.00 421,800
88.00 202,400
380.00 171,000
760.00 1,558,000
7.64 459,164
63.00 321,300
760.00 258,400

1,650,000.00 1,650,000
1,560,000.00 1,560,000

$00,000.00 900,000
1.30 15,000
28.00 134,400

1 3,000,000.00 3,000,000

2,812,364

4,689,700

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

Subtotal Direct Costs

Contingencies (25%)

TOTAL CONSTRUCYION COST

Engineering & Administration {15%)

TOTAL COSTS

T-T71

24,459,604
6,114,901

30,574,505 ($H)
10,191,502 (5US)

4,586,176 (3N}

35,160,681 (SN)
11,720,227 (3US)



TABLE 8.2

CONSTRUCTION COST OF CHECK DAM

Item : o . \ - Unit ' Cost Summary
No. _ Destription Unit  Quantity Price (SN) Cost (SN) 6N
A RIVER DIVERSION DURING
CONSTRUCTION (281ages)
.Pill Cofferdams
" First Stage M 33,000 16 528,000
Second Stage - M 10,000 16 160,000
Diversion Outlet (Thru First
Stage Dam Construction) - _ : = .
Concrets . o M . 2,800 760 2,128,000
Channel Excavation.. CM 6,000 25 150,000
Bulkhead gate 18 1 1,050,000 1,050,000
Stoplog (Diversion) Ls 1 750,000 750,000
Sioplog (Tower) LS 1 900,000 900,000 -
. " 5,666,000
B DaM
. Excavstion {Rock) M 27,200 - 63 1,713,600
Excavation (Commion) CM 126,886 25 3,172,150
Roller-Compacted Concrete CM 138,325 105 14,524,125
Concrete - Walls cM 1,850 760 1,406,000
Concrete - Basin Slab cM §.,100 380 3,078,000
Foundaticn Treamment L3 1 2,250,000 2250000 -
' 26,143,875
C  MOBILIZATION, CONSTRUCTION
ACCESS, ROAD RELOCATION, ETC. L8 1 2,250,000 2,250,000 — .
2,250,000
Sub Total Dircct Costs 34,059875
Contigencies (20%),..(*) 6811875
TOTAL CONSTRUCTION COST 40,871,850($N)
13,623 950(3US)
Enginecring & Administration (15%) _m§_:130.778($N)
TOTAL COSTS 47,002,628(3N)
Note: (*)  Use 20% contigency since two preliminary estimates
were obtained from specialized US contractors.
15,667543(3U8)
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TABLE %2

CASH FLOW FOR ECONOMIC ANALYSIS BY FUEL COST SAVING

IN COAL-FIRED THERMAL PLANT

{Uniy :million US$)

220,000 1 {1.57 x (24 [ 5}/ 55.2) = 144 800 kW
220000kW  :  installed capacity
T57Tm3s 1 90% dependable flow
3B52m3fs : max plant dischargs

(2) Unit construction cost of coal-fired thermal plant is US3 1,339 /%W in 1991,

{3} Capital cost of new tharmal plant is:
144 800 kW x USS 1,339 /%W x 1.15 = USS 222970

T-80

B Cost - Henetit et Bepefit
Year Capital O&M Total Capitaf OxM Tz Touwl (B8-C)
Cost Cost Cost Cosl Cost Cost Cost :
1 1995 .42 942 942
2 1996 @42 . 942 942
3 1997 942 240 11,82 -11.82
4 1998 255 - 255 -2.55
5 - 1999 2.55 2.5% - o . -2.5%
& 2000 255 255 1.13 1298 AL - 11.56
7 2001 2.55 2,58 1.i3 1298 1411 11.56
8 2002 2.55 2.55 1.13 12.98 14.11 1156
9 2003 2.55 2.55 ' 113 1298 141 11.56
- 10 2004 2.55 255 . 1.13 12.98 14.11 11.56
11 2005 2.55 2.55 .13 1298 14.11 11.56
12 2006 - 2.55 2.55 1.13 12:98 14.11 11356
13 2007 2.55 238 .13 7 1298 1403 11.56
14 2008 2.55 285 1.13 1298 14.11 iLse
15 2004 2.58 2.55 1.13 1298 14.11 - 1156
16 2010 2.55 2.55 1.13 1298 14.11 11.56
17 2011 255 255 1.13 12.98 14.11 - 1156
18 . 20012 2.55 255 1.13 1298 14.11 J1.56
EiRR=  1827%
(l) Total constsuction cost is USS 28.25 x 1076,
{2) During the construciion, power dtop is inevitable due to plug concrets in the power wnnel, Lozs of energy
' is valued at USS 240 2 1045,
(3) O&M cost for hydropower is assumed at 2% of capital cost plus cxwung coslof USS 2.0 X ll}"é
- (4) O&M cost for coal-fired thermal plant is stsumed a1 USS D.00176 /&kWh x 1.15.
(5) Fuel cost is assumed at USS 0.0202 [ kWh x 1.15.
{6) Energy output is assumed at 90% of the past average sutput of 621GWh due to use of wmr for staicing
sediment load.
TABLE 9.2 CASH FLOW FOR ECONOMIC ANALYSIS BY INSTALLATION -
: AND OPBRATION OF NEW COAL- FIRBD THERMAL PLANT
. . {Uniz : million USS)
: Cost ] : Beneiil Ne2 Henelit
Year Capital O&M Total .Cipml Q&M Fuel - Towl {B-C)
Cost Cost Cost Cost Cost Cost Cost :
1 1995 942 942 +9.42
2 1936 9.42 9.42 042
3 1997 942 2.40 11.82 7433 74.33 62.51
4 1998 2.55 255 7433 74.33 7178
5 199% .55 2.55 74.33 : 74.33 7178
6 200G 2.55 255 113 1298 14.11 1136
7 2001 2,55 2.55 1.13 1298 14:11 ) 1136
8 2002 .55 2.55 1.13 1298 1411 11.56
9 2003 2.55 2,55 1.13 1298 14.11 11.56
10 2004 255 2.55 .13 i2.98 14.11 11.56
13 2005 2.55. 2.55 i.13 12,98 14.11 .31.56
12 2006 2,55 2,55 1.13 1298 - 141 11.56
13 2007 2.55 155 1.13 12,98 14.11 1156
14 2008 2.55 155 1.13 1298 14,11 11.56
15 2009 2.55 2.55 113 12.98 1411 11.56
16 2010 2.55 2.58 .13 12,98 14.11 11.56
i7 2011 2.55 2,55 1.13 12.98 i4.11 11.56
18 2012 2.55 2.55 1.13 1298 14.it - 11.56
) : EIRR= 177.33%
Netes: (1) Peak capacily for 5 howrs with $0% dependable low ; : : :



TABLE 24 CASH FLOW FOR FINANCIAL RATE OF RETURN
{Unit ; million USS)
Cost .
Year Capital O&M Total Revenue Balance
Cost Cont - Cogt
1 1995 10.25 1025 -10.25
2 1956 10.25 10.25 . -10.25
3 1997 10.25 240 1265 -12.65
4 1998 : 305 3.05 -3.05
5 1999 3.05 3.05 -3.08
6 2000 .05 3.05 12.58 9.53
7 2001 3.05 305 1258 9.53
8 2002 305 305 12.58 9.53
9 2003 305 3.05 12.58 9.53
10 2004 3.05 - 308 1258 2.53
n 2005 3.05 3.03 12.58 9.53
12 2006 3.05 3.05 12.58 9.53
13 2007 .05 3.05 12.58 92.53
14 2008 305 3.05 12.58 9.53
15 2000 305 3.05 12.58 9.53
16 2010 308 365 12.58 953
17 2011 305 3.05 12.58 .53
18 2012 3.05 305 12.58 9.53
_ . IRR=  14.05%
Notes; {i) Assuming that the existing dredger bs repalred at US$ 2.5 mililon,
(2) Revenue is assumed as follows,
Total energy generatexd 621 2 1076 kWh
Loss by flushing 10%
Loss by siation use and by iransmission 10%
0%

Revenue attributable to geacrating side

621 % 1046 kWhx 0.9 x 0.9 x USS 0,05/kWh x 0.5 = 12.575 x 10%6 k'Wh

CASHFLOW FOW FOR LOAN REPAYABILITY

TABLE 9.8
{Unjt ¢ million US$)
Cost Accumulated

Year Capital O&M Interest  Repayment Revenue Balance balance
- Cost Cogt of principal :
1 1695 10.28 6.256 -0.256 0.256
2 1996 10.25 0.769 0769 -1.025
i 1997 1025 . 240 1.281 -3.681 -4.706
4 1998 305 1538 -4.588 -9.294
5 189 2,05 1.538 - -4.588 -13.881
6 2000 3.05 1384 3.075 12.58 50 «8.810
T 2001 3.05 1.230 3.075 12.58 5225 -3.585
8 2002 3.05 1.076 3.075 12.58 5319 1.794
5 2003 308 092 3,075 12.58 5523 7.326
10 2004 308 0.769 3.075 1258 5.686 13.012
11 200§ 305 0.615 30715 12.58 5.840 18.853
12 2006 3.05 0.461 1075 12.58 5994 24.846
13 2007 3.05 0.308 3075 12.58 6.148 30994
15 2008 3.05 C.154 3.075 12.58 6301 37.295
15 2009 3.08 0 3.075 12.58 6455 43.750
16 2010 305 12.58 9.530 53.280
W 2 3.05 12.58 0.536 62.810
18 2012 3.05 12.58 9.530 72.340
Total 3075 43.15 12300 30.750 163.54 72340

Notes: (1) Loan with an intesest rute of 5% for a repayment period of 15 years including 5 year grace period,
(2) Principal is repaid uniformly over 10 years,
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TABLE 10.1 TURBIDITY OF WATER IN SOLEDAD RESERVOIR

AND TAILRACE
(A) Soledad Reservoir e Measuwedon0ct 6'92
C Mcasurring Points .

Water RT™ ) RS R4 RS~ RIZ
depth (m) (ppm) (ppm) ___(ppm) _ __ (ppm) (ppm) (ppm)
o _ . _ ) S
2 a4 BE ;2 432 5 392

4 622 314 s2 491 944 315
6 622 21 532 57.6 952 253
& 582 534 541 497 96.3 253

10 549 526 481 530 _76.7' | _32.2'
12 549 503 84 59 957 = 312
14 549 50.2 84 459 904 49.8
16 | w4 | 50.6
18 | | o | 51.8
20 |

. Water

temperature. 169~17.6  17.0~18.1 17.0~17.6 169~17.7 169~17.9 16.5~182
(°C) '

(B) Tailrace ~ Measured on Oct. 6'92.
. Measurting Points - : -

Water ~ Pl _ P2 P3 P4
depth (m) (ppm) (ppm) {ppm) (ppm)

0~2 578639 80 - 13.6~151

- Water :
temperature  17.1~17.6  20.2~20.3 - 218

(°C) .

Notes:  Power plant on Oct, 6, '92 was fully opgraécd.
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TABLE 10.2 MEASUREMENT OF TURBIDITY OF WATER
BY TURBIDITY METER

{A) Soledad Reservoir
Date : September 23, 1993 '
Reservoir Water Level : EL, 803.57 m (13.00) to EL. §03.54 m (14.00)

(1) Near Power Intake _ (2) Center of Dain {3) Righi Side of Dam
Depth  Temperatre Tutbidity — Temperature Twbidity  Temperature Turbidity
{m) 0 (rpm) O (ppm) O . pm)
0-2 20,5 65.9 205 66,2 20.5 66.3
2-4 20.2 65.3 20.2 66.3 20.2 66.2
4.6 200 674 19,9 . 68.4 19.8 67.1
6-8 198 7.8 199 724 15,8 71.8
8-10 19.8 7.6 19.8 69.9 19.7 725
10-12 19.8 74.5 19.8 72.4 19.7 73.2
12-14 19.8 73.3
©14-16 12.8 73.6
16-18 19.7 73.4
18-20 1.7 73.9..

Notes:  Values are ihe average for 10 seconds,

(B) Mazatepec Powerstation
Daie : September 23, 1993, 11:00 1o 11:30

{1} Just upstreamn of {2) Just downstream of
_ lailrace . tailrace
Depth Temperaure Turbidity Temperalure Turbidity
(m) (%) (ppm) (°0) (ppm)
: 764
0-2 - 213 20~24 20.0 ~81.1

Notes : Values are the average for 10 seconds.
: Power plant was operated fully on Sept. 23 and the power discharge was approximately 55 m3/s.

(C) Downstream Section of Apulco/Tecolutla River
Date : September 24, 1993, 11:00 to 14:00

(1) Necaxs River near . , (4) Bridge at Guticrrez

sunction (2) E1. Espinal (3) E!, Remolino Famcra
Depth  Temperanwe Turbidity — Temperawre Turbidity — Temperatwre Tuwbidity — Tempersmre  Turbidity
fm) . (°C)  (ppm) ("C) (ppm) (‘0 {ppm) (6Y) (ppm)

0-2 247 165~174 248 221 ~233 244  283~305 242 335 ~ 356

Note ;. Locations (1) approx. 40 km from Mazatepec and 75 km from the estuary
(2) approx. 68 km from the estuary
(3} approx. 40 km from the estuary
(4) approx. 13 km from the estuary
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FIGURE 2,5
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FIGURE 3.7
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