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CHAPTER VIIIX IMPLEMENTATION PRGGRAM

1. GENERAL

Subsequent to the formulation of the master plan for
disaster prevention, its desirable implementation program
is examined. The examination is made through a comparative
study on the conceivable alternative implementation
programs.,

The study reveals that the disaster prevention
measures should be implemented as early as possible. The
following details the above study.

2.  ALTERNATIVE TMPLEMENTATION PROGRAMS
2.1 Debris and Slope Failure Disaster Prevention Plan

As mentioned, the implementation program is examined
on the conceivable alternative implementation programs.

The alternative implementation programs for
examination are prepared with the following consideration;

(i) The areas with the higher degree of danger and
urgency should be implemented earlier.

{(ii) The safety should be heightened equivalently .in
all the areas; that is, the implementation is not
made one by one for each guebrada but should be
made simultanecusly for all the quebradas in a
block area.

Two (2) alternative implementation programs prepared
with the above-mentioned considerations are shown in
Fig.VIITI-2-1 (CASE-1) and VIII-2-2 (CASE-2).

CASE-1 considers the case that the implementation will
be made in a normal schedule. On the other hand, CASE-2
considers the case that the implementation may be
considerably delayed by some reasons such as the financing
problem,

2.2 TInundation Disaster Prevention Plan
The alternative implementation programs for the
inundation disaster preventlon plan are prepared with the
follow1ng considerations;
-{i) In principle, the river improvement should be made

from the lower reaches to the upper reaches in
consideration that the increase of flow capacity
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in the upper reaches flay cause the 1nundation in
the lower reaches,

(i1} The matters with a high urgency such as the
inprovement of defects in the -existing dike,
removal of garbage in the river channel ‘and
excavation of the remarkable riverbed deposits,
etc., should be put into execution at the earliest
without an adherence to the principle mentioned in
(i) above.

(iii) The land acquisition will take a long time,
'~ réquiring the earliest commencement of the
necessary procedure for acquisition. -

_ Three (3) alternative 1mplementat10n programs for
examination are prepared with the above considerations.
The three (3) cases are as'shown in Fig. VIII-2-3 (CASE-1},
VIII-2-4 (CASE-2) and VIII-2-5 (CASE-3).

_ CASE-1 1i$ considered to be of a normal schedule.
CASE-2 considers the case that. the implementation is
accelerated with a particularly favourable arrangement for
the execution. . On the other hand, CASE-3 considers the
case that the implementation is forced to be mitigated due
to a delay ' of the necessary procedures.

_3. EXAMINATION AND SELECTION OF IMPLEMENTATION PROGRAM

Based on the implementation programs illustrated in
Figs.VIII-2~1 to VIII-2-5, project cost and benefit are
tabulated in each program to carry out economic analysis.
Tables VIII-3-1 to VIII-3-4 show the disbursed cost  and
benefit tables for two cases of implementation programs of
structural plan of debris flow and slope failure disaster.
Tables VIIT-3-5 to VIII-3-7 presents same kind of tables
for three cases of implementation program for inundation
disaster, : :

Economic analy81s on the alternative 1mplementat10n
programs was carried out and the result is summarized
below. . .

EIRR(%)

- Debris/Slope Failure Disaster
Prevent.ion Plan:
CASE~1 {(Normal) . 5.4
CASE~2 (Mitigated) g - 5.2
- Inundation Disaster
Prevention Plan: . _ L A
" CASE~1 (Normal) : . ; 14.9
'CASE-2 (Accelerated) - ~= = 15,5

CASE-3 (Mitigated) ' - 10.5

VIII-2



As seen above, the economic analysis indicates that
the earlier 1mplementat10n would be more advantageous
economically in both plans for debris/slope failure and
inundation disasters. It is needless to say that the
earliest  implementation is ‘essential from the social
aspects such’ as the prevention of loss of lives and
stabilization of public welfare.

- As such, the examination recommends the selection of
the earlier implementation schedule, i.e. the selection of
CASE~1 for the debris/slope failure disaster prevention
plan and CASE-2 for the 1nundatlon disaster prevention
plan.

- The recommended 1mplementatlon program is shown in
Fig. VIII-2~1 and VITII-2-4. It is, however, noted that
this. implementation program is just prepared preliminarily
at . this master plan study stage, requiring the
rearrangements based on more detailed investigations and
studies in the subsequent study stage.
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Table VIII-3-1

COST STREAM OF IMPLEMENTATION PROGRAM OF STRUCTURAL PLAN FOR DEBRIS FLOW AND
SLOPE FAILURE DISASTER (NORMAL SCHEDULE)
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Table VII-3-2 BENEFIT STREAM OF IMPLEMENTATION PROGRAM OF STRUCTURAL PLAN FOR DEBRIS FLOW AND
SLOPE FAILURE DISASTER (NORMAL SCHEDULE)
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RE Qda Carosio 13582 57 15 18 122 16 129 13 197 141 146 150 158 158 164 189 . 17k 178 RBA 280 188 201 208 214 220 227 23 AL 248 255 283 271 279 287 286 305 314 ak3 333 43 253 364 378 IBE. 3IBE  AID  ARZ AL A4d =3 Gda Carosio
RO Oda Coreales E4015 68 130 U3 &7 152 356 161 186 171 176 381 167 - 182 198 208 210 218 223 230 235 244 (251 238 268 274 292 281 300 200 323 327 337 347 358 368 NID 01 403 415 427 440 453 4B 481 485 510 325 sa1 RS Qda Corzales
R19 Qda Rio Saco 26303 130 261 269 277 235 293 302 311 321 330 30 350 3L 372 363 II ADE ATS MDD A4s 457 AT KBS 500 A15 C 530 566 ez 579 o5 G4 633 632 67 691 Y2 734 736 TR 80X 826 650 826 9pZ 928 ©5) 985 1015 R19 | {da Rib Saco
R32 Oda Paihua 24754 17337 3% 262 69 217 286 294 ae) ALz 32 L 341 351 362 333 IBA 36 ADF 420 432 MM ASD 472 4E6 501 $16 532 348 ses S81 398 BIE 835 656 673 6 718 736 758 7BL B0k 828 830 079 5% @32 550 RIZ  Qda Palhua
51 Cashahuacza ag8a 98 131 104 207 10 14 117 320 20 326 232 135 14D L4 WB 153 157 162 167 172 177 382 188 193 198 205 2r1 218 W 23 238 245 252 260 268 736 2ea  29E  I0L 310 31§ 3290 830 A9 350 370 AM1 3 Coshahuaces
Group B . ‘ e . . . : Group B .
Rl Qds Chacracayo 72933 8 3W 258 781 BOS 623 S 879 0 906 931 06t 4S5 3019 1050 1081 1114 1147 1182 1207 1233 1280 1330 1370 411 1453 1887 1342 1588 1835 1685 1733 1767 18a1 1896 1953 2011 2072 213M 2108 2264 2302 2402 2474 250 2624 R1 Qs Chacracoyo
Rz da Chacresane 12972 . §7 6% 333 137 M1 145 150 35% 139 16 185 474 178 1B 180 195 201 207 213 226 226 233 wke 2eF:. 233 263 270 219 287 PS5 A0F 313 321 330 443 353 363 3TN 386 387 AGY A2 436 . G4T &G0 ®2 ' (da Checiasens
R3 ©3e Colifornla 32125 165 170 329 339 4B 360 371 C 382 3D ADS  KM7 43D AR ASE  AZ0 . AB& 408 513 329 sk% 361 578 . 893 613 B3l 656 670 6§90 7M0 732 MA 176 800 eIy A48 EP4 805, D27 955  e43 1083 2083 1075 1107 114D s} Qda California
Rt Qe Santa HMeris 14022 76 78 153 158 182 187 132 177 183 188 . 134 200 205 212 218 223 231 298 24F - 253 261 265 236 288 293 30z 311 30 230 O 356 961 371 363 3SN 406 418 A3L . AAA 487 ATL RE T Qds Sanke Marla
RS Qda La Contuta 20659 W06 165 212 218 225 231 238 246 253 281 . 268 276 285 233 302 311 320 330 340 380, 361 371 383 3T W06 4167 431 4 457 ANl 485 493 SI4 500 SM6 562 7@ 396 Bl e32 . 651 RS Qda La Contute
R10 Qda La Ronds 22084 HE 121 236 243 250 238 265 23 281 280 200 308 317 326 .336 346 - 357 367 378 390 0L  AL3 426 ABA 452 465 &7D 443 303 s34 53® - 855 5720 589 . 607 625 BA& 663 EB3  Jo4 725 210 ' Gds La Ronda
E11 Qda Sants Ana 26253 1407 280 283 297 306 IES 325 334 BE3 358 385 376 3Ba 389 4117 424 W36 4SD. 463 A7 . ADL SBE  S21 537 553 569 5B?  BON 622 . BAL . 6E0 &80 (700 721 743 755 7ae ‘an Qda Sasta Asa
R13 Qda Cuplcho 22165 : . 110 720 226 233 20 24T 255 262 2i0 2Is 287 295 3047313 323 332 A2 353 363 374 o385 397 408 &21 4B 467 460 AT4 4B 503 418 533 5A9 566 %93 600 618 ETE] Qda Cuplehe
R1% Qds Canchacalla 27250 ’ : 180 140 279 208 296 . QD5 315 324 . 334 IsA 354 363 376, 387 398 ALD  A2)  A35 N6 ABZ 476 490 505 320 535 551 568 585 603 621 638 639 GIA B9S 720 741 763 215 ©ds Canchaczlla
RIE Qda Cuayaba 22683 112 225 232 239 246 253 261 268 2760 285 0 203 302 A1 . 321 330 30 350 363 472 303 254 466 416 431 A4k 457 ATL AB3 4B M 530 566 S5z 578 Ri6 Qde Gusysto
Ri7 Qda Agua Salsde 24433 ) 121 243 289 257 265 273 261 289 283, 307 316 325 335 345 356 365 327 388 ADD A2 K25 . 337 430 46h  APE AGZ  SO7 522 S38  S5h &7 588 GOS 624 Ri7 Qda’ Agua Saleda
© m18 Gdn del Pats 23070 . ’ 77228 236 243 250 258 265 273 282 280 299 308 317 321 336 346 35T 368 370 300 502 ALC A28 438 As2 A6E ABD 4B 509 524 340 536 . &3 580 Ri8 Qda dal Pate
R23 Gda Buncre . 2583 . i326 26 27 23 28 @ 31 31 32 3 3k 35 U3 3 38 400 A1 A2 &4 45 G648 48 5L 152 sS4 83 51 59 € B2 kv &5 R23 . Qda buscre
R24 . Qda Batats 5072 . 28 S0 sz 53 55 570 56 0. 62 &k 55 6B IO 7R P Y6 78 GL 83 86 86 Sr % 66 . 59 10z 105 108 1x2 1S 318 122 126 129 R24  Oda Matate
R25 (da Cuchizachay BRI7 49 30 87 100 303 fo5 108 I3 1160 120 123 127 331 435 1380 1%3 17 131 156 161 165 170 s 181 386 182 194 203 - 216 216 232 228 23§ 2a3 R23 Qda Cuchimachzy
R#1 Qda Chucusaye 31386 180 311 3207330 348 350 360 ITL 352 . 30A  ADB LS. 430 4A3 KSE AP0 AB% 489 S14 520 365 361 578 566 613 632 651 BP0 620  7El 733 R31 s Chucussyo
R33 Oda Chacabuaro 12090 f2 120 123 127 1310135 139 M3 T 152 138 181 156 171 D176 181 (187 152 198 204 210 - Zi6 223 230 236 244 251 756 266 274 202 R3) ds Chazabuaro
R34 Gda Pancha 24455 : . 125 120 251 258 265 224 282 261 - 200 S08 318 327 337 347 338 365 AP0 38p 40z Al 427 400 453 467 ABL AGS 510 525 SA1  SST  S7A R34 Qda’ Pancha
P35 Qdn Viso . 12224 83 &3 123 120 133 137 M1 M5 T30 IS 159 366 188 174 179 184 150 . 135 g0l 200 283 230 226 233 240 201 235 2oz 270 278 287 Ras 034 Tiao
R37 Qdx Perac 26722 - ) 13 1) 2 282 291 209 368 318 327 237 347 338 386 379 391 4D2 AR AZ7  AGD 453 467 4Bl Ass sie szs sE1 | s5T . sns R3? . Qda Parac
sz Qde Redonde 11685 ) £ 115 110 123 127 130 134 138 42 147 151 156 160 i85 170 175 1aD 186 181 197 203 208 215 222 228 238 2 52 _Gda Redooda
52 Qda Infierailla . 7377 . 38 73 Y5 38 w0 B2 .. 85 67 B0 03 06 85 (101 k04 167 111 114 117 121 124 128 132 136 4G 344 188 153 53 ‘Gds Tofisrmillia
35 Qda Lucuma 7372 ‘a3 73 35 78 k0 B2 85 &7 w0 @1 5 85 101 1047107 111 M4 A7 123; 124 128 132 136 14D 144 148 133 55 Qds Lucums
Group B (slopa Aras) . ) . - ‘o . : : Gioup B (slops Ares)
R -#0  Estuary-Jicamaxca AL148 ) L 27 422 A3 AAR 41 475 ABa Sbe  s1B 535 551 557 sas B0z K20 B3 E57 BTT  RS? 1z 740 7BZ  76% BOR £33 83R48 R -§G' Estuary-Jicasagca
R -/1  Estusry-Checzaceyo 38678 223 229 ADG ) 428 a3L  46% 453 ATY &BS 500 315 530 55 563 580 _Sh 813 B33 BSZ 672 692 M3 7 TS5 799 602 826 R -/t Estuary-Chacracarn
R 0/2 . Jicanarcs-Chaczasana 628 3 s 6. 7 7 ? v o7 8 a s 8 ] 9 [ ? YW 10 1 1 m o 12 12 .12 13 R 072 Jleamarca-Chacrassns
% 1/5  Chscrscayo-Carifornis 1274 . ’ Mz .12 12 18 13 W M 2 45 150 16 16 07 1 s 18 19 18 z0 2 2% 22 22 =23 - R 1/3 Chdcracaro-Carifarnis
R #/5 Santa Marla-Quirio leg . 1 1 3 t i 1 1 2 1 1 1 1 b 1 2 2 F z- 2 2 2 2 2 -2 2. 2 @ 2 4 2 2 2 - T | 2 3 3 : R A5 Sants Harla—Quixie
R 3/10 Contuta-La Ronda 1015 s 10 w1 1o w12 1z o1z o1 AL m o 13 15 16 16 18 37 17 ps 18 39§00 20z 22 2. 2% 24 -2 25 26 26 27 ‘R $/10  tantuts-Le Ronda
R 7/8  Pedregal-Chioato 1265 : 121z Bl o 3 18 18 18 W 1 1 18 18 19 20 71 @) .22 023 .23 26 25 2% .26 2 28 29 29 A0 31 Az 83 - 3 35 R 78 Padressl-Carosio
R 8/8 Carcsio-Corrale: =18 ’ 6 & 5 [ s ? H 7 7 ? 8 ] [ 8 9 ] g e 10 30 10 n W M 32 ki 12 13 8 W M W E5 15 18 16 w17 R 8/ Carosfo-Corrales
RO/-5/t Corrales-Cashahuscre 383 ' - L T T R R S S T T N T S S S 6 8 7 77 7y B e A 8 8 % 9 ¢ 1 10 1 N 1 R9/-§/1 Corraksa-Cashsbuacra
16/~ La Renda-confrusace 113 . X 1 1 i 1 1 1 1 1 i 1 b 2 2 2 2 2 2 2 2. 2. oz 2 2 ) 2 ‘2 2 2 3 3 3 2 3 2 3 R 10/~ La Ronds=confrusnca
~f11 confluence-52nts Ana 2288 22 2 24 2% 25 26 27 .28 20 29 . 3 A1 32 31 3} 35 36 37 3@ Ap 41 k20 43 45 AB W7 490 50 52, 53 5% 35 38 6C 62 R -/11 conflusnca-Sants Ana
=12 conflupnie-Sants Jusn 105k ’ 10 1 16 3 112 130 1% 13 13 M 14 ik 15 .15 86 16 17 - 17 18- 18 1918 g0 2 21 22 22 _iz_a @ 23 25 @ 22 28 28 R -/12 conflusnce-Sants Jusu
11413 Samts Ane-Chupichs 19366 CooEs 1oz 18s 204 210 218 - 223 20 236 203 250 256 266 274 - 232 200 288 308 317 327 337 37 357 368 370, 390 AR  AD4 - AZ6 43D A52 . AGB  ABD 0% 509 R 11713 Sente hoa-Chupiche
1316 Chupiche-Gusyabo k72989 ' . ’ 86 171 137 18z 187 183 198 205 211 217 24 230 237 24k 252 259 28T 275 @63 292 300 3W0 319 39, 335 . 3P A5 A70 381 382 &04  AIE  AZB . A4Z 4SS R 13/16 Chuplcha~Guayebo
16/17 Gusyaho-Agus Saleds  BBSE 4 88 B0 83 88 98 102 0105 108 1M A13 118 127 125 128 133 137 141 185 149 154 150 163 164 173 178 184 kB9 195 201 207 213 - 219 226 233 R 16/17 Guayabo-Agua Salsda
19720 Rio teco-EspeIanze 20281 : 133 280 289 309 - 37T 327 336 34F° 35T 3B6 37 380 ADZ AL 526 438 ASZ - 466 &80  &gx 509 S2A 5D ASE 573 - 505 BOA 625 645 664 B84 TN 726 747 R 18/20 Rio saco-Esparma
20/2% Esperenza-Verzugas, 33291 - 165 331 361 351 362 372 364 393 AO7 1D . 432 445 K5B- 473 &BS . 501 CSI6 5317 567 363 530 598 616 63 633 673 683 714 735 757 78D E01  m2Y . as2 R 26/21 Erprrenza-Vorruges
21/23 Verzugas-Buacre 28435 181 202 280 233 308 317 327 337 MT 35T 26 4r0 3% <07 A1 426 539 sz C KBS ABY 4B . 309 524 380 $56 473 590 60B 626 BAS  RGR  GBA R 21723 Verrugas-Huasrs
22127 Licday-Yazajune 28057 139 278 286 . 2857 304 313 32 . 932 3z 3%z 363 AT 335 206 4D 821 K33 AA6 46D 473 4BA 502 517 531 S&¥ 565 502 E0O0  BIR 635 655 6I3 R 2272 Linday-Temajuns
26/28 Chacamaza-Parcance 1368 B0 3 14 1 15 15 16 36 18 - 37 17 1418 19 30 2 2 ;| 22 23 2 24 25 28 26 o 22 28 20 R 26/29 Chacamate-Bacranco
31733 Chutumsye-Chacahuara 5085 25 51 52 'S4 55 57 .3 80 B2 6 66 .- 63 70 12 N 75 78 81 Bk 86 89 U1 94 97 00 103 105 108 112 116 118 123 R 31733 Chucumayo-Chacehuasn
37/40 Perac-R.Blanco 27730 137 275 283 202 300 308 39 328 338 348 - 339 D66 . 280 392 404 AN6 A28 AN1 A3 48R 482  4§5  SI1 327 Se2 533 575 593 610 628 EdB " R 37/40 Parac-R.Blanco
-4+ conlluence-Aleuls 1522 - o 14 14 15 15 16 6 17 17 218 s 18 i 20 21 2) gz -2 23 24 2% 25 26 zr #5289 20 30 31 32 13 S -/4  conflusnee-Aleuls
1/2  Cashahuscra-Redonda 1839 - _ : 7o o1 1 i@ 20 200 21 21 22 ¥ @3 3 25 26 26 2 28 'z8 30 30 31 32z 33 I 35 36 37 39 40 4l 4z 5 1/2  Cashabuacra-Rodonds
5 2/3 Redonda-Infisrnills

mmmzxn-sﬂxwmxwzw:ﬁx

2/3  Bedonda-Infisrnilla 1457 . 13 24 14 1% 15 16 16~ 17 17 187718 1% 13 20z 3] 22 2 3 2 ;25 26 26 27 28 2% 30 n 3z k7]

‘Total Q3m B2 ] O 86D 1165 1345 2406 Z4TE A)ZE 5220 I617 IS 4110 4233 ATBE 5211 5724 £z TI4L BIAL  Whk7 LODO4 10573 11235 11933 12748 13311 13710 14022 14555 14582 k5431 13804 18371 16862 17365 17850 18426 16978 19548 20134 20728 21360 22001 22661 23341 28041 24763 25303 26271 27658

Note : The caluclation résults from the 50th year are omitted to show here.



Table VHI-3-3

COST STREAM OF IMPLEMENTATION PROGRAM OF STRUCTURAL PLAN FOR DEBRIS FLOW AND
SLOPE FAILURE DISASTER (MITIGATED SCHEDULE)

Pow o W W W

IDERT River nane  Dir.cost Year 1 2 a 4 5 & 7 8 e 1 11 1z 13 1% 15 1 17 18 19 2 =21 22 23 2 3% 25 2 .28 29 3 3 3} 3 I 35 IS I W ]| 4D A1 42 43 A 434S T a8 4w S0 IDENT Rlver name
Group A . ) . Group & -
RE Qéa Quirlo sBz¢ 8 G52 1294 1264 12k 1284 BSZ  BBA B84 A3 A3 43 A3 A3 43 4D A3 4@ 43 a3 4B A3 43 43 43 a3 41 43 T 4 a3 oW A3 &3 A2 A3 A3 A3 A1 a3 43T A3 a3 4Y 0 s om0 43 & @ R6 - [ds Quitle 1p858
B? Qda Padressl 11648 & 116§ 17247 1747 1747 3747 1165 1194 1184 5B 58 58 58 S8 56 S8 S8 S8 58 s 58 58 % 3 58 56 : 5B -5 - 5S4 56 58 3B 58 s6 % 58 5B 38 s, 8§ 583 53 s & 55 s 58 58 36 3B R?  Odp Pedregal 6017
RS Qda Carosic W32 6 215 358 28 218 L4314 r 7 7 T 7 ? ? 7 ro. 7 1 ? ? 7 ? ? 7 ? ? ? ? 7 ? ? 7 2 ? b ? 7 ? 7 ] H 7 ? 7 7 1 7 7 7 7 RB Qdn Caroslo 4080
R8s da Corrales J05¢ 5 A58 76y 764 as8 365 313 1s 15 15 BS 15 - 15 15 15 15 15 15 15 15 515 (15, 15 15 1 15 i 1% s 1 as s 15 15 1% 15 15 15 1% -1s 3% 45 15 1% 1% k5 15 #3815 Lt Qds Corralas Azzz
R Qda Rla S#co 346 © A7z 787 787 a3z 315 322 16 16 16 &8 16 .16 16 16 16 16 16 16 15 16 16 16 1 6 16 18 1 16 16 1 16 16 i 16 15 18 15 18 16 15 18 6 6 16 18 16 16 16 16 1F R19 Qds Rio Saco 4340
R3Z Qdu Pathua S4A1 B EAk  ©GC BG5S, SE5 065 GAL 660 660 3@ 92 32 32 32 % 32 3 32 3 3 ‘32 3 2. %2 ;2 12 a2 k2 ‘sz 32 3z a3z 3 3 3z 3 82 3z 3 sz 32 3% R M w.on W@ 27 M N R3Z Qie Palbue 8235
51 Casbchuscra 3057 B A58 76s  yey  4s0 306 313 45 15 15 15 15 i3 13 15 15 15 15 15 15 15 1% 1% 15 15 13 15 B a3 4y 15 B35 15 15 15 15 15 15 1% 15 15 13 1% 15 15 13 15 15 15 1% s1 ‘Casnahuscra 4226
‘Group B ’ . . . . Graup B ;
Rl Qda Chacracayo G448 B ox%  I4E7 1637 La37 141?985 969 96O 47 47 AT 47 &7 &7 47 a4 A7 A7 A7 ar LER ¥ a7 A7 7 AT [% L) A7 A7 7 A7 [T B > 47 &7 A7 A7 1% %7 A7 47 R1 Qde Chscracsyo 12209
"2 . Qds Chacrasana 4535 8 ASA  BBO0 6B0 B8O B0  &56  AB5 465 23 23 23 23 23 23 23 2y 23 23 23 23 23 23 23 2y 23 23 2 23 z 28 2 23 23 23 13 3 2 23 23 23 23 23 Rr2 Qda Chacrassna 6100
3 Qde Californie si01 8 B10 1235 1218 1215 1215  BIe 630 B30 Al A1 AL A1l AL 4k 4 41 41 41 1 A1 a [ T S S T O S S G O Y I O L T e LI R Qda Californle 10895
Ra Qds Senta Macka w35 8 AML BB5 665 BES 665  AAM 455 4SS 22 22 22 22 22 22 ‘22 22 22 22 22 22 22 ¥z 2 I X2 P 2 2@ 227 22 2 2 22 22 22 .22 22 %x 22 2. 22 22 22 Rt ”A Qdi Sants Maria 56855
RS Qda Ls Contuta W55 8 W47 Z170 2170 2170 2170 ikk? 1a83 14€3 7z Y2 2 3z 12 2 72 Y oy} 72 ¢ W o 1 o w2 2R om oM o7 R 2 o2 R 127 N 2 12 v o m T? M 712 LH Qda La;Contuta 19455
nie Qds La Ronda 8576 & 868 1301 1301 1364 301 B6E B59 D089 A3 A3 43 43 &3 A3 £3 . A3 A3 A3 43 A3 43 A3 A3 43 A3 83 4 B B & 8 B N3 A3 43 A3 43 A3 A} A3 - 43 4y 43 T w3 RIG Oda La Ronda U6ES
R11 Qda Ssnta Ana 2070 & 311 SIB 513 311, 207 212 18 10 10 10 -3 16 @ 1@ 16 10 16 10 w 1w 1. 16 10 1 ¢ 1. ® 10 16 1 0 10 o 1e  1¢ 3o 331 Gda Smobe Ana 217
R13 Gda Cuplene m2? s 214 957 357 216 143 G 7 r -2 7 7 7 ? PR ? 7 2 T 7 7 7 ? ? ? 7 ? ? 7 ? ? 7 T ? H R1} Qda Cipiches 3873
R1S ©da Canchacalls 27180 '3 2716 1074 . ADIL K074 K074 2115 2785 2734 136 136 136 336 136 - 136 136 136 136 136 136 136 136 136 136 136 126 136 135 136 236 336 136 126 138 136 126 136 R15 Gda Cinchacalia 25448
R16 Gds Gusysho 110¢ & 165 2?5 215 165 1MW 113 & 6 [ [ 5 & [ & 6 6 5 3 6 13 ] 5 [ 5 [ & 6 [ 6 5 6 5 5 5 5 3 R16 Qds Guayabo 1444
&17 Cda Agun Salads 1760 6 266 ARD ARG 28% - 176 160 [ 9 8 ] § ] [l 9 e 0 2 2 ] s s [ ] ] ] 8 9 2 [ [ ] v s g. 8 [ R17 Qda Aguz Sslade 2310
R18 Qda del Peta 1185 . 6 178 297 207 178 118 122 5 6 6 5 ] [ 3 [ [ 5 3 [ & [ 6 3 & 5 [ 3 ) 5 5 6 3 5 [ 6 6 [ R18 Qda. dal Pate’ 1537
R23 da Buzsra 516 & 85 144 144 86 34 5% 3 3 3 3 3 3 3 3 3 3 3 3 3 a 3. 3 3 3 3 3 a 3 3 3 R23 Qds Buacca Ta%
R24 Qda Hatatz 113 & 170 284 28 110 113 116 3 5 3 & 3 & 3 5 [ [ [ 5 [ 5 8 & [ [ 3 6 6 [ 5 & R2t - Qds Matata -1A54
R2$ fda Cuchloachay 2506 @ 255 382 862 3Bz 362 2S5 2sl 21 13 13 13 13 17 13 13 13 1@ B 13 1 13 1 1 1 1B o8 1B 1 1 B R25 Qda Cuchisschay azan
BRI Qda Chucunaro 2817 & £23 708 704 423 282 288 Rk LA M 1 14 1 PO U T T T T L O L L L I T Ral Qi Cucucays 3613
R3S Qda Chacabuaro a0 5 85 108 108 63 "l A 2 2 z 2 2 2 2 2 z 2 z z 2 z z z 2 2 2 z z z 2 2 R3? Qe Chatshuaro a31
R34 (da Pancha /IE & 798 1186 1185 1155 1195 JEs 218 818 40 AC 4D 40 40 40 40 0 & 4D ARG  AD  AG 40 A0 4D &D AR 4D & 4D 4D R3t Qs Feoche e L]
235 Qda ¥iso 2465 B 201’ A61 36F 361 IE1 21 21 mP 12 12 12 1’ 12 12 1z 12 iz A 1@ 120 iz 12 - 12 1z 12 12t 170 12 12 R3% T Ods Vies 3026
R37 Qda Parse 15034 B 1503 2255 2255 2255 2255 1503 1861 1541 A 75 75 73 ¥ I3 ¥S 35 755 I3 ¥ M5 15 75 7 R37 Qds Perae ‘1871
52 Qda Redonda 1850 & 294 490 ABD 286 185 201 10 10 19 10 10 10 1w 10 10 10 10 10 1 1w 10 10 1 10 52 Gds Eedonda 2455
=3 Oda Tefiernlils 1027 ® 15¢ 257 257 15 103 105 H I 5 s L) 5 5 5 5 5 5 Y 5 s 5 5 s 53 Gdn Intheroilla 1248
5% Qda Lucusa 1083 6 18k 223 2F3 166 109 112 5 s B 5 5 ER- [ H ) 3 s 5 5 s 5 5 5 s3 Qda Locoza - 1369
Group B (zlope Axva) : ' . ) Group B (slope Aras)
R -/ Estuary-Jicesarca 15585 8 1853 2348 2338 2338 2338 1530 1507 1587 7B 78 8 78 F6 8 78 I (¥@ Y F& ¥B 78 I R -0 Eavgary-Jicauercs 10247
£ -/ Estuary-ChacIacaye 19076 8 16508 861 2861 2851 2651 1508 L1955 1855 93 §5 93 85 05 a5 as s g5 §5 [5) 3 4] 5 R -41 - Estcsxy-Checracays 23559
02 Jicassrce-Chscrasana 2453 6 J68  6E3 813 366 245 251 3@ 12 1 iz 12 E2 32 1 1@ 1z 12k . 1z 12 12 R 0j2 . Jicamarce-Chocrasens 3043
1/3 Chacracsyo-Carifornls 52 2 28 .28 ] ] ] [ o [ [ o IR [ [ o [ ] 0 o [ - R 1/3 Coxeiscayo-Carlfornis. &6
&6  Seats Hsrfs-Cuiric 14 2 57 02 1 1 3 1 1 1 H 1 F I § 1 1 b 1 3 1 1 1 1 1 1 1 1 101 1 [ | 1 1 b 1 1 1 ] 1 R 446 Sanza Hacle-Quizle 153
5/10 Cantuta-la Ronde 1586 6 238 397 3@ 238 159 183 8. 8 -8 & [ ] 8 B 8 8 [ 8 8 8 ] 8 8 B [} 3 [ A s [ [ ) s 8 LI ] [ 8 % 5/10 Canseta-La Ronde 2108
718 Pedreasl-Cazotio 198 A 143 2B2 341 141 4 5 A 4 [ 1 [ A & . 4 [ 4 s 4 4 ! 4 & A4 ! 4 N 4 4 PR A i [ 4 4 s A ‘R /S Padzegsl-Carecio 1%}
8/8 Carnsfo-Corralsa 201 2 106 10§ 1 ¥ 1 1 1 1 1 1 1 1 1 b 3 1 1 1 1 ) 1 1 1 1 1 1 3 b 1 3 1 L B 1 1 1 1 i L R B/ Corcaio-Corrslss 278
R8/-5/1 Correles—Cashatwacka 207 2 104 108 1 H 1 i 1 t 1 1 1 1 1 1 3 1 1 1 1 t 1 1 1 1 1 1 1 1 1 1 H 1 Y1 1 1 1 i H RAf-3/1 Corrales-Cashebuacra 278
R 10/- L Ronda-confrusncs a2 21 21 0 ] [ [ e ] o 2 0.0 @ [ 0 ] o 0 [ [ 0 [ [ 0 0 [ [ o 0 [ 8 [ [} [ o 9 ° o R 10/~ La Ezoda-genfrente 55
R -/t1 conflusuce-Sents Ana 332 & 86 133 66 & 2 .2 H 2 2 H 2 2 2 2 2 z z 2 2 2 2 2 z 2 2 z z z 2 H 2 z F) z 2 H 2 R -{11 ‘confiuence-Senta Ana 40
R -f12 conflusnce-Seots Juan 83 2 4z Az [ [ 0 "R [ [ [ S [ [} ] o L) 0 [ [ [ [ [ o [ o L) ) 0 [ o [ [ s .0 0D R ~f12 comfintace-Sents Jasn o 111
R’11/12 Sesta Aca-Chuplche 3320 & we3 B30 @30 Ass %2 &0 V17 W P W 7w ¥ O u» oy W o w o w @y ¥ P ¥ ¥ ¥y oV U W U i w7 11 17 17 a7 R 11/13 Ssmzas sne-Chuplehe [ETY
R 13716 Chupichs-Guayaho icie 6 so7 1012 1012 €07 405 415 28 Zo 20 .20 20 20 20 20 C 20 20 ¥ o W 20 W 2 22 2 222 20 2 20 0 220 20 20 2 2 20 . 20 R 13/16 Qa4 che-Guayabo 5323
R 16717 Cueyebo-Azas Salads 2157 & a4 s3s s sms =is zzi 1l 3 1 m .3 1t 11 M o o\, o1 1 o1 1, ¥ Mmoo o®m 81w oo o1,ououon I n.o.on on R 16717 Guzysbo-Azut Selsds 2842
R 19/28 Rio Seco-Esparanza 5723 8 658 1431 1431 838 5¥2 587 29 29 z8 29 28 29 2¢ @ 29 2% 20 2% 24 20 ¢ 26 20 20 19 23 28 2@ 20 2@ 28 20 20 29 R 19/2¢ Ric Sovo-Esperenza 7434
R 20421 Espurants-Verrupas €373 & os6 1583 1593 €56 637 659 32 3z sz ar 32 Az 3z Az 2 32 32 3 32 -3z 32 8z 32 -3¢ 3w -3z Iz 3} A 3 2 3 M az R 20/21 Epacenza-Varruges 2301
R 21423 Verrugss-huacra 5863 6 728 1216 1216 729 A86 k@8 26, 24 2% 20 20 2% 24 24 T4 T 28 e W 4 3 2 20 2k @ w2 W& 2 2% 2% 34 | R 21423 Verzagas-Buacrs B34
R 22/27 Lindag-Tszeiums 5877 6 : 762 1258 1e6e T2 S0B 520 25 35 25 25 25 2% 2% 25 25 35 2% 25 25 @5 @5 025 2% 25 5 @ 25 X 25 25 25 R 22/27 Lindsy-Yanajune 5537
B 26/2¢ Chacamsza-Barranco w02 2 w1 Zan 2 2 2 2 z 2 2. 2 2 2 oz 2 2 2 2 2z 2z 2z 2z 2 2 2 2 2z & 2z 2 2 2 R 26/20 Chaceraze-Barranco 820
R 31733 Chwcuzsyo-Chacebuara §124 6 169 281 281 169 112 S s 3 3 [ ] 5 B 3 5 [ [ 5 6 [ [ 3 [ [ [ ] 6 s [ & B R 31/23 Chuc=vzo-Cheealneare 1647
R 37740 Parac—R.Blaaco 230 8 a5y sS85 s85 351 B34 240 . k2 0 12 12 12 a2k -1z a2 12 12 12 12 2 12 12 o & 12 12 12 1. 12 12 12 12 R 37/40 Pazes-R,Blanco 2013
§ ~/% confluence-Alculs it 2 57 37 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 b} 3 1 1 1 1 © 1 § -/ . conZiuwmes-Alculs 187
8 1/2  Cashshuacra-Redonds 29 2 215, @15 2. 2 2 2 z 2 2 2.2 z 2 2 2 2 2 2 2 2 2 2 2 2 z 2z 3 2 § 1/2 Cusizeduacra-Redonda 553
§ 2/3 Redonde-Inflernilis 345 2 i s a2 2.2z ‘2 ‘2 ‘2. 2 2 2 2z 2 2 2 2 2 "2 .z 2 2 2z 2z & 2z z 2. S5 Peiccdrlutlemilla WS
fotal Cost 270310 <275 6678 G678 S6h0 SO75 3767 7758 021 7635 7638 7JEA6 5817 G241 7356 7220 HOOE 10503 10848 10436 6054 9429 10375 5663 4741 4075 2803 4272 5332 6032 9602 9372 AME T903 G176 #357 437 1176 5178 1178 1178 117 1178 1176 1178 1178 1178 1173 1178 1178 1128 EL
Note : The caluclatinn results from the 50th year are omitted *n show here.



Table

VH|-3-4

Group A
1 Qds Quirio 30413 197 203 304
R Qda Pedregal 55858 287 286 573
RE " Qds Carosio 12667 £2 126 128 133
Ro Qds Cosralss 15116 7% 152 1% 161
R1% Qda Rla Seco 26742 142 285 93 302
®3z Gdn Falbua 278855 EUE I U3
81 Coshahaacys 10286 3 107 11¢ 11
Group B ’
RL Gds Chacracayo 21501
RZ Qda Chackazana 15954
R Odn Colifornle 39510
Ré Gda Sante Harie 163056
RS €da Ea Contuta 22478
R19 Qdz La Ronda 25115
R11 Oda Sonta Ans 33747
R13 Qda Cupichs 25466
R15 Oda Canchacalla 33514
31 Qda Guayebo ZATET
K1Y Qde Axun Salade 25698
R13 da del Pate 23208
K23 Qda Huecrn ERH ]
R24 Qda Hatatu 6617
R2S Qs Cuchieachay 12740
Ri1 xda Thucumeyo ITASS
RY2 Qda Chacaluars 1843}
RM - {da Pancha 15245
B35 s Viso 15034 R
Raz Qds Parac 35912
52 Qda Redooda 14B0Z
$3  ° da Infiernilla 9345
55 Qs Lucucs 9138
Griup B (slopa Area)
R ~f0  Estusry-Jicazarce 58568
R -1  Estuary-Chacracayo 56024
R 0f2 Jicaserca-Chacrasana aig
R 173 Chaccaceyo-Carifornia 1412
R 5/6 -Santa Marie-Quirio i
R 5/10 Cantuta-La Ronda 1068
R 1J8  Pedregsl-Cerosio 5342
R 8/8 Carcsio-Corralea 642
R8/-5/1 Corrales-Cashahuacra 197
R 20/~ L‘a Ronda«confruance 113
R -f11 coaflusnce-Sata Ans 2500
R -f12 conflusnte-Sants Juen 128
R 11/13 Santa Aze-Chupiche 21161 -
R 13716 Chuplché Gunyabo 18803
R 16/17 Gusyabo-Agirs Salsda o578
R 19/20 Rio seca-Esparanza 33945
" R 20421 Fsperanza-Vecrugas 38710
R 21723 Verrupas-Hoasrs 31072
R 22/27 Linday-Ysnsjuna 33503
R 26429 Chacamaza-Barranco 1508
R 31733 Chucunayo-Chacahuaro E08Y
R 37/49 Farac-R,Blanco 32146
S -/ confluence-Alcula 1713
S 1/2° Cashahuacra-Rédonda 2185
5 2/3 Redonda-lntiernills 1629
Totul 11007372 [} [
Note :

BENEFIT STREAM OF IMPLEMENTATION PF{C}GRAM OF STRUCTURAL PLAN FOR DEBRIS FLOW AND

SLOPE FAILURE _D[SASTER (MITIGATED SCHEDULE)
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The caluclation results from the 50th year are omitted i:o show here.
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TDERT Rivez naos
Group A
RE Gda Quirio -
" Cda Pedvexal
R8 fidn Carosic
PR3 Qda Corzzles
.le Qds Rlo Saco
R3Z ©da Faihua

B3 § Cashahuacra
Group B
R} Qs Chaexreeys
RZ Cde Chacrassna
R @de Cslifoinia
R4 Qde Santa Herta
RS ‘32x Lo Contita
R1p Qda Lr Ronde
Ri1l Qdz Bante Ana
R13 Qs Cuplicha
R15 Gda Canchuscslls
R16 g2 Gusyebo .
R17 K Asus Salada
Ria GQds dul Fatw
Ri% Qda FEueasca
R2% Cdn Matata
%25 odu Cuchimachuy
Ra1 yda Chucuasyo
R33 Qda Chzerhuto
i1} Qds Panche
R3S Qda Visn
RAT7, Qda Pazac
52 Cda Redonda
53 Qds Infisrnilia
a5 " Qda Lucuzs
Group H (slope Arsd)
R =10 Estuary-Jidamarca
R -f1 Eaitusry-Thacracayo
R Gj2 ° Jicamarca-Chesterana
R /3 Chacracays-Cazifornis
R 4/6 Sants MarleDuirio
B 5/10 Csntuts-La Bonda
R /8  Padrassl-Curosio
R 8/2 Carosie-Corralas

R9/-5/1 Corrslus~Cashshusers
R 107~ :
R -/11 coniivencs-Santao Ans
R +/12 -conflusnee-Senta Juwn
R 11713 Sante Ans-Cinmplcha

R 13/16 Chuplehe-Guayabo

La Ronda-ceofrusnce

" R 16717 Guayabo-Agus Saluds

R 19720 Rio zeco-Esparanza

R 20/21 Esparanza-Verruges

R 21723 Vazrugas-Ecrexa

R 22727 Lindey-Yaunjima

R 2620 Chacazera-Barfanco
R 31733 Chucumsyo-Charahearc
R 32f40 Parpc~R.Blunes

5 7% confluencs~Alcdle
.8 1f2  Ceshahuscra-Fadonds
$ 2/3  Redenda-lnfisrnilla

11076 11920.1?211 12851 1323)" 13648 14228 16895 15449 L6698 17165 18233 16780

19343 19924 20521 21137 21771 22424 23087 23700 24504 25230 25908 26776



Table VIII-3-5 COST AND BENEFIT STREAM OF IMPLEMENTATION PROGRAM OF STRUCTURAL PLAN FOR
INUNDATION DISASTER (NORMAL SCHEDULE}

KORK ITENS YEAR Unit @ us 3 103 Total Inveatm
KORMAL SCHEDULE 1 2 3 4 5 6 7 .} 7 10 11 42 1% & 35 16 7 1B 19 20 21 22 23 2% % 25 27 28 29 X0 b 32 33 34 35 35 37 38 3P K0 41 &2 &3 &4 45 46 &7 48 4y 50 Cost

1,GRAUP (A) |
1.9 HAIK STREAM (Confulence to River Mouth} |
(2) Lower feaches {Atorjen Weir to River Mouth} | 17165
« Riverbed excavation & remaval of garbage 3500 | 3500
(Downstream of the narrow gorgel ’ i
- Lend scquisitbon dor the marrow gorge 387 193 | 580
- Riverbed excavation & removal of garbage 55 | 56
(Upstream of the narrod gorge) |
- Dike or parspat wall 1333 2687 | 4060
- Widening of the nallow gorge 1847 3733 [ 5600
- Revetment, ete. 686 1%7E 1372 R : | 3430
DHE 43 &3 85 88 BS B4 85 88 B8& 86 B85 B5 BS BS O 86 BA B4 55 55 B85 86 B 85 BS Bs B85 Bo BS B6 B9 BS 06 65 B6 B4 B85 B85 D5 24 E5 34 85 BS BS BS Bs BS BS |
(b) Kiddle Resches (Huampsni Bridge to Atarjea Weir) | 12547
~ Repair of defects in the existing dike 40 1 &0
» Remoual of garbage 7 i 7
- bike or parapet wali X 3500 | 10500
- Révetment, ete. ’ 1000 1600 : . { 2000
[} : 32 63 63 43 43 &3 43 463 63 63 43 63 63 43 63 43 63 A1 &3 63 &3 63 63 63 &3 63 63 43 63 A3 63 63 43 83 43 43 63783 63 63 63 63 63 63 63 &3 ]
(c) Upper Reaches (Confluence to Husmpani Bridge} - | 1&920
- Land acquisition X $5.5 53.5 55.5 555 23 ] 250
- Widening of river charnsl . 500 1000 500 | 2080
- Dike or parapet wall . 7333 3767 | 11300
- Revetment, etc. 1685 1685 . | 3370
D&4H 3 35 85 85 85 b5 45 85 B5 B5 B5 85 &5 8% 85 B5 #5 65 M5 BS BS B5 B5 B85 85 85 B85 65 85 A5 BS 85 85 65 85 B5 B5 B5 B85 &5 85 65 B85 65 |
1.2 JICAMARCA RIVER ]
- Increase of flow capacity of culvert 599 I 5%9
" at eonfluence with Rimac Fiver . . I
[0 . .53 3 3 3 3 3 3 3 3 3 % 3 3 3 3 3 3% 5 3 3 3 3 % % 3 3 3 3 3% 3 3% % 3 3 3 3 3 3 3 33 3 3 3 3 3 3| ’
I1.CROUP (B} : ) ) ' 1
1.7 RIMAC RIVER (Matucana te Confluénca) . . |
(a) Lower Reeches : 3.5 615 307.5 ’ . ) | 1230
oLH ’ 3 ] 6 5 & 6 6 6 & 6 & & & 6 & & 6 6 & 6 6 & 6 6 & & 6 6 & 6 & 6 6 6 6 6 &6 & 6 & 6 6|
(b) Upper Resches 212,57 425 2125 ) : ) | &0
oLh ’ ) . 2 4 & & & & & 4 & b 4 A K & 4 4 & & & & & k& & T O& A & & & & & & & & 4 & & & &}
Totsl 4057.5 4197.5 5203.5 B74® 5149 10370 6454.5 852 760 £68 457.5 247 24T 24T 247 247 247 247 247 247 247 ZAT 24T 247 24T 247 2467 Z&T 24T 247 247 247 247 24T 24T 247 247 247 T T 247 24T 24T TAT 247 247 24T 247 2847 24T !
Remark : O & M cost §s estinated to b2 0.5% of totsl project cost : ’ '
WORK LTEKS VEAR Unit z U$ 3 19°3
KORMAL SCHEDULE . 1 2
...................................................................................... 3
E.GROUP A} S ]
T.t #ALH STREAM (Confulence to River Mouth) . : : : I
(8) lower Reaches (Atarjea Wzir to River Heuth) 2030 4050 5050 4030 A0S0 A0S0 4050 405D 4050 A0SD A0S0 AGSD 4050 4050 4050 4050 4060 4050 4050 4050 4050 4050 4060 4060 4050 40SD 4080 40GO 406D 4DS0 4080 S060 4GS0 ADSD A0S0 4060 A0S0 4060 CADGO 4060 405D 4060 4nel 4060 4050 4080 4050 4080 |

- Riverbed excavation & remaval of garbage
(Dovnstream of the narrod gorges
- bend acquisitfon for the narrow gorge
- Riverbed ercavation & removal of garbage
{Upstrean of the narrow gorge)
- Dike or perapet well
- Widenirg of the nallow gorée
- Revetment, etc.
D&H )
{b) Hiddle Reaches (Hustpan! Bridge to Atar)aa Weir)
- gepair of defects In the existing dike
- Removal of garbage
- Oike or parepet wsll
« Revetrent, ekc.
OLH .
(c) Upper Reaches (Confluence to Huzapani Bridge}
Land acquisition
Widening of -river charnel
Qike or parapet wall
+ Revetment, eic.
OLH
1.2 JICAHARCA RIVER
incresse of flow-copocity of culvert
st confluence with Rimac river
oLl
f1.croUP (B)
11.1 AEHAC RIVER {Matucena to Condluence)
{a} Llower Reaches
0K
(b) Upper Resches
0 EN

Totak . B 0 2030 040 %hzd BSA0 D437 10333 0333 10333 10353 10333 4039 10333 10334 16333 19353 10333 fosss 163 10333 10533 76535 15339 10393 10435 1337 0335 o333 10233 Vaadd 16189 10333 0333 10333-To333 10333 70333 10343 13333 1035% 10333 10338 50332 10333 10333 10333 10333 10333 10333

|
|
|
|
P20 1850 1840 1840 1840 1040 1840 1840 1840 1840 1840 1840 1840 1640 1840 1840 1840 1840 1340 1840 1840 1845 1B40 1B40 1340 184D 1840 1640 1840 1B40 1840 184D 1BAQ 1840 NBAD 1840 A0 1840 1340 1840 1840 1340 1540 184D 1BAO 1840

1897 3793 3793 3103 A3 ITSI 3793 3793 IS 373 Y3 3793 393 3793 A/9S 3193 393 37931 393 3993 3793. IR AR IIVSO3EES 39R 3793 3TVR 3793 SU9E 379 393 3N 37V 3RV 3MI 3793 3T 3 I 393 I 3793 3793

+

1
]
|
i
i
|
|
|
]
I
1
|
1
|
|
|
) b
A0 BA0 . &4D  S4D A0 B40 G40 G40 &40 S40  B40 640 B4D 640 . BAD &40 S0 G40 &K0 &40 SLD 640 &40 640 &40 640 640 640 6A0 640 HAD 640 440 850 S40 640 S40  A40  H40  BAD  A4D . &40 840 840 &40 84D |
. . _ . l
1
I
|
|
|
|
|
{




Table VII-3-6 COST AND BENEFIT STREAM OF IMPLEMENTATION PROGRAM OF STRUCTURAL PLAN FOR
iNUNDATION DISASTER (ACCFLERATED SCHEDULE)

YoRrx [TENS YEAR uUnft & Us § 10°3 Totsl Investm
ACCELERATED SUREDIKE 1 2 3 4 5 & T L] v 1 W12 43 16 45 16 17 16 19 20 2 22 2% 24 25 2 2T 28 29 30 ¥ 52 33 O35 36 37 38 39 K0 &1 &2 A3 44 4% 46 &7 4B L9 S0 Cost
............................................................................................................................. Fedemremaiassaaceeeenarerarradaratens
L.GROUP (A) '
1.7 MAIN STREAM (fonfulence to River Houthy (.
(8) Lover Resches (Atarjea Welr to River Mouth) | 17168
- Riverbed excavetion & removal of garbage 3500 | 3500
{Downstream of the norrow gorge) i
- tend acquigition for the narrow gorge ) g7 193 | see
- Riverbed excavation & removal of garbage 56 | 56
(Upstreem af the narrow porge) |
- Dike or parspet wall 1333 2867 | 4000
+ Widening of the natlew gorge 1867 3733 | 5600
+ Revetment, ete. 86 1372 1372 | 3430
OEN . 43 43 BS -3 &4 B4 o a5 %) BS 85 85 85 85 B85 86 B5 B5 Bb B6 86 BS 85 B6 BS RS B85 BY B85 85 &6 BS 86 B 88 BL B B85 B 85 86 85 BS B B& BS 86 6 BS |
th) Middie Reachas (Kuampani Bridgs to Atarjea weir} | 1257
- Repair of defects in the existing dike L0 ] L]
- Removal of garbage - T ] 7
- Dike or parapet wall 7000 3500 | 10500
- Revetment, ete. 1000 1000 | 2000
otk 32 3 43 83 43 &3 43 63 63 863 &3 63 6% 63 63 &3 63 63 63 63 63 £3 &3 83 63 63 63 &3 63 43 63 &3 63 63 43 63 &3 43 83 63 43 63 43 67 43 63 &% |
(c} Upper Reaches {Conflvence to Husmpani Sridge) | teR20
« Lond acquisition 84 83 B3 | 250
» Widening of river chamal 1000 1009 | 20090
-~ Dike or parapet wsll ITET T5a3 [ 19300
« Revetmant, etc. kY] N3]
0L H. 43 a5 a5 &85 55 85 85 85 85 B5 B5 85 85 B5 55 BS 45 65 B5 BS B85 85 85 65 85 85 85 BS 85 85 85 85 85 B5 8% BS B85 &5 85 £5 B5S B5 85 85 55 B85 |
1.2 JICAMARCA RIVER |
r-Inciease of flow cepacity of culvert 599 { %
at confluence with Rimac river |
GrH 1.5 k] 3 3 3 3 3 3 3 3 % 3 3 3°3 3 3 33 3 3 3 3 3% 33 %% F O3 OF 3 3 3 3 33 30303 03 3 03 3 3 3}
11 GROUP (B) |
T1.1 RiBAC RIVER (Matucens to Confluence) |
{a} Lower Reaches 65 815 . | 1230
LN 3 & ] & 6 6 &6 & & & 6 6 6 & &5 & 6 6 6 &5 & 6 b 5 6 b6 6 & & & & 6 b & & & & & .86 6 b6 6 & 6 ]
(b) Upper Reaches 425 425 | 8%
OEN F & L L T S T R S S A 1 £ &k & 6 4 & 5 4k & &4 4 & & & & & & K A & 4 & & & 4 & |
Totsl 035 42757 13238 99855 12068 852 835 548 470 247 AT 247 24T 24T 24T 24T 247 4T 247 247 SA7 247 247 247 P47 247 247 247 24T 24T ZAT 247 25T 24F 24T 25T 24T 24T 24T 24Y 24T 247 247 24T 247 AT 24T 2467 247 247 :
Remark : O % K cost Is estinated 1o be 0.5% of total projest cost
VOoRK 1TENS YEAR Unit 3 Us % 16*3

ACCELERATED SCHEDULE

[.CROUP (A)
1.1 HATH STREAM (Confulence to River Mouth) .
¢8) Lower Resches Aterjea Weir to River Nouth)
- Riverbed excavation & removal of yarbage
{Doxnstress of the narrou gorge)
+ Land acquisition for the nerrow gorge
« Riverbed excavation & removsl of gerbage
(Upstream of the narrow gorgse)
+ bfke ar parepet wall
+ Widening of the natlow gorge
- Revetment, etc.
oLN
(b} Widdle Reachea (Huampani Bridge to Atarjes Wair)
+ Repair of defects in the existing dike
- Remaval of garbage
« Uike or parspet wall
- Revetmenl, etc.
otk
(¢} Upper Reaches (Confluence to Huampsni Brides)
« Land sequisition
- Hidening of river channet
- Dike or parepet wall
- Revetment, etc.
oLH
.2 FICAMARCA RIVER
- Pheraese of flow capacity of culvert
at confluence with Rimsc river
GEH
11.GROUP (B}
E1.1 RIKAC RIVER (Matucana to Conflusnce)
{a) lower Keaches
OLH
(b) Upper Reachee
OLH
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CAHPTER IX RECOMMENDATION FOR FUTURE ACTIONS

1. - GENERAL

The previous chapters have discussed the desirable
master plan for disaster prevention in the Rimac river
basin, including the structural measures for the debris
flow and 1nundat10n dlsasterq and various non-structural
measures.

‘The master plan formulated through the examination is
summarized in Chapter VII, ' Its desirable implementation
program is given in Chapter VIII. A recommendation
considered . important in implementing this disaster
prevention plan is given in this chapter.

Further, the .realization of the .overall plan will
require a considerable long term. On the. other hand, the
plan involves some urgent matter for which the necessary
actions should immediately be taken with a particularly
high urgency. This chapter also discusses such urgent
matters and necessary actions for them.

2. RECOMMENDATION

(A) The formulated master plan should be considered as: the
basic guldellne for the dlsaster prevention plan in
the ba81n ‘It. is most important that the con51stent
and comprehensive dlsaster prevention plan for the
whole basin be implemented . systematically in

‘accordance with the basic guideline. The above is,
first of all, stressed as most important.

{B) The realizatlon'of thé overall dlsaster prevention
plan will redquire.a considerably long time. On the
other hand, the plan involves some urgent matters for

which the actions  should immediately be taken. The
recommendations are made for such urgent matters as
folloWS'

{1) The seven quebradas classified into Group A have a
high urgency. . for implementation. On the other
hand, the structural measures proposed for these
quebradas require a more detailed confirmation of
technical ~and = economic  feasibilities,
1nvest1gat1ng the topographlc and geologlcal
condltlons in detall

__-Therefore, the necessary“proéédure for executing
- the féasibility study should bhe promoted with a
'hlgh priority.



(2)

(3)

(4)

(3)

(6)

In view that the urban area in the downstream
reaches of Rimac river is exposed to an extreme
danger of inundation disaster, some
countermeasures should urgently be taken,

The necessary urgent measures are shown in order
of priority as follows; .

(a) River bed excavation and removal of garbage in
the downstream of narrow gorge at 9 to 10 km
from the river mouth, and revetment,

(b) River bed excavation and removal of garbage in
the upstream of narrow gorge, and revetment,

(c) Widening the narrow gorge, and_revetment.

In view that the land acguisition procedure takes
a long time, it is also recommended to put.into
execution at the earliest the’ land acquisition
necessary ftor widening the narrow gorge.

There are some defects of the dike in the middle

réaches. The repair for these defects also has
the highest urgency, requiring the earliest
implementation at the same time w1th the said
measures for the lower reaches.

The 1nundatlon disaster preventlon plan propoged
for the upper reaches (Huampani Bridge to. the
confluence) requires the land acquisition in a
considerably large scale, which will take a long
time. Thus, it is recommended to ‘commence the
achISlthH at” the earllest.

Although all of the proposed. non- etructural
measures are of the wurgent necessity, the
following two items have a partleularly high
urgency.

{a) Strict prohlbltlon of dlsposal of garbage into
the rlver, and

(b)Strlct prohlbltlon of new encroachment of
inhabitants into the dangerous area.

The 1mmed1ate and: strlct executlon of the above
two items is recommended

Prior to the 1mplementatlon of the above items (2)
to (4), more detailed investigation, survey and
design works, etc, will become necessary. It is
required to proceed with the procedures necessary
for such works as mentloned
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(C).

='(D) _

(E)

It is recommended to commence as early as possible the
research for wvegetation in the basin which is
considered important from the aspect of disaster
prevention  as follows,

A remarkab]e devastation of the basin is recognized
especially in the lower reaches of the basin without
any vegetation, causing various disaster. Thus, the
vegetation to stabilize the devastated basin is of the
keen necessity,

Various findings for a successful vegetation in the
devastated area are obtained through the researches in
other countries as well as Japan. ~ However, the
Climate, geology and soil conditions, which dominantly
effect on the vegetation, are different in the
respective areas. This means that a suitable solution

' has to be found out in the respective area through the

various examinations.

Furthermore, the successful vegetation in the basin
may requlre a persistent research and accumulation of
data in a long term., Thus, it is recommended to start:
with the research to find out the most suitable

measure for vegetation in the basin, referring to the

various findings obtained under the similar conditions
in other countries.

For reference, -an examination and recommendation for
vegetation in the basin is presented at the end of
this Chapter as an Annex "Examination and

Recommendation for Vegetation"”, which also prov1des

the present situation of research for vegetation in
Japan.

The study on. nece331ty and pOSSlbllltY of installation

“of radar rain gauge. system 1n the basin reveals:

(i) The ba31p keenly needs the installation of radar
rain gauge which will. make it possible to
- forecast the state of preC1p1tatlon.

"(ii) The installation of radar rain. gauge in the basrn

will technically be possible as well as highly
effective for the disaster prevention.

Then, it is recommended to proceed with the

“examination for. 1nstalllng radar rain gauge system in

the basin. In installing the system,'lt is especially
noted that. a satisfactory arrangement of primal
matters such as establishments of communication
system, warning system and its organization, etc. is
inevitable and extremely 1mportant for the sufficient

_fulflllment of its function.

The training of englneers is essentlal as discussed in

Chapter VI "Non-Structural Plan for Disaster”. The
engineers should be available in executing the

IX-3



structural measures as preoposed for disaster
prevention.

On the one hand, a satisfactory training requires a
considerably long time. Therefore, it is important to
start with the training as soon as possible. Thus, it
is recommended to proceed with the procedures
necessary for establishing ‘a training center for
engineers. :
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ANNEX

1. Examination and Recommendation for Vegetation
1.1 Necessity of Vegetation

A ‘remarkable devastatlon of the ba31n is recognlzed
especially in the lower reaches of the basin without any
vegetation. A huge amount of sediments produced due to the
above devastation causes various dlsasters in the life zone
of basin.

Even if some structural measures for disaster;
prevention are provided,  production of sediments and its
movement will remain unsolved, continuously threatening the
occurrence of serious disaster. Thus, the vegetation to
stabilize the ruined basin is of the keen necessity.

1.2 Cause of Devastatlon

The follow1ng is considered to be the main cause for
the devastatlon of ba51n.

(i) fThe ba81n belongs to the so-called semlarld area.
EspeCLally, the lower reaches of basin has little rain
'Whlch is essential for the wvegetation.

{2) The-geology consists of theigranltlc'rocks.. The

' surface is under the weathered condition of above

rocks, ‘which is very poor in preserving the water as
well as 1mpoverlshed to yleld Lhe veqetatlon.

(3) The steep mountaln slope in the basin accelerates the
movement of surface soil, which makes it difficult to
settle the vegetation.

1.3 Requirements for Vegetation
The mlnlmum requlrement for vegetatlon will be,
(1) The water is avallable,
{(2) The surface soil does not move, and
.{3) The surface  so0il contains . the ' necessary

‘nourishment for plants.

‘Since it is considered unrealistic to artificially
deliver .the water in view of such 'a vast area for necessary

. vegetation and the serious shortage of municipal water in

the basin, the. follow1ng is expected as a way to make the
vegetatlon p0531ble 1n the ba51n. :



{1) To improve the capablllty to keep the water in
soil,

{2y To prov1de a measure to prevent the movement of
soil,

(3) To give the fertilizer if reguired, and

{4) To introduce some strong plants against the arid
climate and poor nourishment.

1.4 Research of Vegetation for the Devastated Area in
Japan '

There are some ruined areas in Japan which are
situated under the conditions generally similar to those of
the basin. The area has produced much sediment, .causing
various disasters in the developed downstream reaches.

As such, various attempts to recover the vegetation in
the area have experimentally been executed for a long time
more than a hundred year.

The above research had wvarious flndlngs for the
recovery of vegetatlon in a desolate area as follows;

(1) The attempt to directly cover the whole slope with the
vegetation frequently results in a failure, since the
surface soil moves before a stable vegetation qrows up
there, :

(2} Then, it is effective for the development of
vegetation to. c¢reate a primary base condition for
vegetation where a stable vegetation: can grow up. The
above primary vegetation gradually changes the whole
slope into much more favourable state for the
development of wvegetation. .

{3) It is effective in the preparation of the primary base
condition for vegetation to artificially create the
place in the form of a 1line where the so;l is
unmovable. : :

(4) The soil materials-originated from the weathering of
granitic rocks are very poor in the preservability of
water and nourishment. : Then, in addition to the
creation of the place where the soil is unmovable, it
is necessary to look into. a measure to improve the
preservablllty of water and nourishment. -

{5) It 1is found through various experimental tllals that
the terracing with. sod would be the best way to create
the mentioned primary base condition for vegetation.
The terracing with 'sod, provided in-the form of
horizontal strips on the slope as shown 1in the
attached figure, will effectively settle the soil in



(6)

(7)

(8)

1.5

p051t10n as well as improve the capablllty to keep the
water., .

It "is important to select the plants resistible

against the dry and barren condition. The pine and
‘eucalyptus, etc. are found to be strong against such

dry and sterile condition by the following reason:
that is, . the 'pine and eucalyptus have the so-called
mycorrhiza, and thereby, a fungus called as
basidiomycete which makes the mushroom attaches to the

"roots of tree. The mushroom attached to the roots of

tree remarkably improves the capabllety to absorb the
nutrition from the sterile soil. It is essential to

‘start with such plants durable for the severe

condition. Then, the condition for vegetation is
improved' by ~the primary vegetation gradually
1ncrea51ng the klnds .of plant and area of vegetation,

. ‘Some follow~up cares are requ1red_ to achleve a

complete ‘success of 'vegetatlon since the self-
supportlng wvegetation requ1res the following cycle:
that is, the 'nutrition in. soil changes into the trunk
and leaves ‘of tree, i.e. into the organic matter. The
organic matter returns to the soil and then, is again
dlSlntegrated into the nutrition for plants. The

- achievement of the cycle as mentioned takes a long

time durlng which the plants frequently die due to the
consumption of nutrition prior to the establishment of
cycle, Therefore, the follow-up care such as the
addition of fertile and cultivation of seil 1is
important until the said cycle for self-supporting
vegetation is established in the area.

The achievement.of vegetation‘in a devastated area
takes a long time of 100 to 200 years or more. It
also requires the persistent research to find out a
suitable solution in the réspective area.

Recemmendatien

The follow1ng recommendatlon is made for ach1ev1ng the

Vegetatlon in the ba51n--

(1)

The vegetatlon in the :deVastated area 'is an
international subject with which many other countries

- as well as Japan are wrestling. Various flndlngs for

the wvegetation . are obtained as mentioned in the

: precedlng section. However, the climate, geology and

soil- conditions, which dominantly effect on the
vegetation, are different in the respective:avrea. It
means that a suitable .solution has to be found out in

‘the- respective area through the trials and errors.

Thus, it is recommended to start with the research to

find out the most suitable measure for vegetation in

the basin.



(2)

(3)

(4)

The successful vegetation in the basin may require the
persistent research and accumulation of data in a long
term as mentioned. - Then, it 1is important to establish
a satisfactory research group which can continue the
research in a long term. '

The research and accumulation of data are
recommendable to be made in a typical test area,
referring to the various findings obtained under the
similar condition in other countries. The reference
should alsc be made to the conditions for and kinds of
tree and grass which already exist partially in the

In view of the extreme dry condition in the basin, it
is considered a special idea to. upgrade the watex
preservability in soil will ‘be reguired to be
introduced. In relation to the matter, there is an
idea which proposes te dimprove the water

-preservability in soil with some agents consisting of

the super absorbability polymer, although its effect
on vegetation or specification for its use, etc. are
still vunder the research. It 1is also recommendable to
try the measure applying such a special idea for the

" vegetation in the basin.

‘Examination .on Necessity and Possibility of

Installation of Radar Ralin Gauge in the Basin

Nece531ty of the Installation of Radar Raln
Gauge System in the Rimac River Basin

The pattern of heavy rainfall and disaster due to the

rainfall in the basin is as follows:

(1)
(2)

(3)

{4y

A mass of heavy rain cloud arises in the Amazon river
basin adjacent to the Rimac river basin.

The above rain cloud sometimes'spreads_over the Rimac
river basin beyond the Andes mountain range.

The rain cloud promptly spreads in several minutes,
causing a heavy rainfall in the- upstream reaches of

“the Rimac river basin.

The baSin is characterized. w1th, the- very ‘steep
topography -and little wvegetation, .and thus,  the
rainfall rapidly flows down without. any retarding on

the mountain slope. The 'destructive debris. flow
originating from the erosion of unconsolidated dep051t
by the rapid flow occurs:in the quebrada. The

destructive debris flow in the quebrada usually breaks
out about 30 minutes after the spread of rain cloud in
the basin. , .



out about 30 minutes after the spread of rain cloud in
the basin.

(5) . The Rimac river is also characterized by its steep
riverbed gradient, and thervefore, the flood arrives in
the downstream reaches in a very short time of a few
heurs, making the counteraction against @ flood
difficult. :

Such being the situation of rainfall and disaster due
to-the rainfall in the basin, it will be paramountly useful
for the necessary counteraction if the rain cloud in the
Amazon river  -basin can be  detected and 1ts novement be
forecast beforehand. '

_ The radar rain gauge makes it possible o detect such
rain cloud and forecast its movement. It can be said that
the basin keenly needs the installation of radar rain gauge
system which will make it possible to take an effectlve
counteractlon for av01d1ng the disaster.

2.2 Possibility . of the Installation of Radar Rain Gauge
System in the Rimac River Basin

2. 2 1 Functlon of Radar Rain Gauge System

"The function of radar rain gauge system is outllned as
follows;

(1) The radio wave to be radiated from .the radar detects
rain drops. The radar rain. gauge can cover a wide
observation range up to 200 km from Lhe radar site.
The quantitative cobservation is possible within 120 km
from the radar site where radio wave is capable of
directly detecting rain drops, whereas the observation
for the area from 120 km to 200 km is gqualitatively
~covered. '

(2) - A ground rain gauge can not ‘survey the precipitation
area accurately since it  detects rain only as one
point. However, the radar rain gauge provides the size
of precipitation area with ‘€ase, as it is able to
gauge the spread of the precipitation area.

(3} The radar rain gauge can trace the movement of
precipitation area such as the. change of precipitation
area, direction . of movement,. its wvelocity and
intensity of precipitation, etc, maklng it possible to
forecast the state. of precipitation in a short term of
two or three hours._- .

(4) -The meteorologlcal_ihfbrmatiéns acguired at the radar
© ‘site is transmitted via a multiplex radio link to a
. remote meteorological observatory. The radar relay



link is capable of transmitting the radar video and
other meteorological data.

2.2.2 Possibility of the Installation

radarxr

An examination on the possibility of installation of
rain gauge system 1in the basin reveals that the

installation would be possible and effective for avoilding
the disaster in the basin as follows: '

(1)

(2)

(3)

(4)

{5)

The site for installing the radar rain gauge .can be
selected at Ticlio or Milloc which is situated in the
uppermost reaches of the bagsin and a high altitude of
about 4,800m. The accessibility to Ticlio or Milloc is
also favourable with the national road passing through
the basin. .

“As mentioned, the radar rain gauge can cover the wide.

observation range up to- 200 km from the radar rain
gauge site. As for the area within 120 km from the
radar rain gauge site, the radar . is possible to
quantitatively observe the precipitation. On the one
hand, the basin has the catchment area of 3,300 km2
with about. 150 km in the longitudinal length and 20 km
in width. Then, the radar rain gauge observation
covers the whole basin. Besides that, the radar rain
gauge site is located at the place where an extensive
view of the Amazon river basin can be taken, making it
possible to mostly detect the precipitation or rain:
cloud of the 2mazon river basin, trace the movement of

"precipitation area and forecast the precipitation area

or intensity of precipitation, etc. thereafter.

The informations can be sent every moment to a remote
meteorological observatory installed in the basin.
The informations and necessary warning can also be.
transmitted to each area in the basin through the
above meteorological observatory, although the
satisfactory communication system should be equipped.

" A detailed state of precipitation after two to three
‘hours can be forecast, and therefore, the necessary

warning can be given two to three hours before the
occurrence of debris flow or flooding.

The installation of one set of radar rain gauge
station will make a satisfactory observation system in
the whole basin possiblé. Then, the expense necessary

" for installing the radar rain gauge system in the

basin is approximately estimated at about US$ . 10x106
including the installation of a radar rain gauge -
station, a processing system of radar data ‘and other
necessary facilities. The arrangement of budget for
the above necessary expense seems not to be of an
extreme difficulty.
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