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Rak9 % NEBHETE

211 FF)
F IR O S RIR I P L O il CIXIRIEFEEEIC 24 °© C Th D2 Eiicfr
CIZHE->T13°C TR T 5, femKiilX 13 B 15 DI AE UL 1 i O\ Hlueg
TIEX38°CITEL QAEIZ3H), mVHETIZ 27°CIcET D, HIEKIRILZ6 D
8 HITA U FHUR TIX 15°C 7220, & TIE6 A 9 Az T8eC &74r %,

FBMPTICB T A AEHKIEIZNK 21.1-1~ 2113 15-TE80Y Thob,

Fuente: Proyecto Binacional Catamayo — Chira

2.1.1-1 La Esperanza, Chilaco 33X Ot Mallares BHEIFTIZEI1T 5 A FHRIE

Fuente: Proyecto Binacional Catamayo — Chira

X 2.1.1-2 La Toma Catamayo, Vilcabamba, Malactos 3 & O* Quinara ZIFTIZ 81 % A EHKIE
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Fuente: Proyecto Binacional Catamayo — Chira

2.1.1-3 Zapoltillo, Macara 33 X O Sausal de Culucan BHIFTIZH51T 5 H EHRIE
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# 212-1B XU 212-LII7-T L0 TH D,

Pacaran stations 35 X O CaneteHIFT O H X KIE O FPEHIRIFIER U TEIE120.7
BEW 200 ° Cl7eoTW%, YauyosBiHIFT I 3AE 52290 m [ ZAZE L T D D TRRE
176°CE 7> T 5,

Ko o0d L 9 iZPacardan & CafetelXREEDMEF 2~ L, LA D HAFIZT TEVIA,
FE & DO E O Yauyos CIEAERSA EAER LS | 9D HILA T TETFE L 8> TW 5,

Cafeteia D H - mAIRIZIA B L U4HITE U228 °CL 7> T b, A RIS IR
W6 MBI IZAET1I4°CTH D, iEREB L OREXIRITZNZEN33°C (1) BLOY
11.6°C(OH)TH 5,
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£ 21.2-1 I ==7)IHiEI L OEEOBRIFTIC BT 5 A FHKIE

ESTACION : YAUYOS ALTITUD : 2 290 msnm
Ao Ene Feb Mar Abr May Jun Jul Ago Set Oct Nowv Dic MEDIA

Max 18.4) 18.9 183 18.7 18.6 17.9 18.7 18.3 17.9 18.6 18.8 18.8 182
Min 154 16.5 166 16.9 171 166 16.9 175 17.3) 171 171 17.3 17.1
Prom.Mes 17.1 17.4) 17.5 17.5 17.7 17.1 17.5 17.8 17.7 18.1 17.9 17.8 17.6
ESTACION: PACARAN ALTITUD : 700 msnm

Max 24 250 250 238 209 195 192 19.0 20.0 205 209 228 212
Min 21.49 229 232 222 19.9 165 16.0 17.0 18.5 19.5 19.7 21.5 202
Prom.Mes 22.8 23.7 239 22.9 20.3 17.9 17.3 17.6 19.1 20.0 20.5 22.0 20.7
ESTACION CANETE ALTITUD - 150 msnm

Max 234 241 240 2238 219 221 214 210 210 207 220 247 223
Min 229 236 234 212 18.4 158 156 16.2 16.5) 17.6 18.3 211 192
Prom.Mes 23.4] 24.1 241 22.4 18.0 17.0 16.7 16.7 17.3 18.3 19.8 21.8 20.0

Source: Assessment and Management of Water Resources of the Cafiete River Basin. IRH-INRENA-MINAG, 2003

Source: Assessment and Ma nagement of Water Resources of the Cafiete River Basin. IRH-INRENA-MINAG, 2003

21.2-1 J==F)IFRE L O EOBRIFTIZ BT 2 A EWRIED ST

213 FrF %]

F > F ¢ )IE Ik 2 35 1F % Fonagro, Chincha de Castrovirreyna, Chincha de Yanac, Villa de

Arma .

San Pedro de Huacarpana 3 & QW5 D B R 22 ifidik 12 3515 % Huancano, Agnococha
FEMPTICRB T 2 A EHRRIEE 213-18 L0 213-LZRT 80 TH D,

# 213-15 DRI EESESICITWHER S 5 Z E b D, FEEEIRO Y E X Fonagro
(2.8° C) IZB W TH/h

(20.3° C) ¥ & UPHuancano (20.6° C)iZ&k W\ T <. Acnococha
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L TW5D, £ 2.1.3-112R7T L 9 IS IRD 754 1ZSan Juan T < Acnococha.
Ti/hNE 7o T3,

# 2131 FrF¥)IBIOEERBEOBRIFTIZET % A EHKIR(C)

ANO PROMEDIO
ESTACION ALTITUD MEDIA
METEOROLOGICA
msnm Ene Feh Mar Abr May Jun Jul Ago Set Oct Nov Dic ANUAL
FOMAGRO 50 256 24.3 238 | 223 19.9 17.9 174 17.4 17.5 15.4 19.4 216 20.3
HUANC AN O (%) 1006 224 228 229 | 224 20.4 18.3 17.9 15.4 19.7 20.3 20.3 21.1 206
SAN JUAN DE
CASTROWVIRREYMA 2130 19.7 19.3 199 194 19.8 18.9 198 19.3 196 194 19.2 194 194
SAN JUAN DE
YANAC 2400 14.8 14.9 15.0 14.9 15.9 15.5 15.5 16.1 15.8 15.8 15.4 16.1 15.5
HUACHOS 2680 15.1 14.7 147 14.7 15.2 15.2 14.9 15.9 15.8 15.8 15.1 16.0 15.2
ILLA DE ARMA, 3280 1.8 10.4 11.3 12.0 12.6 12.3 13.0 12.6 13.2 12.8 1.7 11.4 12.1
3P HUACARPANA 3680 9.1 86 9.5 94 9.8 9.3 96 92 95 102 96 101 9.5
AGNOCOCHA (™ 4650 37 36 38 34 248 2.0 1.3 16 22 32 31 33 28
Source: Assessment and Management of Water Resources of the Chincha River Basin. IRH-INRENA-MINAG, 2003
DISTRIBUCION DE LA TEMFERATURA MEDIA MENSUAL
ESTACIONES METEOROLOGICAS - CUENCA DEL RID PISCO
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Source: Assessment and Management of Water Resources of the Chincha River Basin. IRH-INRENA-MINAG, 2003
2131 FrF )R T 2BHIFT DA FHKRIBD 510
2.1.4 X a)l|

v A =1tk 2 33 1F % Pisco, Bernales, Huancano, Cokes, Acnococha, Castrovirreyna 35 L& OF
UTFE DA 7)1k iZ 3315 % Huamani, Acora, Tunnel Zero, San Pedro de Huacarpana -1 HIFT
BT 5 A FHRIRIEE 21418 X0 21417780 TH D,

6
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# 21415 VKR L EEIITWHEN D D Z L3N0 D,, KR O E X Huamani

stations

(205° C) ¥ X UHuancano (20.6° C)iIZHBWTE< . Tunel Cero (3.7° C) BI W

Acnococha (2.8° C) 1B W T/ LTS, F7-K 2.14-UT5RT X 9 ICEEHRIE
D434 1 Piscods L U"Hancano BernalesC & < Acnococha. The/N & 7e > TV A,

F 2.1.4-1 B Xa)FRIRE X OB ORIz BT 5 A EHSIE(C)

ANO PROMEDIO
N ESTACION ALTITUD MEDIA
METEQROLOGICA
EAm Ene Feb Mar Abr May Jun Jul Ago Set Oct Mow Diic: AMNUAL
1 |PISCO 7| 215 | 222 | 220 | 204 | 183 | 167 159 | 15.8 18.3 | 171 182 | 2000 18.7
2 |BERMALES 250 | 228 | 228 | 222 | 208 [ 178 | 157 152 | 155 183 | 174 | 185 | 208 18.8
3 |HUAMANI goo | 220 | 238 | 227 | 220 | 200 17.5 16.8 | 17.5 188 | 188 | 207 | 220 205
4 [HUANCANO 1006 | 224 | 228 | 220 | 224 [ 204 | 183 7.9 | 184 187 | 203 | 203 | 21. 206
5 |ACORA 1800 | 17.2 174 | 17.8 73 | 187 | 182 16.5 | 16.6 188 | 173 | 172 | 175 17.0
6 |COCAS 3z46 | 108 1.0 | 108 12 | 112 | 110 1.5 | 117 18 | 122 | 123 | 122 115
7 |SPHUACARPANA 3820 8.1 8.6 a5 9.4 0.8 8.3 0.6 9.2 85 | 102 ag | 101 0.5
8 |CASTROVIRREYNA 3056 7.8 7.3 71 74 6.7 6.3 5.8 6.1 7.1 7.0 7.1 7.0 6.9
8 |TUNEL CERO 4425 4.3 4.4 45 4.1 a5 25 23 20 35 4.1 45 4.4 3T
10 |asMOCOCHA 4650 37 3.6 38 a4 28 2.0 13 16 22 3z 3.1 33 28
Source: Assessment and Management of Water Resources of the Pisco River basin. IRH-INRENA-MINAG, 2003
DISTRIBUCIKIN DE LA TEMPERATURA MEDIA MENSUAL
ESTACIONES METEDROLOGICAS - CUENCA DEL RIC PISCO
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g _-_-;;':\::‘-HH ——PEECC
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|y — _!‘i_ ————— e T T
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£ e =
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§ 15.0 L e @0 @000
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5D —-
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Source: Assessment and Management of Water Resources of the Pisco River basin. IRH-INRENA-MINAG, 2003
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2.15

na2all

SIRITEES OB R BER L TV b, Y o 7)1 C ik 5= s oo R S k. (59
19°C) BT T AEhoFEL I ()5°C) ~&E B L T3, BEOCEBIHIFTD 9 BiE
FHTX 28T —20nH 5 H DTy =T 8 L O 2 {7 & 9% Coracora, Chavin 3 X
WY Sancos® 3@ AT 35 L OV S+ s o YaucailfllFT T 5,

AT OO 3BLAIFT | X FR Ak G iUl ) B IEF B TV 2 O T, e bt o A BRI o A %
PRiREE 2.15-18 L0 2.1.5-1I5R7,

#Fz 2.1.5-1 vy ABHEPTICET 5 A FERIE(CO)

TEMPERATURA Promedio

Mes

Ene Feb Mar | Abr | May | Jun Jul Ago Sep Oct Nov Dic

Maxima

2740 27.90| 27.60| 26.00| 24.00] 21.90| 20.30| 20.10| 20.70| 22.10| 23.90| 25.80 23.98

Minima

18.30| 17.80| 17.70| 16.30| 13.60| 11.30| 10.90| 11.00| 12.20| 12.80| 14.40| 16.40 14.39

Fuente: Asignacion de Agua en Bloque en el Valle Yauca, ATDR Acari-Yauca-Puquio, 2006

300
250 ] w
200 ] w
15.0 3 M

10.0 3
50l | ——Maxima —— Minine —— Media

Temperatura *C

DD T T T T T T T T T

Meses

Fuente: Asignacion de Agua en Bloque en el Valle Yauca, ATDR Acari-Yauca-Puquio, 2006

2.1.6

X 2151 ¥vABRIFTCET %A EHRIE(C)DYF
< A~NR-J= )|

~ AN A-H = ) 81T D AR SURIIAR 51 800m & T oD Rt TILHEIRIE TH v 19°C
BETH L2, Em2s 800m LLETIHREITIE TT 2, & 2,200m & 3,100m OFITA7E
9% Pampacolca 33 & OY Chuquibamba ##IfT Ti% 10.8°C 225 12.9°C OFiPH L 720 |
3,100m %> % 3,900m DAL E % Sibayo BLHIFT (3,800m) TIL7.8°C L7eoTWW5, =
72 LA RO ENEL 20° C 318 L OfKI%-6.8°C 2k LT\ 5, 15 3,900m 7> 5 4,800m (2
A& % Pafie BUHIFT O FEIRIRIT 3.1°C L g > TV D,

BBIFTICBIT 2 EHKIR S EEITSFE 216-1 IR T B0 Lesn, 2K 2.1.6-1 124
&R ORGREZ LT, &SI R 2,000m LA EISALE 3 D BRIFTIC OV TE S &
FEEHKIROBMRIZEK 2.1.6-2 IZRTY L7220 | fid THRWAHBIRE®RZ /R L T\ 5,
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# 2.1.6-1

Altitude Mean Annual
Weather Station mas.) Temperature
(%)

Andahua 3528 10.05
Aplao 645 19.67
Ayo 1956 18.64
Cabanaconde 3379 11.74
Camana 15 19.67
Caraveli 1779 19.29
Chachas 3130 13.20
Chichas 2120 17.47
Chiguata 2943 12.27
Chivay 3661 10.09
Choco 3192 18.70
Chuquibamba 2832 11.71
Cotahuasi 5088 15.62
Crucero Alto 4470 3.91
El Frayle 4267 4.72
Huambo 3500 11.30
Imata 4445 2.83
La Angostura 4256 5.50
La Joya 1292 18.59
La Pampilla 2400 15.20
Lagunillas 4250 6.52
Las Salinas 4322 4.20
Machahuay 3150 11.76
Madrigal 3262 10.75
Orcopampa 3801 9.16
Pampa de Arrieros 3715 7.18
Pampa de Majes 1434 18.40
Pampacolca 2950 12.37
Pampahuta 4320 4.16
Pillones 4455 3.13
Porpera 4152 4.79
Pullhuay 3113 12.30
Salamanca 3303 12.68
Sibayo 3827 8.23
Sumbay 4294 5.42
Tisco 4175 6.39
Yanaquihua 2815 14.38

2 ANAR-J )T B BRI OER L EEHRIE

source:Servicio Nacional de Meteorlogia e Hidrologia del Peru

(SENAMHI)
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source:Servicio Nacional de Meteorlogia e Hidrologia del Peru(SENAMHI)
B 2.1.6-1 BRFTOES & FEFHXIEO R

source:Servicio Nacional de Meteorlogia e Hidrologia del Peru(SENAMHI)
2.1.6-2 FEFHTIRLES (2,000m Bl E)

2.2 MR

FRETRI LRI CIT 5 WA I O 2 B E OB I 2 0835 & & bz, T ic
VERRERT — % OIER L OB 21T o 7, T — #1123 & LC SENAVHL K W N4 L
72, HEVEIHNE Chivay BERBLEIFT TITHOM TV DA, THUSMIERHCI T 5 FEEHIT
RPN D2\, Sk, 7 L A—2NAENEGTZEA L, FEBHIAS] 2806 2 L EHR
B b, 708, Chivay FERBLIATCIX 2001 FI7 L A—4 —XABNEHZEALTE
FRARIE, 2011 4F 2 A LN 2012 4 2 A ORI &ET — & ZINEE L7z,
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221

M)

F 7 NI¥s

R R S s XML T — & OUVEEHAR 286 F L TR 2.2.1-1, £ 2212 BX UK 2.2.1-1

~2 12T,

FINFLTIZ I E TIZ, 14 EFToBLIFT CREBLIIZNTOI TR Y (BUESLI Pk A S
TeLLTRIL) . ik T 1964 £ 5 2010 2% T 47 FEMBLRIMT O T %,

#£ 2211 MESNHS—

B (F 71150

a—K LA ®] B "E R T
152202 ARDILLA (SOLANA PIURA 80°26'1 | 04°31'1
BAJA)
150003 EL CIRUELO PIURA 80°09'1 | 04°18'1
152108 FRIAS PIURA 79°51'1 | 04°56'1
230 LA ESPERANZA PIURA 81°04'4 | 04° 5555
152125 LAGUNA SECA PIURA 79°291 | 04°531
152104 LAS LOMAS 1 PIURA 80°151 | 04°381 | W&JT
140 LAS LOMAS 2 PIURA 80°15'1 | 04°38'1 |SENAMHI
208 MALLARES PIURA 80° 44'44 | 04° 51'51
152144 MONTERO PIURA 79°501 | 04°38'1
152101 PANANGA PIURA 80°53'53 | 04°33'33
152135 SAN JUAN DE LOS PIURA 79°321 | 04°58'1
ALISOS
203 SALALA PIURA 79° 2727 | 05°06'6
152110 SANTO DOMINGO PIURA 79°531 | 05°021

#F 2212

RIO CHIRA

1972

ALAMOR

=
o

1961
1962
1963
1964
1965
1966
1967
1968
1969

REBRT — 7 [WRHH (F 71135

1991
1992
1993

2001

2002
2003
2004
2005
2006
2007
2008
2009

ARDILLA

EL CIRUELO

FRIAS

LA ESPERANZA

LAGUNA SECA

LAS LOMAS 1

LAS LOMAS 2

MALLARES

Ll

MONTERO

PANANGA

SAN JUAN DE LOS ALISOS

SALALA

SANTO DOMINGO

b
d

\
I

11
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pre
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"4 01312V
ONY3II0

1)

iy srrren Eanem s
i

=

ik
o

T i . Ik
L7 ECUADOR i
vt
.'-J E\f(: '_. g .
: S Rditta 7 S
[ A7 (Solana'Baja) 1
1.z -J.- I
Ao e
S S S P “Puentd Sullana e &
& + . C
o

22.1-1 BREMSNVER (F7)1FER)

AR

F I NFHIC BT 2 WESNFTO A FHRERL LOZ05Ma#R 2213 B8 L0K 2.2.1-2 (R

D

CNEORBLIORIVENEITZ 10 H2E 4 AITHT TREL, 5 AD 9 AT, TIFRIC
Lial lpoTnD, S BITHERMIKERTE I La Esperanza BHIFT o> 100mm 2> 5 Laguna Seca 8Pl
® 1,584mm £ TELL TW5,

£ 2213 FI7)IFiER KO OEEOTIRIZI T 5 A EHRENE (mm)

Mes
ESTACION Ene Feb Mar Abr May Jun Jul Ago Sep Oct Nov Dic Total
ARDILLA 58.0 114.2 184.1 92.4 26.8 21.5 0.0 0.4 0.1 2.6 1.5 6.9 594.1
EL CIRUELO 102.2 161.0, 2311 141.0, 22.1 8.1 1.3] 0.2 0.6 2.6 4.4 30.3] 680.3|
FRIAS 180.3 251.8 308.4 155.7] 54.1 12.6) 4.0 5.3 10.3] 19.2] 19.2] 74.1] 1145.9
LA ESPERANZA 14.7| 17.7| 28.1 17.3] 12.8] 7.2 0.1 0.1 0.2 0.4 0.3 3.1 100.8
LAGUNA SECA 240.2 278.2 261.0 236.0 124.1] 45.0 39.7 33.8 33.8 104.7| 99.2 195.5] 1584.1]
LAS LOMAS 1 36.8 59.7 136.9) 70.6 48.9 11.0) 0.1 0.1 0.5 2.5 1.5 10.1] 380.0
LAS LOMAS 2 8.3 86.9 123.0 53.0 5.7 0.6 0.1 0.1 0.0 0.2 2.2 5.9 287.6
MALLARES 30.2 46.3 69.6 37.5 15.0] 0.4 0.2 0.2 0.3 1.0 0.9 8.2 221.5
MONTERO 123.7] 181.2 296.1 191.1 79.9 29.3 5.5 5.8 7.8 17.6) 15.1] 45.7 987.4
PANANGA 39.3 59.9 95.2 43.8 14.3] 3.9 0.1 0.0 0.2 0.8 0.9 11.4] 272.5]
SAN JUAN DE LOS ALISOS 186.7| 222.7 229.5 184.7, 68.9 33.9 18.3] 18.8] 22.1 67.2 72.7 145.4] 1291.0
SALALA 104.4 138.9 128.0, 114.7, 82.4 58.4 51.4 27.1 33.3 81.1 84.0 104.0) 1029.3
SANTO DOMINGO 169.0, 263.7 370.6 217.4 74.5 12.7| 2.8 4.3 10.7| 16.6) 28.6 76.7| 1233.1]

12
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Precipitacion Mensual (mm)

400
e ARDILLA
= EL CIRUELO
350 —
FRIAS
———— LA ESPERANZA
300 LAGUNA SECA
= AS LOMAS 1
250 ——— LAS LOMAS 2

MALLARES

200 MONTERO

PANANGA

SAN JUAN DE LOS ALISOS

150

SALALA
SANTO DOMINGO
=y

100

50

Ene Feb Mar Abr May Jun Jul Ago Sep Oct Nov

Meses

)

B 2212 F7)IHER L OZ OEEOFIRIR T D A FEHEREDLA (mm)

FRK 24 FFEINE

F 7 MNP O A BERBUAIFTIZ 3 1 2R K 24 FREFRE (AWSE) IR 2214107480

ThoD,
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K 2214 F7)FEOFERBHFTICRKT 2ExK 24 HHRE (HNE)

ARDILLA LA SAN

EL LAGUNA LAS LAS MALLARE| MONTER SANTO
Year |(SOLANA CIRUELO FRIAS |ESPERAN SECA | LOMAS 1 | LOMAS 2 s 0 PANANGA| JUAN DE | SALALA DOMINGO
BAJA) ZA LOS

1964 5.8 3.2 20.0
1965 138 102.0 154.0 65.6
1966 14.7 30.1 25.3 49.9
1967 12.2 59.3 11.6 64.6
1968 18.6 2.8 4.0 2.7 18.4
1969 75.2 20.0 40.0 40.0 58.4
1970 0.9 44.0 1.9 36.9
1971 69.0 0.0 57.2 93.7 21.5 82.6
1972 68.4 80.2 73.0 50.5 1135 64.4 98.4
1973 95.8 90.7 22.0 162.3 56.0 31.0 48.4 34.6 79.2 91.2
1974 14.4 20 48.9 6.5 35 35.3 70 55.0 44.0
1975 47.5 53.4 18.9 90.0 10.9 57.8 62.0 64.5 51.5
1976 73.2 67.3 106.1 19.4 54.5 754
1977 107.1 135.9 88.4 13.9 106.0 10.8 69.1 914 85.9
1978 28.0 49.1 8.7 80.0 46.0 25.6 46.3 271 65.8 515
1979 24.1 30.0 88.5 20 50.0 122 2.7 43.3 4.5 55.4 41.9
1980 38.7 729 70.3 10.7 60.1 20.8 51.3 7.8 51.7 54.1
1981 93.2 66.7 3.2 65.0 84.9 9.6 55.5 14.0 63.8 90.9
1982 100.8 68.0 1.8 70.0 60.7 115 40.7 15.3 98.4 62.4
1983 151.9 209.1 120.6 134.8 770 165.0 148.1 74.0 85.5 65.8 119.5
1984 102.1 82.5 52.3 4.6 55.0 374 47.3 53.8 53.0 56.3 73.9
1985 35.1 49.7 66.6 11.3 8.5 25.9 10.0 43.2 423
1986 18.3 100.5 40.8 3.8 44.7 21.5 4.7 81.2 243 55.4 39.5
1987 152.4 152.3 78.4 32.8 41.3 64.0 80.4 82.2 90.0 55.1
1988 126.3 16.1 37.9 3.2 50.0 24.2 15.7 29.9 22.7 46.4 29.8
1989 152.5 91.0 66.8 9.3 117.3 55.5 37.8 79.1 68.0
1990 18.3 41.4 2.1 115 2.6 40.2 4.3 28.5
1991 105.3 164.0 1.5 218 154 36.9 114 60.1 60.3
1992 138.3 8.3 85.3
1993 51.3 67.2 60.4
1994 116.5 122.0 59.9 58.2 11.7 58.3 15.4 574 60.4
1995 85.0 8.8 65.7 37.0 1.8 59.0 23.7 76.4
1996 2.9 10.0 60.3
1997 24.7 85.8 71.4 59.8
1998 96.6 201.0 150.1 40.8 118.1
1999 22.8 55.0 71.1
2000 6.2 19.7 26.7 33.9 86.5
2001 14.5 62.5 60.2 34.2 49.0
2002 224 471 60.5 373 60.9
2003 8.6 129 41.8 344 46.2
2004 5.3 7.3 46.1 40.5 63.3
2005 1.5 6.1 28.3 295 80.8
2006 10.0 25.8 29.9 103.0
2007 3.7 8.4 36.4 44.2 61.1
2008 72.0 79.0 96.3 56.0

2009 8.7 340 349 127.9
2010

®) SRR

FZNFIHIZ W TBUN S 2B T — & 2 552 SENAMHI (2 X 0 Rk S =R & (10
FPEE) OFRERKZK 22.1-3 1077

F 7 )T, HIklZ Lo THEBREICKE 2SN H 0 | b /D720 Mk T 50mm F2 2 2L
T, KT 1000mm FEEDMENEZ L T\ 5, FiiE CBMEND 2L, EERE L 722
2 EiEE EENENZ L D,

AT HE 24T 5 T COFERMEIL 50~200mm F2HE & Z1UE &£ < ITEWD, S EIRE 21T
STVD 6RO T T, FIBOENEIZS > & bZWIRITH 5,
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ocotazeE
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POBLACIONES RURALES Y VULNERABLES ANTE INUNDACIONES
Precipitacion Anual - Altitud

ESTUDIO PREPARATORIO SOBRE EL PROGRAMA DE PROTECCION DE VALLES Y

100

X 2213 ZRERE (F7)FER)

222  Hh==T )%
1) R R BLANR I

R RIS K OB — & ORI A 88 L T3 2.2.2-1, % 2222 BLOIK 2.22-112
AT,

A== 7 I CIE 2 E TIZ, 13 EFTOBNIET CRREBIZTHON TRV | kK& T 1964 4
75 2010 4FE TO A7 B TTHOIL TV D,
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= 7)1 iisk)

—

# 2221 WNEHIHA—E (b

SENAMHI

12°19'0
12° 141
12° 071
13°01'42

12° 53'57

12° 271
12° 53'55.8

12° 381

12° 231
12°09'1

75°54'38.2 | 12°29'31.4

75°4322.5

75° 45'1
76° 01'1
76° 11'40

76°03'18.3 | 12°51'43.4

76° 05'17

75°49'1
75°502.2

75°53'1

75°5220.7 | 12° 20'40.8

76° 08'1
75°34'1

LIMA
LIMA
LIMA
LIMA
LIMA
LIMA

LIMA

LIMA
LIMA
LIMA
LIMA
LIMA
JUNIN

YAUYOS
YAURICOCHA

TOMAS
TANTA

SOCSI CANETE

PACARAN
NICOLAS FRANCO

SILVERA

HUANTAN
HUANGASCAR

COLONIA
CARANIA
AYAVIRI

COSMOS

636
155450

155169

156106

6230

638

6641

156112

156110

156107

156109

156104

489

== 7 )IFEiEk)

Z SRR (W

# 2222 WEHBT—

6002

8002

L002

9002

5002

1661

6861

8861

1861

9861

6L61

8L61

LL6

9L61

SL61

5

eL61

L6l

1161

6961

8961

L961

9961

G961

961

£961

2961

1961

CANETE

COSMOS
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L[]
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[[[1]
L[]
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SIGHOE COMVENCIONALER

& Deniroc Fobiados

¥ Evmin PrurrimE e
A e

' Cofva de Mivel @ S@'m
/A Lines Do

® i LT

- T
TS k. O B Al ] S
TRMLCTIONCE RGN M CE AW ¥ SALOS

A LTI AL 0 0 S ML LA T

B

ORERAMEN D Dk Lo e wumnoe

LR RIS A (TN L LR IR R A

ST | =
PR

EP

e |

X 222-1 #BAMSER (U==<T)5k5k)

2) ABERE

B == TR BT 5 EBRNFTO A PR EB L OF D0z R 2.22-3 BLOK 2.22-2

W27,

INEOKBIORIVEREIZLI0 HND 4 HIZHFTREL, 5 AD 9 BT TIEFIT
Wip o TWnND, & HIZEMBKERNEIT Socsi #BMlFTo 1.47 mm 7>6 Yauricocha #iilfT o

1,016 mm £ TZ&ML TW5,
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#2223 == T7)IFEE X OFORFEOFBRICK T A HIEYERE (mm)

Month
STATION Total
Jan Feb Mar Apr | May | Jun Jul Aug Sep Oct Nov Dec
YAUYOS 71.36 83.70 83.26| 20.35 3.36 0.52 0.15 0.92 3.10| 12.94] 19.68 44.46| 343.80
YAURICOCHA 178.17| 168.19| 169.94| 9276 20.76 9.40( 10.52| 20.85| 37.28| 88.02| 81.24| 138.64| 1,015.78
TOMAS 128.45| 119.02| 100.86| 67.50( 21.93| 17.36| 11.13| 14.36| 35.34| 44.19| 55.36 86.90| 702.39
TANTA 151.80( 157.83| 162.22| 91.07| 25.07 7.23 552 11.23| 29.59| 60.70| 78.74 110.98| 891.99
SOCSI CANETE 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.00 1.47
PACARAN 4.21 4.70 3.83 0.29 0.10 0.04 0.01 0.07 0.09 0.41 0.41 1.93 16.09

NICOLAS FRANCO SILVERA 1.80 4.57 240/ 0.00[ 0.00f 0.00f 000 0.00f 0.0 0.00 0.40 2.33 11.50

HUANTAN 195.68| 236.82| 196.02| 72.60| 7.82 1.09 177 217 2.61| 50.73| 62.07 98.77| 928.15
HUANGASCAR 59.94 72.77 85.06 9.93 0.63] 020/ 0.03] 0.25| 0.43 2.23 6.45 2495 262.87
COLONIA 84.62| 109.69| 127.22| 27.47 3.15| 035 0.79] 056 3.81 1523 2141 64.96| 459.25
CARANIA 118.12| 118.97| 126.34| 4337 12.69| 3.80| 3.19| 4.98| 11.01| 27.60| 3247 79.56 582.10
AYAVIRI 119.80| 137.90| 151.32| 46.06 525/ 002 028 083 1.93| 10.36| 17.37 56.67| 547.80
COSMOS 110.38 99.85| 110.09| 53.48| 24.93| 4.10 7.03| 13.01| 32.87| 49.44| 5259 95.53| 653.29
250
200
=
E
z
> 150
(%]
4
w
=
z
o
g
=
a 100
o
i}
o
[on
50
0 4
Ene Feb Mar Abr May Jun Jul Ago Sep Oct Nov Dic
MESES
B 222-2 F==7)IFtsRE L OE OEFEOTBICIR T 5 A EERNEDSA (mm)
(3) R 24 FERINE

B == 7 )ik D A& R BLET IS BT D4k 24 IR R (HRARD) 133% 2.2.2-4 1TRT° &
BYTHD,
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NICOLAS
Year | YAUYOS YAURIGOG TOMAS TANTA SOCSI CA PACARAN | FRANCO [ HUANTAN HUANGAS COLONIA | CARANIA | AYAVIRI | COSMOS
HA NETE CAR
SILVERA
1964 19.5 254 142 284 12.0
1965 314 345 2.1 416 15.0 435 443 13.0
1966 233 26.6 2.5 20.0 25.1 344 250 28.5
1967 236 280 8.8 35.3 628 18.6
1968 23.1 17.7 12.9 18.1 19.7
1969 174 33.0 21.3 17.2 29.3 33.5
1970 26.8 37.9 20.3 21.2 28.0 242 16.6 29.9
1971 33.0 245 6.3 18.5 19.6 31.5 18.0 22.7
1972 26.1 48 29.3 70.5 16.3 20.1 33.0
1973 282 18.2 6.0 30.2 27.2 158 226 37.6
1974 215 193 2.4 20.0 12.7 15.7 16.8 30.5
1975 19.0 15.1 3.3 40.1 34.6 14.1 16.0 348
1976 20.0 17.5 0.4 324 232 19.3 16.1
1977 148 16.4 0.8 294 249 174 344
1978 20.1 16.3 02 220 498 252 16.1 33.4
1979 16.9 11.7 18.1 15.1 11.2
1980 15.5 144 8.5 171
1981 228 13.1 21.0 176 17.5
1982 16.8 133 61.2 17.2 15.6 19.3
1983 9.8 33.6 9.7 215 16.6 15.5
1984 10.0 113 53.4 14.9 14.2 27.0
1985 124 13.8 8.0 12.9
1986 175 18.0 3.5 36.2 19.0 26.5 20.0 32.7 33.7
1987 37.6 13.1 16.8 48 35.5 13.1 125 20.9 31.9 293
1988 288 13.6 138 3.3 20.4 33.1 23.8
1989 26.1 139 6.0 27.1 20.0 244 39.4
1990 30.8 158 1.2 20.0 26.0 256
1991 240 115 1.5 19.0 124 27.4
1992 6.3 21.5 16.0 1.2 5.0 15.1 29.9
1993 17.3 40.5 41.6 3.0 20.0 16.0 29.7
1994 315 21.8 26.4 9.0 240 14.1 30.2
1995 12.2 20.2 27.0 6.2 30.0 135 30.2
1996 243 16.6 31.7 2.6 230 16.1 246
1997 18.8 28.2 274 3.6 253 14.6 46.2
1998 14.7 27.6 418 5.5 33.8 14.1 32.4
1999 19.9 244 245 112 243 15.6 23.1
2000 129 58.6 289 3.8 30.6 27.0 354
2001 13.3 20.6 221 5.6 12.8 14.9 24.0
2002 11.6 258 282 248 17.7 28.7
2003 144 60.4 280 4.4 15.0 18.9 18.2
2004 14.2 413 329 17.7 21.4 29.2
2005 13.6 30.4 220 0.0 6.4 13.0 20.5 210
2006 20.6 26.2 29.5 0.0 3.0 25.1 30.1 26.5
2007 19.8 29.0 33.6 0.0 2.3 14.6 234 34.2
2008 19.9 154 0.0 2.6 24.0 21.9 30.4
2009 15.1 26.9 69.2 8.0 6.0 14.8 20.5 27.3
2010

(4) FEEHENEMRK

B == 7 )Rk D E N R 2 X 2.2.2-3 12737,

FINF T, #HgIZ K> THEBRNRICKE RS AH Y | Kb DRV T 25mm F2ELL
T HKT750mm B EOBERNEZ SR L TV D, itk ERRER DR EENEL 2D
FIRIIE EREREN L L 2D,

BAKXR 24T 5 Ttk COF R EIL 25~50mm F2 & & fER &I e,
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F® 2231 WEBAHMS—E (FrF v)IHE)

AN | a2—F| FiE | 258 |say sa iTE IR 3T b (240
FE | #% g i i BE | BE | 85 KR
CONTA 203501Ban Jual Him | 1922] 80 Jica Chincha ChinchaAlta| 13°27° | 75°58" 320 KFHAE =& h
FONAGRO 130791pan Jual MAP [ 1966] 17 |ica Chincha ChinchaBaja] 13°28" |76°08" 50| /& T (SENAMHI) | @&
SAN JUAN DE 156114Ban Jua] PLU | 1966| 37 |Huancavelica |Castrovirreyna San Juan | 13°12° |75°38" | 2150| & & T (SENAMHI) E-2 L]
CASTROVIRREYNA]
SAN JUAN DE 156113Ban Jua] PLU | 1964] 37 |Ica Chincha Chavin 13°13" |75°47" | 2400| W& FT (SENAMHI) | B & h
YANAC
HUACHOS 151503 Ban Jua PLU | 1960] 23 |Huancavelica | Castrovirreyna Huachos 13°14° |75°32° | 2680 WMIT (SENAMHI) |  HREh
VILLA DEARMAS |110641Fan Jua] co | 1964 | 27 |Huancavelica |Castrovirreynal Arma 13°08" |75°22° | 3600 MRIT (SENAMHI) |  HREh
SANPEDRODE |156115Ban Jual €O | 1964] 34 |ica Chincha S.P.Huacarpa| 13°03" |75°39° | 3680| K& (SENAMHI) | Fz#Eich
HUACARPANA
LAGUNA HUICHIN| 156129 Ban Jua] PLU | 1960| 18 |Huancavelica |Castrovirreyna Aurahua 13°02° |75°34° | 3480| MRIT (SENAMHI) | ik
TANTARA 110633Ban Jua] PLU | 1960]| 18 |Huancavelica | Castrovirreyna Tantara 13°14° | 75°37° AR T (SENAMHI) it
CHUNCHO 110631 |Mantaro] PLU | 1945] 23 [Lima Yauyos Tupe 12°45° |75°57° | 4695hn Juan@#F I XT| fEiksh
BERNALES 110650] Pisco co | 1964] 39 |ica Pisco Humay 13°45° | 75°57° 250 | M T (SENAMHI) | iRE
HUANCANO 110639| Pisco | co | 1964] 39 Jica Pisco Huancano 13°36” |76°37° | 1006]| MR FF (SENAMHI) | HE & h
TICRAPO 110643| Pisco | PLU | 1964] 39 |Huancavelica |Castrovirreyna Ticrapo 13°23" 175°26” | 2174 | ST (SENAMHD | ik eh
TOTORA 110644| Pisco | PLU | 1964 | 39 |Huancavelica|Castrovirreynal Castrovirreyd 13°08° |75°19° | 3900| & & (SENAMHI) £k b
H-Im: B Bk B & BvAP: R A K & B3 PLU:F R #8I CO: = iRl
K 2232 WEBNT—FIEHM (FrF v)HE)
CHINCHA 2(312121512|12|5(2|2|5|5(5|3(|5]5(5(5/5(3 HEHEEBHE HEREBEEEEEEEE
212 (z(z 2|22 |2|2|2 2222|2222 (2|2 2212|222 |22 S HSNSISIIRREES
HUACHOS

VILLA DE ARMAS

CONTA

FONAGRO (CHINCHA)

SAN JUAN DE YANAC

SAN PEDRO DE HUACARPANA 2

TOTORA

TICRAPO

| SAN PEDRO DE HUACARPANA |

COCAS
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# 2233 BILUK 2232 127R-7,
INEOKBLOEILVEREIZ10 A0S 4 A2 TREL, 5 AND 9 HIZT THEFIC
Y hoTWD, & BIZHEMBENEIT Conta BMIFTo 6.95 mm 725 Totora BiHIFTD
625.95mm F AL T35,
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#& 2233 FUF )R L L OEEOWIBIC I T DA FHERFE (mm)
Mes
ESTACION Total
Ene Feb Mar | Abr | May |Jun| Jul [Ago| Sep | Oct | Nov | Dic

TOTORA 125.39| 133.76| 104.56| 46.33| 18.20| 4.07| 4.90| 7.76| 24.24| 32.59| 41.47| 81.67|624.95
TICRAPO 54.24| 75.45| 73.35| 14.10| 0.44|0.20| 0.03| 0.45| 0.98| 3.99| 5.05| 24.32|252.60
COCAS 94.93| 111.50| 138.93| 29.87| 5.31|0.26]0.36| 1.54| 6.70| 11.83| 16.61| 40.73|458.57
SAN PEDRO DE HUACARPANA 2| 114.93| 137.80| 161.96| 50.64| 5.30|0.38| 0.23| 2.25| 5.51| 17.68| 30.93| 58.94|586.56
SAN PEDRO DE HUACARPANA 121.19| 136.68| 139.80| 34.99| 2.64| 0.00| 0.04| 2.53| 7.24| 12.94| 27.45| 64.52|550.02
CHINCHA DE YANAC 27.03| 37.28/ 39.98| 6.97| 0.27|0.00{0.10|0.02| 0.76] 2.81| 2.11| 14.08|131.41
FONAGRO (CHINCHA) 0.42 1.08 0.34| 0.07| 0.48]1.23|1.34/0.83 0.68| 0.38] 0.21| 0.56| 7.60
CONTA 1.84 3.24 0.81| 0.31| 0.01] 0.03|0.06| 0.04| 0.05| 0.18] 0.14| 0.24| 6.95
VILLA DE ARMAS 133.69| 136.26| 148.26| 39.55| 2.82| 0.00| 0.01| 1.57| 8.52| 10.84| 22.17| 59.92|563.61
HUACHOS 98.45| 120.27| 119.57| 29.42| 1.90|0.23| 0.25| 1.01| 1.73| 6.74| 15.33| 57.08|451.98

180
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140
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& 2234 FrFY)IRBOSERBRFTICEIT 2FEKEK 24 HETRE (ARE)

PEDSI'?ASl DE PEDSI"\’AON DE; SAN JUAN FONAGRO VILLA DE

Year | TOTORA | TICRAPO | COCAS HUACARP | HUACARP | DE YANAG (CHII;ICHA CONTA ARMAS HUACHOS
ANA 2 ANA

1964 215 19.8
1965 240 20.7 21.6 15.0
1966 15.0 12.6 20.2 5.2
1967 24.0 244 36.0 31.0 59.6
1968 20.0 10.0 16.0
1969 22.0 35.8 245
1970 23.0 40.2 22.1 245 24.9
1971 21.0 284 294 20.0 31.0
1972 27.0 32.0 30.8 26.0 12.8 29.6
1973 25.0 44.3 36.8 21.1 42.4
1974 22.0 14.0 20.6 14.5 8.2 36.0
1975 19.0 19.5 22.4 22.5 10.3 35.8
1976 20.0 25.5 214 17.0 38.0
1977 25.0 240 20.6 15.0 36.2
1978 20.0 5.4 14.4 26.0 61.8
1979 25.0 18.0 274 32.0 274
1980 35.0 24.1 19.5 43.0 33.2
1981 29.0 33.0 0.0 32.0 35.2 20.8
1982 29.0 10.9 18.0 30.0 25.8
1983 24.0 30.0 11.8 19.9
1984 37.0 20.8 11.8 29.2
1985 30.0 18.0 20.8 25.5
1986 21.0 26.8 24.0 0.3 20.0 28.5
1987 13.0 0.2 19.0 20.1
1988 25.0 32.0 0.7 20.0 33.5
1989 21.0 6.8 3.0 10.8 19.8
1990 24.0 5.5 2.0 20.0 23.2
1991 33.0 28.0 24.3
1992
1993 23.0 26.0
1994 30.0 21.4 26.1
1995 25.0 10.3 2.3 284 23.1
1996 0.4 0.9 48.6 25.4
1997 23.6 2.5 0.8 304 16.2
1998 25.0 11.3 1.5 38.5
1999 28.0 15.9 6.0 41.6
2000 24.2 14.0 1.5 20.5
2001 24.2 9.7 1.1 23.8
2002 30.0 14.6 1.1 37.0
2003 20.6 9.5 0.5 0.6 15.2
2004 28.7 1.2 1.2 0.4 44.2
2005 16.0 16.5 0.9 1.0 28.6
2006 21.8 37.4 3.2 6.0 25.6
2007 16.0 14.2 1.0 4.0 20.5
2008 22.6 14.7 1.9 0.8 23.8
2009 16.4 159 2.2 0.3
2010 23.8

(4) SRR

F U F ¥ Ik OSSR EMRK 2 X 2.2.3-3 1277,

F U F I T, MR K> THEBRREICRE RS AH Y . b D720 ik © 25mm 2
FELLT, KT 900mm B E DB EA TR L TV, TlBIE CBRMEND 2L, EEmaE <
72 % ERiiE R ENZ < 2D,

WA R 21T 5 Tl COFEBREIL 256mm fRE L I1EE A PRIV,
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SR - KX - JHIAERT

R 2.24-3 X3l L OZDEHEOFBKIZIIT 5 H FHBERE (mm)
Mes
ESTACION Total
Ene Feb Mar Abr | May | Jun | Jul | Ago Sep Oct Nov Dic
ACNOCOCHA 139.08| 145.04| 129.35| 56.57| 17.74| 8.18| 5.65| 13.73| 21.69| 40.59| 52.30 83.59| 713.51
CHOCLOCOCHA 14766 161.73| 156.09| 80.13| 26.52| 14.25| 8.03| 22.18| 35.24| 59.48| 68.69| 103.97| 883.97
COCAS 9493 111.50| 138.93| 29.87 5.31| 0.26]| 0.36 154 6.70| 11.83| 15.36 40.73| 457.31
CUSICANCHA 74.40 88.26| 104.57| 33.77 1.74| 0.00| 0.01 0.71| 3.48| 4.85| 12.38 36.37| 360.55
PARIONA 161.82| 155.42| 174.45| 68.15( 13.61 3.06| 3.12| 4.02| 16.39| 32.52| 54.23 90.91| 777.70
SAN JUAN DE CASTROVIRREYNA 49.69 54.27 46.95| 8.78 0.96 0.09| 0.17 0.67| 0.95| 3.50| 7.06 19.24| 192.34
TAMBO 82.19( 120.28| 130.42| 32.03 3.95| 0.00| 0.12 0.51| 0.88| 9.53| 11.48 40.40| 431.78
TICRAPO 54.24 75.45 73.35| 14.10{ 0.44| 0.20( 0.03 0.45| 098] 3.99 5.05 24.32| 252.60
TOTORA 12539 133.76| 104.56| 46.33| 18.20| 4.07| 4.90 7.76| 24.24| 3259| 41.47 81.67| 624.95
TUNEL CERO 163.61| 162.53| 150.68| 72.29 20.96 7.59| 6.98| 14.51| 29.20( 56.12| 72.29| 121.55| 878.32
HACIENDA BERNALES 0.84 1.50 0.05| 0.03 0.07 0.14| 0.08 0.08 0.02|] 0.01 0.03 0.09 2.93
HUAMANI 3.08 3.75 3.45| 0.05| 0.00 0.00| 0.01 0.00f 0.08/ 0.00{ 0.00 0.17| 10.60
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£ 224-4 ERa)|FRIBOLERBHFTICRBITHERK 24 KENE (HRNE)

SAN JUAN

ACNOCOC|;CHOCLOC CUSICANC DE TUNEL |HACIENDA

Year HA OCHA COCAS HA PARIONA CASTROVI TAMBO | TICRAPO | TOTORA CERO  |BERNALES HUAMANI
RREYNA

1964 19.8 215
1965 216 35.0 20.7
1966 20.2 18.7 12.6 15.0
1967 36.0 23.5 20.1 244 240 25.5
1968 12.3 240 10.0 20.0 0.0
1969 23.0 35.8 220 1.6
1970 22.1 25.3 33.3 13.3 40.2 230 335
1971 323 294 286 13.7 18.2 284 210 30.7 1.7
1972 292 30.8 26.9 40.0 28.0 30.7 32.0 27.0 28.2 295 18.8
1973 246 36.8 13.1 37.8 230 25.0 34.6 1.6 2.1
1974 31.1 206 9.7 36.9 12.1 210 14.0 220 242 0.0 4.1
1975 24.1 274 224 6.6 39.1 17.0 42.4 19.5 19.0 29.2 0.0 230
1976 264 36.1 214 6.6 344 17.2 40.0 20.0 228 208 12.5
1977 26.9 20.6 24.2 29.7 15.5 205 240 25.0 31.3 0.0 0.0
1978 28.1 22.9 144 20.0 20.6 1.8 32.0 54 20.0 19.5 0.6 0.0
1979 223 15.4 274 254 21.6 204 18.0 25.0 33.2 0.0 0.2
1980 230 14.8 19.0 444 40.0 212 35.0 273 0.0 0.3
1981 226 13.5 0.0 20.0 285 25.6 33.0 29.0 35.9 0.0
1982 32.1 10.1 17.1 15.7 10.9 29.0 522 0.0
1983 30.1 26.5 5.0 28.0 35.0 30.0 24.0 0.0 0.0
1984 28.7 20.0 240 40.0 208 37.0 38.3 0.0 04
1985 26.5 19.0 11.0 26.5 11.5 30.0 18.0 30.0 227 0.0 1.5
1986 29.2 36.0 14.7 30.0 27.0 35.3 0.0
1987 224 244 14.8 12.3 200 13.0 23.1 0.0 0.0
1988 26.9 39.1 280 13.5 17.0 278 0.0
1989 20.3 31.8 36.7 31.9 0.0 0.0
1990 39.5 13.1 29.0 54.5 0.0
1991 11.0 40.0 0.0 0.0
1992
1993 39.3 13.7 36.5 0.0
1994 37.3 12.3 220 30.5 0.0
1995 28.1 12.0 43.2 26.2 0.0
1996 35.9 19.2 420 273 0.0
1997 67.5 10.5 30.0 21.6 0.0
1998 55.5 37.9 40.0 25.1 0.0
1999 344 250 23.0 26.1 0.5
2000 38.0 18.8 26.0 0.3 2.5
2001 29.3 232 16.0 29.6 13 2.2
2002 30.7 19.5 23.7 0.5 3.1
2003 57.1 10.5 220 274 0.0 2.7
2004 450 10.3 16.0 28.7 0.4 0.0
2005 36.1 16.1 27.0 478 4.6 13.0
2006 36.7 214 38.0 25.0 3.2 4.2
2007 18.4 16.5 35.8 0.0
2008 246 14.5 26.0 28.6 5.1 6.2
2009 584 17.2 38.0 36.2 1.3 8.3
2010

(4) FEHENERK

2 3 Ik D E N R 2 X 2.2.4-3 12777,

B2 2 I Cld, MR Ko THEBREICKRE R AH 0 . b /D 720k T 25mm F2E
LUF, KT 750mm B2 EDOBRNEATEH L TV D, Tl CRERD 722 < B < 72
2 EiE ERNEN L D,

BRI R AT 5 U C ORI BI% 25~50m 2 & B &I 7e 0,
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# 2251 MEBHAHS—E (vvh)HR)

YAUCA 15° 401 1964-1976, 1979-1982
CARHUANILLAS 15° 081 3,000 1967-1968, 1971-1987
CHAVINA 14° 591 3,310 1964-1982
CORA CORA 3,172 1964, 1966-1984,
15° 011 1987-1988, 1991,

1993-2010

SANCOS 15° 041 2,800 1964-1980
TARCO 15°181 3,300 1967-1969, 1971-1973

N

YAUCA

1960
1961

1962
1967
1968
1969

1999

2000

2001

2002
2003
2004
2005
2006
2007
2008
2009
2010

YAUCA

CARHUANILLAS

ACHAVIRA

CORACORA 2

SANCOS

|
|
| CORACORA
|
|
| TARCO
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540.54mm E TE{LL TV D,

# 2253 ¥ UL)IFHEEB L OZOIEORBICE T 5 A EYERE (mm)

Mes
ESTACION Total
Ene Feb Mar | Abr | May | Jun Jul | Ago | Sep Oct Nov Dic
TARCO 116.76| 85.09| 121.13| 26.66 0.00 0.00 0.00| 0.00 1.36 7.07| 15.80| 29.27| 403.13
SANCOS 131.88| 133.65| 105.28 4.96 0.39 0.00 0.41| 0.00 0.63 2.38 1.72| 10.46| 391.75
CORACORA2 102.06| 118.34| 104.25| 19.40 2.08 1.09 1.76| 2.54 6.13 7.09| 10.78| 34.86| 410.36
CORACORA 176.24| 163.85| 301.90| 155.00| 216.45| 234.55| 137.45| 68.05| 127.76| 199.38| 274.25| 188.46| 2,243.33
CHAVIRA 115.10| 142.42| 161.44| 32.21 5.12 0.87 0.93| 3.86/ 10.45| 11.79| 10.76| 45.59| 540.54
CARHUANILLAS 116.28| 150.78| 145.02| 37.01 1.26 0.00 0.64| 2.03 3.57 9.73| 13.91| 32.15| 51238
YAUCA 0.00 0.00 0.02 0.00 0.00 0.00 0.00| 0.00 0.00 0.00 0.00 0.00 0.00

350
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Ene Feb Mar Abr May Jun Jul Ago Sep Oct Nov Dic
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£ 2254 YUAIFBROEBERBBEIETICEIT 2ERK 24 RFHEINE (BFRE)

CORACOR: CORA ~  ICARHUANI
Year TARCO | SANCOS A2 GORA CHAVINA LLAS YAUCA
1964 250 245 0.0
19695 25.2 26.5 0.0
1966 21.0 30.6 0.0
1967 53.4 35.7 450 0.0
1968 30.0 49.3 31.0 35.5
1969 25.0 32.0 24.0 32.9 0.0
1970 40.1 285 29.7 0.0
1971 15.6 20.5 30.0 41.4 49.5 0.0
1972 10.9 57.5 27.0 57.3 32.0 0.0
1973 38.0 320 46.4 20.0 0.0
1974 28.0 30.0 34.0 30.0
1975 61.9 28.0 30.9 53.0 0.0
1976 44.8 44.4 37.0 0.0
19717 45.2 36.5 20.0 32.0
1978 33.0 154 79.5
1979 13.8 20.8 22.8 13.1 0.0
1980 21.7 29.7 23.0
1981 274 34.0 30.5 0.0
1982 25.4 12.1
1983 13.5
1984
1985 15.1
1986 19.1
1987 348
1988
1989
1990
1991 30.2
1992
1993 30.4
1994 30.0
1995 28.0
1996
1997 30.7
1998
1999
2000 28.0
2001 316
2002 29.1
2003 29.0
2004
2005 157.8
2006 59.5
2007
2008
2009
2010

(4) FEHEREMRX

Y U I O R BRI & X 2.2.5-3 1277,

Y AT T, HSIC K> THEBRRICKERBENH V| bRV T 25mm F2E
LIF, B KT 750mm FLE OB E 2 fldk L T D, FHtkiE EREREN DR EEnEL 72
2 EiE ERNEN L D,

BOKX R AT 5 Tk COFRER EIX 25~50m F2E & R EITD 7,
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226 AR - h<F)IvRER
1) R RO BLANIR I

R ELIAI LS S L OB T — & OIERM 286 L T 2.26-1, £ 226-2 BLOX 2.2.6-1
W2,

T ANA - AR EL IR 2 E TS, 48 EATOBIIET CREBIN T T 5, B
131964 FENSITONT WS, F, BIIFTIC X » TEXRABBNEWR L, F—% OUERSE
NE DM N D -T2, & 2T, FEHENNIET — & OUNERSE S Ll i) B AT 72 #6-2.1-11 (27”9 38
MRDOT =22 HWNT To72, £7o, WIHEO Chivay FERNBHIPTTIX, 2001 E2 67 L A
— 2 —AXHRLNEFHI X 2B TONATEY, 2011 42 HB LU 2012 4 2 A (RZ) OFF
WRNET — 2 % AT LT,

# 226-1 WNESAMA—E (v~R - b~<F)IFREk)

&R FR BE 18 S| ELES
ANDAHUA 15° 29'37 72° 20'57 3538 SENAMHI
APLAO 16° 04'10 72°29'26 625 SENAMHI
AYO 15° 40'45 72°16'13 1950 SENAMHI
CABANACONDE 15°377 71° 587 3369 SENAMHI
CAMANA 16° 36'24 72°41'49 29 SENAMHI
CARAVELI 15° 46'17 73°21'42 1757 SENAMHI
CHACHAS 15° 29'56 72° 162 3130 SENAMHI
CHICHAS 15° 32'41 72° 54'59.7 2120 SENAMHI
CHIGUATA 16° 24'1 71°24'1 2945 SENAMHI
CHINCHAYLLAPA 14°55'1 72°44'1 4514 SENAMHI
CHIVAY 15° 38'17 71° 35'49 3663 SENAMHI
CHOCO 15°34'1 72°07'1 3160 SENAMHI
CHUQUIBAMBA 15°50'17 72° 38'55 2839 SENAMHI
COTAHUASI 15°22'29 72° 5328 5086 SENAMHI
CRUCEROALTO 15°46'1 70°55'1 4486 SENAMHI
EL FRAYLE 16° 05'5 71°11'14 4110 SENAMHI
HUAMBO 15° 44'1 72°06'1 3500 SENAMHI
IMATA 15°50'12 71° 05'16 4451 SENAMHI
LA ANGOSTURA 15°10'47 71°38'58 4260 SENAMHI
LA JOYA 16°35'33 71°55'9 1279 SENAMHI
LA PAMPILLA 16° 24'12.2 71°31'.6 2388 SENAMHI
LAGUNILLAS 15° 46'46 70° 39'38 4385 SENAMHI
LAS SALINAS 16° 19'5 71°08'54 3369 SENAMHI
MACHAHUAY 15° 38'43 72°30'8 3000 SENAMHI
MADRIGAL 15° 36'59.7 71° 48'42 3238 SENAMHI
ORCOPAMPA 15° 15'39 72° 2020 3805 SENAMHI
PAMPA DE ARRIEROS 16° 03'48 71° 3521 3720 SENAMHI
PAMPA DE MAJES 16° 19'40 72°12'39 1442 SENAMHI
PAMPACOLCA 15° 42'51 72° 34'3 2895 SENAMHI
PAMPAHUTA 15°29'1 70°40'33.3 4317 SENAMHI
PILLONES 15° 58'44 71°12'49 4428 SENAMHI
PORPERA 15°21'1 71°191 4142 SENAMHI
PULLHUAY 15°09'1 72°46'1 3098 SENAMHI
SALAMANCA 15°30'1 72°50'1 3153 SENAMHI
SIBAYO 15°29'8 71°27'11 3839 SENAMHI
SUMBAY 15°59'1 71°22'1 4300 SENAMHI
TISCO 15°21'1 71°27'1 4198 SENAMHI
YANAQUIHUA 15° 46'59.8 72°52'57 2834 SENAMHI
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# 2.2.6-3 TISCO BHIFTDABRE

TOTAL MONTHLY PRECIPITATION (mm)

BASIN GAGE DEPARTMENT LONGITUDE LATITUDE
Camana - Majes TISCO | AREQUIPA | 71° 271 | 15°21'1 |
Month
Year Total
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1963 411 131.8
1964 86.1 729 114.4 42.9 22.0 0.0 0.0 6.1 4.4 179 59.7 57.6 484.0
1965 75.0 161.1 85.9 425 0.3 0.0 9.2 0.0 24.0 22.0 10.4 151.7 582.1
1966 110.3 184.9 64.6 10.6 45.1 0.0 0.0 45 0.0 43.3 79.7 55.0 598.0
1967 103.8 161.0 220.2 64.5 131 0.6 8.2 9.4 41.8 23.6 12.7 90.5 749.4
1968 266.0 119.6 179.4 31.6 4.0 5.1 5.5 5.8 20.0 52.9 84.6 31.7 806.3
1969 150.1 113.0 52.5 0.0 0.0 0.0 0.0 0.0 0.0 4.0 60.8 97.7 478.0
1970 139.6 150.5 138.5 224 9.5 0.0 1.0 11 35.6 5.1 4.7 146.8 654.9
1971 140.0 183.5 101.2 30.1 2.6 0.9 0.0 0.0 0.0 5.0 2.2 132.7 598.2
1972 362.1 188.7 2355 32.7 0.1 0.0 2.3 0.1 55.1 32.9 32.1 90.1 1031.7
1973 297.8 190.2 159.2 81.1 15.9 0.0 8.2 10.2 311 7.6 60.6 53.9 915.7
1974 290.2 172.9 44.7 80.7 15 14.5 0.0 1111 9.3 4.3 7.5 50.2 786.8
1975 146.6 | 246.7 1224 30.2 20.8 3.2 0.0 1.0 8.0 48.3 14 131.4 760.1
1976 153.0 107.7 166.8 41.6 9.3 75 4.6 2.3 58.9 0.5 0.6 719 624.7
1977 67.0 239.2 118.8 7.1 4.1 0.0 2.3 0.0 11.7 16.3 110.2 49.8 626.6
1978 317.6 24.1 78.7 68.9 0.0 4.0 0.0 1.0 2.3 26.9 78.6 60.0 662.2
1979 127.4 88.0 123.3 16.5 0.0 0.0 25 25 0.0 59.2 71.2 93.7 584.4
1980 725 43.1 183.6 2.2 0.0 0.0 13.5 25.9 28.1 94.1 2.1 30.2 495.3
1981 205.2 52.0 73.0 2.0 0.0 0.0 46.8 9.0 24.8 52.3 110.6
1982 161.0 45.9 122.8 34.9 0.0 0.5 0.0 0.0 80.9 105.5 150.5 70.0 772.0
1983 46.7 93.7 81.0 47.9 12.0 0.5 0.5 0.0 35.2 18.0 2.5 324 370.5
1984 1784 | 256.0 | 284.8 111 105 3.0 0.0 28.4 0.0 46.3 1355 | 125.6 1079.6
1985 329 263.0 134.4 49.7 10.0 14.8 0.0 0.0 15.4 0.0 70.0 142.4 732.6
1986 105.9 162.7 178.9 98.4 125 0.0 2.8 52.2 18.1 11.0 11.0 149.6 803.1
1987 2125 42.9 26.2 23.6 34 21 27.0 4.5 20 233 24.6 29.0 421.1
1988 216.9 72.5 97.0 63.5 8.5 0.0 0.0 4.0 6.8 0.0 4.0 30.2 503.4
1989 123.9 93.0 159.5 50.7 0.0 0.0 0.0 3.0 0.0 0.0 12.0 4.0 446.1
1990 118.4 27.6 58.5 25.6 125 39.5 0.0 13.0 5.0 525 0.0
1991 150.6 72.7 162.3 10.7 3.5 30.7 3.0 1.6 35 29.2 48.6 0.0 516.4
1992 51.6 73.8 32.9 4.8 0.0 2.7 2.8 40.0 1.0 25.2 24.7 85.6 345.1
1993 230.9 824 133.9 49.9 6.2 13 0.3 25.1 15.5 34.2 63.7 106.1 749.5
1994 241.6 218.1 74.3 45.6 10.1 2.8 15 1.7 0.0 1.0 25.2 72.7 694.6
1995 1215 135.0 | 215.7 27.8 3.7 0.1 0.0 2.8 8.6 131 22.3 122.0 672.7
1996 187.3 156.8 83.0 61.6 12.0 0.0 0.3 141 11.7 10.6 41.3 146.6 725.4
1997 175.0 201.8 86.5 31.7 18.1 0.0 0.0 33.1 64.8 14.0 60.1 102.2 787.3
1998 271.1 114.9 96.6 15.9 0.5 3.0 0.0 0.8 0.5 9.6 485 75.9 637.4
1999 199.2 | 273.9 198.2 30.5 6.0 0.1 1.2 0.6 235 75.3 10.7 90.3 909.5
2000 194.3 2425 157.2 215 28.7 7.8 0.4 11.4 1.6 70.9 221 97.9 856.4
2001 240.3 | 239.0 | 144.2 108.9 313 5.4 16.5 12.0 8.4 18.7 8.6 35.9 869.0
2002 123.6 241.6 186.8 134.9 17.4 8.0 31.8 0.6 19.1 44.7 82.2 1133 1004.1
2003 83.5 193.1 29.2 11.8 15 3.6 4.1 13.2 14.8 114.6
2004 208.7 176.4 | 138.0 39.4 24 0.5 20.3 149 15.4 3.2 7.0 72.7 698.8
2005 124.4 207.0 127.5 56.9 0.5 0.0 0.1 0.7 23.2 11.6 18.8 103.4 674.1
2006 202.0 200.4 195.5 62.4 6.1 4.1 0.0 7.7 25.6 29.3 61.6 78.8 873.4
2007 187.0 179.7 180.4 384 9.1 0.1 9.7 0.8 16.1 137 22.9 96.2 753.8
2008 257.8 1235 70.0 55 3.2 2.7 0.1 0.6 1.7 17.1 5.0 95.6 582.7
2009 104.6 203.6 133.3 65.6 2.8 0.0 11.1 2.4 23.9 9.9 47.9 64.6 669.7
2010 179.1 164.6 73.0 69.3 6.4 21 2.2 1.0 6.2 21.2 134 142.9 681.4
2011 2338 96.9 104.8

Pp Maxima 362.1 | 2739 284.8 134.9 45.1 395 318 1111 80.9 1055 | 150.5 151.7 1079.6

Pp Media 166.8 153.2 128.4 43.7 8.5 3.6 4.1 10.8 16.7 25.8 38.7 85.9 687.9

Pp Minima 32.9 24.1 26.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 345.1

®) FRK 24 FFEINE

<V ANA - B F)IIER O B RRERIFTIC BT DER K 24 BN E (BlE) 3% 2.26-4 12
KT EBYTHD,
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Fz 226-4 (1) w~R - BwF)IFROSBEREMFTICEIT 2F KK 24 REINE (ARE) (1/2)

Year Andahua Aplao Ayo Caba;:con Camané Caraveli | Chachas Chichas Chiguata Ghm::aylla Chivay Choco Chu(::aubam Cotahuasi Cr:lizro El Frayle Huambo

1963 20.0

1964 1.2 13.0 10.5 11.8 215 288
1965 22 10.0 18.2 240 15 200 14.2 8.0 0.9 16.3 38.1 233
1966 2.2 6.0 0.0 15.8 23.0 9.3 7.0 240 8.4 13.3 17.2 315 17.7
1967 13 25 14.0 16.7 3.8 17.1 18.9 8.2 295 18.8 34.7 284
1968 0.6 25 29.0 220 19.7 16.3 30.0 9.8 233 30.1 385 225
1969 1.5 13.0 7.0 270 30.2 9.0 19.3 11.1 374 18.2 26.8 17.8
1970 180 15 115 248 04 19.6 30.5 256 82 252 143 353 142 219 237
1971 220 4.7 135 31.1 5.2 45 345 22.0 16.0 50.0 215 315 285 17.1 185 24.1 25.1
1972 30.1 28 120 26.9 54 19.3 23.6 100 39.0 289 215 18.2 325 594 272 19.7 403
1973 21.9 6.3 9.1 250 16.4 73 21.7 150 195 20.0 24.0 16.6 32.8 300 328 217 20.7
1974 234 1.4 71 22.0 43 185 83 30.9 215 30.0 155 184 16.0 279 254 31.2
1975 710 12 9.0 29.2 8.0 40 33.3 23.6 233 188 490 240 20.5 264 285 218 26.4
1976 215 54 13.4 334 103 30.0 36.7 10.1 429 20.0 245 20.2 36.6 225 15.0 158 22.7
1977 19.2 1.8 73 289 2.1 5.7 21.0 140 34.6 23.0 38.0 150 30.7 208 284 324 140
1978 19.8 03 10.5 26.0 1.3 0.5 22.4 7.0 128 16.7 17.0 33.3 19.2 19.2 14.9 315 28.7
1979 16.4 0.0 8.6 16.9 05 10.1 174 5.8 248 258 20.6 150 12.2 20.1 31.0 16.5 21.1
1980 18.7 0.3 100 17.1 0.0 5.3 21.6 9.8 124 155 283 11 158 26.7 247 217 16.7
1981 206 23 11.4 26.5 0.3 230 245 15.0 289 200 206 18.6 258 40.7 215 304 232
1982 20.1 0.0 4.1 31.0 6.5 25 13.9 6.8 9.2 17.0 298 19.0 13.2 389 211 16.4
1983 54 0.0 0.1 211 40 28 713 6.0 3.8 143 9.0 10.0 200 325 174
1984 286 13.0 189 335 22.1 29.0 13.8 21.0 34.1 36.2 221 243 283 17.8 33.9
1985 17.9 0.0 12.2 29.1 20 19.0 229 203 20.7 255 15.0 18.9 229 212 246
1986 224 6.0 12.8 715 113 213 235 379 18.8 215 18.0 30.0 19.2 18.4 344
1987 30.7 0.8 10.3 928 2.2 36.0 21.0 39.4 18.7 174 10.0 27.2 17.3 144 12.6 428
1988 30.7 0.4 9.9 40.0 8.4 228 22.2 22.7 184 31.3 7.2 26.9 18.8 20.0 304
1989 328 05 5.3 245 12.5 19.0 215 322 19.1 13.0 11.7 33.0 19.2 18.6 17.0
1990 206 1.6 45 230 6.5 35.6 12.9 18.9 18.5 34.7 13.3 23.0 18.0 585 36.0
1991 33.2 0.9 3.4 6.9 0.0 20.0 12.0 13.5 20.0 36.8 16.7 3.2 19.5 235 15.8
1992 124 2.8 18 170 105 2.3 5.2 148 8.0 104 139 182 6.3
1993 17.8 0.3 1.7 20.0 20 16.1 125 21.8 143 164 6.5 8.0 226 247 16.8
1994 31.4 1.2 8.6 23.2 110 23.0 26.1 35.3 21.6 16.0 16.7 36.8 0.0 32.1 39.0 16.9
1995 21.6 2.1 148 32.8 00 15.2 186 22.2 488 30.6 30.1 240 29.6 147 31.8 325 179
1996 22.4 1.3 156 22.2 0.9 19 21.1 195 102 250 39.7 118 100 2938 276 214 16.9
1997 28.9 3.7 183 51.0 2.2 33.0 35.4 142 440 29.4 30.3 21.3 196 26.7 274 216 329
1998 335 1.2 16.9 383 36 185 259 29.6 126 34.9 234 245 82.0 262 236 209 253
1999 26.6 1.4 145 32.9 23 71 353 23.0 25.0 24.0 29.2 19.2 26.0 330 327 257 26.6
2000 249 1.0 8.6 246 29 156 158 198 36.2 45.1 244 184 280 26.6 219 15.9 18.7
2001 30.6 20 154 486 1.4 115 19.0 174 20.9 315 29.8 198 70.4 228 259 134 170
2002 213 48 16.6 30.6 44 13.7 225 22.6 243 288 28.1 20.9 471 215 306 178 219
2003 175 0.0 8.7 19.3 04 0.0 17.8 8.7 9.2 316 14.7 13.7 14.5 18.0 15.7 11.7 255
2004 230 9.0 356 229 0.5 1.5 214 18.9 18.7 258 248 246 16.6 257 282 284 30.4
2005 211 1.7 12.1 244 0.8 16.5 12.8 10.7 13.0 39.1 278 13.6 14.6 11.0 353 201 18.3
2006 250 0.9 9.4 253 0.6 42 19.6 18.3 14.4 309 265 17.7 18.2 13.5 234 283 31.8
2007 216 21 14.0 274 3.0 26 286 10.6 234 30.2 2417 40.0 10.9 254 325 212 21.0
2008 233 6.4 235 240 9.8 5.0 18.0 25.7 20.7 30.8 35.7 238 154 174 154 282 29.2
2009 19.7 0.0 10.2 16.8 3.2 9.1 17.1 23.0 9.9 28.6 30.6 20.6 15.7 11.8 327 43.6 16.8
2010 212 0.9 18 239 45 1.3 18.7 9.3 9.7 256 26.9 11.9 17.0 17.7 3338 233
2011 212 20 13.3 26.6 712 31.2 15.1 19.2 271 19.8 17.0 217 279 329

# 226-5(1) ~wA~R - A~F)IFRER O BRRER

FRCR T DER K 24 BRIRE (AME) (2/2)

Year | Imata La La Joya |La Pampilla} Lagunillas {Las Sali Madrigal {0 Pampa de | Pampa de | Pampacole|p - ital Pilones | Porpera | Pullhuay |Salamanca| Siayo | Sumbay | Tisco |Yanaquihual
Angostura Arrieros | _Majes a
1963 205
1964 715 53 121 782 72
1965 180 80 187 200 177 607 302 150 418
1966 00 19.9 184 116 82 19.0 327 122 105 125 335 178
1967 10 19.2 203 201 340 209 231 267 285 226 223 456 141
1968 3.0 17.2 235 28.1 15.0 21.2 33.7 36.7 216 18.5 30.7 309 238
1969 00 200 16.1 207 173 438 215 458 215 675 500 175
1970 715 346 51 342 110 229 189 831 163 9 221 333 232 405 763 246 359 186 360 426
1971 322 405 0.7 24.9 231 16.6 225 17.0 209 7.1 187 336 314 385 54.3 269 260 395 249 101
1972 334 38.0 17 213 243 136 402 333 273 418 10 215 354 223 360 400 307 513 36.7 447 55.0
1973 35.2 211 0.6 22.1 413 13.2 24.1 16.2 570 18.0 21.5 235 31.4 15.6 21.2 41.1 242 298 225 257 209
1974 34,7 437 40 160 436 124 135 316 36,1 172 18 195 331 94 275 292 175 400 440 374 172
1975 237 56.5 30 467 394 104 232 249 297 198 12 188 262 183 210 441 324 261 212 317 159
1976 24.1 440 43 240 237 15.0 23.1 24.9 237 307 22 252 35.2 176 135 35.3 223 314 238 385 18.7
1977 24.2 522 00 6.8 258 16.9 9.6 201 219 273 18 316 210 283 215 255 202 305 183 385 345
1978 35.1 36.2 0.0 8.0 21.1 12.3 9.2 25.1 26.5 200 0.0 274 340 38.5 224 218 153 31.3 36.8 33.2. 9.3
1979 306 222 00 109 325 13.9 7.0 158 25,7 95 00 216 318 194 175 223 171 408 220 490 15,1
1980 212 381 30 62 262 248 290 195 189 298 08 157 365 174 212 195 108 236 168 425 135
1981 36.3 379 0.0 54 36.4 18.6 140 338 218 264 0.3 19.6 453 28.1 19.2 33.1 34.2 31.2 245 52.0 21.6
1982 207 31.0 00 39 256 17.1 9.2 188 19.1 209 00 185 229 16.1 150 155 148 358 189 310 12.1
1983 154 38.2 0.0 1.5 33.0 10.0 10.0 153 0.1 15.0 304 238 16.0 13.8 129 215 30.0 380
1984 293 899 30 147 320 134 740 246 322 506 09 266 436 280 147 33.9 490 401 757 330 410
1985 349 532 23 153 283 145 184 311 18.1 203 08 326 201 215 231 141 234 265 140
1986 218 359 18.7 184 253 10.1 315 20.7 149 50.7 21.1 35.7 320 16.5 26.1 218 259 50.0 530
1987 23.9 244 00 19.0 204 125 90 19.8 19.6 06 390 252 136 110 155 25.0 193 300 350 68.5
1988 201 56.3 o1 115 235 11 300 344 288 60 10 00 324 301 175 142 289 412 39.0 390 115
1989 182 26.6 13 229 28,1 136 380 16.] 220 37 18 00 343 170 154 206 176 182 564 300 431
1990 370 331 40 115 289 96 185 24,6 29.0 6.1 271 3.7 179 231 413 580 480 223
1991 31.0 484 0.0 11 23.1 9.6 184 124 15.7 19.6 11.6 32.1 36.0 220 19.5 246 320 30.5 11.9
1992 271 348 12 34 19.2 9.3 52 220 130 44 54 05 366 238 120 182 6.8 192 280 232 0.3
1993 276 320 01 135 367 141 200 12.1 150 204 0.1 00 363 505 216 318 156 273 35.0 320 138
_____ 1994 28.6 358 00 136 237 255 445 173 300 182 22 6.7 313 308 354 33.9 295 349 358 350 27.9
1995 271 486 00 280 295 41.2 275 33.9 190 140 105 282 254 226 460 149 226 363 313 438 441
1996 239 49.0 0.0 12.1 21.5 21.1 150 254 210 1.2 0.0 16.0 39.8 16.9 384 18.2 133 213 254 329 113
1997 22.7 314 19 334 228 215 38.0 30.7 185 148 27 219 423 21.0 423 206 32.7 336 218 320 639
1998 306 409 05 95 312 245 171 246 233 151 18 424 380 264 369 18 247 300 271 120.0 394
57.2 39.0 00 123 300 423 206 279 328 185 25 242 386 266 88.3 19.0 317 305 270 438 222
219 314 05 23 225 206 26.2 263 243 256 31 214 344 22.1 388 26.1 214 278 279 322 171
2001 52.5 493 24 30.0. 345 21.2 347 36.2 208 208 1.0 274 499 25.1 30.1 296 26.2 303 26.6 33.0 30.1
2002 255 375 10 154 263 420 280 20.8 276 724 6.8 398 479 35.7 313 225 185 424 230 392 262
2003 238 315 00 55 318 195 16.1 15.1 183 72 04 173 364 156 370 231 21.0 315 143 285 6.1
2004 325 229 23 8.4 297 396 194 212 265 134 35 154 400 264 315 348 226 472 169 306 134
2005 314 322 00 52 318 284 250 35.1 27.0 88 02 232 433 213 307 250 129 335 211 207 121
2006 554 315 0.0 149 33.2 21.2 28.0 38.2 17.0 52 0.0 29.1 33.1 304 389 320 208 306 215 346 13.6
2007 282 26.3 6.7 7.9 164 244 23.1 204 244 86 1.0 184 330 25.6 36.1 23.8 182 252 16.0 276 10.6
2008 302 343 54 255 328 215 188 192 221 9.0 173 386 231 378 198 104 452 158 440 215
2009 330 29.2 0.0 84 18.2 30.8 28.0 183 19.2 1.5 19.1 26.3 223 35.2 28.7 16.4 294 16.1 30.7 174
2010 275 332 06 47 136 10.1 29.6 222 106 0 217 327 210 204 19.9 147 345 206 256 92
2011 307 317 5 70 248 229 341 205 158 49 153 283 321 447 307 203 406 320 78
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(4) FEILH LR ERX
VAR - B IR OERNERX E X 2.2.6-2 1277,

VAR - B F)IPEIR TR, HIRIC Lo THEBRRREICKREZ2E2H Y, Kbl
50mm FEEE . B KT 750mm FRE DR E 2 G0dk L TV D, KPR IT < BEE MR Pt E &
WEAD AL, EENEL 2D BT SRR ENE L A D,

WARKIR 24T 9 Ttk TOMEREN (T 50~200mm FRE & R < Z2v,

X 2.26-2 EMEHR (w~Z - b~<F)IHE)

®) P R AR ]

PRI BRSO Chivay BERNBIIFT ORI ET — % D 5 6 20114 2 A L2012 4F 2 A Ok
MRET — ¥ 2 AF L., 3PKOBERNEEMGRE AT (Depth-Duration Analysis) #1772,
ZORE, K 226310 TEBY, EE3UKD D Bl b BEMRAKGRRI A E 2012 4F 2 H ot
K (Qp=1, 400m3/s) OFEMAGERRIIT 17 R Ch o 72, fE- T, FHAATIC I T D Bk e
IX 24 Rl & L7,

7235, SENAMHI B L OKZFRBREZE~OE T U 7 ORRIZBNTH, ~UL—FFk O R ik
RN 6~ 12 RFIREE L D Z L TH Y | ~UL—IN R O OFEHAAT B W CHlE ., M
RRAREERE T 1 24 el & L CRHRLL TV D,

1 Estudio de Maximas Avenidas en las Cuencas de la Zona Centro de la Vertiente del Pacifico,
Ministerio de Aguricultura, Autoridad Nacional del Agua, Ing. Mg Sc. Ricardo Apaclla
Nalvarte, 2010.
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Working Period
No. Station Name Category* Catchment Department Province District Longitude Latitude Elevation Condition Start End
203301{TOMAIMPERIAL HLM CANETE LIMA CANETE LUNAHUANA 76° 131 13°00'1 918|Closed 1926-01 1971-02
203302[{SOCSI HLM CANETE LIMA CANETE LUNAHUANA 76°11413 |13°01429 312|Operating 1965-01 1994-08
203303|PACARAN HLM CANETE LIMA CANETE PACARAN 76° 0317 12°51'58 694|Operating
203305|CATAPALLA HLG CANETE LIMA CANETE LUNAHUANA 76°0634.7 |12°5527.3 575|Closed
203501{CONTA HLM SAN JUAN ICA CHINCHA ALTO LARAN 75° 5959 13°2727 280|Operating 1922-09 2010-12
203602|LETRAYOC HLM PISCO ICA PISCO HUANCANO 75° 4343 13°3939 1304|Operating 1922-01 2010-12
472203CO[LETRAYOC EHA PISCO ICA PISCO HUMAY 75°45'1 137401 1020(Operating 2000-12 2009-05
203606|RESERVORIO LAGUNAACNOCOCHA HLG PISCO HUANCAVELICA  [CASTROVIRREYNA ~ |SANTAANA 75°11'1 13°06'L 4734|Paralyzed
203608|RESERVORIO LAGUNAPALCOCOCHA HLG PISCO HUANCAVELICA  [CASTROVIRREYNA ~ |CASTROVIRREYNA 75°18'1 137131 4533|Paralyzed
230701|DIQUE ORCOCOCHA HLG PISCO HUANCAVELICA [CASTROVIRREYNA  |CASTROVIRREYNA 75°12'1 13°16'1 4552|Closed 1968-09 1975-11
204002|PUENTE JAQUI HLG YAUCA AREQUIPA (CARAVELI JAQUI 74°27'1 15°291 247|Closed 1951-09 1986-09
213801|LAPALMA HLG [YAUCA AYACUCHO LUCANAS SANCOS 74° 190 15° 180 618|Paralyzed
204601|MARIAPEREZ HLG CAMANA AREQUIPA CASTILLA CHOCO 72°01'1 15°17'1 4540|Closed 1968-09 1979-03
204602|CALERAMOLLOCO HLG CAMANA AREQUIPA CASTILLA CHOCO 72°00'1 15°17'1 4524|Closed
204603|0OSCOLLO HLG CAMANA AREQUIPA CAYLLOMA SIBAYO 71°2941 15°27'1 4439|Closed 1950-02 1974-08
204604|PUENT E COLGANTE-SIBAYO HLG CAMANA AREQUIPA CAYLLOMA SIBAYO 71°27'1 15°28'1 4316|Operating 1950-06 1993-03
204605|PALLCAHUARURO HLG CAMANA AREQUIPA CAYLLOMA TAPAY 72°001 15°351 2393|Closed 1968-09 1978-01
204606|BAMPUT ANE HLG CAMANA AREQUIPA CAYLLOMA CALLALLI 71°07'1 15°34'1 4495|Paralyzed 1967-09 1974-08
204607|NEGROPAMPA HLG CAMANA AREQUIPA CAYLLOMA CABANACONDE 72°00'1 15°36'L 2200|Closed 1968-09 1978-01
204608|BLANQUILLO HLG CAMANA AREQUIPA CAYLLOMA SAN ANTONIO DE CHUCA 71° 041 15°39'1 4444]Closed
204609| LAGUNAMAMACOCHA HLG CAMANA AREQUIPA CASTILLA AYO 72°15'1 15°41'1 1783|Closed
204610[|AYO HLG CAMANA AREQUIPA CASTILLA CHOCO 72°14'1 15°42'1 1950 Closed
204611|ANTASALLA HLM CAMANA AREQUIPA CAYLLOMA SAN ANTONIO DE CHUCA 71°04'1 15°44'1 4439|Closed 1969-01 1973-12
204612|DIQUE LOS ESPANOLES HLM CAMANA AREQUIPA CAYLLOMA SAN ANTONIO DE CHUCA 71°02'1 15°46'1 4410|Paralyzed 1968-09 1989-12
204614|CHARACTA HLG CAMANA AREQUIPA CAYLLOMA MAJES 72°31'1 16°32'1 977|Closed
204615|PUENTE CARRETERA CAMANA HLG CAMANA AREQUIPA CAMANA JOSE MARIAQUIMPER 72°44'1 16°36'L 25|Paralyzed 1960-01 1986-10
204616|TINTO COLCA HLG CAMANA AREQUIPA CASTILLA ANDAGUA 72°17'1 15°26'1 4527|Closed
204617|CALLALLI HLG CAMANA AREQUIPA CAYLLOMA CALLALLI 71°28'1 15°301 3807|Closed 1977-10 1988-12
204618|HUATIAPA HLG CAMANA AREQUIPA CASTILLA APLAO 72°28'14 15°59'42 699|Operating 1944-09 2011-09
204619|CONDOROMA HLG CAMANA AREQUIPA CAYLLOMA TISCO 71°151 15°15'1 4686|Closed 1977-09 2009-11
204620|PUENTE CARRETERACOLCA HLG CAMANA AREQUIPA CAYLLOMA SIBAYO 71°27'1 15°29'1 3910|Closed 1950-02 1964-10
204621|REPRESACONDOROMA HLG CAMANA AREQUIPA CAYLLOMA CALLALLI 71° 16 15°23'1 4239|Closed 1993-09 1995-02
204622|HACIENDA PAMPAT A HLG CAMANA AREQUIPA CAMANA NICOLAS DE PIEROLA 72° 4158 16° 3222 75|Operating 2002-11 2011-09
204807|ICHUPAMPA HLG CAMANA AREQUIPA CAYLLOMA CABANACONDE 71°55'1 15°401 4513|Paralyzed 1983-11 1987-07
00302| SOLANABAJA HLM CHIRA PIURA SULLANA LANCONES 80° 250 04°31'1 112|Closed 1969-01 1975-12
200303{ZAMBA HLM CHIRA PIURA AYABACA PAIMAS 79°54'1 04°40'1 761|Closed
200304|LAGARTERA HLM CHIRA PIURA AYABACA SAPILLICA 80°04'L 04° 441 472|Closed
200305|PUENTE SULLANA HLM CHIRA PIURA SULLANA SALITRAL 80°41'1 04°53'1 25|Paralyzed 1938-09 1984-12
200306|PARDO DE ZELA HLM CHIRA PIURA PIURA LAS LOMAS 80° 14'1 04°40'1 233|Closed 1966-01 1975-02
200307|ROSITA HLM CHIRA PIURA SULLANA LANCONES 80°30'1 04° 36'1 102|Closed
200308| CANAL MIGUEL CHECA HLM CHIRA PIURA SULLANA SULLANA 80°31'1 04°41'1 68|Paralyzed 1991-03 1995-07
200309|ENTRADAARDILLAR. POECHOS HLM CHIRA PIURA SULLANA LANCONES 80° 26'1 04°31'1 120|Paralyzed 1991-03 1997-08
200310|PUENTE INTERNACIONAL MACARA HLM CHIRA PIURA AYABACA SUYO 79°57'1 04° 24'1 415|Paralyzed 1991-03 1997-08
200311{CANAL CHIPILLICO HLM CHIRA PIURA PIURA LAS LOMAS 80° 101 04° 44'1 300|Closed 1969-09 2009-11
200312|PARAJE GRANDE QUIROZ HLM CHIRA PIURA AYABACA MONTERO 79°54'L 04°37'1 1060|Paralyzed 1935-08 1995-07
200313|EL CIRUELO HLM CHIRA PIURA AYABACA SUYO 80°09'1 04°18'1 300|Paralyzed 1992-04 1992-04
200314|LOS ENCUENTROS HLM CHIRA PIURA SULLANA LANCONES 80°17'1 04° 26'1 150|Closed 1975-11 2009-12
200316|CANAL PELADOS HLM CHIRA PIURA SULLANA SULLANA 80°30'1 04°41'1 100|Closed
200318 SOLANABAJA HLM CHIRA PIURA SULLANA LANCONES 80°25'1 04°31'1 112|Paralyzed
200319|PUENTE SULLANA HLM CHIRA PIURA SULLANA SALITRAL 80°41'1 04°53'1 25|Paralyzed 1991-03 1998-01
200320|LAGARTERA HLM CHIRA PIURA AYABACA SAPILLICA 80°04'1 04° 44'1 472|Paralyzed
200321|AYABACA HLM CHIRA PIURA AYABACA AYABACA 79°45'1 04°40'1 2663|Paralyzed
200322|RESERVPOECHOS(VOL) HLM CHIRA PIURA SULLANA MARCAVELICA 80°41'1 04°31'1 333|Paralyzed
200323|RESERVORIO SAN LORENZO HLM CHIRA PIURA PIURA LAS LOMAS 80° 12'1 04°40'1 230|Paralyzed
200324|ALAMOR HLM CHIRA PIURA SULLANA LANCONES 80°23569 |04°284841 133|Operating 1997-09 2005-01
200418|CANAL YUSCAY HLM CHIRA PIURA PIURA LAS LOMAS 80° 12'1 04°40'1 230|Paralyzed
200426|SALIDARESERVORIO POECHOS HLM CHIRA PIURA SULLANA MARCAVELICA 80°41'1 04°31'1 333|Paralyzed 1991-03 1997-08
4724B080|EL CIRUELO EHA CHIRA PIURA AYABACA SUYO 80°09'1 04°18'1 300|Operating 2001-01 2012-06
P6OperatingA|AYABACA EMA CHIRA PIURA AYABACA AYABACA 79°431 04°38'1 2757|Operating 2000-12 2011-12
*CATEGORY

HLM = Hydrometic Staton with siaf gauge. It records water level manually (at 06:00, 10:00, 14:00 and 18:00 hours) b calculate daily discharges..
HLG = Hydrometric Siaon wih s gauge and Limnigraph (foater tpe). It records water level manually (at06:00, 10:00, 14:00 and 18:00 hours) to calculate daly discharges. Also it records continuously (ourl) water level data graphed in a recording paper
EHA = Auomatc Hydrometic Seaton (hourly data of water level using sensors).

23.1
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AN R BHEFZE DO I ALE 9% Puente Sullana 2 x5 & 45, 26 OALE
FEICIEE 231117 T B THh D,
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Ardilla (Solana Baja) 40317 80° 26"
Puente Sullana 4053 800 41”

EE (mas.l)
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FERAAHE
FRBLIFTICR T DR EICBIT 2R KIERERE R 2312 1277,

# 2.3.1-2 FRRKHFLE(MYs)
Afio Puente Sullana Ardilla
1976 2,242.00
1977 848.33 1,647.90
1978 56.12 281.10
1979 177.69 348.00
1980 57.07 438.00
1981 455.55 830.30
1982 288.18 589.10
1983 3,227.08 2,469.30
1984 1,043.00 1,663.00
1985 88.40 243.80
1986 40.00 355.60
1987 551.80 1,180.30
1988 37.70 379.50
1989 558.00 936.00
1990 45.20 253.40
1991 121.00 668.60
1992 2,355.00 3,133.50
1993 1,400.00 1,654.00
1994 1,100.00 1,044.00
1995 58.00 276.10
1996 140.00 439.40
1997 925.00 1,275.80
1998 3,005.00 3,620.80
1999 1,195.20 1,927.00
2000 1,111.00 1,303.20
2001 2,252.90 2,264.80
2002 2,517.00 2,825.20
2003 169.00 371.90
2004 231.00 293.80
2005 480.00 629.00
2006 815.00 1,089.90
2007 431.10
2008 3,141.97
2009 2,387.93
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232 ==k
1) TREBRFT

H = =7 )IFEIC BT A EBRIFT A& 2.3.2-1 1277, BUAIIEL SENAMI 38 X OUKFIFRE
L viThbhTng,
# 232-1 H==T)IINTRIT D HEERT
BLHIFTA MR FREE Z& (mas.l)
SOCSI CANETE 13° 01'42 76° 11'40 330

(2) K B iR
LRI IC BT DR KR EIZE 2.3.2-2 17T Y Th D,

# 2322 B ==7)Il{ik SOCSI CANETE BRIFTICHIT BER KR

. FEfg Kt (m3/sec)
SENAMHI KR A
1926 - 455.00
1927 - 120.00
1928 - 198.00
1929 - 342.00
1930 - 263.00
1931 - 148.60
1932 - 850.00
1933 - 176.00
1934 - 305.00
1935 - 386.00
1936 - 265.00
1937 - 283.76
1938 - 401.99
1939 - 308.53
1940 - 141.28
1941 - 301.13
1942 - 319.22
1943 - 324.13
1944 - 396.65
1945 - 350.00
1946 - 354.00
1947 - 353.00
1948 - 279.00
1949 - 198.00
1950 - 244.74
1951 - 485.00
1952 - 360.00
1953 - 555.00
1954 - 657.00
1955 - 700.00
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1956 - 470.00
1957 - 228.32
1958 - 270.40
1959 - 700.00
1960 - 488.75
1961 - 597.62
1962 - 566.24
1963 - 242.37
1964 - 153.06
1965 214.70 214.70
1966 207.00 201.00
1967 343.00 343.00
1968 154.00 154.00
1969 316.00 316.00
1970 408.00 408.00
1971 430.00 430.00
1972 900.00 900.00
1973 484.20 450.10
1974 - 326.00
1975 - 298.00
1976 294.92 332.00
1977 - 249.00
1978 - 216.00
1979 - 182.80
1980 - 100.10
1981 - 257.10
1982 - 120.00
1983 - 228.00
1984 - 425.50
1985 - 165.60
1986 - 370.50
1987 - 487.30
1988 206.00 420.30
1989 - 377.00
1990 - 189.00
1991 - 372.00
1992 - 164.30
1993 - 390.00
1994 - 550.00
1995 - 500.00
1996 - 310.00
1997 - 350.00
1998 - 348.00
1999 - 420.00
2000 - 350.00
2001 - 255.00
2002 - 204.00
2003 - 215.00
2004 - 196.00
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2005

167.00

2006

250.00

233  FUF ¥ )R
1) Vi =BT
F o F Ik B I DR EBRIFT 2% 2.3.3-1 12077, #HIE SENAMI 38 X UUKFIHHE
BlZL0iThbii T,
£ 2331 FUrFx)IcBiT dmEHEAT
BRIP4 R RE PREE e (mas.l)
CONTA 13° 27" 75° 58' 320

2) FERKXKHE

FELBLRIFTIC BT DaER R EIZFR 233210778 THLH, FrFyizFalllé~v#
ANUTINZFIRL TWD DT, ForF v )IlOREIEm)IOEFF &R D,

% 2332 FrFx)IFEK CONTA BRIFTOER AR (m3/sec)

SENAMHI ARFIFLE
&F PRARL A
Total Rio Chico Rio Matagente Total
1950 155.43 155.43
1951 395.75 395.75
1952 354.00 354.00
1953 1,268.80 1,268.80
1954 664.40 664.40
1955 241.45 241.45
1956 227.83 227.83
1957 226.53 226.53
1958 88.36 35.34 53.02 88.36 88.36
1959 301.42 120.57 180.85 301.42 301.42
1960 245.17 98.07 147.10 245.17 245.17
1961 492.83 197.13 295.69 492.82 492.82
1962 395.06 158.02 237.03 395.05 395.05
1963 337.84 135.14 202.70 337.84 337.84
1964 66.95 26.78 40.17 66.95 66.95
1965 154.12 61.65 92.47 154.12 154.12
1966 139.13 55.65 83.48 139.13 139.13
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1967 1,202.58 481.03 721.55 1,202.58 1,202.58
1968 43.92 17.57 26.35 43.92 43.92
1969 72.14 28.86 43.28 72.14 72.14
1970 271.57 108.63 162.94 271.57 271.57
1971 497.84 199.13 298.71 497.84 497.84
1972 784.16 313.66 470.50 784.16 784.16
1973 137.53 55.01 82.52 137.53 137.53
1974 215.66 86.26 129.40 215.66 215.66
1975 246.87 98.75 148.12 246.87 246.87
1976 311.13 124.45 186.68 311.13 311.13
1977 97.10 38.84 58.26 97.10 97.10
1978 33.00 13.20 19.80 33.00 33.00
1979 51.90 20.76 31.14 51.90 51.90
1980 33.70 13.48 20.22 33.70 33.70
1981 83.95 33.58 50.37 83.95 83.95
1982 183.60 73.44 110.16 183.60 183.60
1983 81.20 32.48 48.72 81.20 81.20
1984 292.87 117.15 175.72 292.87 292.87
1985 71.42 51.88 77.82 129.70 129.70
1986 106.26 46.00 69.00 115.00 115.00
1987 - 42.00 63.00 105.00 105.00
1988 - 28.51 42.76 71.27 71.27
1989 - 71.38 107.07 178.45 178.45
1990 24.34 9.74 14.60 24.34 24.34
1991 - 41.00 61.49 102.49 102.49
1992 - 5.95 8.92 14.87 14.87
1993 - 51.73 77.59 129.32 129.32
1994 - 75.61 113.41 189.02 189.02
1995 - 121.47 182.21 303.68 303.68
1996 - 49.85 T4.77 124.62 124.62
1997 - 10.60 15.89 26.49 26.49
1998 - 112.00 168.00 280.00 280.00
1999 - 165.74 248.61 414.35 414.35
2000 - 114.93 172.39 287.32 287.32
2001 - 81.72 122.59 204.31 204.31
2002 - 47.65 71.48 119.13 119.13
2003 - 52.38 78.57 130.95 130.95
2004 - 63.73 95.60 159.33 159.33
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2005 - 14.24 21.36 35.60 35.60

2006 - 62.48 93.72 156.20 156.20

234 B Ra)l|FR
(1) TR EBRIET
R Ik B ) B i EEIET A2 % 2.3.4-1 (2R T,
#2341 vR2)IZBT 3 EBRIPT

BLAIFT 4 R PREE =& (mas.l)
LETRAYOC 13° 40° 75° 45 640

) i3 ONEin
LB B ERATRIIE 2342 07T LB Tha,

# 2.3.4-2 P Ra)l|f LETRAYOC BIFT DER KR (m3/sec)

ERRE ERRE
S F
(m3/s) (m3/s)
1933 227.50 1971 194.45
1934 264.50 1972 509.87
1935 311.00 1973 293.62
1936 360.50 1974 194.68
1937 956.03 1975 141.88
1938 253.70 1976 237.62
1939 328.67 1977 231.26
1940 155.34 1978 80.33
1941 212.25 1979 213.13
1942 326.79 1980 91.23
1943 301.93 1981 252.00
1944 295.05 1982 274.00
1945 250.01 1983 273.00
1946 528.14 1984 485.65
1947 144.09 1985 200.50
1948 765.10 1986 355.00
1949 148.26 1987 146.20
1950 156.33 1988 369.50
1951 289.09 1989 272.50
1952 208.05 1990 49.38
1953 427.20 1991 325.00
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235

@)

)

1954 536.64 1992 47.75
1955 403.42 1993 118.00
1956 330.99 1994 312.50
1957 256.19 1995 354.37
1958 169.35 1996 190.00
1959 378.26 1997 150.00
1960 312.85 1998 800.00
1961 272.04 1999 355.00
1962 423.06 2000 215.00
1963 255.85 2001 240.00
1964 238.45 2002 300.00
1965 162.44 2003 176.25
1966 710.02 2004 215.00
1967 521.91 2005 137.50
1968 189.11 2006 350.00
1969 314.07 2007 250.00
1970 45431 2008 300.00

YU )i
BRI

YU B )IFRBRIC T DR A% 2.35-1 12777,
#£ 235-1 Yoh)ihzBi) 3 HRESRNPT

BRIP4

A8 BE

78 BE

ZE (mas.l)

SAN FRANCISCO ALTO

15°41°

74° 32

48.00

R A iR

FECBLAIFTIC BT D ER KR EIZR 23521057780 TH D,
% 2352 ¥ h)lFis SAN FRANCISCO ALTO BlHIFTOEREKHEE  (m3/sec)

F GBS PN
1961 109.82
1962 58.93
1963 54.11
1964 15.77
1965 36.54
1966 26.49
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1967 211.06
1968 68.51
1969 64.97
1970 36.65
1971 20.70
1972 151.38
1973 123.13
1974 31.96
1975 137.20
1976 41.82
1977 69.11
1978 451
1979 20.10
1980 15.72
1981 23.56
1982 26.72
1983 12.60
1984 52.20
1985 17.65
1986 30.54
1987 24.06
1988 32.30
1989 198.39
1990 11.12
1991 42.60
1992 0.67
1993 19.57
1994 60.41
1995 20.93
1996 17.50
1997 13.09
1998 45.65
1999 195.03
2000 62.64
2001 118.06
2002 39.77
2003 45.81
2004 33.46
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2005 6.61
2006 78.54
2007 50.14
2008 42.28

236 AR - Bl
1) TREBRET
AR - PRI B A EBINAT 2 % 2.3.6-1 12577,

#£ 236-1 w~R - B=FJINZRBT B RESHIPT

BLRIPTA MEEE R EE =& (Mas.l)
Huatiapa 15°59'41.0" S 72°28'13.0" W 700
Puente Carretera Camana 16°36'00.0" S 72°44'00.0"W 122

2 ERKHRE
EBUAIFTIC B D ER KR EIZR 23621057780 TH D,
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£ 2362 vA~R - I F)IITEERBRIFTOER KiEE (m3/sec)
Puente Carretera Camana

Huatiapa
& ERARE
(m3/s)

1945 620.00
1946 619.00
1947 580.79
1948 506.50
1949 1012.80
1950 458.33
1951 687.32
1952 592.50
1953 980.00
1954 980.00
1955 2400.00
1956 445.30
1957 316.00
1958 985.50
1959 1400.00
1960 600.00
1965 171.94
1966 237.00
1967 420.00
1968 442.55
1969 308.60
1970 362.00
1971 356.00
1972 633.00
1973 1040.00
1974 902.00
1975 748.00
1976 514.00
1977 592.00
1978 1600.00
1979 410.00
1980 415.00
1981 1000.00
1982 345.00
1983 23.20
1984 1025.00
1986 750.00
2006 590.87
2007 366.33
2008 418.50
2009 400.22

EIE PR HARNT

3.1

HRFEICE S  HERBER BRI &

& ERXRE
(m3/s)
1961 301.10
1962 399.87
1963 340.16
1971 340.72
1972 800.42
1973 750.19
1974 950.00
1975 890.00
1977 1200.00
1978 2000.00
1979 150.70
1980 89.00
1981 530.00
1982 300.00
1983 20.00
1984 1300.00
1986 600.00

FUVUS B D H AT O R (FREBIHIAT) Z2E L, Zh LBIHIFTIC BT 2F &K

H it B OB 2§ 5 ALEE U CAE e SR A 2 4R ~100 Otk it &
AT 236-1ITRTEBYTHD,

FE L7z, FHEO

KSRFFHRIIE FRLOMRSMAET V&2 A, BIEER R b a0 & Bbn2ET LV OfH
EERA L, 2B OWTIERD Appendix &R Z &,
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+ Distribution Normal or Gaussiana

- XPEERL AR 3 Bk (Log - Normal 3 parameters)
« XPECERL AR 2 B (Log - Normal 2 parameters)
- v~ —34i(Gamma 2 or 3 parameters)

- KTV ML (the log - Pearson 1)

- v An(Gumbel)

- — LA >4 (Generalized Extreme Values)

# 23.6-1 EUMEMOSHEREBERE

(m*/s)
\ : W | WeE | WE | W | WE | R
J e 5
I YA 2/ | 54 | 104 | 254 | 504E | 100 4E
77l 888 | 1,726 | 2281| 2983| 3503| 4,019
Puente Sullana
7= =7l 313 454 547 665 753 840
Socsi
T F )l 179 378 536 763 951 | 1,156
Conta
ex =l 267 398 500 648 774 914
Letrayoc
)l
San Francisco Alto a4l 81 116 171 219 273
AR 560 901 | 1,169 | 1565| 1906| 2292
Huatiapa

71 = =7 )1l Socsi BUAIFTIZ 35 1T 2 FEE & O Fe KB 1972 420> 900m3/sec & 72> TE Y |
EERL ZOEEEDFRANREICESEIHEIN TV, BT L9512 33228 =
DOBLFTIZ 31T 5 F2 AT RE B A B 900m3/sec ii#s & HEE SN H DT, EFRDORERHIEK
BB EIXEAE L 0 27 0/ E < 7o TV D ATREMED F Y,
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B o d‘é
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A

.l
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%
5% k

3

& JLYEL

3 — A

N - +- o . — oy

X 2.3.6-1
FANDE CONVENCIDNAIER

s Cenfroc Poblades

$ Emain P
A Ra

O curvs o vl @ Smn
/A Lmes Dvsoma

TS ma EA. 3 AL BT vy
ONGENER AL OE A ¥ SALDS
s,

a -
e

2

e
MR T T L St
I8 Lop he o s

RIS ATIEIRY AN ) LW T I A

23.6-2 I ==T)ITRIREERNE
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B 2.3.6-5 YU h)IIIRELERALE
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jL g Crhaiacs
— ' I il
‘S_J";S Lﬁzu \\\}-‘ iseons
5 meuwﬁ—s‘- 3 1' . C _;}’5 } (“J
¥ S e 7 ~
N rﬂmr:a/ P . ¢ ’/“",,,:1’1
g ot [ z ’/
Caravel i \{""‘ p V f"‘rf ; \(f ™
£ g‘""w"{‘f’ E ‘{?\ﬁ R
PR L ' ey L
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g P deAriaos grom ——
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AR .
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L - . - [ rrarw [ -
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3.2

3.2.1

BB E S L FitifEYT (HEC-HMS ¥ 2T A)

FHAT R R IR B 1 D EHINI B EIZOWTOHRTH - T, Bl CTROT-HERHEAKIR
BRI —27METH D, Bk T DILEMNT 21T 5 72 OITIT UK ORI A0 (BEKE
) BB LD, Z 2 CIREREHIT — 2 S W 217 9,

TEHARHTIZ D 59137 A U o T 2% (US Army Corps of Engineer) 2358 % L 7= HEC-HMS
27 I (Hydrologic Engineering Center- Hydrologic Modeling System) &34 %, ZDOY A7
2FAK Z 1T O HABSHTHO STV DRI O 7 v 77 5T, ~L—[EHIZE
WCHEROARE 2T =T s I L0—2ThoD,

HEC-HMS ¥ X7 A D E

HEC-HMS o 27 MMIZE O/ NI & 70 2l s 27 21T D B & it tH o Btk 4 o
La2lb—varT LT A INTVD, WRET /WIS O/, WhE, A
S TR, Bk EI DR T A ENAEETH D,

B2V T 1 SCS curve number, Initial Constant, Exponential, Green Ampt %72 & O
HANRFRETH D,

BRI R A RIS # T 5 FIEIC OV T b Clark, Snyder, SCS & & de ALK (Unit
Hydrograph) V£DE A FTRE T %, MHEADTREIC DN TIEY A F U H AIERF X~ T A
v )= TER R ERATEOFIENEH TR TH 5, £ O b R & O HFH A
IZOWTHEFEOFIENEHATRE & 72> TV D,

e BT IZ DWW TIL 6 FEHO KR T — 2 T IESER T — 2 OGMIERE TN TV 5D,
T4 —R U EEE T 4 FEO N ERED EFRIBR O O RENBLAIFTIZ DWW CHEH FTRETh
Do

BEKBERE L (Frequency storm method) 12 & 0 RFE OISR H T 2K EZHET L Z &
MAHETd D, F 7= SCS hypothetical storm {512 L D NRCS % (Natural Resources
Conservation Service Criteria) % VW TR EDRMPEL S 2 HE T 5 2 E N ARETH 5,
INTRIBCOTHEIZ & EDFE EDRT A —F — Tl b 74 7 v AW CHBEIICHEE S
D, H7p2 HZ R 6 FEHOMERE A FHR IR & O FE R &I 53 5 s kIR TR ©
oo,

ARHEIZB W T LDV AT L2 @I 2 FIRTRO LB THD, ZOFIRICHE-T
ANA - B SR EF & U TR OB DWW T LL FIZiR R 5, KR o e HAET O
FEHCOWTIEER R O Appendix SO Z L,

(1) #itskT T L OMER

(2) P& EARAT
1) A BERBLRIET O M SR B 24 REHEIBE R B O FH
2) BHERFTRIZ I D 24 R B O FE
3) 24 WP & iR D2 E

(3) SSCIEIC &k BBk
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1) BRERGRIRD B — 7 F 2 R —HHE DR E
2) R &I —7F 2 " —DWRE
3) ETINORRGE

(4) HeRBIB KPR S K OMOKEE OFHE

322 FHIRETNVOERR
(1) PRI D4y E

AR - B TR A AKFREEEORERL LT 4 O/NRIRICASEI U, PRI OB L LTI
Wi, ZINOSARR, HE, A, BERE2EE2BE LT, ko nE %K 3.2.2-1
R T,

157300°5 |
1590'0%5.

Majes - Camana
e Basin

TEHOW TEVUW TIOCW THETW

yeo veas | NIPPON KOEI CO.LTD. Foou=aa ‘

K 32.2-1 <=~R - BT HRBROFESE

(2 T 7 /v DIERK

HEC-HMS (23 CIdiiink 2 # 5% % /N il (Sub Basin) . {3 (Reach). & ¥ .5 (Junction)
72 LR BRI RBLT 5, THUCEDSERBEBEDOET VEERT 5 LK 3.2.2-2 1T~ T
SRR AN
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Fda kil Vims Loimgonents Pacsssteis Lopgube Reulls Lok Hiyp

De@d Y+ RswaTFeos uiEEw

Basin hoded W]

T Sy Dl

e )

. }}w,.ﬁ&)« ;
1 T

 wawicians L

ooty | Compan | Rl

1 Bam ol
abas o b

g ans

1 1000, Fraenad coening preject Manes_Lamana” n atector

MITE 10470: Cpened s madel 1 OF gt ome 052080012, 2REE 18

il Inndaccned Mas Canans PO aitbes_CN_VITwtben | LubSeon 151507 48 S (002U L2,

K 3.2.2-2 <~RA - A=FiiEo HEC-HMS &5 /v

e B AT
I FRBLRIAT ORER 24 KR E O A

BAEROR 24 BRI B OBLE 2 R HLEE L TR RERVBLIITIZ 38 1T 2 MER B 24 BERH RN

BAFET A LFE 323-1LITRTHY 5,

T DF IV R 50 FEHURLOD 24 R RV A D 55 I AR

(XX 3.2.3-11Td@bY E7nd,

# 3.23-1 ZBEWNBHFTCRIT 2R 24 BEEERE (v~ - I~ 7)IFER)

Coordinates Precipitation for T (years)

Station Latitude | Longitude ‘;'r:taus‘:;’ 2 5 10 25 50 100 | 200
Andahua 15° 29'37 72° 20’57 3538 2430 | 31.33 | 34.83 | 3829 | 40.33 | 42.02 | 43.43
|Aplao 16° 0410 72° 29'26 625 1.71 5.03 7.26 9.51 10.71 11.56 12.14
Ayo 15° 40'45 72°16'13 1950 10.28 16.43 20.51 25.66 29.48 33.27 37.05
Cabanaconde 15° 377 71°587 3369 26.58 | 37.88 | 4589 | 56.58 | 64.95 | 73.67 | 82.79
Camana 16° 36'24 72° 41'49 29 3.18 7.16 9.79 13.11 15.58 18.03 20.46
Caraveli 15° 46'17 73°21'42 1757 7.67 16.07 22.60 31.46 38.30 45.21 52.15
Chachas 15° 29'56 72°162 3130 2221 | 28.60 | 32.08 | 35.83 | 38.24 | 40.37 | 42.30
Chichas 15° 32'41 72° 54'59.7 2120 16.28 23.47 27.01 30.37 32.23 33.67 34.80
|Chiguata 16°24'1 71°24'1 2945 8.88 9.98 7.33 46.40 52.94 59.27 65.42
Chinchayllapa 14° 551 72° 441 4514 3.12 1.21 6.57 43.34 | 48.37 53.35 58.32
Chivay 15° 3817 71° 35'49 3663 4.50 2.74 8.20 45.09 50.21 55.29 60.35
Choco 15°34'1 72°07'1 3160 16.10 22.92 27.45 33.16 37.39 41.60 45.79
Chuquibamba 15°5017 72° 38'55 2839 21.65 36.96 | 47.09 59.89 69.39 78.82 88.21
Cotahuasi 15° 22'29 72° 5328 5086 21.20 29.97 35.78 43.12 48.56 53.96 59.35
Crucero Alto 15°46'1 70° 55'1 4486 25.33 31.66 35.20 39.10 41.67 | 44.02 | 46.17
El Frayle 16° 05'5 71°11'14 4110 .33 9.95 35.43 42.89 48.83 55.12 61.82
Huambo 15° 441 72°06'1 3500 .87 0.14 | 34.96 41.05 45.57 50.05 54.52
Imata 15°50'12 71° 05'16 4451 .35 7.09 42.87 50.18 55.60 60.98 66.34
La Angostura 15°1047 71° 38'58 4260 35.90 | 45.89 53.22 63.31 71.46 80.18 89.57
La Joya 16°35'33 71°55'9 1279 1.22 4.74 7.89 11.93 14.65 16.98 18.92
La Pampilla 16°24'12.2 71°31'.6 2388 12.65 21.64 | 27.66 35.01 40.23 | 45.20 | 49.94
Lagunillas 15° 46'46 70° 39'38 4385 28.55 34.30 | 37.75 41.81 44.67 | 47.40 50.05
Las Salinas 16° 195 71° 08'54 3369 18.05 | 25.72 | 30.80 | 37.22 | 41.98 | 46.70 | 51.41
Machahuay 15° 38'43 72° 30'8 3000 21.06 29.80 | 34.71 40.03 43.45 | 46.46 | 49.14
Madrigal 15° 36'59.7 71° 48'42 238 23.63 30.07 33. 37.5 40.17 | 42.50 | 44.63
Orcopampa 15° 15'39 72° 2020 805 21.51 | 29.58 | 36. 48.61 59.81 | 73.37 | 89.92
Pampa de Arrieros 16° 03'48 71° 3521 720 18.86 32.08 40. 51.8 60.07 68.21 76.32
Pampa de Majes 16° 19'40 72°12'39 1442 2.07 6.68 10.56 15.55 18.98 22.04 24.69
Pampacolca 15°42'51 72°34'3 2895 21.13 29.11 34.40 41.08 46.04 50.95 55.86
Pampahuta 15°29'1 70° 40'33.3 4317 34.18 39.66 42.87 46.58 49.14 51.57 53.89
Pillones 15° 58'44 71°12'49 4428 24.00 32.95 | 38.88 46.36 51.92 57.43 62.92
Porpera 15°21'1 71°19'1 414 27.40 | 40.61 49.37 60.42 68.63 76.77 84.88
Pullhuay 15°091 72°46'1 309 24.47 32.43 37.63 44.15 48.97 53.77 58.60
Salamanca 15°30'1 72°50'1L 315! 19.86 26.64 | 31.13 36.81 41.02 | 45.20 | 49.36
Sibayo 15°29'8 71°27'11 3839 31.2! 38.61 42.98 48.06 51.59 54.93 58.13
Sumbay 15°591 71°22'1 4300 25.4: 35.57 43.10 53.56 62.08 71.26 81.17
Tisco 15°21'1 71°27'1 4198 33.4. 42.74 | 51.24 65.12 78.15 93.95 | 113.15
'Yanaquihua 15° 46'59.8 72° 52'57 2834 20.70 35.78 45.76 58.38 67.74 77.03 86.29
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@)

— XA IT AR DRI O PRI R &2 O SR KA Z R D | RN R L FET 2 0EN
bb, LoL, RIS OBEKET — % ORRNZ Ik EE R EORENKNETH 57
D, ke 25T A BT OMERNED O SBRTTIOMRR R 2 HEE Lz, HEfREE
32321 Y, ek, MINZEBWTHEFELHN TV D,

# 3232 <wA~R - H<F)IFBROERTIERICIS T 2R 24 RFRBERE

) Mean areal rainfall (mm.)
Sub basin
T5 T10 T25 T50 T100
W2830 29.60 36.80 48.68 59.96 73.45
W3050 38.20 46.10 55.14 62.47 70.23
W3490 29.25 34.14 40.63 45.15 50.03
W4590 23.05 27.70 33.23 36.98 40.77
24 BRI N B AR DB E

JIN O BERBLIT I XM R T — 2 13T & A EEOWO T, 24 FFFNE L 0 RFE R
PRAHEER S5 215720,

24 IR B AR L HEC-HMS 1238 W C— iR IZ -V 541 Tuv % SCS(Soil Conservation
Service) hypothetical storm % %, Z O J5iEiT USA IR D& T — Z O R 5
BEHINZbOT 24BN EZ BTk L TE 3233 8L UK 32331874441
T ORI E VR L TV D, 24 FFFINEORLMEIA 2 A 7 O BRI Eh#R L 0 kF
R 2 E D TH 3.2.3-4 1R TI8Y &§ 5, REUSAILBIT 2ZNENDERF A 7D
8 FAFPH XX 3.2.3-5 1R T BV THY, USADKHZFIZBNTHA 7 N ZHEHT5F
BHELES N TV D, HEC-HMS (23 Tlidsh £ Dfitll T 24 e offkfe R T+ & LT
Do

AP BRIICB O TN EOBERIANE & A L7 24 BN E R D & A 7 % |
ETDHZEIIRETH D, ~—IZBWTIE RO B WHER BRI ESx 414 7%
BELTWAONERTH D,

Miplo Mining Company (I~ —E O IR (7 = = 7)1k & B2 2RO F > F v
i Hit) (2 7% & L 7= Chavin #IFT D7 — & Z it L C Z Ol 24 IR s D53/ 78 # A
TP LTS & L, ZORBER/NY — 30— O Rt KO o %
ANZ = ZR LTINS EENTWD, Edbilio El Tigre BUHIFTicBW Tz L=—=3
FEARFIZI T HDWEAMNT LT ZOHBICI T DBEAMIEZ A 7 | BLOF AT 1A I
BFEILTWS L LTS, 2SO RICESXAFETIIN =T, ForF v, 23,

YU AN DONWTUEE A T N 2 F TN HOWTINEF A 7 &~~~ AT~ F) ik
(22T Chivay FERRELHIFT ORI ET — & O 5 Modified % 4 7" 1 Z8H L7,
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# 3.2.3-3 SCS Hypothetical Storm (23313 5 24 B FE B B A0 i

24 hr precipitation temporal distribution
Time (hr) t/24 Type | Type IA Type ll Type lll
0.00 0.000 0.000 0.000 0.000 0.000
2.00 0.083 0.035 0.050 0.022 0.020
4.00 0.167 0.076 0.116 0.048 0.043
6.00 0.250 0.125 0.206 0.080 0.072
7.00 0.292 0.156 0.268 0.098 0.089
8.00 0.333 0.194 0.425 0.120 0.115
8.50 0.354 0.219 0.480 0.133 0.130
9.00 0.375 0.254 0.520 0.147 0.148
9.50 0.396 0.303 0.550 0.163 0.167
9.75 0.406 0.362 0.564 0.172 0.178
10.00 0.417 0.515 0.577 0.181 0.189
10.50 0.438 0.583 0.601 0.204 0.216
11.00 0.458 0.624 0.624 0.235 0.250
11.50 0.479 0.654 0.645 0.283 0.298
11.75 0.490 0.669 0.655 0.357 0.339
12.00 0.500 0.682 0.664 0.663 0.500
12.50 0.521 0.706 0.683 0.735 0.702
13.00 0.542 0.727 0.701 0.772 0.751
13.50 0.563 0.748 0.719 0.799 0.785
14.00 0.583 0.767 0.736 0.820 0.811
16.00 0.667 0.830 0.800 0.880 0.886
20.00 0.833 0.926 0.906 0.952 0.957
24.00 1.000 1.000 1.000 1.000 1.000

Source :Urban water hydrology for small watersheds(TR-55) Appendix B

3.2.3-3 24BN EDOKERES AR
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FIGURE 5.5.2
Solution of the SCS runoff equations. (Source: Soil Conservation Service, 1972, Fig. 10.1, p.
10.21)

X 324-1 J—7F3— (CN) RNNEP BLUTAYNRE P. DR

(2) BHERTRIRD T — 7 F L N—DEE
PRIk A MRS B /Nt A O T HUR RS B S, S SRR SR OB A EE N b~
ANA - B F)IERIC ST D CNEE X 3.2.4-2 ) TNF 3.24-1 12 E LT,
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# YAURT

# ERINGHAVLLAPA

# CAYLLOMSR LA ANCK

# COTARUAST

* SALAMANCA

# EHICHAS

* ¥ANAGUHUA &1 IRUCERD ALTD

# PILLONES

# aUBAY

*HUANCA

# PALPA DE ARRERDS
® EL FRAYLE

3.24-2 <=~R - h=F)IFEEkIZEB T 5 CN HRAE

# 3.2.4-1 CN OFAE

Fis FRIR DR CN #FfE
Upper Basin — Colca(W3050) Barren area with scarce vegetation. 79
Middle Basin — Colca(W3490) Pastures, shrub, small trees. 74
Upper Basin — Andahua(W2830) Barren area with scarce vegetation. 79
Lower Basin — Majes(W4590) Desert, hyper arid area 59
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# 3.24-2(1) THFIAL L OEEMRICES CN(1/3)

TABLE 5.5.2
Runoff curve numbers for selected agricultural, suburban, and urban land

uses (antecedent moisture condition II, I, = 0.25)

Land Use Description Hydrologic Soil Group

A B C D

Cultivated landl: without conservation treatment 72 81 88 91
with conservation treatment 62 71 78 81
Pasture or range land: poor condition 68 79 86 89
good condition 39 61 74 80
Meadow: good condition 30 58 71 78
Wood or forest land: thin stand, poor cover, no mulch 45 60 77 83
good cover2 25 35 70 77

Open Spaces, lawns, parks, golf courses, cemeteries, etc,
good condition: grass cover on 75% or meore of the area 39 61 74 80
fair condition: grass cover on 50% to 75% of the area 49 69 79 84
Commercial and business areas (85% impervious) B9 92 94 95
Industrial districts (72% impervious) 81 88 91 93

Residential3:

Average lot size Average % impervious4

1/8 acre or less 65 77 85 90 92
1/4 acre 38 6l 75 83 87
1/3 acre 30 57 72 81 86
1/2 acre 25 54 70 80 85
| acre 20 51 68 79 B4
Paved parking lots, roofs, driveways, etc.5 98 98 98 98

Streets and roads:

paved with curbs and storm sewersS 98 98 98 98
gravel 76 85 89 91
dirt 72 82 87 89

IFor a more detailed description of agricultural land use curve numbers, refer to Soil Conservation Service, 1972,
Chap. 9

2Good cover is protected from grazing and litter and brush cover soil.

3Curve numbers are computed assuming the runoff from the house and driveway is directed towards the street
with a minimum of roof water directed to lawns where additional infiltration could occur.

4The remaining pervious areas (lawn) are considered to be in good pasture condition for these curve numbers.
5In some warmer climates of the country a curve number of 95 may be used.
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# 3.24-3(2 THFIHBLOCLEEMERICE 3L CN(2/3)
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# 3.24-4(3) THFIAHEL L OCLEEMERIZE 3L CN(3/3)

Source: Maidment (1993).
Note: Hydrological Soil Group

Group Ascils have low runoff potential and high infil-
tration rates even when thorcughly wetted. They consist
chiefly of deep, well to excessively drained sand or
gravel and have a high rate of water transmission
(greater than 0.30 in/hr).

Group Bsoils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately
deep to deep, moderately well to well drained soils with
moderately fine to moderately coarse textures. These
soils have a moderate rate of water transmission (0.15-
0.3¢ in/hr).

Group Csoils have low infiltration rates when thor-
oughly wetted and consist chiefly of soils with a layer
that impedes downward movement of water and soils
with moderately fine to fine texture. These soils have a
low rate of water transmission (0.05-0.15 in/hr).

Group Dsoils have high runoff potential. They have
very low infiltration rates when thoroughly wetted and
consist chiefly of clay soils with a high swelling poten-
tial, soils with a permanent high water table, soils with a
claypan or clay layer at or near the surface, and shallow
soils over nearly impervious material. These soils have a
very low rate of water transmission (0-0.05 irnvhr).
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Ica River Basin

Grande River Basin

/ Majes-Camana River Basin
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& 3.24-5 Ica)llfitiko CN &
Cuadro N°35: Caracteristicas de las subcuencas -Rio Ica
Dren Nonibre Rio | Area (Km2) | RvLen (m) | Rver S (mym) CN
112/W1120 R40 474 88| 35171.64 0.,044382 85
113(W1130 R20 842 51 2583 .67 0043736 B85
124/W1240 E260 908,17 7498 .26 0.067749 78
134|W1340 R440 1018.90| 28218,07 0042845 12
177(W1T770 R560 75036 810734 0008881 74
178|W1780 R710 96516 677621 0009445 76
179W1790 ROT0 59595 1245452 0002168 79
220(W2200 R6T0 1697.10| 10137.58 0064611 76
1290(W1900 R750 459 60 5833 19 0010629 75
198|W1980 ROE0 119.35| 1537646 0011511 73
201 (W2010 R1030 28945 5874 87 0.032511 79
# 3.24-6 Grande ! ® CN &
Cuadro N°36: Caractersticas de las subcuencas -Rio Grande
Dren Nombre Rio Area (Km?2) | Rvlen (m) | Bover S (m'm) cN
149(W 1490 R20 02701 574712 (.031668 80
170 W1700 R530 045.76 1241 53 0.109542 76
179|W1790 R320 047 .40 223224 0.147833 a0
187|W1870 R250 56649 045992 0098098 77
197(W1970 R550 85511 676031 0086978 78
204 W 2040 R620 1051.50 593573 0061324 a0
210/W2100 R690 14592 365387 0.024631 &0
213'W2130 R740 81028 353600 0071267 79
215W2150 R720 660.50 5948 33 0018156 a0
216|W21a0 R760 73,08 8468 42 0.005314 78
220W2200 R770 29 61 4512 62 0004571 79
225(W2250 RE30 378.12| 14997 89 0.014002 75
226\ W2260 E780 1158.10 JT74.97 0006452 41
247 'W2470 R1090 70713 1077412 0080749 78
2481 W2480 R910 JT7.04] 1376214 0023398 75
268|W2680 R1320 455 98 157707 0.019023 79
27T W2TT70 R1260 61704 TORT 90 0012133 77
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325 FERBFREBIEOKTER X CEKEEOFHE

RITIR DR TG FAT D & KPR DU CRESE BRI K i 36 X ONEKIEE 2 HEC-HMS 12
EVHE L, 2BEORHICOWTIEFX~T A v/ ve—T¥EEEM LT,
FHROMERITR 3.25-1, £ 3252 B LUK 3.25-1~[¥ 3256 12" LB0 ThHhDH, BEE
e K & R R I & 2 Rk 50 AFii m O i 2 3.2.5-3 IR 328, == 7 JIILISM L
FIIWA—B L TWD, ol I==7)IIF#%E (3.3.2) $2 &I 0 BN ORGEE 2[R
N5,

AN I DU FRESI Ot ILTERREAT | WK SRR OB FH VLR I RHT /5 2 Ve,

& 3251 WERBERIBAKTTE

(m*/s)
\ : MR | WE | WE | W | W | R
J e 5
RRIESE S 245 | B4E | 104F | 254F | B504F | 100 4F
77l 890 | 1,727 | 2276| 2995| 3540| 4,058
Puente Sullana
7= =71l 331 408 822 | 149 | 2175| 2,751
Socsi
T F )l 203 472 580 807 017 | 1171
Conta
ex =l 213 287 451 688 855 962
Letrayoc
7 )
San Francisco Alto 24 37 90 167 263 400
AR 306 638 | 1,007 | 1566| 2084| 2703
Huatiapa

& 3.2.5-2 WEEHER MK LR

(m*/s/km?)
; . fife =g fife =R fife =g fife =g i s e | ik A
{ I ( )ﬁ;
R o4 | 54 | 104 | 254 | 504E | 1004 | Km2
7 7)1 0.066 0.129 0.170 0.224 0.264 0.303 13,390
Puente Sullana
?O;:CTM 0.058 0.072 0.145 0.264 0.383 0.485 5,676
F Tl 0.068 0.158 0.195 0.271 0.308 0.393 2,981
Conta
B R )l
0.069 0.093 0.147 0.224 0.279 0.313 3,070
Letrayoc
Yol 0008 | 0012| 0028| 0052| 0082| 0125 3,198
San Francisco Alto
"N\.Xm ~ 7 0.024 0.050 0.078 0.122 0.162 0.210 12,854
Huatiapa

sk Pt AR I3 R TR AR L 0 Bk o iR
* F 7N Bk o =27 7 FAVERS b &

74



N [FREI A R TS 2

TrA IR — P, 6 VRN—T L~ Annex-1

SR - K - AT

# 3.25-3 BEAEBRAHE L RS0 EREDLE

(m%s)
] ; ZRE O ; VRHRATIC X 5
I b llll_:_'; N JHI x N

POVERET i | POV | ek 5o i
ol
Puente Sullana 3228 34 3,540
77 == Sl 900 o1 2178
Socsi
FrF ) 1.203 57 017
Conta
B2 )l 957 76 -
Letrayoc
o)l
San Francisco Alto 212 48 263
~ AT~ 2,400 M 064
Huatiapa

4500

HIDROGRAMA (Rio Chira)
T T

4000

3500

3000

— 1/100F&|
— 1/500 %
—— 1/25F %
—1/10% %

@ 2500
e
L]
15 2000
1500
1000
500
0
0 24 48 72 9% 120 144 168
BRI (h)
325-1 FI)DYAKNA Fu s Z 7
HIDROGRAMA (Rio Canete)
3000 T T T T T T T
| | | | | | |
: : : : : — 1/100% %, :
— 1/50%%
Lo A e I Lo
2500 | | | | 1125w [
| | | I | ——1/10%% | |
| | | | | |
I I I I I I
2000 | i I Bl 1 [y
I I I I I
= I I I I I
< I I I I I
€ 1 I | I 1
'ﬂmoo ‘ |
ES I I
I I

1000

500

15

20 25

30

35 40

45 50 55

I (h)

3252 A==T)IIOBWKNA FurZ 7

75



N [ S B T T

Ty A TN — 6N —T g LN — F Annex-1

SR - K - AT

HIDROGRAMA (Rio Chincha)

FB(m®/s)

1400 T T T T T
| | I | |
| | — 1/100%£| | |
1200 ————————:———————————: ——————————— — 1/50pE |- — -1 —
| | —— 1/25%k%
| | — 1/10F%

0 5 10 15 20 25 30 35 40 45 50 55 60|
B f(h)
K 3253 FrFx)IOBWKNA FrTT7
HIDROGRAMA (Rio Pisco)

1000 T T T T T T T T
| | | | | I |

900 F———l——— 1 JE R P O E N I 4 |—1/100%®E 1 _ _ 1 _ _ _
) . . . ! |—1/508% !
|

o0 [~ - N v
| | | | |——1/10%% |

20 25 30

B3 fl(h)

35 40 45 50 55

60|

K 3.25-4 vRa)llopik A Fulls 7

450 :

R —
—1/1005%

400 — 1/500E %

350
300

@ 250

b
#2 200

150
100

50

20 25 30

B fEl(h)

35 40 45

55

60|

X 3.25-5 ¥ UAh)llogk A Farz 7

76



AN L —[FJ LT TR S 2 e i 2
T LT — N 6V —F LA — M Annex-1 552 - KX - JRHAENT

HIDROGRAMA (Rio Majes/Camana)
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331 E—7REDRKRE

LY IR OSSR EO e & AR EE LA RE ey L b 0%
3.3.1-1~[X 3.3.1-4 |2/, (HHH#h: "Estudio Hidroldgico - Meteoroldgico en la Vertiente del Pacifico
del Peru con Fines de Evaluacion y Pronostico del Fenémeno El Nifio para Prevencion y  Mitigacion de
Desastres", Ministerio de Economia y Finanzas, Asociacion BCEOM - Sofi Consult S.A. ' ORSTOM, Nov.
1999)
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Specific Discharge of 1/10 years Probable Flood in Coastal Area of Peru

10.00
Coastal Area (North)

Coastal Area (Central)

Coastal Area (South)

Chira

Cafiete

Chincha

Pisco

Yauca

Majes Camana

——— Creager's Curve at North Coastal Area (C=14)
--------- Creager's Curve at Central Coastal Area(C=9)
—— —- Creager's Curve at South Coastal Area(C=6)

Creager's Equation g = 0.503*C*(A/2.59)"(0.894*(A/2.59)"(-0.048)-1) |

[eNC N NCON NoN 2N R4

1.00

Chira

Majes Camana

Specific Discharge (m*/s/Km?)

0.10

inl}

19 m;7 W29

|
Ala A B A2 Cafiete T
23 ® =<

A Yauca

0.01 T T

100 1,000 10,000
Catchment Area (km?)

Prepared by JICA Study Team
Source: "Estudio Hidroldgico - Meteorol6gico en |a Vertiente del Pacifico del Pertcon Fines de Evaluaciény Pronéstico del Fenémeno El Nifio para
Prevencion y Mitigacion de Desastres”, Ministeriode Economiay Finanzas, Asociacion BCEOM - Sofi Consult S.A.' ORSTOM, Nov. 1999
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Specific Discharge of 1/20 years Probable Flood in Coastal Area of Peru

10.00

Coastal Area(North)
Coastal Area(Central)
Coastal Area(South)
Chira

Cafiete

Chincha
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Yauca

Majes Camana

Creager's Equation g = 0.503*C*(A/2.59)"(0.894*(A/2.59)"(-0.048)-1) |

00000 >HO

1.00
Pisco

——— Creager's Curve at South Coastal Area(C=7)

— Creager's Curve at North Coastal Area (C=19)
--------- Creager's Curve at Central Coastal Area(C=12)
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N " DaAm, .\ Cafiete =l
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0.01 T T
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Prepared by JICA Study Team
Source: "Estudio Hidroldgico - Meteorolégico en la Vertiente del Pacifico del PerticonFines de Evaluaciony Prondsticodel FenémenoEl Nifio para
Prevencion y Mitigacion de Desastres", Ministeriode Economiay Finanzas, Asociacion BCEOM - Sofi Consult S.A.' ORSTOM, Nov. 1999
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HYDROLOGY OF MAXIMUM FLOODS IN MAJES CAMANA
RIVER

l. INTRODUCTION

The Peruvian Coast is a very dry area where precipitation usually does not exceed 100
mm/yr. Therefore, it is necessary to irrigate the farm fields to grow the crops. The
majority of the crops occupy the lower areas of the valleys due to its closeness to the
rivers. Crops are usually located near the river banks and are subjected to flooding.
Towns of varying size are also located along rivers of the Pacific Basin. Therefore,

there is a need to protect population, their properties, crops and goods against flooding.

JICA is sponsoring an engineering study aimed to protect flood-prone areas in 7 valleys
of the Peruvian Coast. One of these valleys is the Majes — Camana Valley, which is
located in the Arequipa region. This study is part of the Project of Protection of

Floodplains and Vulnerable Rural Population against Floods in The Republic of Peru.

The main outcomes of the hydrologic study are the discharges corresponding to the 2-yr,
5-yr, 10-yr, 20-yr, 50-yr, and 100-yr floods. This discharges will be used both in the
hydraulic simulation for floodplain delineation and for the sediment transport
estimations. In addition, the flow hydrographs and the 24-hr precipitations are also

necessary as inputs for the other study teams.

1. GENERAL ASPECTS

In this section general information about the study area is provided.

The area is approximately located between parallels 14° 30" S and 16° 30" S and
meridians 70° 30" W and 73 ° W. Figure 4 shows the location of the Majes — Camana
Basin. A larger map of the basin can be seen in Appendix A.

The Majes — Camana Basin is located in the Arequipa Region, in Southern Peru. The
surface area is approximately 17 031 km? of which 12 493 km? are located in the wet
basin. It is considered that the production of surface runoff is negligible below 2 800
m.a.s.l. The lowlands are very dry average annual rainfall in coastal stations areas is

below 10 mm/yr. In the continental divide, the precipitation can reach up to 700 mm/yr.

PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
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Annual rainfall and increase with altitude as can be seen in Notice that precipitations are lower

near the Pacific Ocean and increases with altitude. The orographic effect is evident.

Figure 5. Rainfall intensity increases with altitude as well.

Annual temperatures are semi temperate in the lower reaches, between 0 and 800 m.a.s.l.
with an average annual temperature of 19°C. Temperature descends above 800 m.
Between 2 200 m and 3 100, stations Pampacolca and Chuquibamba register average
temperature ranges between 10.8 ° C and 12.9 °C. Between elevations 3100 m and 3900,
the Sibayo station (3800 m.a.s.l.) has registered annual temperatures of 7.8 ° C.
However, higher temperatures reach 20 ° C and the lower temperatures are around -6.8
°C. Between 3 900 and 4 800 m.a.s.l., temperatures have been registered at Pafie, with

an annual average temperature of 3.1°C.

In addition, mean annual temperatures are obtained from a number of meteorological
stations. These processed data (Table 1) are used to plot the variations in temperature
with altitude. The results are shown in Figure 1. There are two mean annual temperature
values, corresponding to Choco and Cotahuasi stations, with significant departures from
the main cluster of points. These outliers may indicate errors in data climate readings.

Additional temperature data can be found in Appendix B.2.
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Table 1. Mean Annual Temperature versus Altitude

. Altitude Mean Annual
Weather Station masl) Temperature
(W)

Andahua 3528 10.05
Aplao 645 19.67
Ayo 1956 18.64
Cabanaconde 3379 11.74
Camana 15 19.67
Caraveli 1779 19.29
Chachas 3130 13.20
Chichas 2120 17.47
Chiguata 2943 12.27
Chivay 3661 10.09
Choco 3192 18.70
Chuquibamba 2832 11.71
Cotahuasi 5088 15.62
Crucero Alto 4470 3.91
El Frayle 4267 4.72
Huambo 3500 11.30
Imata 4445 2.83
La Angostura 4256 5.50
La Joya 1292 18.59
La Pampilla 2400 15.20
Lagunillas 4250 6.52
Las Salinas 4322 4.20
Machahuay 3150 11.76
Madrigal 3262 10.75
Orcopampa 3801 9.16
Pampa de Arrieros 3715 7.18
Pampa de Majes 1434 18.40
Pampacolca 2950 12.37
Pampahuta 4320 4.16
Pillones 4455 3.13
Porpera 4152 4.79
Pullhuay 3113 12.30
Salamanca 3303 12.68
Sibayo 3827 8.23
Sumbay 4294 5.42
Tisco 4175 6.39
Yanaquihua 2815 14.38

Figure 1. Mean Annual Temperature versus Altitude
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Temperature analysis can be divided into two sections. In the first section, between sea
level and the 2000 m.a.s.l. elevation, the mean annual temperature is almost constant. In
this section, the mean annual temperature ranges between 18.4°C and 19.7°C. The
second section is the linearly decreasing temperature. The temperature decreases in
approximately 6°C / 1000 m. Figure 2 shows the second section with the corresponding
R? value. The temperature decreases with altitude because there is convective heat loss

from the ambient airflow.

Figure 2. Mean Annual Temperature Versus Altitude above 2000 m.a.s.l. without outliers

In most of the stations, the available precipitation records show missing values. The
concurrent measurements at two gaging stations were used to fill in missing values,
based on the observed data. Gaps in one station were completed based on the data of a
neighboring station, called base station (with complete or longer records). A linear
interpolation was found between the station and the base station. For instance, Table 2
shows records from Tisco station with missing values and Figure 3 shows data sets
from the base station (La Angostura station), X;, and of the station having missing data
(Tisco Station), Y;, in which a regression of Y on X was performed for the periods when
the data in both data sets exist. The high R? indicates good correlation and sufficient
homogeneity for replacing missing data in the incomplete data series. Detailed
information is presented in Appendix B.5. Moreover, Isohyets were calculated with

these completed sequences (Notice that precipitations are lower near the Pacific Ocean and increases with

altitude. The orographic effect is evident.
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Figure 5).
Table 2. Monthly Precipitation Data in Tisco Station
TOTAL MONTHLY PRECIPITATION (mm)
BASIN GAGE DEPARTMENT LONGITUDE LATITUDE
Camana - Majes TISCO AREQUIPA 71°27'1 15°21'1
Month

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1963 411 131.8
1964 86.1 72.9 114.4 42.9 22.0 0.0 0.0 6.1 4.4 17.9 59.7 57.6 484.0
1965 75.0 161.1 85.9 425 0.3 0.0 9.2 0.0 24.0 22.0 10.4 151.7 582.1
1966 110.3 184.9 64.6 10.6 45.1 0.0 0.0 45 0.0 433 79.7 55.0 598.0
1967 103.8 161.0 220.2 64.5 13.1 0.6 8.2 9.4 41.8 23.6 12.7 90.5 749.4
1968 266.0 119.6 179.4 316 4.0 5.1 5.5 5.8 20.0 52.9 84.6 31.7 806.3
1969 150.1 113.0 525 0.0 0.0 0.0 0.0 0.0 0.0 4.0 60.8 97.7 478.0
1970 139.6 150.5 138.5 224 9.5 0.0 1.0 11 35.6 5.1 4.7 146.8 654.9
1971 140.0 183.5 101.2 30.1 26 0.9 0.0 0.0 0.0 5.0 22 132.7 598.2
1972 362.1 188.7 2355 32.7 0.1 0.0 2.3 0.1 55.1 329 321 90.1 1031.7
1973 297.8 190.2 159.2 811 15.9 0.0 8.2 10.2 311 7.6 60.6 53.9 915.7
1974 290.2 172.9 44.7 80.7 15 14.5 0.0 111.1 9.3 4.3 7.5 50.2 786.8
1975 146.6 246.7 122.4 30.2 20.8 3.2 0.0 1.0 8.0 48.3 1.4 131.4 760.1
1976 153.0 107.7 166.8 41.6 9.3 7.5 4.6 2.3 58.9 0.5 0.6 71.9 624.7
1977 67.0 239.2 118.8 7.1 41 0.0 23 0.0 11.7 16.3 110.2 49.8 626.6
1978 317.6 241 78.7 68.9 0.0 4.0 0.0 1.0 2.3 26.9 78.6 60.0 662.2
1979 127.4 88.0 123.3 16.5 0.0 0.0 25 2.5 0.0 59.2 71.2 93.7 584.4
1980 725 43.1 183.6 22 0.0 0.0 135 259 28.1 94.1 21 30.2 495.3
1981 205.2 52.0 73.0 2.0 0.0 0.0 46.8 9.0 24.8 52.3 110.6
1982 161.0 45.9 122.8 34.9 0.0 0.5 0.0 0.0 80.9 105.5 150.5 70.0 772.0
1983 46.7 93.7 81.0 47.9 12.0 0.5 0.5 0.0 35.2 18.0 25 32.4 370.5
1984 178.4 256.0 284.8 111 10.5 3.0 0.0 28.4 0.0 46.3 135.5 125.6 1079.6
1985 329 263.0 134.4 49.7 10.0 14.8 0.0 0.0 15.4 0.0 70.0 142.4 732.6
1986 105.9 162.7 178.9 98.4 125 0.0 2.8 52.2 18.1 11.0 11.0 149.6 803.1
1987 2125 42.9 26.2 23.6 3.4 21 27.0 4.5 2.0 23.3 24.6 29.0 421.1
1988 216.9 725 97.0 63.5 8.5 0.0 0.0 4.0 6.8 0.0 4.0 30.2 503.4
1989 123.9 93.0 159.5 50.7 0.0 0.0 0.0 3.0 0.0 0.0 12.0 4.0 446.1
1990 118.4 27.6 58.5 25.6 12.5 39.5 0.0 13.0 5.0 52.5 0.0
1991 150.6 72.7 162.3 10.7 35 30.7 3.0 16 35 29.2 48.6 0.0 516.4
1992 51.6 73.8 32.9 4.8 0.0 27 2.8 40.0 1.0 25.2 247 85.6 345.1
1993 230.9 82.4 133.9 49.9 6.2 1.3 0.3 25.1 15.5 34.2 63.7 106.1 749.5
1994 241.6 218.1 743 45.6 10.1 28 15 17 0.0 1.0 25.2 727 694.6
1995 121.5 135.0 215.7 27.8 3.7 0.1 0.0 2.8 8.6 13.1 22.3 122.0 672.7
1996 187.3 156.8 83.0 61.6 12.0 0.0 0.3 141 11.7 10.6 413 146.6 725.4
1997 175.0 201.8 86.5 317 18.1 0.0 0.0 331 64.8 14.0 60.1 102.2 787.3
1998 2711 114.9 96.6 15.9 0.5 3.0 0.0 0.8 0.5 9.6 48.5 75.9 637.4
1999 199.2 273.9 198.2 30.5 6.0 0.1 1.2 0.6 235 75.3 10.7 90.3 909.5
2000 194.3 242.5 157.2 215 28.7 7.8 0.4 11.4 16 70.9 22.1 97.9 856.4
2001 240.3 239.0 144.2 108.9 31.3 5.4 16.5 12.0 8.4 18.7 8.6 35.9 869.0
2002 123.6 241.6 186.8 134.9 17.4 8.0 318 0.6 19.1 44.7 82.2 113.3 1004.1
2003 83.5 193.1 29.2 11.8 15 3.6 4.1 13.2 148 114.6
2004 208.7 176.4 138.0 39.4 2.4 0.5 20.3 14.9 15.4 3.2 7.0 72.7 698.8
2005 124.4 207.0 1275 56.9 0.5 0.0 0.1 0.7 23.2 11.6 18.8 103.4 674.1
2006 202.0 200.4 1955 62.4 6.1 4.1 0.0 7.7 25.6 29.3 61.6 78.8 873.4
2007 187.0 179.7 180.4 38.4 9.1 0.1 9.7 0.8 16.1 13.7 22.9 96.2 753.8
2008 257.8 1235 70.0 5.5 32 2.7 0.1 0.6 1.7 17.1 5.0 95.6 582.7
2009 104.6 203.6 1333 65.6 2.8 0.0 111 24 239 9.9 47.9 64.6 669.7
2010 179.1 164.6 73.0 69.3 6.4 21 2.2 1.0 6.2 21.2 13.4 142.9 681.4
2011 233.8 96.9 104.8

Pp Maxima 362.1 273.9 284.8 134.9 45.1 39.5 318 1111 80.9 105.5 150.5 151.7 1079.6

Pp Media 166.8 153.2 128.4 43.7 85 3.6 41 10.8 16.7 25.8 38.7 85.9 687.9

Pp Minima 329 241 26.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 345.1
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Figure 3. Regression between Two Sets of Monthly Precipitation Data

Peak floods mostly occur during the summer months: January, February and March,
but occasionally peak floods have occurred in April. Sixty three percent of the annual
volume runoff is produced in the summer months. Discharges are much lower the rest
of the year flows and pose no threat for the crops or settlement located near the

floodplains.

Figure 4. Map of the Majes-Camana Basin.
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Notice that precipitations are lower near the Pacific Ocean and increases with altitude. The orographic effect is evident.

Figure 5. Isohyets of Annual Precipitation in the Majes - Camana Basin.

I11. PROJECT DESCRIPTION

In this section, the tasks that led to the estimation of flood discharge for selected return
periods are described. Available information, statistical analysis, theoretical and
practical considerations are presented. At the end of this chapter, peak discharges and
outflow hydrographs are given at two points along the Camana — Majes basin: Huatiapa

station and at the confluence of the Andahua and Colca.

3.1. Available information

Weather information is available in the study area. Information from 48 weather stations
in the study area has been identified. The majority of these stations have been installed

in the Camana Majes Basin. Some of them are complete Climatologic Stations and

PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
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other only provide rainfall records. The majority of the weather stations are not
automatic and for a number of years only manual stations existed. Therefore, the
longest records provide only manual readings. Only the Chivay rainfall station in
upstream of the Camana Majes River basin is available hourly rainfall record by
automatic rainfall gauge since 2001. However, the digitized hourly rainfall record at
Chivay is available from year 2011. Other hourly rainfall observations by private
mining company are not able to collect due to confidential record for mining purposes.
The only widely available rainfall information is the 24-hour precipitation that has been
recorded at all stations. Table 3 shows the list of weather stations that has been

identified.
Table 3. List of Weather Stations in the Study Area.

Coordinates
Weather station Latitude Longitude Altitude Entity
(masl)
Andahua 15° 29'37 72° 20'57 3528 SENAMHI
Aplao 16° 04'10 72° 29'26 645 SENAMHI
Ayo 15° 40'45 72°16'13 1956 SENAMHI
Cabanaconde 15° 377 71° 58'7 3379 SENAMHI
Camana 16° 36'24 72°41'49 15 SENAMHI
Caraveli 15° 46'17 73°21'42 1779 SENAMHI
Chachas 15° 29'56 72°16'2 3130 SENAMHI
Chichas 15° 32'41 72° 54'59.7 2120 SENAMHI
Chiguata 16° 24'1 71°24'1 2943 SENAMHI
Chinchayllapa 14° 55'1 72°44'1 4497 SENAMHI
Chivay 15° 38'17 71° 35'49 3661 SENAMHI
Choco 15°34'1 72°07'1 3192 SENAMHI
Chuguibamba 15° 50'17 72° 38'55 2832 SENAMHI
Cotahuasi 15° 22'29 72° 53'28 5088 SENAMHI
Crucero Alto 15° 46'1 70° 55'1 4470 SENAMHI
El Frayle 16° 05'5 71°11'14 4267 SENAMHI
Huambo 15° 44'1 72° 06'1 3500 SENAMHI
Imata 15° 50'12 71° 05'16 4445 SENAMHI
La Angostura 15° 10'47 71° 38'58 4256 SENAMHI
La Joya 16°35'33 71°55'9 1292 SENAMHI
La Pampilla 16°24'12.2 71°31'.6 2400 SENAMHI
Lagunillas 15° 46'46 70° 39'38 4250 SENAMHI
Las Salinas 16° 19'5 71° 08'54 4322 SENAMHI
Machahuay 15° 38'43 72° 30'8 3150 SENAMHI
Madrigal 15° 36'59.7 71°48'42 3262 SENAMHI
Orcopampa 15° 15'39 72° 20'20 3801 SENAMHI
Pampa de Arrieros 16° 0348 71° 3521 3715 SENAMHI
Pampa de Majes 16° 19'40 72°12'39 1434 SENAMHI
Pampacolca 15° 42'51 72° 34'3 2950 SENAMHI
Pampahuta 15° 29'1 70° 40'33.3 4320 SENAMHI
Pillones 15° 58'44 71°12'49 4455 SENAMHI
Porpera 15°21'1 71°19'1 4152 SENAMHI
Pullhuay 15° 09'1 72° 46'1 3113 SENAMHI
Salamanca 15° 301 72°50'1 3303 SENAMHI
Sibayo 15° 29'8 71°27'11 3827 SENAMHI
Sumbay 15°59'1 71°22'1 4294 SENAMHI
Tisco 15°21'1 71°27'1 4175 SENAMHI
Yanaquihua 15° 46'59.8 72° 52'57 2815 SENAMHI
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It was important to identify which information would be useful for the hydrologic study.
Weather stations with few data (less than 20 years), or with data from the last 10 years
missing would be discarded from this study. Some other stations were discarded
because they were too far from the study area (in the middle reaches of the Atlantic
Basin) and could distort the precipitation estimated in the basins that are of interest for
this study. Therefore, Table 5 was constructed to identify the stations with adequate
data and complete records.

Data from 10 weather stations was discarded. The reasons are given below in Table 4.
The final number of stations that were used for this study is 38. The distribution of the
stations that has been used for the hydrologic simulation is presented below in Figure 6

Detailed precipitation information is given in Appendix B.

Table 4. Weather Stations whose Data was Discarded for the Hydrologic Study.
N° Station Reason for discarding station

1 Santo Toméas |Too far from the study zone and scarce data available
2 Yauri Too far from the study zone and scarce data available
3 Condoroma |Scarce Data. Data from the last 15 years is missing
4 Cayllona Few available data.

5 Huanca Few available data.

6 Puica Few available data.

7 Janacancha |Data from the last 10 years is missing

8 La Pulpera Data from the last 15 years is missing

9 Yanque Data from the last 15 years is missing

10 Socabaya Data from the last 15 years is missing

PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
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Figure 6. Distribution of 38 Weather Stations used in Hydrologic Simulations.
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Caravell
Cotahuasi
Chuguibamba
Pampacolca
Santo Tomas
Caylloma
La Angostura
Sibayo
Yauri
Chivay
Pampahuta
Lagunillla
Imata
Cabanaconde
Salamanca
Crucero Alto
La Joya
Pampa de Majes
Camana
Aplao
La Pampilla
El Frayle
Yanaquihua
Machahuay
Huanca
Chinchas
Chinchayllapa
Puica
Pullhuay
Andahua
Orcopampa
Chachas
Ayo
Choco
Huambo
Madrigal
YYanacancha
Yanque
Tisco
La Pulpera
Sumbay
Porpera
Pampa de Arrieros
Socabaya
Chiguata
Pillones
Las Salinas

Waether Station
Condoroma

Table 5. Periods of Data in Weather Stations in the Study Area. A number of Weather Stations
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Hydrologic information is gathered at a few stream gages located along the Colca River,
the Andahua River, and the Majes River. The first two are tributaries of the latter. The
flow gauging stations in which streamflow information has been collected are Huatiapa
Station and Puente Carretera Camana Station. Huatiapa Station started operating in
1964 and Puente Carretera Camana in 1942. The latter finished operating in 1986. The
location of both stations is presented below in Table 6. All hydrological stations in the

Majes-Canama River basin are shown in Table 7.

Table 6. Location of Main HydrologicStations at the Majes - Camana Basin.

Gauging Station Latitude Longitude Elevation
(M.as.l.)

Huatiapa 15°59'41.0" S | 72°28'13.0" W 700

Puente Carretera Camana 72°44'00.0" S 16°36'00.0" W 122

21

Table 7. Location of all hydrologic stations at the Majes - Camana Basin.

Working Period
No. Station Name Category* | Catchment | Department Province District Longitude Latitude Elevation | Condition Start End
204601|MARIAPEREZ HLG CAMANA AREQUIPA CASTILLA CHOCO 72°01'1 15°17'1 4540|Closed 1968-09 1979-03
204602|CALERAMOLLOCO HLG CAMANA AREQUIPA CASTILLA CHOCO 72°00'1 15°171 4524|Closed
204603|0SCOLLO HLG CAMANA AREQUIPA CAYLLOMA SIBAYO 71° 29141 15°27'1 4439|Closed 1950-02 1974-08
204604|PUENT E COLGANT E-SIBAYO HLG CAMANA AREQUIPA CAYLLOMA SIBAYO 71°27'1 15°28'1 4316|Operating 1950-06 1993-03
204605|PALLCA-HUARURO HLG CAMANA AREQUIPA CAYLLOMA TAPAY 72°001 15°351 2393(Closed 1968-09 1978-01
204606|BAMPUT ANE HLG CAMANA AREQUIPA CAYLLOMA CALLALLI 71°07'1 15°34'1 4495|Paralyzed 1967-09 1974-08
204607|NEGROPAMPA HLG CAMANA AREQUIPA CAYLLOMA CABANACONDE 72°001 15°36'1 2200(Closed 1968-09 1978-01
204608|BLANQUILLO HLG CAMANA AREQUIPA CAYLLOMA SAN ANTONIO DE CHUCA 71°04'1 15°39'1 4444|Closed
204609|LAGUNAMAMACOCHA HLG CAMANA AREQUIPA CASTILLA AYO 72°15'1 15°411 1783|Closed
204610|AYO HLG CAMANA AREQUIPA CASTILLA CHOCO 72°14'1 15° 4211 1950(Closed
204611|ANTASALLA HLM CAMANA AREQUIPA CAYLLOMA SAN ANTONIO DE CHUCA 71°04'1 15°44'1 4439|Closed 1969-01 1973-12
204612|DIQUE LOS ESPANOLES HLM CAMANA AREQUIPA CAYLLOMA SAN ANTONIO DE CHUCA 71°02'1 15° 461 4410|Paralyzed 1968-09 1989-12
204614|CHARACTA HLG CAMANA AREQUIPA CAYLLOMA MAJES 72°31'1 16°32'1 977|Closed
204615|PUENT E CARRETERACAMANA HLG CAMANA AREQUIPA CAMANA JOSE MARIAQUIMPER 72° 441 16°36'1 25|Paralyzed 1960-01 1986-10
204616|TINTO COLCA HLG CAMANA AREQUIPA CASTILLA ANDAGUA 72°17'1 15°26'1 4527|Closed
204617|CALLALLI HLG CAMANA AREQUIPA CAYLLOMA CALLALLI 71°28'1 15°30'1 3807|Closed 1977-10 1988-12
204618|HUAT IAPA HLG CAMANA AREQUIPA CASTILLA APLAO 72°28'14 15° 5942 699|Operating 1944-09 2011-09
204619| CONDOROMA HLG CAMANA AREQUIPA CAYLLOMA TISCO 71°15'1 15°15'1 4686|Closed 1977-09 2009-11
204620|PUENT E CARRETERACOLCA HLG CAMANA AREQUIPA CAYLLOMA SIBAYO 71°271 15°29'1 3910|Closed 1950-02 1964-10
204621|REPRESACONDOROMA HLG CAMANA AREQUIPA CAYLLOMA CALLALLI 71°16'1 15°231 4239|Closed 1993-09 1995-02
204622|HACIENDA PAMPAT A HLG CAMANA AREQUIPA CAMANA NICOLAS DE PIEROLA 72°41'58 16° 3222 75|Operating 2002-11 2011-09
204807|ICHUPAMPA HLG CAMANA AREQUIPA CAYLLOMA CABANACONDE 71°55'1 15°40'1 4513|Paralyzed 1983-11 1987-07
729E39A| EMA PAMPA DE MAJES MAP CAMANA AREQUIPA CAYLLOMA MAJES 72°12'38 16°19'39 1434|Operating 2011-11 2012-09
72D23BE[OCONA EHA OCONA AREQUIPA CAMANA OCONA 73°06'1 16° 26'1 270|Operating 2000-12 2012-09

*CATEGORY

HLM = Hydrometric Station with staff gauge. It records water level manually (at06:00, 10:00, 14:00 and 18:00 hours) to calculate daily discharges.

HLG = Hydrometic Siaion with staff gauge and Limnigraph (foater type). Itrecords water level manually (at 06:00, 10:00, 14:00 and 18:00 hours) to calculate daily discharges. Also it records coninuously (hourly) water level data graphed in a recording paper.
EHA = Auomatc Hydrometic Staton (hourly data of water level using sensors)

Maximum annual discharges were obtained from a hydrologic study conducted by
Cesar Reyes (2011). Forty one maximum annual discharges corresponding to the
Huatiapa Station were available and 17 maximum annual discharges were available for
the Puente Carretera Camana Station. At the Huatiapa hydrological gauging station, the
float type automatic water level gauge was installed in 2006. However, these automatic
hourly water level records have not been digitalized at present. Therefore, it is
necessary to mention that maximum daily discharges by manual measurement are not
instantaneous peak discharges, but the maximum of 4 times (7:00, 10:00, 14:00 and
18:00) flows manually measured at the Huatiapa stream gage during a day. Most likely,

these records miss the instantaneous peak discharge of a day. The maximum annual

PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
VULNERABLE RURAL POPULATION AGAINST FLOODS 12
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discharge is the maximum daily discharge of a given year. The study by Reyes (2011)
was provided to the consultant by ANA (Peru’s National Water Authority) and is
considered official information. Statistical analysis was conducted to verify the results
given by Reyes (2011).

Statistical Analysis was performed using maximum yearly discharges of the Huatiapa
Station. Log Normal, Log Pearson Ill, GEV, SQRTET and Extreme Value | (Gumbel)
were used. The best fit was obtained using the GEV distribution. Selection of the best
fit distribution function was based on the SLSC criterion and the error of estimation
criterion, which is widely used in the Japan and other countries. Table 8 shows record
of maximum annual floods. Table 9 shows the output of the different statistical
distribution functions that were used in discharge estimation. Because the purpose of
the hydrologic study is to find instantaneous peak discharge for the return periods of
interest, a hydrologic simulation will be conducted.

Table 8. Maximum Annual Discharges at Huatiapa Station.

Annual Annual
No. Year Maximum No. Year Maximum
Discharge Discharge
(m¥%s) (m¥%s)
1 1945 620.00 31 1979 410.00
2 1946 619.00 32 1980 415.00
3 1947 580.79 33 1981 1,000.00
4 1948 506.50 34 1982 345.00
5 1949 1,012.80 35 1983 23.20
6 1950 458.33 36 1984 1,025.00
7 1951 687.32 1985
8 1952 592.50 37 1986 750.00
9 1953 980.00 1987
10 1954 980.00 1988
11 1955 2,400.00 1989
12 1956 445.30 1990
13 1957 316.00 1991
14 1958 985.50 1992
15 1959 1,400.00 1993
16 1960 600.00 1994
1961 1995
1962 1996
1963 1997
1964 1998
17 1965 171.94 1999
18 1966 237.00 2000
19 1967 420.00 2001
20 1968 442.55 2002
21 1969 308.60 2003
22 1970 362.00 2004
23 1971 356.00 2005
24 1972 633.00 38 2006 590.87
25 1973 1,040.00 39 2007 366.33
26 1974 902.00 40 2008 418.50
27 1975 748.00 41 2009 400.22
28 1976 514.00
29 1977 592.00
30 1978 1,600.00
PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
VULNERABLE RURAL POPULATION AGAINST FLOODS 13
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Table 9. Evaluation of Goodness of Fit of 5 Statistical Distributions. GEV Provided the Best Fit
Based on the SLSC Criterion.

Lo Lo

T (Years) Nongal Pearso% 1| GEV | SQRTET | Gumbel
2 543.7 664.9 559.1 570.1 598.4
5 1,004.6 968.0 900.2 984.6 1,022.0
10 1,385.2 1,080.3 1,168.2 1,309.9 1,302.5
20 1,805.8 1,143.0 1,462.5 1,658.9 1,571.5
25 1,950.8 1,156.4 1,564.3 1,777.1 1,656.9
50 2,433.7 1,184.2 1,905.9 2,163.8 1,919.8
100 2,969.1 1,197.8 2,291.5 2,580.9 2,180.7
200 3,561.8 1,203.5 2,728.0 3,029.1 2,440.7
500 4,400.6 1,205.1 3,396.1 3,669.9 2,783.8
SLSC 0.0877 0.0714 0.0342 0.0440 0.0493
Error of 887.5 759.6 4245 4443 369.3

Estimation
Maximum flood on record: 2,400 m®/s

3.2, Assumed risk level
The risk level assumed for a structure with a lifespan of n years, designed to resist

]

The river training works are usually designed to withstand floods ranging between the

stresses for a return period T, is:

20-yr flood and the 100-yr flood. If the river training works lifespan is 20 years, and
that return period T, for which the river training works are designed, is 100 years, risk
level would be 18.2 %. Table 10 shows risk levels for lifespan ranging between 2 and
500 years and for design return periods between 25 and 500 years.

Table 10. Failure Risk Level for Structures with a Lifespan of n years, Designed for a Return

Period T.
Failure risk for works designed for a return period T, and
a lifespan of n years
Lifespan | Return period, T
n (years) 25 50 100 200 500
2 0.078 0.040 0.020 0.010 0.004
5 0.185 0.096 0.049 0.025 0.010
10 0.335 0.183 0.096 0.049 0.020
20 0.558 0.332 0.182 0.095 0.039
50 0.870 0.636 0.395 0.222 0.095
100 0.983 0.867 0.634 0.394 0.181
200 1.000 0.982 0.866 0.633 0.330
500 1.000 1.000 0.993 0.918 0.632

PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
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3.3.  Basin Delineation
The main source of information was the National Geographic Institute (IGN) maps.

These maps are presented in a 1: 100 000 scale and contour lines are spaced every 50 m
and are part of the National Chart (“Carta Nacional”). The list of IGN maps used for

this study is given below in Table 11.

Table 11. List of IGN Maps used for Basin Delineation.
Zone 18 S Zone 19 'S |

30-r
31-q 31-r 31-s 31-t 31-u
32-q 32-r 32-s 32-t 32-u
33-q 33-r
34-q 34-r

The Majes — Camana Basin was divided in 4 sub basins for the purpose of estimating
the discharges and for sediment transport simulations. Arc Map®, a Geographic
Information System (GIS) package was used to divide the basins. Arc Hydro® is a
module that allows one to divide the terrain in sub basins. In addition, delineation was
improved by manual adjustments recommended in GIS textbooks. Figure 7 shows the
Majes-Camana basin and its sub divisions.

TZITCW T2VTW TITW T W

15°00°8
15008

1540075
1553008

160075
16°00"S

Majes - Camana
e Basin

FE0W V0w TITW THE0wW

yeo, HIPFON KOEICO.LTD. & ot a1 o e s v e | WS Cammn RN | T o

—— : . =

Figure 7. Majes - Camana Basin and its 4 Sub Basins.
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3.4.  Design Precipitation
Data from a number of weather stations are available for this study. The majority

belong to the Peruvian National Meteorological and Hydrological Service (SENAMHI,
in Spanish). However, many stations were permanently or temporarily deactivated.
Therefore, much data is missing. Maximum annual 24 hr precipitation data is available.
Statistical analysis was conducted.

Only the Chivay rainfall station in upstream of the Camana Majes River basin is
available hourly rainfall record by automatic rainfall gauge since 2001. However, the
digitized hourly rainfall record at Chivay is available from year 2011. The JICA Study
Team collected the hourly rainfall records of rainy season (January to March) of year
2011 and 2012. Figure 8 shows the depth-duration analysis (D-D Analysis) of hourly
rainfall data at Chivay rainfall station for major floods in February 2011 and February
2012. The peak discharge at Huatiapa water level gauging station in February 11, 2012
is at 1,400 m®s. According to the Figure 8, the rainfall duration of major floods is
around 7 to 17 hours.

Twenty four hour precipitation was estimated for the 2, 5, 10, 20, 25, 50 and 100 year
design period using the Normal, Log Normal, Log Pearson Ill and Extreme Value Type
I (Gumbel) statistical distributions due to D-D analysis of Chivay hourly rainfall data.
The best fit was determined using the Kolmogorov Smirnov method. This is a non-
parametric method and can be applied to all distributions. The estimated precipitations

for each weather station are given below in Table 12.

100% —F—
X 90% 4 =t .
< AT e
§ 80% ; >
:g 70% v A
= o y) )
_g 60% P P
9 s50% - /
£ 40% 7
S 5 o} = = = from15:00 14th Feb.~ 15:00 15th Feb. 2011 | |
& 30% 4
Z 0% / from 09:00 18th Feb.~ 19:00 19th Feb. 2011 |
= :
2 10% 11y — - = from16:0011th Feb. ~ 15:00 12th Feb.2012 [
0%#/‘.( 4+t
01234656 7 8 91011121314151617 1819 20212223
Time in Hour (hr)
Acculated Hourly Rainfall at Chivay, Majes Rivar Basin

Source: Prepared by JICA Study Team based on the hourly rainfall record at Chivay by SENAMHI
Figure 8. Accumulated Hourly Rainfall of Major Floods at Chivay Rainfall Station.
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Table 12. Precipitation for Different Return Periods at each Selected Weather Station.

Coordinates Precipitation for T (years)
. . . Altitude
Station Latitude Longitude (masl) 2 5 10 25 50 100 200
Andahua 15° 29'37 72° 20'57 3538 24.30 | 31.33 | 34.83 | 38.29 | 40.33 | 42.02 | 43.43
Aplao 16° 04'10 72°29'26 625 1.71 5.03 7.26 9.51 10.71 11.56 12.14
Ayo 15° 40'45 72°16'13 1950 10.28 | 16.43 | 20.51 | 25.66 | 29.48 | 33.27 | 37.05
Cabanaconde 15° 37'7 71° 587 3369 26.58 | 37.88 | 45.89 | 56.58 | 64.95 [ 73.67 | 82.79
Camana 16° 36'24 72°41'49 29 3.18 7.16 9.79 13.11 15.58 18.03 20.46
Caraveli 15° 46'17 73°21'42 1757 7.67 16.07 22.60 31.46 38.30 45.21 52.15
Chachas 15° 29'656 72°16'2 3130 22,21 | 28.60 | 32.08 | 35.83 | 38.24 | 40.37 | 42.30
Chichas 15° 32'41 72° 54'659.7 2120 16.28 | 23.47 | 27.01 | 30.37 | 32.23 | 33.67 | 34.80
Chiguata 16° 24'1 71°24'1 2945 18.88 | 29.98 | 37.33 | 46.40 | 52.94 | 59.27 | 65.42
Chinchayllapa 14° 55'1 72° 44'1 4514 23.12 31.21 36.57 43.34 48.37 53.35 58.32
Chivay 15° 38'17 71° 35'49 3663 2450 | 32.74 | 38.20 | 45.09 | 50.21 | 55.29 | 60.35
Choco 15° 34'1 72°07'1 3160 16.10 | 22.92 | 27.45 | 33.16 | 37.39 | 41.60 | 45.79
Chuguibamba 15° 50'17 72° 38'55 2839 21.65 | 36.96 | 47.09 | 59.80 | 69.39 | 78.82 | 88.21
Cotahuasi 15° 22'29 72° 5328 5086 21.20 29.97 35.78 43.12 48.56 53.96 59.35
Crucero Alto 15° 46'1 70°55'1 4486 25.33 31.66 35.20 39.10 41.67 44.02 46.17
El Frayle 16° 05'5 71°11'14 4110 22.33 | 29.95 | 3543 | 42.89 | 48.83 | 55.12 | 61.82
Huambo 15°44'1 72°06'L 3500 22.87 30.14 34.96 41.05 45.57 50.05 54.52
Imata 15° 50'12 71° 05'16 4451 28.35 37.09 42.87 50.18 55.60 60.98 66.34
La Angostura 15°10'47 71° 38'58 4260 35.90 45.89 53.22 63.31 71.46 80.18 89.57
La Joya 16°35'33 71°55'9 1279 1.22 4.74 7.89 11.93 14.65 16.98 18.92
La Pampilla 16° 24'12.2 71°31'.6 2388 12.65 | 21.64 | 27.66 | 35.01 | 40.23 | 45.20 | 49.94
Lagunillas 15° 46'46 70° 39'38 4385 28.55 34.30 37.75 41.81 44.67 47.40 50.05
Las Salinas 16° 19'5 71° 08'54 3369 18.05 25.72 30.80 37.22 41.98 46.70 51.41
Machahuay 15° 38'43 72°30'8 3000 21.06 | 29.80 | 34.71 | 40.03 | 43.45 | 46.46 | 49.14
Madrigal 15° 36'659.7 71° 48'42 3238 23.63 | 30.07 | 33.66 | 37.59 | 40.17 | 4250 | 44.63
Orcopampa 15° 15'39 72° 20'20 3805 21.51 | 29.58 | 36.83 | 48.66 | 59.81 | 73.37 | 89.92
Pampa de Arrieros 16° 03'48 71° 3521 3720 18.86 | 32.08 | 40.82 | 51.88 | 60.07 | 68.21 | 76.32
Pampa de Majes 16°19'40 72°12'39 1442 2.07 6.68 10.56 | 1555 | 18.98 | 22.04 | 24.69
Pampacolca 15° 42'51 72°34'3 2895 21.13 29.11 34.40 41.08 46.04 50.95 55.86
Pampahuta 15°29'1 70° 40'33.3 4317 34.18 | 39.66 | 42.87 | 46.58 | 49.14 | 51.57 | 53.89
Pillones 15° 58'44 71°12'49 4428 24.00 | 32.95 | 38.88 | 46.36 | 51.92 | 57.43 | 62.92
Porpera 15°21'1 71°19'1 4142 27.40 40.61 49.37 60.42 68.63 76.77 84.88
Pullhuay 15° 09'1 72° 46'1 3098 2447 | 32.43 | 37.63 | 44.15 | 4897 | 53.77 | 58.60
Salamanca 15° 30'1 72° 501 3153 19.86 | 26.64 | 31.13 | 36.81 | 41.02 | 45.20 | 49.36
Sibayo 15° 29'8 71°27'11 3839 31.25 38.61 42.98 48.06 51.59 54.93 58.13
Sumbay 15°59'1 71°22'1 4300 25.43 35.57 43.10 53.56 62.08 71.26 81.17
Tisco 15°21'1 71°27'1 4198 33.41 | 42.74 | 51.24 | 65.12 | 78.15 | 93.95 | 113.15
Yanaquihua 15° 46'59.8 72° 52'57 2834 20.70 35.78 45.76 58.38 67.74 77.03 86.29

The precipitation in each basin was calculated using the inverse weight method based

upon the precipitation in the selected stations. Isohyets for each return period that was
studied were obtained. Figures 9, 10, 11, 12, 13 and 14 show the 24-hr precipitation

isohyets estimated for the 2, 5, 10, 25, 50 and 100-yr return periods.
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Figure 9. Isohyets Delineated for 2-yr 24 hr Precipitation.
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Figure 10. Isohyets Delineated for 5-yr 24 hr Precipitation.
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Figure 11. Isohyets Delineated for 10-yr 24 hr Precipitation.
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Figure 12. Isohyets Delineated for 25-yr 24 hr Precipitation.
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Figure 13. Isohyets Delineated for 50-yr 24 hr Precipitation.
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Figure 14. Isohyets Delineated for 100-yr 24 hr Precipitation.
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Twenty four-hour precipitations were calculated for each sub basin. The database
corresponding to the precipitation of each weather station was used to determine the
values of precipitations corresponding to the 2, 5, 10, 25, 50 and 100 year return periods
for each sub basin. Thiessen polygons were used to estimate the area of influence of
each rain gage. Areas of influences are presented in Appendix B.6. Schematic of the
area of influence is shown below in Figure 15. Mean areal rainfall for each sub basin

was found thereafter. Table 13 summarizes the precipitations for each sub basin.

Figure 15. Schematics of the Areas of Influence of Rainfall Stations for Estimating Precipitation in
each Sub Basin.

Table 13. Precipitation for each Sub Basin of the Majes-Camana Basin.
Mean areal rainfall (mm.)

Sub basin

T10 T25 T50
W2830 29.60 36.80 48.68 59.96 73.45
W3050 38.20 46.10 55.14 62.47 70.23
W3490 29.25 34.14 40.63 45.15 50.03
W4590 23.05 27.70 33.23 36.98 40.77

Because 24 hour precipitations are available, and there is much uncertainty on the
rainfall distribution, an SCS distribution was used. This distribution can be essentially
used with any rainfall duration. SCS rainfall distributions are shown in Table 14. In
this case, a modified SCS Type | distribution was used due to the hourly rainfall
patterns of major flood in February 2011 and 2012 at Chivay rainfall station as shown in

Figure 8 above.
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Table 14. SCS Rainfall Distributions Type I, 1A, 11 and 111.

24 hr precipitation temporal distribution
Time (hr) t/124 Type | Type IA Type Il Type lll
0.00 0.000 0.000 0.000 0.000 0.000
2.00 0.083 0.035 0.050 0.022 0.020
4.00 0.167 0.076 0.116 0.048 0.043
6.00 0.250 0.125 0.206 0.080 0.072
7.00 0.292 0.156 0.268 0.098 0.089
8.00 0.333 0.194 0.425 0.120 0.115
8.50 0.354 0.219 0.480 0.133 0.130
9.00 0.375 0.254 0.520 0.147 0.148
9.50 0.396 0.303 0.550 0.163 0.167
9.75 0.406 0.362 0.564 0.172 0.178
10.00 0.417 0.515 0.577 0.181 0.189
10.50 0.438 0.583 0.601 0.204 0.216
11.00 0.458 0.624 0.624 0.235 0.250
11.50 0.479 0.654 0.645 0.283 0.298
11.75 0.490 0.669 0.655 0.357 0.339
12.00 0.500 0.682 0.664 0.663 0.500
12.50 0.521 0.706 0.683 0.735 0.702
13.00 0.542 0.727 0.701 0.772 0.751
13.50 0.563 0.748 0.719 0.799 0.785
14.00 0.583 0.767 0.736 0.820 0.811
16.00 0.667 0.830 0.800 0.880 0.886
20.00 0.833 0.926 0.906 0.952 0.957
24.00 1.000 1.000 1.000 1.000 1.000

3.5. Infiltration Model
The infiltration model used for this study was the Curve Number (CN) method. This

method was first proposed by the former Soil Conservation Service (Natural Resources
Conservation Service — NCRS, nowadays) of the United States of America. This
method allows one to estimate a single parameter based on the type of soil and the land
use.
The CN method assumes that a basin has a storage capacity S (inches). There is an
Initial abstraction, I,, that is the height of rain that completely infiltrates before runoff
begins.  After runoff begins, the infiltration is F, and runoff is P, (effective
precipitation), therefore, total precipitation, P is:
P=P+I,+F

The CN method assumes that there is a relation between effective precipitation, storage
capacity and initial abstraction, as follows:

P P

e _ e

S P-I,

Using the two previous equations and after algebraic manipulations, results in:

2
p - (P-1)
P—1,+S

In addition, it is assumed that P, = 0.2 S.
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FIGURE 5.5.2
Solution of the SCS runoff equations. (Source: Soil Conservation Service, 1972, Fig. 10.1, p.
10.21)

Figure 16. Relation between Total Precipitation, P, and Effective Precipitation, P..

The CN values are given for “normal conditions”, this is when the precipitation
registered the 5-day period preceding the event ranges between 35.5 mm and 53.3 mm.
CN values for normal conditions are given in Tables 15, 16 and 17. CN values are
estimated based on the type of soil and land use.

If the precipitation falls below 35.5 mm a correction factor that lowers the value of CN
is applied. This is called Antecedent Moisture Condition | (AMC I). If the precipitation
exceeds 53.3 mm during the preceding 5-day period, the precipitation is adjusted and
the CN value increases. This is called Antecedent Moisture Condition 111, AMC IlI.
Equation for estimating CN for AMC | as follows:

4.2CN(II)

CN(|)=1O_0_0580N(II)

Equation for estimating CN for AMC |11 follows:
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23CN(I1)

N =10+ 0aaen ()

Table 15. Values of CN Based Upon Soil Type (Hydrologic Soil Group) and Land Use.

TABLE 5.5.2
Runoff curve numbers for selected agricultural, suburban, and urban land

uses (antecedent moisture condition II, I, = 0.25)

Land Use Description Hydrologic Soil Group

A B C D

Cultivated land1: without conservation treatment 72 81 88 91
with conservation treatment 62 71 78 81
Pasture or range land: poor condition 68 79 86 89
good condition 39 61 74 80
Meadow: good condition 30 58 71 78
Wood or forest land: thin stand, poor cover, no mulch 45 66 7 83
good cover? 25 55 70 77
Open Spaces, lawns, parks, golf courses, cemeteries, etc.
good condition: grass cover on 75% or more of the area 39 61 74 80
fair condition: grass cover on 50% to 75% of the area 49 69 79 84
Commercial and business areas (85% impervious) 89 92 94 95
Industrial districts (72% impervious) 81 88 91 93
Residential3:
Average lot size Average % impervious4
1/8 acre or less 65 77 85 90 92
1/4 acre 38 6l 75 83 87
1/3 acre 30 57 72 81 86
1/2 acre 25 54 70 80 85
1 acre 20 51 68 79 84
Paved parking lots, roofs, driveways, etc.5 98 98 98 98
Streets and roads:
paved with curbs and storm sewers3 98 98 98 98
gravel 76 85 89 91
dirt 72 82 87 89

1For a more detailed description of agricultural land use curve numbers, refer to Soil Conservation Service, 1972,
Chap. 9

2Good cover is protected from grazing and litter and brush cover soil.

3Curve numbers are computed assuming the runoff from the house and driveway is directed towards the street
with a minimum of roof water directed to lawns where additional infiltration could occur.

4The remaining pervious areas (lawn) are considered to be in good pasture condition for these curve numbers.
5In some warmer climates of the country a curve number of 95 may be used.
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Table 16. Values of CN Numbers for Rural Areas and Arid and Semiarid Areas. Source:
Maidment (1993).

TABLE 5.5.1 SCS Runoff Curve Numbers (Continued)

¢. Other agricultural areas

Cover description Curve numbers for

hydrologic soil group

Hydrologie. @—————

Cover type condition A B C D

Pasture, grassland, or range — continuous forage Poor 68 79 86 89
for grazing* "~ Fair 49 69 79 84
Good 39 61 74 80

Meadow — continuous grass, protected from — 30 58 71 78

grazing and generally mowed for hay

Brush —brush-weed-grass mixture with brush Poor 48 67 77 83
the major elementt Fair 35 56 70 77
Good 30 48 65 73

Woods-grass combination (orchard or Poor 57 73 82 86
tree farm)* Fair 43 65 76 82
Good 32 58 72 79

Woods$ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 55 70 i

Farmsteads— buildings, lanes, driveways, and — 59 74 82 86

surrounding lots

* Poor: < 50% ground cover or heavily grazed with no mulch,

Fair: 50 to 75% ground cover and not heavily grazed.

Good: >75% ground cover and lightly or only occasionally grazed.

t Poor: < 50% ground cover.

Fair: 50 to 75% ground cover.

Good: > 75% ground cover.

* CNs shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combina-
tions of conditions may be computed from the CNs for woods and pasture.

§ Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

. Fair: Woods are grazed but not burned, and some forest litter covers the soil.
Good: Woods are protected from grazing, and litter and brush adequately cover the soil.
Source: Ref. 105,

d. Arid and semiarid range areas

Cover description Curve numbers for
= hydrologic soil group
Hydrologic

Cover type condition* At B C D

Herbaceous— mixture of grass, weeds, and Poor 80 87 93
low-growing brush, with brush the minor Fair 71 81 89
element Good 62 74 85
Oak-aspen — mountain brush mixture of oak Poor 66 74 79
brush, aspen, mountain mahogany, bitter brush, Fair 48 57 63
maple, and other brush Good 30 41 48
Pifion-juniper — pifion, juniper, or both: grass Poor 75 85 89
understory Fair 58 73 80
Good 41 61 71

Sagebrush with grass understory Poor 67 80 85
Fair 51 63 70

Good 35 47 55
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Table 17. Values of CN Numbers for Arid and Semiarid areas. Source: Maidment (1993).

TABLE 5.5.1 SCS Runoff Curve Numbers (Continued)

d. Arid and semiarid range areas

Cover description Curve numbers for
———— - hydrologic soil group
Hydrologic —
Cover type condition* At B C D
Desert shrub— major plants include saltbush, Poor 63 717 85 88
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86
palo verde, mesquite, and cactus Good 49 68 79 84

* Poor: <30% ground cover (litter, grass, and brush overstory).

Fair: 30 to 70% ground cover.

Good: >70% ground cover.

t Curve numbers for group A have been developed only for desert shrub.
Source: Ref. 105.

For establishing the initial CN values, the basin’s territory was divided in different areas.
The highlands of the upper basin, a barren land, barely covered by soils left by glacier
retreat, mostly moraines, and with scarce vegetation, composed by pastures, were
assigned a CN value of 65. This was corrected using the equation for the AMC IlI
condition, and a value of 81 was obtained. The middle reaches are covered with
pastures, small bushes and threes, and a CN value of 55 was assigned. In this area, it
was also necessary to correct the value using the AMC Il correction, and a value of 75
was obtained. Finally, the lower reaches are located in a hyper arid area, with annual
precipitations of less than 50 mm. A value of 79 was assigned, but the correction factor
for AMC I condition was applied, rendering a value of 61 for the lower reaches. Figure
17 shows the distribution of the initial and final CN values that were adjusted during the

calibration process.
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Figure 17. Initial and Final Distribution of Curve Number for the Hydrologic Simulation and
Calibration.

3.6.  Unit Hydrograph (Transform) Model
The Unit Hydrograph model used is the former SCS method. This method estimates a

time of concentration based on the length of the basin, L, the slope of the basin, S, in
percentage, and CN. The formula is presented below.

0.7
4.3611L°'8[1000 —9}
CN

h =
tc( r) 19008 0.5

The lag time is 0.6 t.. The lag time is entered in the HEC-HMS program as the only

variable that will be used to estimate the hydrograph in each basin. Lag times for each

basin are presented in Appendix C.1.

3.7.  Flood Routing Model
The flood routing model used in this study is the kinematic wave method. This method

is based on the
oQ N oA

oX ot =4
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It is also assumed that the area, A, is proportional to the discharge, Q, as follows:
A=oQ”
Rewriting Manning’s equation results in:
3
nP% *

%
Q
5,

A=

Therefore:

3
nP% *
a = 750}/2

£=0.6

This is solved using a numerical method using:

‘ (Ol )t JEa
{At }QiMJraﬂQijﬂ[Hl;Q'j +At£'+1;q'+1j
i+

AX
Qi+l - At i i+ B-1
At . ,6’[ it Q j

AX 2

3.8.  Baseflow calculations
Baseflow was estimated using discharges from the Huatiapa Station. The minimum

flow for each month was identified and the average of the minimum flow was found.
This value is assumed constant for each month of the year and has been based upon
field data from the Huatiapa Station. Finally, the average of the minimum flows for
February was used as the total baseflow discharge for the rainfall-runoff simulations.
Because the Majes — Camana basin has been divided in 4 sub-basins and data is entered
for each sub basin in the HEC-HMS model, baseflows were assumed to be proportional
to the sub basins areas, so that the sum of the baseflows would equal the flow in

Huatiapa. Results are presented in Table 18.

Table 18.Estimated Baseflow Discharge (m®/s) at Huatiapa Station.

Sub basin NEIETSY February March
W2830 8.37 14.69 14.24
W3050 17.46 30.65 29.72
W3490 22.32 39.18 37.99
W4590 6.25 10.98 10.64

Total 54.4 95.5 92.6
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Based on these new baseflow values and the new discharge data provided (maximum

daily discharge), calibration is performed in order to find the new curve numbers.

3.9.  Logical Support (Software)
The program used to carry out the hydrologic simulation is the HEC — HMS version 3.4

program that was developed by the United States Army Corps of Engineers, in order
estimate the flow at the interest points. This program allows for simulating surface
runoff produced in the basins, flood flows through channels or conduits, and dam flood
flows. The basin model has modules to calculate infiltration, the unit hydrograph, and
the base flow by different methods. In this case, the SCS method has been chosen to
calculate infiltration, the SCS method has been chosen to estimate the surface runoff
hydrograph, and later, the base flow has been included. The kinematic wave model was
used for modeling flood routing.

Sub - basins join at points called junctions. The program allows for including reservoirs
of any size in the model. The design precipitation and the rainfall type are introduced
into the meteorological model.) In this case, discharges will be estimated for the 2, 5, 10,
25, 50 and 100 yr floods. Figurer 18 shows the schematic of the HEC-HMS 3.4
program implemented with the Majes — Camana basin data.

THe QT WIew COMPONENts Parsmeters Compute Results 10015 Telp
DS * ¢ Qs sEPSer Ty “EEDS
| Majes_Camana I Basin Model [H_CN] = [
- | Basin Models e
=@
2 W3490
& w0 X CHINGRAYLAPA
=0 1557
& Reach-2
15 W2830
P 548 spuica
& Reach-1
O 524 R FULLAY AV
hn R2690
5 W4590
& sink-1
Meteorologic Models
Control Spedifications
Time-Series Data
R coTAruAS
% saLamanta
# cricras
 VANAGUHIA RUCERD ALTO
c ts | Compute 5
omponents | Computs [ Results| B Lowmey  momiohes
&) Basin Mode! *HUANCA
#apLao # PAMPA DE ARRERGS
CmmE ®ELFRATLE
Description: |Delimitacion I
Grid Cell File: |:\08 Inundaciones I [
Local Flow: |No -
] 3
Flow Ratios: | Ne -
Replace Missing: |Na - MOTE 10008: Finished opening project "Majes_Camana” in directory ™V:\08 Inundaciones Majes Camana\HECHMS\Huatiapa_CMN_V2\Thiessen'\Huatiapa_PRS0" at time 08ago2012, 23:52: 16,
NOTE 10179: Opened basin model "H_CN" at time 08ago2012, 23:52:18.
Uniit System: |Metric =
Sediment: | No
Figure 18. HEC-HMS Schematic of the Majes - Camana Basin showing its 4 sub Basins.
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3.10. Calibration of the Curve Number
The Curve Number (CN, hereafter) is the only variable that can be calibrated. The rest

of the variables can be measured directly or estimated from maps or other sources.
Therefore, initial values were assumed taking into account the type of soil and the land
use. Values were extracted from tables published by the former Soil Conservation
Service (Currently, the Natural Resources Conservation Service, NCRS). The
precipitation of the N year return period must correspond to the peak discharge of the N
year return period.

The peak discharge using the precipitations corresponding to the return periods of
interest were estimated at Huatiapa station. If the values exceeded the maximum daily
discharges for the same return periods, then the duration of the time exceeding the
maximum daily discharge was analyzed.

In this case, initial CN values produced floods much larger than the calculated using
flood records. Therefore, CN values decreased in each sub zone until an appropriate
hydrograph was found. Initial and final CN values are given in Table 19. A map
showing the initial CN values in the Majes — Camana basin can also be found in
Appendix C.2.

The final values produced hydrographs that will be used for the other teams involved in
the study. The peak discharges will be used for floodplain delineation in the lower

reaches.
Table 19. Initial and Final Values of CN.
. Estimated | Final CN
Area Description Initial CN
Upper Basin - Colca Barren area with scarce vegetation. 81 79
Upper Basin - Andahua | Barren area with scarce vegetation. 81 79
Middle Basin — Colca 74
and Andahua Pastures, shrub, small trees. 75
Lower Basin - Majes Desert, hyper arid area 61 59

The times of concentration, t;, were found for every condition tested and lag times were
recalculated. Final values of discharges at Station Huatiapa were found for the 2, 5, 10,
20, 25, 50 and 100 year return periods and are presented in Table 20. Figures 19
through 32 show the summary of results and hydrographs for the same return periods.

Detailed information of flood hydrographs at Huatiapa can be found in Appendix C.3.
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2 305,8
5 637,7
10 1007
20 1415,9
25 1565,6
50 2083,6
100 2702,6
D'Summary Results for Sink "Sink-1" | = | [=] |-'E_"h
Project: Majes_Camana
Simulation Run: Run PR2  Sink: Sink-1
Start of Run:  01lene2d11, 00:00 Basin Model: H_CM
End of Run:  05ene2di1i, 00:00 Meteorologic Model: H_CN

Table 5. Peak Discharges for Different Return Periods at Huatiapa.
T (years) Q (m’fs)

Compute Time: 26nov2012, 19:35:36 Control Specifications: Contral 1

Wolume Units: @ MM () 1000 M3
Computed Results

Peak Outflow ; 305.8 (M3/5) Date/Time of Peak Outflow : 02ene2011, 11:45
Total Qutflow : 3.69 (MM)

Graph for Sink “Sink-1"

40

Figure 19. Summary of Results of HEC-HMS Program for 2-year Flood at Station Huatiapa.

Sink "Sink-1" Results for Run "Run PR2"
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Flow (crns)
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507

T T T
00:00 12:00 00:00 12:00 00:0
03Jan2011 04 Jan2011

T T
0000 12:00 0000 12:00
01Janz2011 02Janz2011
Legend (Compute Time: 27ago2012, 19:43:49)
— Run:Run PR2 Element: SINK-1 Result: Qutflow
------ Run:Run PR2 Element 45380 Result: Outflow

——- Run:Run PR2 Element: R22890 Result: Sutflows

Figure20. Hydrograph for 2-year Return Period.
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] Summary Results for Sink "Sink-1" = | B S

Project: Majes_Camana
Simulation Fun: Run PR5  Sink: Sink-1

Startof Run:  01ene2011, 00:00 Basin Model: H_CM
End of Run:  05ene2011, 00:00 Meteorologic Model:  H_CN
Compute Time: 26nov2012, 19:37:55 Control Specifications: Control 1

Volume Units: (@ MM () 1000 M3
Computed Results

Peak Qutflow : 637.7 (M3/5) Date/Time of Peak Cutflow : 02ene2011, 08:15
Total Qutflow @ 5.64 (MM)

Figure 21. Summary of Results of HEC-HMS Program for 5-year Flood at Station Huatiapa.

Graph for Sink “Sink-1"

Sink "Sink-1" Results for Run "Run PR5"
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Legend {Compuke Time: 27agoz01Z, 19:59:50)
Run:RUMN PRS Element: SINK-1 Result: Qutflow
ffffff Run:Fun PRS Element:yW4590 Result Outflows:

——— Run:Run PRS Element R2290 Result: Dutflow:

Figure 22. Hydrograph for 5-year Return Period.
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] Summary Results for Sink "Sink-1" — | =] |£i

Project: Majes_Camana
Simulation Run: Run PR10  Sink: Sink-1

Start of Run: 01lene2011, 00:00 Basin Model: H_CM
End of Run: 05ene2011, 00:00 Meteorologic Model: H_CHM
Compute Time: 26now2012, 19:40:17 Control Spedfications: Control 1

Volume Units: @) MM () 1000 M3
Computed Results

Peak Outflow : 1007.0 (M3/S) Date/Time of Peak Outflow : 02ene2011, 06:45
Total Outflow : 7.81 (MM)

Figure 23. Summary of Results of HEC-HMS Program for 10-year Flood at Station Huatiapa.
(= =]

Graph for Sink “Sink-1**

Sink "Sink-1" Resulis for Run "Run PR10"
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Legend (Compute Time: 27agoz012, 20:08:37)
— Run:Run PR10 Element SIMNK-1 Result Dutflovws— —— Run:Run PR10 Element R26390 Result: Qutflow

Run:RFun PR10 Element w4590 Result: Dutflaws

Figure 24. Hydrograph for 10-year Return Period.
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1 Summary Results for Sink "Sink-1" | — | (=] |£E-

Project: Majes_Camana
Simulation Fun: Run PR20  Sink: Sink-1

Startof Run: 01lene2011, 00:00 Basin Model: H_CM
End of Run; 05ense2011, 00:00 Meteorologic Model: H_CHN
Compute Time: 26nov2012, 19:41:31 Control Specifications: Contral 1

Volume Units: (@ MM () 1000 M3

Computed Results

Peak Outflow : 1415.9 (M3/3) Date/Time of Peak Outflow : 02ene2011, 05:45
Total Outflow : 10,45 (MM)

Figure 25. Summary of Results of HEC-HMS Program for 20-year Flood at Station Huatiapa.
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Graph for Sink “Sink-1"

Sink "Sink-1" Results for Run "Run PR20"
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Legend {(Compute Time: Z7agoZ012, 19:47:37)
— Run:Run PR20 Element: SINK-1 Result: Qutflow— —— RFun:RFun PR20 Element R2690 Result: Cutflow

------ RFun:Fun PR2Z0 Element V45390 Result: Qutflow

Figure 26. Hydrograph for 20-year Return Period.

PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
VULNERABLE RURAL POPULATION AGAINST FLOODS 34

43



Hydrology of Maximum Floods in Majes Camana River

|
1 Summary Results for Sink "Sink-1" [ [ (S

Project: Majes_Camana
Simulation Run: Run PR25  Sink: Sink-1

Startof Run: 0lene2011, 00:00 Basin Model: H_CM

End of Run: 05ene2011, 00:00 Meteorologic Model: H_CM

Compute Time: 26nov2012, 19:42:33 Control Spedfications: Control 1
Volume Units: @) MM () 1000 M3

Computed Results

Peak Outflow : 1565.6 (M3/S) Date/Time of Peak Outflow : 02ene2011, 05:30
Total Outflow : 11.38 (MM)

Figure 27. Summary of Results of HEC-HMS Program for 25-year Flood at Station Huatiapa.

Graph for Sink “Sink-1"
Sink "Sink-1" Results for Run "Run PR25"
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Legend (Compute Time: 27ago2012, 20:13:32)

— Run:RUMN PRZ% Element: SIMNK-1 Result: Qutflow

——— RFun:RFun PR25 Element R2630 Result Cutflaw:

------ Fun:RFun FR25 ElementWWa4530 Result COutflow

Figure 28. Hydrograph for 25-year Return Period.

1 Summary Results for Sink "Sink-1" o [ |

Project: Majes_Camana
Simulation Rum: Run PRS0 Sink: Sink-1

Startof Run:  01ene2011, 00:00 Basin Model: H CH
End of Run:  05ene2011, 00:00 Meteorologic Model: H_CM
Compute Time: 26nov2012, 19:43:22 Control Specifications: Contral 1

Volume Units: @ MM (") 1000 M3

Computed Results

Peak Outflow : 2083.6 (M3/5) Date,/Time of Peak Cutflow : 02ene2011, 04:45
Total Qutflow : 14.69 (MM)

Figure 29. Summary of Results of HEC-HMS Program for 50-year Flood at Station Huatiapa.
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Graph for Sink “Sink-1*

Sink "Sink-1" Results for Run "Run PR50"
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Legend {(Compute Time: 2Fagoz012, 20:17:04)
— Run:RUMN PRS0 Element: SIMNK-1 Result Outflow
——— Run:RFun PRa0 Element R2690 Result Qutflows
------ Run:Run PRS0 ElementWWA4590 Result: Cutflows
Figure 30. Hydrograph for 50-year Return Period.
[ Summary Results for Sink "Sink-1" | = = i

Project: Majes_Camana
Simulation Run: Run PR10D  Sink: Sink-1

Start of Run:  0lene2d11, 00:00 Basin Model: H_CM
End of Run:  05ene2011, 00:00 Meteorologic Model: H_CNM
Compute Time: 26nov2012, 19:44:42 Control Specdifications: Control 1

Volume Units: @ MM () 1000 M3

Computed Results

Peak Outflow : 2702.6 (M3/5) Date/Time of Peak Outflow : 02ene2d11, 03:45

Total Qutflow : 18.73 (MM)

Figure 31. Summary of Results of HEC-HMS Program for 50-year Flood at Station Huatiapa.
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Graph for Sink “Sink-1"

Sink "Sink-1" Results for Run "Run PR100"
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Figure 32. Hydrograph for 100-Year Return

Period.

Figure 33 to 36 shows specific discharge of statistical flood peak in the coastal area of
Per( and the estimated peak discharge of the Majes-Camana at Huatiapa station by the
HEC-HMS Model. According to these specific discharge and the Creager’s curves, the
estimated peak discharge of the Majes-Camana at Huatiapa station by the HEC-HMS
Model for each return periods are determined to be within a reasonable range of nearby

area.
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Figure 33. Specific Discharge of Flood Peak in the Coastal Area of Peru and Estimated Peak
Discharge of Majes-Camana at Huatiapa Station by HEC-HMS Model (1/10 year return period).

PROJECT OF THE PROTECTION OF FLOOD PLAIN AND
VULNERABLE RURAL POPULATION AGAINST FLOODS

46

37



Hydrology of Maximum Floods in Majes Camana River

Specific Discharge of 1/20 years Probable Flood in Coastal Area of Peru
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Figure 34. Specific Discharge of Flood Peak in the Coastal Area of Peru and Estimated Peak
Discharge of Majes-Camana at Huatiapa Station by HEC-HMS Model (1/20 year return period).
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Figure 35. Specific Discharge of Flood Peak in the Coastal Area of Peru and Estimated Peak
Discharge of Majes-Camana at Huatiapa Station by HEC-HMS Model (1/50 year return period).
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Figure 36. Specific Discharge of Flood Peak in the Coastal Area of Peru and Estimated Peak
Discharge of Majes-Camana at Huatiapa Station by HEC-HMS Model (1/100 year return period).
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IV. CONCLUSIONS AND RECOMMENDATIONS

The main objective of this study is to estimate the discharges and hydrographs that will

occur for the following return periods: 2, 5, 10, 25, 50 and 100 years.

The majority of the precipitation records available for the study zone have been
obtained manually. Only in recent years automatic weather stations have been installed
in the study zone. Precipitation used for the hydrologic simulation is the 24 hour

precipitation.

The orographic effect is very pronounced in the Majes — Camana Basin. Precipitation is
close zero in the lower reaches and increases with altitude. Precipitation is 700 mm/yr

near the Continental Divide.

Stream gages in the Majes-Camana Basin are scarce. Only Huatiapa Station has been
operating without major interruptions since it started functioning. Data has been
obtained manually is available as flows are measured three or four times a day. The
float type automatic water level gauge was installed in 2006 at Huatiapa gauging station.
However the digitalized hourly water level data is not available for Huatiapa gauging
station. Maximum daily discharges are obtained by selecting the largest flow measured

in a day. Therefore, it was considered necessary to conduct hydrologic simulations.

In the absence of instantaneous peak discharge, it was decide to conduct hydrologic
simulation for obtaining peak flows and peak hydrographs. Initial CN values were
obtained from tables and they were adjusted take into account the Antecedent Moisture
Condition (AMC) in each land subdivision.

Peak discharges at Huatiapa Station were estimated using hydrologic simulations. The

results are given below.

T (years) Q (m¥%s)

2 305,8

5 637,7

10 1007

20 1415,9
25 1565,6
50 2083,6
100 2702,6
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