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PREFACE

In response to the request of the Government of the
Republlc of Peru, the Government of Japan has decided to
conduct a master plan study on the disaster prevention
project in the Rimac- rlver basin and entrusted the study to
the Japan Internaticnal Cooperatlon Agency (JICA) The
JICA sent to Peru a survey team headed by DhuRyuzoﬁ
lehlkawa of NIPPON KOEI CO.,LTD, comprising other members
of that company from February to March 1987, from June to -
July 1987, from September to October 1987, and in January
1988.

The team had discussions 'on the Project with. the
'bffiéiais_concefned‘of the Government of Peru and conducted
a field survey in the whole Rimad_river basin. After the
team retﬁrnedgto Japan,'furtherustudies were made and the
présent report has been prepared.

‘I hope that this report will serve for the development
of the basin and contribute to the promotion of friendly

relations between our two countries,

"1 wish to express my 'deep--apprediation to the
officials concerned of the Government of the Republic of
‘Peru for their close cooperation extended to the team.

March, 1988

' lﬁéPnaawb%gﬁLég%%¢tz?4jfmﬁ——
Kensuke Yanagiya

. Presmdent
' Japan Internatlonal Cooperation Agency







‘MASTER PLAN STUDY
ON THE DISASTER PREVFN“ION PROJECT
IN THE RIMAC RIVER BASIN

Date : March 31, 1988

Mr. Kensuke Yanagiya
President:

Japan International
Cooperatlon Agency
Tokyo

LEITER OF TRANSMITTAL -
Deer Slr,

We are pleased to. submit herewith the Final Report on the
Master Plan Study on the Disaster Prevention Project in the Rimac
River Basin. -This report presents the result of the study performed
on the basis ef the Minutes of Meeting agreed between INDC and JICA.

The report presents the problems for the dlsaster preventlon in
the basin, p0351ble measures to cope  with the. problems, and the
master plan for the dlsaster preventlon in the basin.

The report con51sts of the summary report, main report and its
supporting report.. _The summary report summarizes major resulte of
the Master Plan. Study. The main report presents master ©plan
including its background, conditions and assumptions. The supporting
report de*crlbes the details of the conditions, methodelogy, etc. for
planning. Besides, the ‘data book for the master plan study is also
prepared and submitted herewith.

All nmmbers of . the Study Team wish to express grateful
acknowledgement to the personnel of your Agency, Advisory Committee;
Ministry of Foreign Affairs, Ministry of Construction, Japanese
Embassy at Peru, and the officials concerned of the Government of the
Republic of Peru for their close cooperation extended to the Study
Team.'

The Study Team sincerely'hoﬁes that the study results would

_contrlbute to 3001o~economlc development and well-being in the Rimac
r1ver ba51n._

Yours sincerely,

R/M/L& 74:,¢/.,4, Howzr

Ryuzou Nishikawa
“Team  Leader
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. _THE MASTER PLAN STUDY
ON THE DISASTER PREVENTION PROJECT
IN RIMAC RIVER BASIN

SUMMARY

'BACKGROUND

1. The leac Rlver, pa381ng through the metropolltan area of
Lima-Callao in the Republic of Peru, plays a paramount role as
water resources for the municipal and industrial water supply,
1rr1gatlon and electric power. :

. . 0On the other hand, the ba51n area suffers remarkable
- damages caused by the flood inundation and debris flow. The
. disaster occurs almost every year, resulting in serious damages
such as the traffic b1ockade, loss of human life and destruction
of structures, etc.- In view that an extraordlnary weather
called "E1 Nino"-has recently caused remarkable disasters in the

”uba31n 1nc1ud1ng the Lima: region, the development of dlsaster

preventlon measure comes to the. most urgent: subject

c 2.0 ‘Such belng the 51tuatlon, the Government of the Republlc of
Peru requested to the Government .of Japan  in. January 19%85 an
extensive asgsistance.in ‘regard to the preparation of a master
plan for the disaster preventlon 1n the Rimac River. ba31n.

in response to the request from the Government: of- the
Republic of Peru, tne Government of Japan decided to conduct the
master plan ‘study on disaster prevention progect in the Rimac
River basin :(the Study) in accordance with ‘the' Agreement on
Technical Cooperation between the Government of the Republic of
Peru and the -Government of Japan

Then, the Japan Internatlonal Cooperatlon Agency (JICA),"
~ the off1c1al .agency responsible for the implementation of the
:technlcal cooperatlon programmes of the Government .of Japan,
undertook the Study in close cooperation with the authorities
. concerned. with the' Government: of the Républic of Peru. Comlte_
Nacional de. Defensa Civil (CNDC) acted as the counterpart ‘agency
"~ and ‘also. as a. coordlnatlng ‘body of the. Government of the
Republic of Peru. ' (It is noted the: nane. of ‘CNDC. was changed to
~ INDC (Instltute Nacional de Defensa Civil) during the study
'perlod S Besrdes, an Adv1sory Committee was organized by. the
Government of Japan. - The Adv1sory Committee properly reviewed
and advised on the Study, Jjoining the dlSCUSSlOnS on the major
reports prepared by the Study Team. : :

3. .JICA despatched the prellmlnary survey ‘team to the Republlc
of Peru in August and November, 1986. “Then, the scope of work
was determlned in“detail through. the dlSCuSSlOH between the
'Japanese 51de and the Peruv1an S;de,--_

. The act1v1ty “of the JICA Study Team commenced from the-
_beglnnlng of February, 1987 in accordance with the Agreement and
the scope’ of work. Since then, through two 'times 'Of field
1nvest1gatlon, detailed analysis in Japan, and discussions on
: the Interlm Report and Draft Final Report, the Final Report on



the master plan of the disaster prevention in the Rimac river
basin was submitted on March 1288,

4, The report consists of the summary report, main report and
its supporting report. The summary report summarizes major
results of the master plan study. The main report presents the
master plan including its background, conditions and
assumptions. The supporting report describes details of the
conditions, methodology, etc. for planning. Besides, the data
book for the master plan study is also prepared.

PROJECT AREA

5. The Rimac river basin with its catchment area of about
3,500 km? is featured by the costa covering Callao and Lima
city, and the sierra covering the rest of basin area which
corresponds to the northern part of Huarochlrl. .

The metropolltan area of Callao and Lima forms a strlklng
contrast to the province of Huarochiri. A great difference.of
population density between the metropolitan area and Huarochiri
is observable. The former is moxe than 1,000 per kmZ, in
contrast to only. 14 per kmZ2 in the latter. Since social
movements of population into the metropolitan area are so
conspicuous that about 60% of the population: increase during the
last decade can be attributed to the mlgrants.

A major social concern 1is the improvement of SOClal
environment which focuses on the housing problem, poor
settlement, and adverse effect of disasters on residents in the
basin. Those social problems are, to some extent, interrelated
such that the poor settlement is mostly formed in the illegally
occupied area which is susceptible to disasters due to debris
flow or. fleooding. In this respect, the hous1ng scheme for
relocation is urgently required for the residents who -are in
danger of disasters. However, the lack of publlc budget has been
the major constraint of promoting the housing scheme.. '

The economy of basin 1is, in a way, explalned by the
interdependence between the metropolitan area and the sierra.
The Carretera Central and railway play an important role -in
keeping this interdependence as transportatlon infrastructure.
Since the topographic conditions surrounding these’ principal
trunk lines are unstable, the traffic tends to be easily blocked
off due bto the debris flow or slope failure. Under such
circumstance, economic losses or damages  to the social  and
ecohomic 1nfrastructure would pe enormous if no disaster
prevention works are implemented., Consequently the economic
importance of the dlsaster preventlon works 1s "clearly

recognized.

6. The ba31n is composed of 1gneous rocks of the Jura331c or
Tertiary period, intrusive rocks of the Cretaceous or Tertiary
‘period, and deposit of the Quaternary perlod :

" In the upper-middle reaches, 1ayers of the Tertlary perlod
are widely distributed: The layer is’ ‘divided into the upper and
lower layers. The lower layer has andesitic fac1es composed of



lava, breccia and tuff. The upper layer has the tuff created by
volcanic activity and rhyolitic facies composed of volcanic
sands & gravels like mudstone, In the middle-lower reaches,
various facies of intrusive rocks are seen. These intrusive
rocks are composed of the granite, granocliorite and andesite of
the Cretaceous or Tertiary period. In addition, the plutonic
rocks form the base layer on a large scale. In the lower
reaches, the deposit layer of the Quarternary period is extended
on a layer in a large scale and forms the tableland of Lima
city.

The basin belongs to the arid or semi-arid zone and the
natural vegetation is hardly seen due to scarce rainfalls.
Consequently, the weathering of rocks is remarkable. Especially
in the middle-lower reaches, unconsolidated dep031ts of the
weathered granite are produced extremely

7. In the Rimac river basin, the ground elevation is ranged
from the sea water level of zéro meter to 5,650 m of the Nude
Sulkon and the middle-upper area of the basrn is surrounded by
the Andes mountains more than 4,000 m. Therefore, the basin's
topography is ‘extremely steep and consequently becomes one of
main causes which induce the varlous natural disasters.

B. The basin lies in the narrow strip zone in the west coast
of the South American Continent held between the Andes and the
racific Ocean. . The general characteristics of climatic feature
in the basin are complex due to the steep topography and the El
Nino which is a phenomenon of tropical sea water shift to
southward along the coast of Ecuador and Peru.

‘The annual total rainfall is ranged from 10 wmm/year in the
coastal area to around 1,000 mm/vear in the mountainous area.
In the coastal area, the rainfall amount is very little
throughout a year because the cold sea water of the Humboldt
current makes cool air mass near sea surface and it prevents to
produce an ascending -air current. Thus, the closer to the
coastal line of inland, the rainfall amount is less. On the
contrary, the mountainous area of the Andes has relatlvely much
rainfall 31nce the influence of air current from the cold sea 1s
weakened.

~ The runoff of the leac river is mainly dominated by the
rainfall pattern in the upstream area. The annual average
runoff at Ch031ca where the catchment area is nearly 70% of
total area 13 32 m3/sec according to the record in the period of
1969-1987. During four months from January to April, around 65%
of annual runcff volume is dlscharged into the Pacific Ocean.
The maximum value ever recorded 1s 500 m3/sec on Mar.19,1925 at
ChOS1ca.

2 In the flood runoff analysis of hydrologlcal study, the
probable flogod dlscharge was estimated by means of a
conventional unit hydrograph method. The result estimated at
Chosica is as follows.



Return Period Flood Peak Discharge

(Year) (m3/sec)
2 : 150
5 - 290
10 _ 380
25 490
30 : 580
100 660
200 ' 740
500 _ - _ 820
1,000 - 920

9. The area ratio of each land use category in the Rimac rlver

basin is apprOX1mately measured as follows:

(a) Town/Village _ 4,6%
(b) Farm {(flat land) - g 1.7%
(c) Farm (mountain slope) . 7.1%
(d) Mountain (without vegetation) . 30.0%
(¢) Mountain (with vegetation) . - . 34.6%
(f) Swamp _ . 0.8%
{g) Gla01er/Perpetual snow _: 0.9%

{(h) Lake g v "0.3%

As seen -in the above table, about 70% of the basin - is
mountain atrea. The flat plain is developed only in the lower
réaches. which. include the Lima-Callao metropolitan district ‘and
in a part of the middle reaches which is located. along the Rimac
and Santa Eulalia rlvers .

In: the mountaln area, most parts are bare lands without
vegetation' or with wvery limited vegetatlen of - some grasses,
scattered cactuses, some low trees.  The vegetatlon is 'seen.‘on
the mountain slopes and wide U-shape- valleys of the -upper
reaches where the land is used for the vegetable cultivation or
pasturage. Many small mines with its villages are lecated in
the mountain of middle-upper reaches. In the area along the
main streams, some towns such as Chosica, San Mateo, Surco, and
Matucana are located and farm lands are developed . The main
national roads and national rallway are. also runnlng along this
valley of the main stream. .

~In the flat plaln located in the 1ower reaehes,'various
kinds of buildings, ‘facilities, ~and.structures are seen, The
area. is developed. as the. méetropolitan district .with a‘hlgh
degree of land use. - Farm lands and resort areas are also seen'

in the suburb zone.



BASIC PRINCIPLE FOR FORMULATION OF MASTER PLAN

10.  The maSter'pian study on the disaster prevention in the
Rimac river basin is formulated in accordance-with the following
basic guidelines: ,

(1) The primal concept for preventlng dlsasters or allev1at1ng_
damages’ puts its basis on the overall watershed management of
the Rimac river basin. .

(2) Then, thé master plan study on disaster preventlon works is
examined from both aspects of structural and non- struotural
measures.

(3) :The structural plan is examined and established by dividing
into the debris flow/slope failure and flood prevention measures
in consideration of the difference in patterns of disaster and
necessary countermeasures. Those are finally formulated into
the: overall planning for the disaster preventlon works together
with the non- structural plan,

STRUCTURAL PLAN FOR DISASTER PREVENTION DUE TO DEBRIS
FLOW/SLOPE FAILURE

11. The structural plan agalnst the debrls flow and slope
failure in.the Rimac river bas1n is formulated accordlng to the
following procedures:

(1) D1v151on and CLa331f1cat10n of the study ‘area

The study area to which’ englneerlng studies: for structural
measures are to be applled is divided into 75 Quebrada areas and
71 slope areas as shown in Fxg v-2-1.

Levels of damageablllty and danger are largely dlfferent
~among -the areas, and therefore, the classification for the
divided areas is made for effectively formulating ‘the master
plan in accordance with the levels of damageability ano danger.

_ The 'study area 1is cla551f1ed into three groups in the
:follow1ng way: : .

Group A : Areas categorized as_Group ‘A are supposed to
have a high degree of danger and protective
“object, and historical experiences of disaster.
Countermeasures for debris flow disaster are
:examlned in detail for each area.

Group B : Areas: of Group B have relatlvely less degree of
o danger and damageablllty The countermeasures
examined in Group A are applled to the area of
Group B according to the area characterlstlcs,

and formulated at the prellmlnary level.

Group C :'Damaqeablllty “and’ danger are con31dered to be
little. So no specific countermeasures agalnst
disaster are examlned



‘The classification of the study area into the three groups
is made by comprehensive judgements of area characteristics by
the Quebrada and slope areas based on the levels of danger and
damageablility as below:

Level of danger
Level A : Probability of disaster occurrence iS‘high.
Level B : Probability. of disaster occurrence 1is§
comparatively high. o _
TLevel C : Probability of disaster occurrence is low.
Level A : Damageable amounts susCeptible'to disaster are
_ large. : .
Level B : Damageable amounts are not so large as the
. level a. - L . N
Level € : Damageéble amounts are small or not identified.
L : _
Group A : Level of danger and damageability is level A.
Group B : Level of danger and damageability is not level C
: except areas classified into -Group A.
Group C : Level of danger or damageability is level C.

The result of classification is listed as follows:

. Group A |
(a) Quebrada areas :. 7 areas
R—-6 Qda. Quirio
R-7 Qda. Pedregal
R~8 Qda, Carosio
R-9 Qda. Corrales
R-19 . Qda, Rio Seco
R-32 (Qda. Paihua
5-1 Qda._Cashahuacra
(b} Slope areas : None
Group B
(a) Quebrada areas .: 23 areas
(b)) Slope areas : _25'areas
Group C '
(a) Quebrada areas : 45 areas
{b} Slope areas : 46 areas



()

Structural Plan
(a}y. Long term discharge volume of debris flow

The structural plan for debris flow 1s formulated based on
the discharge volume of debris flow corresponding to 100
vear gscale of return period.. The volume of debris flow in
long-term scale is estimated on the 'basis of the discharge
volume of debris flow:occurred in Qda. Pedregal on March

'1987 (157,200 m3), ‘the catchment area. of Quebrada, the

safety factor in due consideration of the accuracy- of

measuring discharge volume . {1.2), the mitigation
‘coefficient of each Quebrada accoxdlng to the condition of

vegetatlon The' discharge volume estimated in each
Quebrada is listed in Table IV-7- -1.

(b)'StrUCtural measures.

© The structural measures for debris flow are broadly
‘classified into three types, based on the features or

conditions of‘each Quebrada.

Type A

" The case that check ' dams for’ restralnlng the debris flow
‘and . channel works: for handling the mud flow safely are

planned. The settlement of residential houses is so dense.

Iype B

The case that nece351ty of restraining the debris flow is
not .so urgent gince the settlement area to be protected is
small, A saféty method of protecting the damageable
properties. is considered for the case.

Iype C h

The case that the structural measures of redu01ng the
debrls flow" and channelling the debris or mud flow into the
river. ‘safely are required since . the debris flow into the
river dams up river stream, resulting in the ‘disaster due
to over-flow of the river water. A check dam for reducing
the. productlon of sediments as well as checking the debris
flow is required. Works for changlng the direction of

. debris. flow at 1ts outlet are also necessary.

Type . A and B are further cla331fled into two sub- categorles
as follow5'-

Type Al : In. case that approprlate sites or places for
: .~ constructing the check dams are available, the
proper. structural neasures are planned.

TypeVA2=: In case that approprlate sites .for the check

dams are not: identifiable, the channel works as
“well as small scale of dams for diverting the
-debrls flow 1nto the channel works are planned.



Type Bl : Protection of the railway and road is the prlmal
objective in this case since no settlements. are
found.. The structural NMeasure for fulfllllng
this purpose is the construction of training
dykes to control the direction of debris flow.

Type B2 : Since small - settlement areas are identifiable,
two ways of 'structural measures are provided.
One is . the training dykes for protectlng the
settlement -areas. The other 1is. the sand
‘arresting- dam which forms a retarding place for
regulating  the outflow of  sediments or
- controlling the dlrectlon of debris flow at the
- top of alluvial fan.

The structural.plan for each Quebrada area is”selected out
of the mentioned types according to the characteristics of
each Quebrada area. This means that there is no otherxr
alternative plan for examinatlon. :

(2} Structural measures for slope fallure

The disasters caused by the - slope: fallure are broadly
classified into the debris flow. from the small Quebrada and land
slide on the slopes. The effective measures for the disaster due
to the debris flow or 1land slide which tend to ¢ause the
blockade of traffic in the road or rallway are introduced as
follows; : - s : : '

(a) Bridges are the ooncelvable candidate for. preventing

the disasters to’ transportatzon 1nfrastructure

(v) Rock-shed tunnel is conceivable for protectlng of the
road and railway. .

(¢) Retaining walls are recommended fo; blocking_ the
landsllde T : ' .

(3) Structural plan and economic evaluatlon

The structural plan for each Quebrada and slope area is
formulated according to the conditions and countermeasures
explained above. The proposed ‘structural measures, structures,

their total constructlon cost,'and the economlc iriternal rate of

return (EIRR) are shown in the following tables. The EIRR is
analysed assuming (1)} the project life of 50 _years, (2)
operation and maintenance cost of 0.5% of the ‘direct
construction cost, and 1ncrease rate of 3% in. the enhancement of .

basin’s economy.



Project

. - Broposed Main Stouctures "
Quebrada area Type of Dam annel - Dike Bridge Tunmel ‘Cost  EIRR
Styu.Plan Works % 10%088) (%)

MNo.)  (km) (k)  (No.)  (No.)

{h) Group A i AR
R-6 Q. Quirio Al 2 1.8 - 2 - 8,623.4 5.25
R-~7 Q. Pedregal . al 3 1.9 - 2 - 11,649.4  5.65
"‘R-8 Q. Carosic A2 1 0.3 - 1 - 1,432.7 9.85
‘R-8 Q. Corrales a2 2 0.2 - - 1 3,054.5 - 6.02
‘R-19. Q. Rio Seco Bl - - 1.5 2 2 .3,145.9 '10.12
R-32 Q. Paihua N 2 - 0.5 - - 6,442.1 5.09
51 Q. Cashahuacra - B2 1 0.4 12.5 1 - 3,057.4  4:15

(B} -Group B o : - . ’ ‘ _

: R-1 Q. chacracayo -~ Al 3 "33 - = - 9,448.2  8.99
R-2 . Q. Chacrasana . Al 1 1.1 ~ C - = 4,534.0 3.19
R-3 Q. Galifornia Al 1 1.3 - - - 8,101.6 4.79
‘R-4 Q. Santa Maria AL 1 1.0 - - - 4,436.3  3.39
RS (. La Cantuta Al 3 1.2 - e L= 14,465.5 " ~0.24
R-10 .. ILa Ronda a1 4 1.3 - - - ©8,677.1 2.31
R-11" Q. Santa Ana Bl - 0.4 0.6 1 - | 2,071.4 11.54
R=13 - Q. Cupiche Bl ~ 0.4 0.5 1 - 1,427.8 112.79
‘R-15 Q. Canchacalla . C 5 0.5 0.5 - - -27,160.9 =2.09
R-16 Q. Guayabo B2 2 0.4 - 1 - 1,101.2 14.94
R-17 Q. Agua Salada Bl - 0.5 0.5 1 - 1,760.4 10.90
‘R-18 Q. Esperanza BL - - 0.4 1 - 1,184.8 14.30
R=23 Q. Huacre Bl - 6.5 0.5 - - - 575.6 3.75
R-24 Q. Matata Bl - 0.5 0.5 i = 1,135.1 3.7
R-25 Q. Cuchimachay - Al 2 1.1 - 1 - 2;946.7 - 2.90
R-31 . Q. Chucumayo B2 1 0.7 1.6 1 - 2,818.1 - 8.45
R-33, Q. Chacahuaro B2 1 6.3 - - - - 428.6 17.90
R-34 Q. Pancha C 3 0.5 - - - 7,976.9 ~1.07
R-35 . Q. Viso c 2 0.5 - - - 2,404.1  3.96
R-37 Q. Parac - c . 3 0.3 - - - 15,033.6 -0.89
52 9. Redonda B2 1. 1.3 1.3 1 - ©1,959.7 0 4.12
$-3 Q. Infiémilla Bl - 0.4 0.4 ~ - 1,028.2 - 5.07
5 D BL . - 0.9 0.9 1 -

. Lucuma 1,093.0 4.73



e Proposed Main Structures . Project
Slope area Bridge Tunnel PRetaining Wall  Cost EIRR

Mo.) (k) . (ken) {x 103033) (%)

(A) Group A : None

(B) Group B _ ‘
R-—/0 River mouth - Jicamarca - - 15.0 15,535 0.68
Remf1 River mouth - Chacracayo - - 18.0 19,077 -0.04
R-0/2  Jicamarca - Chacrasana - - 2.0 2,453 -
R-1/3 Chacracaye — California — - 0.05 52 13.67
R-4/6 Santa Maria — Ronda - - 0.11 114 -2.42
R-6/7 Quiric - Pedregal - - 1.5 1,558 -4.06
R-7/8 Pedregal - Carozio - - 0.68 706 0.15
R-B/9 Carosio - Corrales - - 0.2 - 207 2,29 .
R-Q/-*% Corrales - Confluence - - 0.2 207 0.45 -

CR-10/- La Ronda - Confluence - 0.04 41 6.68.
R—/11  Confluence — Santa Ana - - 0.32 333 6.23
R-~/12 - Confluence ~ San Juan 1 3 0.08 83 -10.64
R-11/13 Santa Ana - Cupiche - 7 0 3,319 5.22
R-13/16 - Cupiche - Guayabo - 2 0.66 4,049 3.64
R-16/17 - Guayaboc — Agua Salada 2 8 0 2,157 3.46
R-19/20  Rio Seco - Esperanza 2 13 0.05 5,723 4.39
R-20/21 Esperanza - Verrugas 2 8 -0.01 6,373 : 4.50
R-21/23 Verrugas - Huacre 1 2 0.08 4,863 4.76
R-22/27 Linday.- Yamajune - 7 0.04 5,077 4.47
R-26/29  Chacamaza - Barranco’ - 3 6.04 -482 1.02
R-31/33 Chucumayo - Chacahuaro 4 4 0.9 1,124 3.50
R-37/40 Parac - R. Blanco - - 1.12 2,340 8.92
5—-/4 Confluence — Alcula - - 0.11 ‘114 9.30
5-1/2 Cashahuacra ~ Redonda 1 5 0.11 429 - 3.02
5-2/3 Redorda — Infiernilla - 4 0.09 345 2.86

In the above table, it is considered that the project is
evaluated to be economically viable in case. of the EIRR more
than 8%. More than 25% of the whole projects show EIRRs higher
than 8%, and about 70% reveals EIRRs higher than 3%. Then, the
EIRR shows 5.4% for all the projects. Considering from the
result of economic analysis and intangible social effect ‘of
disaster prevention such as the safety of human 1life and
stabilization of social welfare, etc., this structural plan is
evaluated to be sufficiently viable.

Note

Based on the standard prepared by the international fund
such as World Bank, etc., the opportunity cost of capital
~in Peru is set at 8% in thlS Study.

The opportunity cost of capital is defined as returns from
capital investment. Namely, that is equivalent to the
marginal return of the. project to which capital investment
is carried out last in case that the allocation is made in’
order from profitable project in the country.

The opportunlty cost  of capltal 'is determined to each
country. accordlng to the economic condition in the country
The project is evaluated to be viable in case that the EIRR_
is more than the opportunlty cost of capital.



STRUCTURAL PLAN FOR FLOOD DISASTER

12. THe structural plan against the flood disaster in the Rinmac
river basin is formulated by the following procedures:

(1) Division’and classification of the study area

_ The classification for the divided areas is based on levels
of the damageability and danger in the same way in the
formulation of structural plan for the debris flow disaster.
The divided areas are classified into three groups as follows:

Group A : Areas categorized as group A are supposed to
have a high degree of danger and. protective
object. The countermeasures for flood disaster

"are fully examined in each area through a
-comparatlve study on alternatlve neasures.

Group B : Areas of group B have relatively less degree of
danger and. damageability. Proper structural
measures  aré proposed to the area of Group B
based on the hydraulic analysis.

Group C :_Damageability and danger are considered to be
. little. S0 no specific structural measures
agalnst dlsaster are taken into account.

The result of division and classification 1s shown in the .
following table,

__Area divi sion Location . Classification

{1) Rimac river ' : _
(a) Upper area Upst.ream from Matucana C
(b) Middle-upper area Matucana to Confluence

: _ o _ with Sta. Fulalia river - B
- {c) Middle-lower area Confluence with Sta. Eulalia river -
- L to Atarjea weir - A
(d) Lower area Downstream from Atar;}ea weir’ A
{2) 'Sta. Ealalia river
(&)  Upper area Upstream from Aitisha _ (ol
(b) - Lower area _ Autisha to the confluence C
(3} Jicamarca 'river . L E
(a) Upper area " Upstream from 4 ki site Tfram
_ _ : river movth of Jicamarca river C
{b) Lower area River mouth of Jicamarca river
to 4 km upstream o : B\

The area division and classification are shown in
Fig. v-4-1. '
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(2}

Structural plan and evaluation

(a} Group A

Alternative plans

In the preparation of alternatives, fundamental items in
relation to the planning such as the river width, rivér
alignment, effect of retarding basin, possibility. of
floodway and flood control dam, etc.  are examined in

consideration that this master plan aims at formulating the
basic guideline for the disaster prevention.

The design discharges having 100-year probablllty are
distributed to reaches: (1) 660 m3/sec for the downstream
reaches from the confluence with the Santa Eulalia in the
Rimac river, (2) 310 m3/sec for the upper reaches in the
Rimac river, and (3) 370 m3/séc for the Santa FEulalia
river. Alternatives for handllng the design discharge
safely are as follows:

T (1) Confluence with Santa Eulalia river to river mouth

The river stretch.of ‘about 12 km long_ln the downstream of
the confluence with the Santa Eulalia river is remarkably
narrowed art1f1C1ally The river width in the stretch is
reduced to 20 m in an average despite the width of 40-50 m
at least is considered necessary for the design discharge,
Some countermeasures are essential in view of so high
susceptibility to the serious disaster. As for the
countermeasure, Lwo measures, on which the comparative
study is made, are conceivable as follows:

CASE_A-l
The case that the river channel is planned in accordance

with the existing river width as much as p0331b1e,
protectlng with the parapet wall or dike.

CASE A-2

The case thét the river channel has the reasonable width
and alignment for the design flood.

(LU Huampani Bridge and Atarjea Weir

In the upstream reaches of the Atarjea weir, the river is
largely widened, having a retarding effect on floods of the
Rimac river. This retarding effect is considered to serve
the reduction of flood peak in the downstream  reaches,
increasing the safety in the area. It is also considered
to effectively prevent various sizes of the gravels from
flowing down to the downstream reaches.

On the other hand, the river channel is not flxed there,
dlsturblng a smooth river flow. The disturbed river flow
attacks the river banks, causing -inundations due to the

damage of dlke.

Therefore, the advantageousness between the follOW1ng two
cases should be examined:



CASE_B-1 _ _
The case that the present river width is secured in the
portion where the river is largely widened.

CASE B=2
The case that the river is provided with an usual channel
width without such a wide portion.

(iii) Atarjea welr to the river mouth

There 1s a narrow gorge with a sharp bend and bank of 20-30
m height at about 10 km from the river mouth, originating
various inconveniences 'such as the erosion due to the
accelerated river flow, the danger of bank collapse for the
inhabitants on both banks and raising up of the flood water
level in the upstream reaches.

Some improvements on the above condition are essential, and
two countermeasures, on which the comparative study is
made, are .conceivable as follows:

Case C=1

The c¢ase that the narrow gorge is widened along the present
river course.

QA&E G 2

'The case that a short -cut 15 prov1ded in the portion of
sharp bend.

(iv) Examination on floddway and flood control dam

Measures of floodway are judged not to be applicable in the
basin since the construction of the floodway which requires
a huge amount. of compensation and construction cost due to
the highly developed condition in the downstream areas will
not be practical. As for the flood control dam, the study
reveals . that. the flood  control dam 1is evidently
disadvantageous since the flood control volume is not
possible to be secured effectively due to the remarkable
sediment yield in the basin. Thus, these measures are
deleted. from the alternative-study. '

(v Lower Reaches of Jicamarca River

The cause of disaster due to the flood 1nundatlon from the
Jicamarca river is not: in the shortage of flow capacity or
alignment of river channel itself but in the unsatlsfactory
structures provided art1f1c1ally, that is, the flow
capacity at the mouth of Jicamarca river 1s extremely
lessened due to the culvert provided for the traffic road,
which causes serious flood inundations in the downstream
area along the right bank of Rimac rlver. :

Thus, only the 1mprovement of culvert to augment the flow
capaC1ty is a conceivable way of the countermeasure,
requiring no examlnatlon on other particular alternative
plan. ;

-13_..



Then, the alternatives in this study as shown in Fig.V-5-4
consist of the combination of the above-mentioned cases,
i.e. (A-1,A-2), (B~1,B~2) and (C-1,C-2).

Construction cost
The construction cost for each alternatlve 1s listed as
follows:
_ Unit : 103 USS
Ttems ‘Alternatives for Conparative Study

TE N I ) M ) (4) 5y - (®) [ IR £

1.Main Stream :

Confluence to Huarrpanl bridye : :
Al 13,643 13,643 13,643 13,643

A2 16,920 16,920 16,920 16,920
Huampeant bridge to Atarjea. welr . :
B-1 12,547 12,547 : C 12,547 12,547 o

. B2 : 46,572 46,572 : T 46,572 46,572
Atarjea weir to river mouth e
c-1 : 17,166 - 17,166 - = 17, 166 ' 17,166
c-2 _ 24,369 24,369 124,369 24,369

2.Iower Reaches of Jicamarca River

509 599 599 599 599 599 599 599

Total 43,955 51,158 77,980 85,183 47,232 54,435 81,257 88,460
1 i ternativ _
The selection of alternatives is made through evaluations
from socio-— economic and technical aspects
(1) Economlc evaluatlon

The project benefit is. assumed to ‘be a damage mltlgated by
the proposed structural. measures,'whlch is assessed based

‘on the result of flood damage study for the probable flooeds

up to ¥00-year probablllty, hydrological and: hydraulic
analysis, and the damage rate establlshed by Ministry of
Construction in Japan

The result of economic analy81s is as follows:

Alternatives EIRR (%)
A-1,B-1,0C-1 16.6
A-1,B~1,C-2 15.9
A-1,B-2,C-1 10.5
A-1,B-2,C-2 = 9.5 -
A-2;B-1,C-1 1509
A-2,B-1,C-2 13. 8
A-2,B-2,C~1 10.1
A-2,B-2,C-2 9,2

(11) Technical and social evaluation _
In Case A-1, there still remains a high_ dahger of.

occurrence of the disaster from small defects due to the
violent flow (water depth of about 5 m and flow velocity of

_ 14.;



7T m/sec for 100 year flood), even if the concrete parapet
wall or ‘levee is provided along the river. The increase of
operation and maintenance for structures of case A-1, and
the erosion make this alternative disadvantageous
technlcally

Case A-2 enables to largely decrease the water depth to the
design flood discharge, and raise the degree of safety.
Although social constraints increase in Case A—Z, the
- problem is considered to be able to be solved by proper
- arrangements of resettlement area and the education for
inhabitants.

Thus, Case A-2 is selected from ‘the technical aspect as the
structural plan for this rivér reaches. :

The technloal comparison between Case B~1 and Case B-2
recommends the selection of Case B-l in view of its high
‘technical merits, i.e. the retarding effect to the flood
- peak discharge and function of preventing sands and gravels'
from. fIOW1ng down to the downstream reaches.

The evaluatlon on Case c- 1 and Case C -2 reveals that-
technical merits of Case C-2 is not comparable to the
remarkable increase of social constraints in Case C -2,
_recommendlng the selection of Case C-1.

(111) Selectlon of altarnatlves

As for. the gconomic v1ab111ty of alternatlves, alternative
{A-1,B-1,C-1) indicates the ~highest EIRR of 16.6%.
However, alternative {(A-2,B-1,C-1) is proposed as ‘the
structural’ plan for the. flood disaster prevention since
this scheme shows the second highest EIRR of 15.9% and is
- also recommendable from tEChnlCal and. soczal aspects.

Flg VJ71 shows the proposad structural . plans for
protectlve reaohes. It is, however, noted,that the plan is
preliminarily prepared at the master plan stage, requiring
adjustments hased on further detailed surveys and studies
for its lmplementatlon. : _

(b) Group B

An area cla351fled 1nto Group ‘B is that ‘between Matucana
-and the confluence with the Santa Eulalia river in the
Rimac river. :The hydraulic analysis indicates that the
flow capacity along thig area is enocugh to handle the 100~

_ jear flood peak dlscharge of 310 m3/sec.

But around Corcona, the ground elevatlon of ex1st1ng road
~is lower comparing with river bed elevation, and the .
3ex1st1ng levees prov1ded along. the reaches regquire some
reinforcements. Therefore, ‘the: supplemental works for the
levees are proposed.. In the river bed along Torna Mesa,
the sedlmentatlon of sand and gravel is remarkable, and
river course is not fixed there. Therefore, the excavation
of river bed is also. proposed for this stretch.

The total: constructlon ‘cost for Group B is estimated at US$
2,080 thousands. Although this plan does not glve any
: beneflt 31nce there 1s no floodxng along the rlparlan area .
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under the present condition, it is de51red to 1mplement
this proposed structural plan in order to keep the safety

{c} Overall economic evaluation of structural plan for’
flood dlsaster preventlon.

The proposed structural plan for flood .disaster preventlon
is evaluated to be viable because of EIRR of 15.5% in the
examination of overall econcmic feasibility including Group
A and B. Further, from social effect of disaster
prevention such as safety of human 1life, etc., this
structural plan is considered to be sufficiently viable.

NON-STRUCTURAL MEASURES

13.  Thé most controversial issue to be discussed in the field
of non-structural measures 1s no definite organlzatlon to
administer the watershed managemént of the Rimac river basin.
Due to no regulation or control of illegal or uncoordlnated
actions, causes of disasters being attributed to human behaviors
attract attention. Such the éxamples are seen in the illegal
intrusion of people into the disastrous area, dumping of earth
or garbage into rivers, and ‘various uncontrolled land
developments. 'Another aspect that would cause disasters to be
induced more is observable in the lack of preparedness for
preventing or minimizing damages due to such disasters. This
argument is true of actual disaster occurred in March, 1987.

Under such circumstances, the approach to the non-
structural measures is of great importance for the dlsaster
prevention scheme,

14. 'In view of the present situation as mentioned above, the
following non-structural measures are essentlal

{a) The establishment and 1mplementat10n of land use
' regulation 1n dangerous areas

(b} The establlshment of coordinated admlnlstratlve organ to
1mp1ement the overall watershed management of the Rimac
river basin : .

(C) The establishment of the follow1ng preparedness for
disasters: . '

- Communicationusystem at disastrous time
- Warning and evacuatlon system

- Regional organlzatlons responsmble for emergehcy
actions at disastrous time :

- Well preparatlon for the supply of rellef materlals at
a state of emergency : .

-~ Meteo- hydrologlcal observatlon system _
- The country-based relief system at dlsastrous time

{(d) The c¢larification and establlshment ‘of 1mplement1ng
agencies to conduct the proposed structural plans



{e) Establishment of implementing agency for operation and
maintenance of river and river structures

() Training of engineers who would be eogaged'in designs and
jmplementations of the structural plans .

Figs. VI-2-1 and VI-2~3 show the examples of the land use
regulatlon in dangerous area, organizational structure for
implementing the overall watershed management and structural
plans, and coUntry—based relief system at disastrous time.

'IMPLEMENTATIOH PROGRAMMES

15. The proposed implementation programme for disaster
prevention for the debris flow/slope failure and flood. is
presented in Figs.VITI-2-1 and VIII-2-4,  although the
1mplementatlon programme 1s just prepared preliminarily at this
master plan study stage, requiring further rearrangements based
on more detailed investigations and studies in. the subsequernt
study stages. EIRRs based on the implementation programmes are
(1) 5.4% for the debris flow/slope failure prevention, (2) 15.5%
" for the flood disaster prevention, and {(3) 8.6% for all the
project. The examination on implementation programmes reveals
that the implementation of the proposed plan as early as
possible i's desirable from both economic and social aspects.

RECOMMENDATION

16. Recommendations for disaster prevention in the Rimac river
basin are made as follows:

(1) The masLer plan formulated on the basis of structural and
non-structural measures should be defined as the basic guideline
for the disaster prevention works. It is, first of all, pointed
put -that it is most 1mportant to perform the comprehen31ve and
consistent disaster prevention plan for the whole basin under
this basic guldellne.

(2) The realization of the overall disaster prevention plan
will require a con31derably long time. On the other hand,
‘the plan involves some urgent matters for which actions
should immediately be taken. ' The recommendatlons are made
for such urgent matters as follows:

(a} The seven quebradas classrfled 1nto Group 2 have a
" high urgency ‘for implementation. On the other hand,
the structural measures proposed for these guebradas
requlre a more detailed confirmation of technical and
economic feasibilities, 1nvest1gat1ng the topographic
and'geological conditions in detall

" Pherefore;, the necessary procedure for executlng the
 feasibility study should be promoted with a high
_.prlorlty -
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(b)

{c)

{d)

(e)

{(f)

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

The necessary urdgent measures are shown in order of

priority as follows;

-~ River bed excavation and removal of garbage
in' the downstream of narrow gorge at 9 to
16 km from the river mouth, and revetment,

- River bed excavation and removal of garbage
in the upstream of narrow gorge, and
revetment, . ' : .

- Widening the narrow gorge, and revetment.

In view that the land acquisition procedure takes a
long time, it @ is also recommended to put into
execution at the earliest the 1land acqulsltlon
necessary for W1den1ng the Narrow. gorge.

There are some defects of dlkes in the mlddle reaches

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

‘The inundation disaster prevention plan proposed for

the upper ‘reaches (Huampani Brldge to the confluence)
requires the land acquisition in a con31derab1y large
scale, which will take a long time. Thus, it is
recommended to commence the achlSlthH at the
earliest. :

Although all of the proposed non~structural measures
are of the urgent necessity, the following two items
have a partlcularly high urgency.

(é) Strict prohlbltlon of dlsposal of garbage
' into the river, and _ _

(b) Strict.prohibition of new encroachment of
inhabitants into the dangerous area.

" The immediate and strlct executlon of above two items

is recommended

Prior to the 1mplementatlon of above items (b) to (3),
more detailed 1nvest1gatlon,_survey and de31gn works;
etc, 'will become necessary. It is requlred to proceed
with the procedures: necessary for -such works as.
mentioned. . :
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(3)

(4)

(5)

It 1s recommended,: as a long-term scheme, to commence the
research for successful vegetation in the basin which will
be significant for the disaster prevention. The successful
vegetation reguires the continuous researxrch and
accunmulation of data for independent conditions in each

area. The research of vegetatlon for basin's own

conditions should be promoted.

In ~consideration of the pattern of precipitation and
disaster - in the ba31n, the basin keenly needs the
lnstallatlon of radar rain gauge system which will make it

'pOSSlble te forecast the state of pre01p1tat10n The

installation of radar rain gauge system in the basin will
technically be possible as well as highly effective for the
disaster prevention. .

Then, it is recommended to proceed w1th the examlnatlon for
1nstalllng the radar rain gauge system in the basin.

In 1nstalllng the system, it is especially noted that a.

satisfactory arrangement of primal matters such -as

establishments ‘of communication system, warning system,
data analysis system ‘and its organization, etc. 1is
extremely important ‘in order that the radar rain gauge
system can fully fulfill its function.

Educatlons for brlnglng up spe01allsts_or engineers who
would be ‘engaged. in the detailed plan and implementation of
disaster prevention works, 'should be conducted: as early as
possible. The training center for disciplining spe01allsts
related to disaster prevention is desirable. Then, it is
recommended to proceed with procedures necessary for
establishing this kind of 1nst1tutlon for training.
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CHAPTER I INTRODUCTION

1. BACKGROUND

The Rimac River, passing through the metropolitan area
of Lima-Callao in the Republic of Peru, plays a paramount
role as the water resources for municipal and industrial
Water supply, irrigation and electric power.

On the other hand, the basin area sustains remarkable
damages .caused by the .flood inundation and debris flow.
The disaster occurs almost every year, resulting in serious
damages such as the traffic blockade, loss of human life
and destruction: of structures, etc. :In view that an
extraordlnary weather called "E1l Nino" has recently caused
remarkable disasters in the basin including the Lima
region, the development of dlsaster preventlon measure
comes to the most urgent subject

Such belng the srtuatlon, the Government of the
Republlc of .Peru requested to the Government of Japan in
- January 1985 ‘an extensive assistance in redard to the
preparation of a master plan for the dlsaster prevention in
tne leac Rlver basul. -

In response to the request from ‘the' Government of the
Republic of Peru, the Government of Japan decided to
conduct.a master plan study on disaster prevention project
in the leac River basin (the Study) in accordance with the
Agreement on Technical Cooperation between the Government
of the Republlc of Peru and the Government of Japan.

Then,: the Japan Internatlonal Cooperatlon ‘Agency
{J1ica),. the official agency respon31ble for the
implementation of the. technical cooperation programmes of
the -  Government of’ Japan, has undertaken the Study’ in close
cooperation with the authorltles concerned with the
Government . of the Republlc of Peru. <Comite Nacional de
Defensa Civil (CNDC) acts. as counterpart agency and also as
coordlnatlng body . of the Government of the Republic of
Peru. (It is noted the name.of CNDC was changed to INDC
(Institute Nacional de Defensa Civil) durlng the study
perlod ) o

‘ JICA despatched the preliminary survey team to the

Republic of Peru in August and November, 1986, Then, the
scope of work was determined in detail through the
=dlscussmn between the Japanese 'side and the Peruv1an side.

The activity of- the JICA Study Team commenced from the
-beglnnlng “of  February, 1987 .in accordance with the
Agreement and the scope of work, and since then, various
data collection -and. examination have been - carried  out
3through th_lees of field lnvestlgatlon executed durlng
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the period of February 1 to March 31, 1987 and June 10 to
July 9, 1987. .

The Interim Report, which presented all the findings
obtained through the field investigation as well as. a
proposed basic policy and the results of preliminary study
for the disaster prevention planning, was prepared in early
October, 1987, In January, 1988 the Draft Final Report,
which summarized all the investigation and study results,
was prepared.

Discussions were made on there Interim and Draft Final
Reports among the Government of Peru, Advisory Committee
and’ Study Termn, through which various opinions of all the
parties were confirmed.

This Final Report has been prepared based on . the
results of above discussions on the Interim and Draft Final

Reports.

2. OBJECTIVE AND SCOPE OF THE STUDY

The objectlve of the Study is to formulate a master
plan for the disaster prevention project in the Rimac River

basin W1th a catchnent area of about 3,200 km2

Thusy-the Study covers the f0¢lOW1ng scope of work for
achieving the mentioned obijective of the Study;

(&) Data collection including;

- topographic and geological maps,

- meteo-hydroleogical data, :

-~ land and water use data,

- sedimentation and water guality data, -

- existing facilities related to flood and erosion
control,

- past damages by flood, erosion and other dlsasters,

~ existing plan or study on disaster prevention,

- admlnlstratlve and socio-economic condltlons, and

- Othersg,
(B} Reconnaissance survey
(C) Field sufveys such as; | _
- surveY'oﬁ past flood (including *HUAYCO") damage
'and-sedimentation,] ' :
- river survey, and

- hydrological observatlon

{D) Evaluation and analysis of the data relevant to the
Study.
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(E) Formulation of a master plan for disaster preventlon
such as;

~ . getting up a basic plan for disaster prevention,
- basic layout on structures related to disaster

prevention, :

- preliminary design of main structures for dlsaster
prevention,

- operation and maintenance programme for the
structures,

- implementation programme and cost estimation,
- river management system,

- 'warning and evacuation system, and

-~ soclo—-economic impact.

(F) .Technology transfer to. the Peruvian counterpart
-personnel in the course of the Study.

3.  ORGANIZATION FOR STUDY

The organization for the. Study consists of the
Government of Peru, Advisory Committee-and JICA Study Team,

INDC acts as the counterpart agency and coordinating
body of the Government of Peru. The Advisory Committee is
organized by the Government of Japan. The JICA Study Team
is composed of the experts in the respective fields.

The -Study Team carries out - the. Study and “the.
‘technology transfer to the counterpart personnel through
‘the Study. - The Government of Peru renders -various
cooperations for the Study. The Advisory Committee
properly reviews and advises on the Study, Joining the
discussions on the major reports to be prepared by the
~ Study Team. :

Members of the Advrsory'Committee, the Study Team,'and
Peruvian counterparts  and other relating officers are
listed in Table I-3~1. o

4.  TECHNOLOGY TRANSFER

It is strongly lntended to make the technology
transfer to “the Peruvian counterpart personnel. in the
course of the Study as well ‘as the Study on. the disaster
preventlon 4in. the Rimac rivexr basin, Then, the technology
transfer has intensively been carried out in the course of
the Study through the lectures by the reSpectlve experts,
seminars and despatch of counterpart personnel to Japan for
tralning, ete.
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Dﬁring the period that the Study Team stayed in Lima,
gsaveral lectures and seminars were given for the purpose as
abovementioned to the Peruvian counterparts and other

governmental officers.
Jecture, etc are summarized as below.

Name of Lectuner

Y. Motoki
{(Hydrologist)

- R. Nishikawa
{Team Leader)

M. Tada
(Socio-Economist)

H. Okada
(Debris flow
contrel planner)

M. Suzuki
{Gealogist}

M. Sakurai
“{Disaster survey
expert)

" M. Onodera

{Construction
Planner)

N. Fujita
{Acting Team
Leader)

E. Oda
{Special
Lecturer)

§. Ohkubo
{Member of Advi-—
sory Committee)

K; Yano
(Chief of Advi-
sory Committee)

M. -Fukuda
{Member of Advi-

Qutline of

Legture/Instruction —hate

Field instruction of
discharge measurement

by current meterx

Natvral Disaster and
administrative System
for disaster prevention

in Japan

Necessity-and method of
economic evaluation for
disaster prevention study

Brief introduction of
" measures against land
slide, slope failure and
debris/mud flow disaster

Mechanism of natural

disaster -

Intrdduction of debris
angd mud flow in Japan
and method of disaster

survey

Basic conditions for
construction plan and
- gost estimate -

Detailed explanation on
the Interim Report for
the Master Plan. Study on
the Disaster Prevention

Ma::. 18f
Feb. 27,
reb. 27,
Jul. 6,
Jul. 6,
Jul. 6,
Jul. 6,
Sep. 18,

Project in the Rimac River

Basin

Formulation of policies
for Nation Disaster

Prevention

AdminiStration'qu

Flood Control

Sabo Planning..

River Planning
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Jan. 21,

Jan. 21,
Jan. 21,
Jan. 22,

1987

1987

1987
1987
1987
1987

1987

1987

1988
19838
1988

1988

Name of lecturers and outline of

_Blace |

San Mateo

INDC

INDC

ONERN

ONERN

ONERN

" ONERN

INDC

CENTRO
CIVICO

‘CENTRO

CIVICO

CENTRO -

CIVICO

CENTRO
CIVICO



sory Committee) .

K. Yano Basic Concepts in Jan. 22, 1988 CENTRO
{Chief of Advi- Disaster Prevention ©CIVICO
sory Committee) Plan of Rimac River Basin

R. Nishikawa
{Term Leader)

¥. Fujita Outline of Disaster -  Jan. 22, 1988 CENTRO

(Acting Term Prevention Plan for CIBICO
Leader} . Rimac River Basin
H. Okada

(Debris Flow
Control Planner)

5. CONSTITUTION oF REPORT

The report of the master plan study on the disaster
preventlon project in the Rimac river basin consists of (1)
Summary. Report, (2) Main Report, (3) Supporting Report and
{4) Data Book. '

. The Supporting Report consists of three (3) volumes of
Supporting Report I, II and III.

The constitution of the 'report is summarized as
follows:

l i - E -

Voi.l. Summafy Report (Spanish)
Vol.2. Main Report
Vol.3 Supporting Report I
I: Geological énd Topographical Feature
II: Meteorological and Hydrological Conditions
III: Land Use and Vegetation Conditions
1V: River and River Basin Features

=

. Conditions of Related Struétures
Vi: Cohditions=of Past Disaster and Damage
VII: Disaster Management Conditions
ViII*Cohditions for Project Cost Estimate
IX: 80010~Economlc Conditions

Vol 4. Supporting Report II
Appendix



X: Study on Structural Plan for Debris Flow
and Slope Failure Disaster

Vol.5 Suppor‘ting Report III

XI: Study on Structural Plan for Inundation
' Disaster ' '

CXII: Study on Non-Structural Plan
Vol.6 Data Book '









Table 1-3-1 LIST OF DIRECT PARTICIPANTS OF THE STUDY

Advisory Committee study Team Counterpart Officers

‘Chairman : : Team Leadexr : Chief Counterpart :

K.Yano (/1) R.Nishikawa (NK) Jorge A.Del Agulla Sanchez {INDC)
Member : ’ Acting Team Leader : Counterpart

Y.Ogawa {MOC) . N.Fujita (NK} césar Arguedaz Madrid (INDC)

(1987.1~1987.3) - Guillermo Chamorro Rodriguez

S.Chkubo {MOC) Member : . {(INDC)

(1987.4-). _ . _ : Victor Murille Pino (INDC)

M.Fukuda (MOC) . H.Okada {NK) Oscar Treje Oviede  (INDC)

: M.Suzukli (/2) _
Coordinatoer : - M.Sakurai :(/3) Other Contacting Offrcers
Y.Motoki {NK) '
K.Nakagawa {(JICA) 5.Bzaki  (VNK) Lenkisa Angulo Villarreal (INDC)
. M.Onodera’ (NK) Enrique Huiza Valverde {USMSM)
M.Tada {¥K) Filiberto Matos Floxes (DHINA}
o _ Jorge Lam Ramirez (DHINA)
Special Abbreviations : Cesar Del Carmen {DHINA)
' . Nicolas Carridn {ELECTROLIMA)
MOC : Ministry of Consruction . Jose Cérdova (SEDAPAL)
JICA ¢ Japan International Cooperation . Gerarde. Perez {(IGH)
Agency : Vivar Gamarra (DIGAF}"
NK :  Nippon Koel Co., Ltd. Juan de La Cruz {UNMSM)
INDC : ‘Instituto Nacional:de Defensa Herman Gabanillas {IT RDC)
Civil . o Pedro Quevedo
UNMSM :  Universidad Nacional-Maydr de (Privado Espec, obras Hidraul.} -
San Marcea Edmundo Turpaud (Minist. Agric.)
DHINA T Direccion de Hidrologia v ‘Angal Lema . (CORLIMA)}

- Navigacion de la Marina Fernando Morenc (COGPOP)
ELECTROLIMA :  Empresa de Llectricidad de Lima Juan Medina C(Minist. Viv.}
SEDAPAL : Servicio de Agua Portable y Benjamin Villanueva

Alcantarillado de Lima - _ (Minist. Transp.)
IGN s+ ; Instituto Nacienal Geografico Maximo Fuentes {(Minist. Agric.)
DIGAF : Direccion General de . Pedro Abad Velez {CORLIMA)

: Rerofotografia Luis Cabrera Lépez {INDC)
CORLIMA : Cooperacion de Desarrolo de Lima Benites {Minist. Agric.)
COQPOP ©: Cooperacion Popular . Water Gdmez {SENAMHI)

INGEMET 't Instituto Geogréfico Minero y
: Metalurgico )
SENAMHIT :  Serviclio Nacional de

Meteorologia y #Hidrolog{a
Remarks :
/1 Sabo and Landslide Engineering Center

/2 Tobishima Construction Co., Ltd..
/3 Ringyodoboku Consultant
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CHRPTER IIX STUDY AREA

1. SOCIO-ECONOMIC CONDITIONS
1.1 Generai

The section covering the study of socio~-economy
consists of two parts. One 1s the national socio-economy
where general descriptions about the Peruvian country are
presented to clarify social conditions and economic
performance of Peru. The other is the socio-economic study
in the Rimac river basin where is the study area of master
plan of disaster prevention projects.

This seéction aims principally at making clear the
widely-perceived understanding that how important or urgent
disaster prevention works contemplated under this master
plan are, by considering the necessity of these works from
the viewpoints of socio-economic circumgtances surrounding
the Rimac river basin. Eventually, analytical viewpoints
are more concerned to the saild basin area than Peru
herself,

The regional characteristics of the Rimac river basin
are understandable by its locational and geographic feature
being central part of Peru, and the basin’s dimension from
Costa to Sierra extending in the west-egeast direction
despite of its catchment area being only 3,500 km2. The
most of metropolitan Lima is identified in the Rimac river
basin. Administrative and economic activities are
concentrated on metropolitan area where is considered to be
the significant part of Peru strategically.

Economic importance of the basin's geography is also
characterized by interdependence between Metropolitan area
and mountainous area called Sierra. Like the most of
countryside in Peru, the basin's economy is roughly
explained by the supply of raw materials from Sierra to
Costa, and of consumer goods from Costa to Sierra. - In this
respect, transportation infrastructure plays an important
role in activating regional economy.

Under such circumstances stated above, the importance
of disastex. preventlon works is readily understood in terns
of preventing the major parts of the basin and principal
infrastructiire from incurring tremendous damage cost due to
disaster like flood or debris flow.  In this study, social
problems about poor settlement area and housing schemes for
the poor are also presented since the solution of these
problems would contribute to the reduction of further human

loss due to disaster.
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1.2 National soclo-economy
1.2.1 Natural conditions

The country of Peru has its marked geographic
categories which are classified into three zones, namely,
costa, Sierra and Selva. Costa bounded by coastal line and
the Andes mountains is low-lying plain field like long
corridor from the North to the South. Many rivers having
their sources on the Andes mountains penetrate into Costa
with the fast- fJowlng stream and debouch into the Pacific
Ocean.

: Sierra is the Andes mountains' area where most of land
still remains to be underdeveloped. Sierra is basically
endowed with mineral and water resources. Selva 1is an
extensive forest area spreading the Amazon river basin.
Selva having high elevation near the Andes 1is generally
called  Selva Alta where potentiality of developing
~agriculture is high due to good soil and drainage

conditions. : : '

1.2.2 .Population

Population in the Census year of 1981 is demonstrated
in the form of geographic and administrative demography
shown in Table II-1-1. Geographic distribution of
population - shows that about 51% of total population
concentrates on costa, followed by 41% of sierra, and 3% of
Selva. Population distribution by urban and rural category
demonstrates that about 85% of population in costa
concentrates on urban area, while population in sierra and
Selva is almost evenly distributed into urban and rural
areas. :

The remarkable feature of administrative demography is
cbserved by contrasting metropolitan Lima with other area.
About 28% of total population settle down in Callao and
Lima city with its areal ratio of only 3% of total land.
As a result, the: difference of population density is
outstanding between metropolitan area and other by showing’
1,197 persons per km?2 in the former and only 10 persons per

km< in the latter.

1.2.3 Macro-economy

As far as the recent economic performance of Peru'is
concerned, 1983 was marked by severe recession accompanied
by a sharp acceleration in inflation. Real gross domestic
products (GDP)} fell 12% while consumer prlce cllmbed 110%
between December 1982 and 1983.
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: "Economic and Social Progress in Latin America®™ issued
by IADB reports the Peruvian economy of 1983 in the
follow1ng way;:

Adverse~climatic factors affected overall economic
sectors. Agricultural productlon and fisheries' output
dropped remarkably. Changes in ocean current temperature
affected the output of the flshery sector, and rainfall led
to floods that ruined crops in the north of the country.
0il production was lower than in the previous year. fThis
lower output was due to flood and landslide damage to the
northern Peru plpellne.

Although to what extent disaster caused by adverse
climate affected the Peruvian economy was not c¢lear, the
shortage of consumer goods caused by disasters was one of
causes of pushing up inflation rate. Consequently, pur-
chasing power of wage 'declined, and real 'private
‘consumption dropped by 10% in 1983. 1983 is also marked by
the government budget. Budget deficit increased up to
2,350 million intis in 1983 because public-oriented
investment was requlred for recoverlng damaged economic
sectors

, Unfavorable balance of payments pos;tlon in 1981 led
to an increase of total debt. Debt service consisting of
Lnterest,and amortization also’ augmented in 1981. Although
debt service ratio declined down to 26% in 1983 due to
reschedule of repayment condition, total debt was reported
to increase up to 12,630 million US$. Data relating to
budget and debt is shown in Table II-1-2,

1.3 Basin's socio-economy
1.3.1° AdministratiVe division

The Peruvian standard of classxfylng administrative
division is based on’ Departmentos, Provincias, Districtos,
and a special Provincia constitucional, Administratively,
the Rimac river basin is identified in Provincias Con-
stitutional Calliao, and Departmentos Lima.

To be more precise, administrative units of province
relating to the said basin are Callao, and province of Lima
and Huarcchiri within Departmentos Lima.

1l3.2 Géographic cbndiﬁion a

The Rimac river baSln with its catchment area of about

3,500 km? is featured by costa covering Callac and Lima
01ty, and Sierra covering the rest of basin area where
corresponds to the northern part of Huarochlrl.

Tt
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In c¢osta area where coastal line faces with the.
Pacific Ocean, average temperature is-around 18°C due to a
cold current called Corriente de Humboldt. The northern
part of province Huarochiri categorized as Sierra is
characterized by mountainous area with elevation ranging
from 1,000 to 5,000 m.’ : '

1.3.3 Social conditions

As shown in Table II-1-3, metropolitan area of Callao
and Lima forms a striking contrast  to province of
Huarochiri. Since 26% of the country's total population
concentrated on metropolltan area of only 3,850 km?Z,
population density in the Census year of 1981 reveals the
most marked contrast between metropolltan area and prov1nce
Huarochiri. Population density in Lima and Callao was more
than 1,000 persons per km2 while Huarochiri had only

negllglble deDS1ty record of only 14 persons per km2.

-In - Peru, social movement of population, into
metropolitan area from the rest ‘of Peru has been

outstanding. The number of increased population daring
1972 - 1981 was recorded at 405,863 of which about 60% of
them can be attributed to migrants. Mlgratlon into

metropolitan area has been accelerated due to land reform
and caused a social problem like Pueblo Joven forming slum
settlement in illegally occupied area.

A major social concern is improvement of social
environment surrounding human 1life and activity. Like
other developing countries, Peru has alsoc faced with the
growing urban population. The lock of houses has been a
major social concern in metropolitan area. The problem of
homeless family is identified in every district of Lima
city. Insufficient level of house construction is closely
related to the expanding migrants who tend te form new
settlement area called Pueblo Joven.

In the Census year of 1981r the percentage of houses
categorized as P. Joven out of total number of houses in
Lima city turn out to be about 23%. Most of'them'belongS'
to area surrounding central Lima city. The. Rimac river
basin crosses over some of districts where many of slum
settlement scatters along the river side.

As far as social conditions of lnhablLants in .the
northern Huarochiri are concerned, the lack of houses
identified "in metropolitan area is not observable.
Nevertheless, many houses are identified on the steep slope’
of hilly side or on a alluvial fan where debris flow tends
to damage or destroy houses ‘devastatingly once a torrential
rainfall breaks out . In this respect, human  life of
inhabitants in those areas faces with high probablllty of
danger at disastrous time.
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1.3.4 Macro~écohomy

Although data on GRDF is based on departments, the
value of GRDP in Lima-Callao department 'is assumed. to be
approximate to GRDP in province relating to the basin,
except for GRDP shared by agriculture. It is because
labour force of the secondary and tertiary sectors in
province Lima (Lima city) constitutes more than 90% of
labour force of Lima department.

Table II-1~4 shows that the recent GRDP of Lima-Callao
departments has kept its steady growth rate of about 4%
between 1979 -and 1982. 1983 was marked by a sharp
recession. GRDP fell by about 13%., Manufacturing was the
hardest-hit sector whose GRDP dropped by 19%. GRDP shared
by its sector was 416 million intis which was lower than in
1979. GRDP. shared by’ commerce and service sgectors also
fell by 14% and was lower or equivalent to GRDP in 19789.
In other words, regional economy was almost traced back to
1979 level. :

1.3.5 Economic sectors

Prov1nce Huaroch1r1 is well known for productlon of
mineral resources - and on .enormous amount of mineral
deposits. - Mining industries of producing iead, copper, and
zinc -are quite active in Chicla. In particular, production
- of lead and zinc almost turns ovt to be about 10% of
‘national productlon.

- Since mlneral resources. are the most leading export
items constituting about 45% of total exports in 1984,
those natural resources produced or potentially dep031ted
in the Rimac river basin is ‘an important material 1n terms
of earning forelgn exchanges.

=-The_cc:ndltl_on that metropolitan'area of Lima-Callao
has been industrial base of Peru is clearly understood by
its high .concentration of manufacturing activities on
metropolitan area. The said ratios indicated by the number
of establishment, value added, and gross production was
around 70% while .about .75% of workers engaged in
manufacturing sector is identified in metropolitan area.

Consumer goods are. Stlll ‘the leading manufacturlng
products, whereas intermediate gooeds are principally
chemical products such as paint, medicine and soap, and
reflnery of “pétroleum. A - substantial number of
manufacturing establishments are identified in small size
of ones where employees per establishment ranges from 5 to
9 persons although more than 75% of value added and
productlon value was shared by blg size of establlshment



As far as agriculture 1is concerned, major crops
produced in the Rimac river basin are maize, cassava,
avocado, pumpkin and so on. A substantial number of farm
houses are ildentified in Lurigancho, Chicla, Matucana, and
San Mateo. '

1.3.6 Infrastructure

Housing problem in Lima-Callao area 1s already
mentioned in social conditions of 1.3.3. Since the lack of
residences has been on apparent social matter, Ministry of
House put an emphasis on construction of new residential
houses though public’ fund  for this scheme has been
negligible. Housing schemes: are principally for homeless
people and poor settlement having to be relocated.: The
lack of budget for housing schemes also makes it difficult
to realize a relocation programme for people who dwell in
disastrous area of mlddle or upper reaches along the Rimac
river. :

The connection of water pipe to houses with no water
supply service has been the recent major concern of SEDAPAL
which is an implementing agency of water supply.
Nevertheless, insufficient amount of public budget impeded
the improvement of water supply service up to the target
level. Furthermore, water gquality of the Rimac river is
deteriorated owing mainly to inflow of debris or mud flow
into the river in the middle reaches, and ‘drainage of
contaminated waste from mlneral industries 1n the -’ upper
reaches. . :

" The principal trunk lines penetrating intoc the Rimac
river basin are represented by national road of route 20
and railway along the Rimac river.,  This transportation
infrastructure connecting metropolitan area with Sierra is
economically important since both:economies of Lima-Callao
and . Sierra area are interdependent to a certain extent.
Since topographic conditions surrounding Carretera Central
{(Route 20) in the middle and upper reaches of  the Rimac
river 1is featured by mountainous area with unstable earth,
the road as well as railway are in danger of being blocked

by debris flow. The recent rehabilitation works were
conducted on Carretera Central between Ricald Palma and
Matucana. New by~pass around Surco and Matucana are also

under construction.

1.3.7 = Economic importance of disaster prevention works

Disaster preVentlon works are. economically important
in such a way that if preventlon works remain to ‘be intact
for a long time in area:where disaster such as Huaycos or
flooding are ‘almost’ a permanent problem, cumulative
economic loss or damage due to disasters would be a
tremendous cost to soclio—economy. :
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The rehabilitation. cost of damaged reoad called
Carretera Central reached five million intis which
corresponds to .about 2% of total development budget
allocated to transportation sector in 1983. Total cost of
rehabilitating damaged infrastructure of public utilities
was recorded at 1.5 million intis which was approximately a
quarter of  development expenditure allocated to energy
sector.

Economic framework of interdependence between metro-
politan Lima and Sierra would further strengthened by the
recent government poligcy to promote development in Siexra
and Selva. Under such circumstances, if Carretera Central
and rallway is blocked by .debris flow, 'economic loss
derived from wvalue added lost by operation stop of
industrial 'sectors. would bhe an ‘substantlial amount.
Furthermore, the shortage of consumer goods due to disaster
would push up price level, which would result in the
reductlon of real purcha81ng power of consumers.

The recognltlon that economic beneflt would have
accrued to socliety 1f disaster prevention works had been’
implemented. makes it reasonable to Jjustify economic
importance of disaster prevention works,

2.. GEOLOGICAL AND TQPOGRAPHICAL FEATURES
2.1 Geologlcal Features in the Basin
(1)_ General Geology of the Basin

The qeologlcal map and 11thologlcal ‘pattern of the
Rimac river basin are shown in Fig. II-2-1 - and Fig. II-2-2
respectively prepared on the basis of the data collected.
-In:'general, the basin is covered by elastic sedlmentary ‘and
volcanic formations of the age from Jurassic to Tertiary,
1ntru31ve_rocks of the age from Cretaceous to Tertiary and
also Quaternary deposits “The . kinds of rock formulating
the Rimac River basin is shown in Table II-2-1.

. Jurassic formations are exposed in the northern part
of Lima and extend to NW-SE direction along the Pacific
coast. The formations ‘consist predominantly of andesitic
extrusives a55001ated w1th chert, shale and etc.

: Cretaceous formatlons are- dlstrlbuted in the north-
west direction, and found with irregular form in the Rimac
river basin. - The formations are rich 'in calcareous marine
facies indicating unconsolidated condition. . These are
composed: of limestone associated with marl, shale and
quartzite. Some volcanic facies, however, consisting of
predomlnant andesitic lava and volcaniclastics are exposed
.in the coastal area. The cretaceous rocks have been
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notably subjected to folding with NW-SE axis, and also are
cut by many faults with NW-SE and EW dlrectlons.

Some formation from upper Cretaceous to middle: Eocene
in age is found in a narrow zone in the uppermost reaches.
The formation unconformably overlies some late Cretaceous
formation. The formation is principally sediments of
continental condition. The lower part consists of
sandstone, shale, and mudstone, and the upper mainly of
conglemerate assoclated with sandstone and shale w1th red
colour.

Tertiary groups and formations are extensively
distributed in the middle and upper reaches. These are
divided into three zones, that is,. the lower, the middle
and the upper. The rocks of this age are characterized by
the presence of predominant volcanic materials.

The volcanic extrusives from the lower zone to the
lower half of the middle zone are andesitic facies which
consist mainly of lavas, breccias and tuffs intercalated
with tuffaceous sandstone, 1lapili tuff,. sandstone and
mudstone. . _ :

Subsequent volcanism changes to acidic fac1es._
Therefore, many formations from the upper half of the
middle =zone to the upper zone comprise rhyodacitic or
rhyolitic facies. ~These are composed of extrusive and
volcanic sediments such as alteration of 'tuffaceous
sandstone and siltstone.

aAndesitic and basaltic rocks are seen 'in the uppermost
horizon of the upper zone., These rocks are probably Mio-
Pliocence in age. : '

" Various facies of intrusive rocks are: found in the
western area of the Western: Cordillera. These intrusives
consist of granite, granodiorite, and tonalite, etc. of
Cretaceous and Tertiary ages and andesite of Cretaceous.
Their general trend is NW<3E parallel to the Western
Cordillera. Some plutonic rocks exist in large batholiths.

Small 1ntru51vé bodies such as andesite, rhyodacite
‘and trachyand651te are found in the Tertiary area.

THere are many metal mines in the 1nvest1gated area.
Principal mineralization has been aSSOC1ated with igneous
activity in Miocene deformation . stage durlng -Andean
geotectonic process. The minings excavate various types of
minerals which consist of galena, spherllte, chalcopyrite,
barite with pyrite, etc. ' o :

Quaternary deposmts are divided 1nto P3elstocene and
Holocene. . - .
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Quaternary deposits consist of terrace with wvarious
levels, glacial, recent river and talus deposits. The
deposits forming the ground of Lima is largest among them’
in scale. .Thick piles of sand and gravel with clay are
found. Major part of the deposits are presumably
Pleistocence 1in age and covered by fan deposits of the
Rimac river.

(2) Weathering

The basin is situated in the arid or semi-arid climate
 area with less vegetation. Furthermore, the mountains in
the basin (the Andes mountains) upheaved during the
Tertiary are accompanied with wvarious faults and fractures.

Bs such, the basin is severely subject to the
weathering, making the basin vulnerable to the various
disasters.

The situation of weathering in the basin is detailed
‘as follows; .

An extensive distribution of granitic rocks is found
in the downstream and middle reaches. A remarkable
weathering process is recognized on these rocks; that
is, many rocks are under the decomposed condition of
granite, which is called "Masa" in Japan. The "Masa"
points out such a ‘weathering process that a rock mass,
subject to the mechanical and chemical actions, alters
to a sandy rock mass by keeping original structure and
texture of granlte.

Although the said- weatherlng process is generally seen
on rocks with coarsegrained minerals like granitic
rocks, the above suggests a strong effect of

mechanlcal and chemical actlons in the area.

A huge amount - of  relatively large rock blocks is
yielded in the area. Its reason is considered as
follows:

The weatherlng process proceeds prlmarlly along jOlnt
system.  Then, it penetrates into the rock mass,
Thus,, the weatherlng mainly develops along the joints,
 résulting in the’ productlon of rock blocks separated
along the weathered joints. The granitic rocks in the
. area have joints at a relatively large interval, and
'-therefore, the rock blocks produced are of relatively
larger size. The rock blocks in the area are mostly
- round-shaped, indicating the character of joints in
the granitic rocks -and reflecting the mentioned
.process of weatherlng
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Middle and VUpstream Reaches

Rocks belonging to the Cretaceous formation in the
middle reaches have been affected by strong tectonic
movements, which is evidenced by marls or limestones
with slaty cleavages developed parallel with the
bedding plane. Further, water percolating into faults
softens fault clay, which eventually worsens the rock
mass condition.

The wvolcanic and sedimentary rocks of Tertiary are
distributed in the middle and upstream reaches. . The
process of: weathering for these rocks is similar to
that for the above rocks belonging to the Cretaceous
formation in the middle reaches, except that the area
is subject to a higher effect of freeze and
dissolution. : :

Then, various sizes of rock block as well as the
clayey materials are yielded in the area. The rock
blocks are very angular and relatively smaller as
compared with those in the downstream reaches,
reflecting the situation ‘of joints formed in the
volcanic and sedlmentary rocks on the shape and size
of rock blocks. :

It seems that the yield of rock bldcks in the area isg
smaller to some extent compared with the downstream
reaches. The reason is considered to be the existence
of vegetation. However, the area has numercous gullies
where the erosion and weathering are remarkable,
subject to the concentration of rainfall.

{(3) Unconsolidated Deposits

River terraces formed at Pleistocene are found in
several places along the Rimac and Santa Eulalia river.
There is a distribution of two or three-layered terrace
deposit having its height ranging from 10 to 50 m in the
vicinity of Chosica. There is also terrace deposits in the
upstream of Chosica. These deposits consist of gravel,
sand, and clay having its thickness ranging from 30 to 50
m. Gravels which occupy. a large part of the deposit have
its size from a. fist size to block more than 1 m. These
gravels are shaped roundly.

There are also old dep051ts Wthh have a height of
around 120 m above river bed in' the upstream of -Santa
Fulalia river. These deposits presumed to be formed during
glacial epoch are composed of various size of angular rocky
materials. The similar type of deposit is also extensively
distributed in many tributaries of the basin. This is the
SO0~ called "O0lder Huaycos" in Peru. :

The deposits categorlzed as the formatlon of Ho]ocene
age are classified into’ varlous size of fan deposits,

I1-10



recent river and glacial deposits, and deposits on slopes
off mountains or hilly side.

Qda. Chucumayo in the left bank, and Qda. Carichacalla
in the right bank of Rimac river form the fan deposit at
outlet of valleys. Fan deposits are also found at
Qda.Redonda, Qda. Alcula, and Santo Domingo of thHe Santa
Fulalia river. :

The recent river deposits is independently identified
although they include fan deposits. In the area from
middle to lower reaches, thick deposits .consisting of
various size of gravel, sand, and clay sediment on river
bed exist extensively. This sedimentation volume is
considered to be enormous especially in the downstream from

Carapongo.. :

Terrace of inundation is also noteworthy because
historical trend of debris flow is to be clarified if a
further investigation will be made on these terrace. It is
observed during field survey that there is at least the
high and two-layvered inundation terrace with its height
ranglng 50 to 150 m near fan deposits of Qda. Pancha. This
is considered to be formed by recent inundation- type of
debris flow

Slope deposits are widely distributed in areas from
middle to upper reaches of the basin as talus deposits ox
debris cones. These deposits are distributed on steep
slope having gradient from 36 to 38 degree. :

2.2 Topographical Features in the Basin

. Fig. I1-2-3 shows a lelSlon in elevation at 1,000 m
contour interval and the relief energy which is deflned as
a height difference in a unit area. The relief energy is
simplified in Fig., 1I-2-4, dividing into four stages of (A)
0-450 m, (B) 500-950 m, (C) 1,000-1,450 m and (D) more than
1,500 m. Fig. II-2~5 shows the division of basin by
elevation. '

_As seen, the greater part of the basin is included in
the divisions (C) and (D),  This fact suggests that the
mountain slopes of the basin are generally very steep.

The basin can topographically be classified into four
reaches of the uppermost, upper, middle and lower reaches.
The topoégraphic features of each of the above reaches are
_characterlzed as follows:

{1) Lower Reaches: Rlver mouth Caranpongo

A thick deposit cqn31st1ng of sand and gravel with
clay extensively distributes in the most lower reaches of
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Rimac river, forming -a large flat plane and a high cliff
along the coast.

The Rimac river is flowing down in the northern part
of the city. The width of the river is 80 to 60 m at the
river mouth. The river stretch from 9 km to 10.5 km forms
the extremely narrow portion with about 15 to 20 m in width
and about 20 m in height. The river stretch from the
extremely narrow portion to the Intake of La Atarjea is 40
to 80 m in width.

These sections can be classified as the river in the
city, and has been remarkably changed artificially.

The upper stream from La Atarjea is as wide as 200 to
300 m or 400 m. It seemns that the riverbed has been
elevated by sediments of gravels, sands, and others.
Similar conditions continue toward Chaclacayo. ‘

A large part of mountains in this reaches cons;sts of
granltlc rocks and forms steeper slopes over 30 degrees
except the bottom portion cf slope. .

(2) Middle Reaches: Caranpongo — Matucana

Conditions of the middle reaches are comparatively
variable.. The terrace planes are found along the river,
The banks of the rlver are relatively low.

The river has many tributaries such as Qda.
Canchacalla, Rio Seco, Qda. Chucumayo and Qda. Pancha,
These tributaries create large fans in their mouths.

The middle reaches are a full mature V-shaped valley
of which river beds are commonly covered with thick
alluvial deposits. Although the river: has steeper
gradients, outcrops of rocks are not’ found in any river
beds. Such feature indicates obviously the fact that the
valley is in the lateral erosion stage at present,

The slopes of valleys, including the Rimac river and
the tributaries, are very steep, and have bluffs in many
places. BExcept rock exposures, talus deposits or debris
cones are found on the slopes and their inclinations are as
steep as 36 to 38 degrees. ‘

(3) Upper Reaches: Matucana - Chiclam

The leac river is flow1ng down in the valley of hlgh
mountains of 4,000 to 5,000 m in altltude. The long slopes
and high bluffs are found in many places. Therefore, all
small gullies form slopes of taluses or debris cones on a

large scale.

The river cuts deep-vaiieys and gorges.  In thisiarea,
V-shapes valleys are being actively deepened at present.
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(4) Uppermost Reaches: Plateau Zone
over EL.4,100 - 4,600 n

The plateau 1is 1located over 4,100 to 4,600 m in
altitude. Many mountains and hills with permanent snow or
ice are found in this area. The highest mountain is Nudo
Sullcon of 5,650 m over sea level. The Ticlio pass is
located on the border of the Rimac river basin and the
river basin of Amazon, and 4,843 m in altitude.

2.3 Geological and Topographical Features in Disaster
Prone Area .

Each disaster prone area has the respective
characteristics in the geological ' and topographic
- conditions. The characteristics. of the major disaster
prone areas such as ‘Qda. Quirio, Pedregal, Carosio,
Corrales, Rio Seco, . Paihua and Cashahuacra, etc. are
detailed in Appendix I, Supporting Report I.

3. METEQ-HYDROLOGICAL CONDITIONS
3.1 Meteorological Conditions
3.1.1 General

The leac river basin is located in the range of
1032'Lat S and 120915'Lat. S and in the range of 76°08'
Long. W and 77910' Long. W. The Basin has about 3,300 Km?
of the’ dralnage area :included in the department of Lima
located in around central of Peru. The "Rimac: river
originates in the Andean Mountain Range and runs to south-
west with gentle meandering to west in the middle reach,
flows into the metropolitan area of lea and reaches the
Pacific Ocean at Callao.

The basin lies in the narrow strlp zonhe in west coast
of the South American Continent held between the Andes and
the Pacific Ocean.  The basin is characterized by a quite
large scale of ground relief, Therefore, the climatic.
‘feature in the basin is complex though the span of east-
west dlrectlon of the ba31n is only 150 km.

Annual total’ rainfall is ranged from 10 mm in the
coastal area to around 1,000 mm in the mountainous area.
And. annual mean atmospherlc temperature varies from
approximately 209 C in the coastal area to 52 C in the
'mountalnous ared.

General characterlstlcs of cllmatlc feature Ain the_
pasin is dominated more or less by El Nifio. El Nifio is a
phenomenon of tropical sea water shift to southward along
the coast of Ecuador and Peru. Periodically there is a
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powerful injection of warm water from the north that can
reach into the sea area of Chile. In the last two decades,
the principal El Nino occurred in 1972-73, 1976 and 1982~
83, the last being the severest ever recorded.

3.1.2 Rainfall

In the coastal area, the rainfall amount is very few
throughout the year. Because cold water of the Humboldt
Current makes cool the air mass near the sea surface, it is
prevented to produce an ascending air current. Thus, the
closer to the coastal line of inland, the rainfall amount
is less. On the contrary, mountainous area of Andes has
relatively much rainfall because the influence of the air
Current from the cold sea is weakened.

The mean annual rainfall at Campo de Marte is 24 mm in
the period between 1929 and 1982. The mean annual rainfall
from 1965 to 1986 at Milloc is 860 mm. - As seen in the
records at WNafla located at around 70 km eastward from
Callao, the rainfall amount in the coastal area is deemed
to be much less than that of Campo de Marte. The mean
annual rainfall over the whole basin is approximately 400
mm,

A summary of monthly rainfall is shown in Table II-3-1
and historical records at Campo de Marte, Nafia, Matucana
and Milleoc are shown in Table I1I-3-2 to II-3-5.

Isohyetal map of annual rainfall covering the basin is
shown in Fig. ITI-3-1 with monthly rainfall pattern . at
represéentative five stations, that is, Campo de Marte,
Santa Eulalia, Matucana, Bellavista, Milloc and Carampoma.
As shown in the figure, the amount in the downstream area
of Chosica is much less than that in the upstream area.
The variation of annual rainfall amount in a long term in
the basin is presented in Fig. II-3-2 by showing the record
observed at Campo de Marte, Milloc and Matucana. '

The.prdbable basin mean one-day rainfall is analyzed
as follows: . '

Return Periocd (Year)

2 .5 25 50 100 200 500 1000

Probable Basin Mean ) ) :
One-~day Rainfall {mm}: 12.8 16.6 22,3 24.6 26.9 29,2 32.3 34.7

 The detailed analysis for the above -is made in
Appendix II, Supporting Report I. The prObable rainfall is’
also analyzed for the major Quebradas in the basin. Those
are given in the above Appendix II together with its
detailled analy31s. _ _

T1-14



	Cover
	Title Page
	PREFACE

	LETTER OF TRANSMITTAL

	ABBREVIATION

	LOCATION MAP

	SUMMARY

	Chapter 
I. INTRODUCTION
	Table of Contents
	1. Background
	2. Objective and Scope of the Study
	3. Organization for Study
	4. Technology Transfer
	5. Constitution or Report
	Tables

	I-3-1 LIST OF DIRECT PARTICIPANTS OF THE STUDY


	Chapter 
II. STUDY AREA
	Table of Contents
	1. Socio-Economic Conditions
	1.1 General
	1.2 National socio-economy
	1.2.1 Natural conditions
	1.2.2 Population
	1.2.3 Macro-economy

	1.3 Basin's socio-economy
	1.3.1 Administrative division
	1.3.2 Geographic condition
	1.3.3 Social conditions
	1.3.4 Macro-economy
	1.3.5 Economic sectors
	1.3.6 Infrastructure
	1.3.7 Economic importance of disaster prevention works


	2. Geological and Topographical Features
	2.1 Geological Features in the Basin
	2.2 Topographical Features in the Basin
	2.3 Geological and Topographical Features in Disaster Prone Area

	3. Meteo-Hydrological Conditions
	3.1 Meteorological Conditions
	3.1.1 General
	3.1.2 Rainfall




