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PREFACE

In responée to the request of the Government of the Republic
of Guatemala, the Government of Japan decided to conduct a study
on Flood Controi Project 1n the Achiguate and Pantaleon River

.Basins and enﬁrusted the study to: the Japan International
Coppefation Agency {(JICA). The JICA sent to Guatemala a team
.headed by Mr. Mitsub Igarashi of the CTI Enginéering Co., Ltd.
from Auguéf, 1983 to March, 1984 and from June to Noﬁember, 1984,

The team had discussions on the Pfojéct'with the officials
concerned of theIGovernﬁent_of Guatemala and conducted a field
survey 1in thé Achigﬁaté and Pantaleon River Basins in the Depart-
ment of Escuintla. .After the team returned to Japan, fﬁrther stu-

dies were made and ‘the present report has been prepared.

1 hope that this report will serve for the development of the
Project and contribute to the promotion of friendly relations bet-—

ween our two countries.
I wish to express my deep appreciation to the offieials con-

cerned ‘of the Government of the Republic of Guatemala for their

close cooperation extended to the team.

January, 1985

/_é&eé | /1’4772._,
Keisuke Arita

President

Japan International Cooperation Agency
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OSSARY OF TERMS AND ABBREVIATIONS

1. Organizations
AID
" BANVI
BID
CACM
CAMINOS
(DGC)
CONE
CRHN
bGop
DGSS
DICABI

DICESA
DIRYA

DSM

EEGSA
FEGUA
IGM
INFOM
INTA

INSTVUMEH =

INDE -
JICA
PHCA
SEGEPLAN
UNECPA

WMo

2. Length
m
cm
km

3. Area, Volume a

w2
. ha

km?
1
ETI3
Cem?
kg
t .
1b-
Mz
4q

i

-

‘manzana =.0,7 ha

b

International Development Agency
National Bank of ibuse

Inter- Amerlcan Development Bank
Centeral Amerlcan -Common Market

[Tl

§l

General Dlrectlon of Roads

National Emergency Committee

Committee of ‘National Reconstruction
General Direction of Public Works

General Direction of Health Service
Direction of Land Ledger and Real Property
Appralsal

General D]TBCthﬂ of Agrlcultural Services

Division of Environmental Sanitation
Guatemdlan Electric Company

National Railway of Guatemala

Military Geographic Institute . :
“National Institute of Municipal Development
= Natinal Institute of Agrarian Transformation
National Tnstitute of Sismology, Volcanology,
. Meteordldégy and Hydrology

= National Institute of Electrification
= Japan International Cooperation Agency
Central America Hydrometeorologic Project
General Secretary of Planning

Executor Unit of the Harbor Complex on the
~-Pacific Coast
World Meteorological Organization

- n

i

= meter
= centimeter

kilometer

nd Weight

square meter

hectare 104:m2
square kilometer

liter = 1,000 cm?

= 106 n?

= cubic meter

square centimeter
kilogram

1,000 kg

= 453,6 g

ton =.
pound

quintal = 100 1b = 45.36 kg

- xi. -~

‘Technical Direction of Irrigation and Drainage



4. Derived Measures based on the Sam Symbols

m3/s, m3/sec

cubic meter per second
t/ha, ton/ha

ton per hectare

[l

m3 /km? = cubic meter per squre kilometer

mm/ day = millimeter per day

m3/km2/year = cublc meter per square kilometer per year
" L/s, 1/sec = liter per second

n/s, m/sec = = meter per second

qq/Mz = quital per manzana

Q/qq = quetzales per quintal

Q/kg = quetzales per kilogram

5. FElectric Measures

K9 = kilowatt

Ky = kilovolt
_MW = megawatt
KWH kilowatt—hour

B H

GWH ‘gigawatt-hour

6. Currency

US$ = United States Dollar

Q. = Guatemalan Quetzales

+ - = Japanese Yen

/. Temwperature, Height, etc.

°C = degrees in ‘Centigrate

M.S.L. = mean sea level

DL = datum line

EL. . = elevation
qe = resistance of cone penetration test
PS = horse power | :

% = percentage

No. - = number

Nos. = numbers

8. Others

B/C .= Benefit—Cost Ratio

‘CA = American Highway .

CIF = Cost, Insurance and Freight
EIRR = Economic Internal Rate of ReLurn
"FOB = Free on Board . :

- GDP = Gross Domestic Product

NPV = '

Net Present Value

= xii -
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1.2

1.2.1

ll2.2

CHAPTER I. INTRODUCTION

History of the Study

The areas along the Achiguate and the Pantaleon rivers have

long been suffering from serious flood and sediment discharge

damages on private and public'properties and utilities. This
prompted the G0verﬁment70f Guatemala to tequast technical
assistance from the Government of Japan for the control of
flood and sééiment"discharge in the said areas to solve or at

least alleviate the people's sufferings.

In responsc to the request, the Government of Japan, through

JICA, dispatchéd pféliminary study teams to Guatemala on two
occasions, in November. 1982 and in April 1983, to evaluate the
teélization of the teﬁhnical cooperation program, wherein the
Government of Guatemala proposed a feasibility study on a flood

control preject in the Achiguate and the Pantaleon river basins.

Eventually, on August 2, .1983, JICA dispatched a study team to
undertake this Study. '

Outline of the Study
Study Area

The Study Area basically covers the Achiguate and the Pantaleon
river basins which have catchment areas of 1,080 km? and
150_km2,'respéétivéiy,-as presented in Fig. 1-1. The

surrounding area which also suffers from serious damage by

floods from the rivers was included in the study.

Objectives

The objecgives of the study are as follows:
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(1) to formulate a long~term comprehensive flood control

project in the Study'Area; and

(2) to conduct a feaoibility study with. reqpect to the iden-
tified and priority Works to "be formulatcd through the
above-mentioned study as an urgent flood control progect
for immediate implementation.

Scope of the Study

The scope of the study agreed upon by and between TICA and

the bovernment of Cuatemala covers the following 1tems.
{1) Data Colleéfioh and Analysis

(a) Meteorology

-(B)' Hydfology.

(c) Existing facilities for flood control and other rele~

vant facilities

(d)} TFuture plan and project for flood control and river

basin developmant
{e) Regional economy and socioldgy
() Céology
(g) .Agriculture_

(2) _Fofmulation_of Ldng—Term_Compréhensive Flood Control

- Project
(a)"Hydrologicdl ahd_hydréulic study

(b) Geological and geomorphologic study
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{c) Tlood control study

(d) Planning, design and cost estimation

(e) Tdentification for optimum river administration

system

(3) Teasibility Study

(a) Geological and soil mechanics investigations for

necessary sites

(b) Material survey

for construction works

(¢) Preparation of preliminary engineering design for the

prbject

(d) Construction plan for the project

(e) Estimation of construction cost

(f) FEstimation of benefits of the project from the eco-

nomic and social viewpoints

(g) FEvaluation of the cost and benefits of the project

from the economic and sccial viewpoints

Stddy Procedure

The study. has been carried out in accordance with the study

procedure. shown in Fig, 1-

and project formilation.

Llisted in Table 1-1,

2. which contains the flow of analyses

The basic data used for this study is

The results of studies were presented in the report of the

following three separate volumes:



(1)  Executive summary

(2) Main report

(3) Supporting report

(a)
(b)
(c)
(d)
(e)
(£}
(g)

Socio-economy

Hydrology

Sediment control_plan

River improvement plan

Construction plan and cost estimates
Project Evaluation o

River administration system
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- CHAPTER XTI, TPROJECT BACKGROUND

Economic Background

The Republic of Guatemala is located in the tropic zone and

extends from 13%°44' to 18°30' north latitude and from 87°24!

to 92°147 west longitude. The country, which is situated in

the northern part of Central America, is: bounded by Mexico to
the North and West, by El Salvador to the Southeast and by
llondurasg to the Northeast. . Tt faces the Caribbean Sea to the

Northeast and the Pacific Ocean to the Southwest.

In view of geographicélland eeconomic sitUations; the central
american coﬁntries (Guatemala, El Salvador, Honduras,
Nicaragua and Costa Rica) established the Central American
Commén'Méfkef (CACM).in'i951‘and have mutually cooperated in
the aspects bf trade, industry and transportation.
Espeéiaily;'thé Cenﬁfal_ﬁmérican Road and the Pan American’
Road.have gpeatiy contributed to the.developmént of industry

and communications in the respective countries.

" The countries have something .in common on the social and eco-

‘nomic aspects. That is, all of them became independent in

1821 and their mainstay is agriculturé which has the staple
products of maize, sugarcane, cotton, coffee, banana and beef
in_thé sfock farming. Export places main reliance.on these_

agricultural products, excepting maize for self-supply, which

- are éxported_to the United States of America and other

advanced countries,

From.lgjl t011982,'£he Government of Guatemala had imple~

-méntédﬂpﬁree'(3)_economié'deve10pment plans; nawmely, the.

FiveeYéér'Pian'frém 1971.t0:19?5, the Five-Year Plan from
1975 to 1979, and the Four-Year Plan from 1979 to 1982,



Based on these development plans and by translating the plans
" into action, Guatemala had an average annual economic growth
of 5.2 per cent in the first and sccond five-year plans for

the period from 1971 to 1979. However, since 1980 the econo-

mic growth has shown a rather downward trend,

As for a new longFtefm eqonomic:devélopment plan, the govern-
ment has not made éhy.declaratibn_of its political views and
since 1982, the governﬁent’s'policy has been carried out on
the basis of the short-term development plan with the

following major objectives:
(1) to correct the imbalance of trade:
(2) to estabiish sound national finance;

(3). to promote development of the agricultural

‘manufacturing- 1ndustr1al and construction sectors;
(4) to build housing for the working class;

(5) rto provide greater émplbyment bpportunities'for the

people;

{6) to correct the social and economic 1mbalance among

people; and

(7) to strive for the activation of the Central American

Common Market.

In prlnciple, Lh1° short term plan is almost the same as the

precedlng four—year plan (1979- 1982)

The country can be rﬁufhly c1a951fied into three (3) regions
by ‘its. geographlcal feature; the middle highlands region the

south ccastal region and the north lowlands region,



The middle ﬁighlands region consists of the $ierra Madre moun-
tains and the basin among the mountains which extends from east
to west in the southern part of the country., This region has a
mild climate owing to its high altitude in the tropic zone,

The greater number of the population of Guatemala has con-
centrated on the basin among the mountains because of the
suitable climate for living conditions. Guatemala City, the
capital, lies in this vegion, and the slope south of the moun-

tains is a central area for the cultivation of coffee.

The south coastal region, which lies parallel_fo.the coastline
§f the Pacific'Océéh, is generally flat and has fertile soil.
Owing to such gbod natural cdndition, agriculture is exten-—
sivel? done and cattlemraisiﬁg_is.practiced on a large scale.
This region is, therefore, valuabie to Guatemala which ig an

agriéultural country.

Many rivers that originate from the Sierra Madre mountains flow
into the Pacific Ocean passing through this plain fegion.

River watér”has been used mainly for the pebple's daily
necessities and-a.paftlof it, for'agricuiture, On the other
hand, thé river basins have fréquently suffered from damage

.caused by floods from the rivers in every rainy season.

.Thg nofﬁh'loWIAnds region.has tropical rain forest and is the
. most ﬁndéveléped among’ the three regions.  The immigration of
farmers fiom other regions has been practiced since the 1950's
based on the agricultural development program of the govern-
nent ; hdwévéf,'it is said that agricultural development does
ROt Warranﬁ any optimism because of strongly acidic soil and
thin Eopsbii; On the other hand, petroleum and other mineral
products have Beeh\developéd for séveral years in the area near
the central mountains and_bwing to théir development, roads.in

this fegidn have ‘been fairly maintained.
According to the J981'cenSUS; the,population.of Guatemala was
6,054,000, consisting of Indigena (Indians) of 56%, Mestizo

{mixed Hispanic—lndian'origin) of 36%5 and Blanco (ﬁhites) of
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8%. More than half of the population is within the agri-
cultural sector. Of primary importance is the fact that most
of the Indians depend on agriculture for their livelihood and

they form a society of their own by respective tribes isolated

from the tivilized community.

Transportation in Guateméla‘depénds mainly on the road traffic,
The roadé are classified into four (4) categories: Pan American
Road, Central American Road,.National Road and Departmental
Road. In 1980,.the total'length of these roads was 14,591 km,
consisﬁing of the'baved roéd of 2;887 km and the earth road of
11,704 km. Tn 1978, the total number of motor vehicles in use
in'Gdatemala was some 134,000, consisting of the péSsenger cars

of 90,000 and the commercial vehiclés of 44,000,

The National Railway of Guatemala was established by a private
company in the 1890's., At present, it is operated by TEGUA,

Ministry of Communications, Transportation and Public Works.

The railway consists of a main line and three branéh_lines.

The maiﬁ line extends from Pgerto Barrios to Tecun Uman near
the Mexico boundary. iThe Eotal'lenéth of railways is 778.9 km,
including 176.1 km of branch lines. The rail in use is single-

track with a narrow gauge.

Guatémalé has four (4) ports; Santo Tomas and:Pﬁértb Barrioé on
the Atlantic Ocean side, and San Jose and Champerico.on . the
Pacific Ocean side, TIn 1981, cargoes handied amountéd.fo some
2,120,000 tons, .

At present, Guatemala has 31 powér’planté, consistiﬁg_df 12
hydraulic plants and 19 thermal plaﬁts._ In 198L;ﬂthe capacity,
- production and consumption of electric power were 446.2 kW,

1,437.6 CWil, and 1,210.4 CWH, resﬁécﬁively.
_The_number.of'telephone subsﬁribéfs in Guatemala in 1983 was
about 108,000, qorresponding to 70% of the capacity (158,000)

of'the-telephone facility. This number is in the ratio of oné
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set to 60 persons, and 85% of it is in Guatemala City. The
telephone facility that is preseantly in use is the non- -

automatic operating type.

Agricultufe_is the maiﬁstay of the'country and ﬁajority of the
Guatemalan.peoble are engaged in this sector. The major agri-
cultural products ére coffee, cotton, sugarcane, maize, beans,
‘banana and beef in the stock-farming. In 1979/80, the produc~
tion .of coffee, cotton and sugar were 156,000 tons, 148,000

tons and 432,000 tons, resﬁectively, as shown in Table 2-1.

Agricultural land area is 40,000 kmz, corresponding to about
37% of the total_area of the country. It consists of the
cultivated area of 12,000 kmz, the cultivated area and pasture

of 15,000 kn2, and. the pasture of 13,000 kmZ.

Farms are divided into five (5) categories by operation scale;
miérqwfarm:(l manzéndl/ and below), sub-familiar farm (over 1
to 10 manzanas}, familiér_farm (over 10 to 64 manzanaé), middle
multi;fémiliaf farm (over 64 to 1,280 manzanas), and large

multi-familiar farm (over 1,280 manzanas).

-Farms'of.ﬁver 10 to 64 manzanas are 10% in number and occupy
19% of'the totél area of farms, and farms of over 64
manzanas (45 ha) are less than 3% in number but their total
area amoﬁnté to over 60% of the whole farm area, On the other
hénd;'fafms of 10 manzanas and be low in area are more than 85%
in number but their total area is only about 15% of the whole
farm area. Such an intensive structure of farms is charac-

teristic of the Guatemalan agriculture,

In 1980, trade amounted to some 03,032 million, comprising
01,473 million for the export and QI,559 million for the import
" (see Table 2-2). FEvery year from_1975 to 1980, except in 1977,

‘the amount of exports was a little less than that of imports.

_ij I manzana = 0.7 ha
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The main export items are coffee, cotton, sugar, beef and

banana.

The national budget, which had been inecreased in proportion to
the Gross Domestic Product {(CDP),  amounted to Q1,480 million in
1982, However, in 1983, the budget was Q1,310 mlllion,

decreasing by some 10% of that of the prev1ous year,

The GDP of Guatemala was about 07,809 millién'in'1980 at

current prices (see Table 2~3).  During the'peribd from 1971 to

1980, the average annual growth rate of GDP has been &stimated
at 16.9%. The per capita GDP reached 01;060 in 1980 aﬁd its

average growth rate showed 13.2% a year for the same period.

However, the real growth of GDP for the same period has been

estimated at 5.27 a year on the avérage and it was 2.0% in
1980.

Table 2-4 shows the ‘share in GDP by the industrial sector for
1971-1980. Among the industrial sectors, commercial services

and agriculture occupied ‘large percentages in thé GDP, i.e., in

1980, they were 27.0% and_24.92, reépectively. ‘However, the

share of the agricultural'sector shows the decreasing tendency.

In Guatemala, the growth in the agricultural sector has eon-
siderable effect on the growth in GDP, Although the decreasing
trend seems to be common to’ most countrles 4n the world, agri-.

culture is the major source of Tevenue for Guatemala‘ hence, it

-is necessary for the government to exert more effort ‘to

increase agrlcultural production -and promote the development of

the national economy.

Project Identification

'Significance'of Achiguate and Pantaleon River Basins

In Guatemalé exists a chain of volecanoces vunning in paballel

with the Pacific Coast from Mexico to El Salvador'and.forming
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fhe southern range of the Sierra Madre. Among them are
Santiaguitd; Fuego and Pacaya, which are always active and
thus, Bring qbéut_treméndous flood and sediment diséhatge dama-
geS'compounded.by'the tropical cyclones which frequently hit
the couﬁfry._ Daﬁage gauéed by cyclones had been very severe so
that the:WOrid'Meteorological Organization (WMD) had declared
the_southwéstern part -of the Caribbean Sea, Including
Guatemala,.és Disastrous Zone. Under such eituation, the
Achiguate and the Pantaleon river basins, to which serious
damages had béen inflicted in recent years, are justified as

the project area for the followiﬁg Teasons:

(1) The Achiguate and the Pantaleon river basiné have an agri-
cultural land better déveloped than the other areas, espe-
ciaily on the production of sugarcane, cotton and cattle
which are ranked first in the whole country. Goods manu-
factured from these products are sent abroad and earn the

foreign currency.

(2) The central american roads CA-? dnd CA-9, and the national
~ railways going in parallél with the roads, run through
_.these two river basiné and lead to the international ports

of San Jose and Champerico.  Interruption of these
'tranépbrtation lines has an adverse effect on not only

regional ‘but also national economie activities.

(3) In every flood time; flood éhd sediment discharge cause
much.mOre serious damage in these river basins than in the
other river baSinS“ih Cdétemala; Living conditions in
these two river 'basins are ‘inferior to the national
éverage; “In this conneCtion, sediment and flood control
works in theSe.areas ére_significaut to compensate for the

gap in the extent of regional development.

(4) Transfef'df technical knowledge concerning sabo and Tiver
engineering is one of the most important aspects of the
. study. A study on the Achigdate and the Pautaleon rivers

1g suitable for the transfer of knowledge because these

N G
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rivers, having the average size and standard terrains in

Guatemala, can be considered as model rivers,
Other Serious Sediment'Discharge and Flood Damages in Guatemala
Information revealed that the recent serious sediment discharge
and flood damages occurred in other river basins such as Samala
and Urayara, besides the Achiguate and the Pantaleon river

basins. = Their locations are shown ‘in Fig. 2~1,

Samala River Basin

Qantlagulto Volecano erupted on Junc 20, 1983, The eJecta depo-

sited on the voicanle pledmont area flowed down with the river

water of Samala River, went: along Nima II Rlver, and directly

hit the residential area of El' Palmar. (Refer to Fig, 2-2.)

Sediment discharge brought damage to an. area of about

15 km2 and 150 houses were either partialiy or totally
destroyed. Consequently, 2,100 people correSponding to 35% of
the total population in El Palmar were EVacuated.._Damages on
croplands of maize and beans due to_sedihent'diSCharge, which

piled up to 8.0 m, were also reported.

Urayara River Basin -

The debris flow from. Tecuanburo Volcano rushed down along
Urayara River, the tributary of Paso Hondo River which pours
into the Pacific Ocean, to Chlqulmulilla in the Department of
Santa Rosa. This occurred on September 12 1982 due to
Hurricane Paul, causing 280 deaths in the western part of

Chiquiﬁulilla and damaging a-tremendous number of properties,

8o far, such a serlous debris damage with a great number of

deatlis has never been experienced in Cudtemala. A{Refer to
Fig. 2-3.)
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CHAPTER IXI. PRESENT CONDITTONS

Socic—Economy
Administration
The:Republic of Guatemala consists of some twénty'departments.

Each department has several municipalities as administrative

substructures and the municipalities number about three hundred,

" The Study Area is almost all located in the Dépaftment of

Escuintla, except for. some portions_in-the‘mountain regions of
the deﬁartments of SacatepeQuez and Chimaltenango. The
Department Qf Escuintla.consists of thirteen (13) municipali-
ties of 4,384 km® and the Study Area cdvers.seven {7} of these
municipalities;'Escuintla, Santa_Lucia.Cotzumalguapa, La
Democracia, Siquinala, Masagua, La Gomera and San Jose. Among
then, the.Municipality of Escuintla is the administrative

center of the department.

Populatién_and Labor Force

‘Population

Population census in Guatemala were taken four (4) times; in
the years of 1950, 1964, 1973 and 1981.  Table 3~1 shows the

population by department in the whole ﬁountry}

The Department-of'Escuintia had the population.of some 335,000

_ in_1981, és shown in Table 3-2, For the period from 1950 to

1964; it had the averagé;annUal_populétioﬁ growth rate of 5.74%
which was the,highesﬁ”among the departments. However, after
that peri0d; the rate oflpOpulatioﬁ'growth has remarkably
declined and showed low rates such as 1.17% on the average per

year for the period from 1964 to 1973 and 1.37% for the period
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3.1.3

from 1973 to 1981. The population density of the Department of

Escuintla was 76 persons/km2 in 1981.

The Study Area stretches to the seven (7) munic:pa]ttics, as .
described in Subsection 3.1.1._ In 1981, the seven municipali~
ties had the population of some 217,000 corresponding to two-
thirds (2/3) of that of the Départment of Escuintla., "As shown
in Table 3-2, this population consists of'some 141,000 in the

five (5) municipalities in the Achiguate river basin and some

76,000 in the two (2) municipalities in the Pantaleon river

basin.

The population of 10 years and over éf_age in 1981 was about
4,100,000 in the whole country and about 270,000 in the
Department of Escuintla, as shown in Table 343._ These figures

correspond to 8% of the respective total populatiocn.

Labor Force

The'wo;king population in the Department of Escuintla was
96,000, comprising 88, OOO males and 8,000 fema]es° ‘Ratios of_

working population to the respectlve populations were 29% for

~ the total populatlon, 51% for the males and 5% for Lhe females.

These ratios are nearly equal_to;those'of'the whole country. .

~ In the whole country, the workiﬁg pOpulation'was l;?OQ,OOO,

consisting of 1,450,000 males aund 250,000 females,
Sediment Discharge and Flood Damage

Through the intérviéwusurvey with inhabitants and the review of

records in documents, newspapers and other puhlications, it was

‘determined that both the Achjguate and the Pantaleon river

basins have long ‘been suffering from- sedlment discharge and

'flood damdges. The protectlon of assets from sediment

dlscharge and flood ‘damage has been increasingly urged after

Fuego Volcano erupted on SLptember 14 1971
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Sediment discharge with a large amount of volcanic ejecta had
raised riverbeds resulting in the reduction of flow capacity
and - the shift of river courses to the area where houses and

farms are located,.

Jue to the above situation, the Achiguate and the Pantaleon

rivers have, in every rainy season, brought sediment discharge

‘and flood damage on buildings, farms, and especilally, on public

utilities, such as the bridges of the national road and the

 railway crossing'the'tWO rivers. The sediment discharge and

. flood damage in the Achiguate and the Pantaleon river basins in

the last 15 vyears are tabulated in Table 3-4,

Serious damages in both the Achigﬁate and the Pantaleon river
basins occurred in 1969, 1971, 1974 and 1982, Among the
floods, the 1969 flood is so far recorded as the biggest,
(Refer to Fig. 3-1.)

Infrastructures

Road

Among the_natiohal roads, the central american roads CA-2 and

CA~-9 ruh through the”Studj Area with the former running from
ééSt_Eo west in parallel with the paﬁ american road CA-1 and
extending from the boundafy of El‘Saivador to the boundary of
Mexico;jand the latter, running from soufh to north and con-
necting Bétween boﬁh:the Pacific and the Atlantic oceans.
Besides theSG:roadS,'ﬁational roads (feeders of CA-2) and

several -departmental roads support the transportation system in

the Study Area.

The total length of rbéds in the.Department'of Escuintla was
1,321 km in 1980, consisting of the paved road of 399 km and
the carth foad of 922 km, The lengﬁh of paved roads

cotresponds to 30.2% of the total,length'of'roads in the

department. This percentage of paved road is higher by 19.8%
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than that in the Department of Guatemala, and the roads in the

Department of Escuintla are comparatively in better condition.

The average daily traffic volume on CA-2 was some 4,300
vehicles in 1982 at Sta. 200 (kilopost situated 78 km away from

Guatemala Clty), as shown in Table 3-5.

The averége annual increase in rate of the traffic volume on
major roads was in.the range of from 1 to 8% during the decade
from 1972 to 1982, The increase in traffic volume on major
roads is comparatively low and since 1977, it remained on the
same level. During the period from 1978 to 1982, the traffic
volume ‘showed no marked fluctuation ﬁnd as for the feeder roads

of CA-2, it showed the decreasing tendency.

Railwaz

In the Study Area, the railway runs the section of nearly
74 km, comprising 49 km for the section of Escuintla~San Jose
and 25 km for the section of Santa'Maria—Santa lucia. Trdins

run one round trip every day along these sections,

According to the repért of FECUA, the railﬁay transported
950,000 tons of cargo and;GOO?OOU passengers a year on the -
average. for the period from 1978 to 1?82. Among them,

200,000 rons of cargo and 150,000 passengers a year were
transported through the Study Area, i.e., 560 tons of cargo and
400 passengersra day,lrespectively. ‘Although the transpor—
tation volume by railway is not go much, the railway still
plays an important role in the tfansportationISYStem of

Guatemala.

Har bor
The Port of San_Joée,.whiéh_ié 1Qcated in'the Study Area,'has a

superannuated pier jutting out inﬁo the sea, Cargoes handled

in this port amounted to 100,000 tdns'in,1981.
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Ships of about 200 a year come from Japamn, Colombia, Liberia,
the United Stétés of America and other countries. Among them,
Japanese ships abound ih.number with tonnage of 5,000 on the
average, The maih'gdods handled are cotton and coffee for the
export, and metal goods;'industrial raw materials and fer-

tilizer for the import.

Electric Power Supply

At present, electric power in Guatemala is supplied by two
'cofpbratioﬁs{ Instituto Naciﬁnal de'Elecfrificacion (INDE) and
Empresa Elecﬁrico de Guatemala (EEGSA), on the ratio of 7:3.

Among.fhe 31 power plants, 4 hydraulic plants and 4 thermal
plants lie in the Department of Escuintla., - The power produced
in the Department.of Escuintla, aside from local consumption,

is mainly sent to the Department of Guatemala.

In the Départﬁent of'Eséuintla and in the seven (7) municipali-
ties mehtioned in Subsection 3,1.1, eléctric power was supplied
to 27,500 households (or 42% of the whole) and 20,000 house-

holds (or 47%) in 1981, respectively, In the whole country, it
was suppliéd to 430,000_households.corresponding to 37% of the

~ whole,

Water‘Supplz

Water supply_sys;éms'in Guatemala are operated by the respec-
tive municipal governments under the control of INFOM, and the
other authorities:concerned in the central government., Water

sources depend chiefly upon the well,

"In 1981, the water supply systems supplied water to 600,000
househoids, corresponding tb'only 50% of the whole, and it
remaing at a low 1eﬁe1; In the Department of Escuintla and the
éaid seven mﬁnicipaiities; 29,000 households (44% of the whole)
and 21,000 households (or 49%) were éupplied'with domestic
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water in the same year. Among the seven municipalities, house~

holds of around 80% of the whole in the Municipality of

Escuintla was supplied with domestic water by its system.

Telecommunications

In Guatemala, telecommunications; stuch as the telephone, radio,
television and communications satellite, are operaked by
GUATEL.

Ih'1983, telephone subscribers in Guateméla were about 108,000
in number, corresponding to 70% of the capacity of 158;000 of

the telephone facility. This number is in the ratio of one set

to 60 persons.,

In the Department of Escuintla, telephone subsgribers numbered
about 1,050 in the same year. This is in the rétio'of_one set
to 320 persons and corresponds to 40% of the capacity of 2,600
of the telephone facility in the department. Nearly 70% of the

subscribers are in the Municipality of Escuintla.
Agriculture and Other Tndustries
Agriculture

The Department of Escuintla had Farms of some_660!060 manzanas
in 1979. This area increased by about 30,000 manzanas (or.SZ)
over that of 1964, The number of farms with over 64 manzanas
in areﬁ ié_abdut ﬁ.S%.and their total area corresponds .to 85%
of the whole area of farms; whereas, farms'df.lo_mahzaﬁas and

below are nearly BDz_in numbér.ﬁnd'their total area is only.

-about 5% of the whole'area of farms. These filgures show that
'intgnsive farmihg'ié highly developed in'the Depar tment of

Eschintla.

The Department of Escuintla:is_onejof the most develdped areas
for'agricultufe'in the COUNLIy. 'Espeéialiy; the productions. of

sugarcane, cotton and cattle are ranked first in the whole
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3.1.6

country, i.e., they amount to 73%, 447% and 25% of the produc-
tions in the whole country, respectively., These products
oceupy a great portion of the exportable goods and contribute

to the country's foreign currency earnings.

Other Industries

Théré are 110 ménufacturing industries.to be speciaily men-—
tioned, exceépt refining factories for sugar, petroleum and cot-
ton. Articles of folkcraft for tourists such as textiles and
carvings are Siightly made dn small factories. The sugar refi-
neries procéss the sugarcane harvested iﬁ-the Department of
Escuihtla‘and'thé manufactured goods are exported through the

Port of San Jose.

Land Use and Assets

Land use in the Study Area has been studied using land use maps

with the séale'of-l:SO,OOOIand aerophotographs with the scale
of 1:20,000. The study has been carried out by the mesh of

1 km? on the maps. The result is summarized in Table 3-7 and

shown in Fig. 3-2.

The greater part of the Department of Escuintla is used for

agricuiture, i.e., the area of cultivated land and pasture

. covers nearly 3,800 kmZs corresponding to 87% of the whole

area. Areas of cﬁltivated land and pasture are in the rati¢ of
5:3 (see Table 3-6). '

. The Study Area extends to about 130,200 ha. Pasture has an

area df‘neafly 53,000 ha, corresponding to 40% of the Study

 Area and oécupies the largest share.  Besides the pasture, the
“aréa of cultivated land is about534,000 ha or a quarter (1/4)

" 'of the Study Area, and much sugarcane, cotton, fruits and other

agricultural cfops such as maize, coffee and beans are pr o=~
duced. The area of uncultivated land is estimated at 8,700 ha

or 7% of the Study Area, except areas of town, road, railway
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and 29,000 ha of forest land which is of little utilicy vélue.

The town area 1s estimated at about: 1,600 ha in total,

Accordihg.to the hdusing census in 1981, houses in the
Department of Kscuintla numbered some 71,000, consiéﬁing of
21,000 in the urban area and 50,000 in the rural area'(seé
Table 3-2). Based on these figures, the average nﬁmber per
square kilometer has been estimated at 16 houses for the whole
area of the department, 383 houses for the urban area and 12

houses for the rural area.

The seven (7)_municipalities which contain the Study Avea have
about 46,000 houses in total in 1981,'comprising 29,000 houses
in the Achiguate river basin and 17,000 houses in the Pantaleon

river basin.
On-Going Projects

Table 3-8 shows the major public works projects preséntlj in

progress in the Study Area.

In San Jose, the construction of a new port with water depth of
12 m is presently in ﬁrogress and is expected to be completed
in 1986 at the cost of .about 300 million Quetzales. After

completion of the new port, it_is_expectéd'that the quantity of

Eargo_handled will'increase_to'éfbuhd'l,OO0,000 tons in the

completion year and reach about 2,000,000 tons in the year
2000, |

In comnection with_the conétruction of the new port, the
construction of a new road has been planned by CAMINOS din the
section of 50 km from Escuintla to San Jose in CA-9 to augment

the carrying capacity and to maintain the flow of transpor-

tation. Construction works are scheduled from 1984_to 1985 at

the cost of 17 willion Quetzales. The route i located east of

the present road.
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3.2.1

Physical Resources
ILocation and Topography

The Achiguate and the Pantaleon river basins are located at
approximately 13°50' to 14°40' north latitude and 90°45' to
91°10" west longitude in the southern part of Guatemala, as
shown in the General Map. Most of the basins administratively

beleng to the Department of Escuintla.

Achiguate River

Achiguate River originates in Fuego Volcano and has a total

catchment area of 1,080 xm2, including those of the tribu-

“taries., Its main stream, however, has only a catchment area of

216 km? with a river length -0of 55 km. This catchment area is
topographically divided into two portions; the mountainous area
of 92 km? and. the alluvial fan area of 124 km?, The transition
section of both ateas is located at aroﬁnd 40 km of the river

length from the estuary.

The river- flows down on the steep slope of the mountairious area
with the gradient of 1:10 and after joining some tributaries
pours intd the North Pacific Ocean through the fan area with-

the gradiént-of-l:&OO.

The main tributaries are Guacaléte River, Ceniza River and
Mazate River. Among these tributaries, Guacalate River which
has the largest catchment basin of 629 km? originates in

Mt. El Saco and flows down a relatively flat valley in which
éome towns suchl as Antigua Guatemala, Escuintla, and so on, are

situated. Cuacalate River joins with Achiguate River in the

stretch of 33 km from the estuary. Ceniza. and Mazate rivers

which have catéhﬁent basins of 113 kn? and 36 km?, respec-

.tively, originate in Fuego Volcanc and flow down on the steep

slope of the mountainside with the gradient of 1:10 to join

Achiguate River in the alluvial fan area.
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In the wountainside upper reaches of the rivers, much volecanic
debris had beén'depoéited.on which assorted trees have grown
and where land use has been developed. Most of the alluvial
fan area in the lower reaches are utilized for livestock
farming and the cultivation of sugarcane, maize and cotton.
Only a small portion of the coastal érea still remains as swamp

arca.

Along the river course, some villages are scattered. Finca La
Trinidad and Finca La Barrita are the densely populated arecas

in the Study Area.

Pantaleon River

Pantaleon River, the tributary of Cristobal River which joins
Coyolate River, also orlglnate% in Fuego Volcano, and the

catchment area and river 1ength are 150 km and 40 km,-respec—

“tlvelyq It Truns down at some distance int the mountainside with

the gradient of 1:10 and then joins. Cristobal River, pass1ng
through the alluvial fan area in the stretch of 20. km with the
gradieat of 1:100. Then, it changes its course to the south
drawing a gentle éurve; aﬁd:the.shape of the basin may be com-

pared to a long and slender rectangle.

The upper reaéhes of Pantaleon River are also covére& ﬁith
volcanic debris with assorted . trees, and the lower reaches have
also been relatiﬁély:developed for‘the'bultivétion of sugar-—
cane, haize and cotton, Only a small area is utilized for

livestock farming.

Climate

" -The climate in the Study Area is divided into two seasons; a

rainy season with 90% of the énnuélzrainfall, ftpﬁ_May to

October, and a dry season, from November to April, as showa in
Table 3-9, '
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The mean annual rainfall at San Jose {4 m MSL) which is located
in:the low. plain land is 1,100 wm. Rainfall amount increases
with a rise in altitude and reaches to 4,400 mm a year at the
skirts of Fuego Volcano (1,100 m MSL). 1In the highlands
located behind the volcanoes Fuego, Acatenango and Agua, rain-
fall'degreases_because of the loss of humidity on the slopes of
the volcanoes facing the Pacific Ocean. Therefore, rainfall at

Antigua Guatemala (1,530 m MSL) is merely 970 mm a year.

Owing to such rainfall charactéristics, the average annual
rainfall in the upstream area (ubstream of CA-2) of Achiguate
River amounts to S,SOO_ﬁm, and the Guaéalate river basin
receivés'bnly 1,830 mm a year. On the entire river basins of
the Achiguate and the Pantaleon, the average annual rainfall

are 2,300 mm and 3,300 mm, respectively.

‘ The mean annual temperatures at San Jose and at the skirts of

Tuego Volcano (760 m MSL) are 27°C and 24°C, respectively (see
Table 3-10). .Thé.hottest and coldest months are April to May
apd Decéﬁber to Febfuary, respectively; and both the rise and
fall from the mean annual temperature are within 2°C, The
highest and lowest daily temperatures are 34°C and 18°C at San

Jose,

The mean monthly relative humidity is about 83% in the rainy
season and about 73% din the dry season (see Table 3-11). The
mean annual evapbration is from 1,250 mm to 1,600 mm in the

skirts of Fuego Volcano (see Table 3-12).

.The.sunshine hour pér day is 6.5 in the rainy season and 9.2 in

the dry season.

Geology and Geomorphology

The Study Area 1s roughly divided into three; namely, (1) the
mountainous area dround Fuego Volcano, (2) the very wide allu-
vial fan at the foot of Fuego Volcano, and (3) the very flat

alluﬁial plain spreading'from'the_fan area to the seacoast. As
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to the process on the earth surface, erosion is distinguished

in Area (1), both of transportation and deposition of materials
are distinguished in Area (2), and sedimentation 1s eminent in
Area (3).

Basement rock in the mountainous avea is tertiary miocene
volcanic rocks which do not form into a volcano yet, consisting
mainly of tuffs, lava flows. (andesite and dasite), laharic

deposits, volcanic conglomerates, etc., and has rough stratifi-

- cations, as shown in Fig. 3-3.

The volcanic body of Fuego Volcano is divided into.two parts;
(1) the old volcanic body and (2) the new main volcanic body.
The old Fuego Volcano is the .part lower than 2,200 m in e]eva~
tion, and the new buego Volcano was established after exp1051on
or expre351on of the ancient central cone forming a kind of
cardera. The recent Fuego Volcano is a typical conide type

strato-volcano with a small lava dome at the top.
Flood, Runoff and Tide
Flood

The recent biggest flood in both the Achiguate and the
Pantaleon rivers occurred on September 5, 1969 due to the heavy

rainfall caused by Hurricane Francelia,

The flood peak discharge in Achiguate River was estimated at
1,200 m3/s:from the flood mark at the national railway

bridgal/,.while that in Pantaleon River was presumed to have

I/ The flood mark is shown in the design drawing of the
railway bridgc whlch was. prepared in 19270,
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reached 1,050 m3/sl/. Although both rivers brought floods

almost every yvear, no flood discharge has been recorded,
Runoff

The annual runoff ratio was estimated at 0.5 by taking the

average of those in the neighboring river basins.

‘The mean annual runoff volumes for the last 20 years were esti-

mated at 0.359 x 10° m3, 1.147 % 109 m3, aﬁd 0.248 x 109 m3 in
the basin area qpstream of the CA-2 road bridge, at the
confluence with Guacalate River in the Achiguate river basin,

and in the Pantaleon river basin, respectively.

Tide

The'meaﬁ high and low tides at the estuary of Achiguate River
are 0.8 m and ~0.78 m MSL, respectively, which were estimated
from the tide records at la Union, El Salﬁador; by SMB Method
(INSIVUMEH, 1979).

Volcanic Activities and Sedimentation

Past Activities of Fuego Volcano

Fuego Voleano, which is presently in the active stage, had
erupted sixty times'sinée the record began in 1524. The erup-

tion is of very viblent nature typical to vulcanian eruptions

with a duradtion rénging-from a few hours to a few days usually

éccompénied by'pyrbclastic flow (ash flow or lahar). The acti-

‘vity is marked by predominance of volcanic ash and ash flows,

1/ The existing water level gauging station in Coyolate
River, i.e., Cerro Colorado, was installed in 1971. The
flood peak discharge was roughly calculated from the
‘ratio of catchment area and basin rainfall between
Achiguate and Pantaleon river basins.
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The review of the recorded history reveals four outstanding
periods of activity each lasting tWeﬁ;y to_fiftf years (refer
to.Table 3-13). As can be'seeo from the table, 1t,15 now in
thé_fourth period of activity, a_oioleht end intermittent_one
which started in the 1950's. It can be reasoned from the past
activity records that the present activity will last for ten or

twenty more years,

The recent biggest vulcanian eruption occurred on September 14,

1971, Tremendous dmount of ejecta were dep081ted on the slope

of the mountaln,

Sedimentation

Due to the volcaunic activitiés of_Fuego Volcano, sediment in
the Study Area is mostly produced from the volcanic ejécta and
by gully erosion, Debris is ueuaily'deposited:on the éiooé‘of
' Fuego Volcano and waqhed down the gullies and rivers by heavy

rainfall.

In the Achiguate river basin, many guliies_were formed on the
southerh slope of Fuego Vbicéno; The'large:amount of éediment
along thelLOWer reaches of_gullieé have orig1nated from the
:volcaoic ejedta.. Tﬁey have piled oo'io_the eleﬁation'of_ _
700.m_MSL aloog the_Achiguate main stfeam and of'l 000 m. MSL
aloag Ceniza River, Sediment was plentlfully obselved below
these elevatlonq up to the confluence with' Ceniza Rlver

(150 m MQL), and sedlmentatlon in’ the riverbed ‘was likewise
observed up to the confluence with Guacalate River (80 m M%L)
The lower reaches after the confluence with Guacalate River’ is

con31dered to be Lhe sedlment tranSportatlon sectlon.

In ohe'fanteieon'river basin, debris deposits were also_
observed on'fheWSoutheph and_eoothwestern-slopes owauego"
Voleano. Sedimeﬁt“from thé golliés covér the fan area of
Tanlluya River and reach up to . the CA—Z road bridge and the
railway brldge._ '
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In the reach after SIRm downstrcam of the railway bridge, sedi-
mert was seen piling up to the volcanic fan's surface and
flowing down along the river. This reach is considered as the

temporary sediment deposition zone,

Thé total sediment runoff volumes from 1971 to 1983 were esti-

mated at 47,143 x 103 m3 in the Achiguate river basin and

50,365 x 103 m3 in the Pantaleon river basin.

River Feature

Transition of the River Course

Fig. 3-4 shows the transition of the Achiguate and the
Pantaieon river.courSes, extracted from the aerophotographs in
1956,_1958, 1967 and 1983, and from the topographic map editted
in 1960, o |

As can be seen from this figuré, the rivers have chénged'their

‘courses in a wide range, especially Achiguate River which

"shifted its main course at the stretch of 16 km from the

estuary from.year-to year. The maximum'rénge of the transition
at the stretch is estimated at approximately 2.0 km.. On the
other hand, the étrefch'of_the upper reaches from 16 km to the
road bridgé was comparétively stable before the 1950's,

although the course has now become unstable due to the increase

of .gediment load after the eruption of Fuego Volcano in 1971,

The river course in the upper reaches from the road bridge is

forming a steep valley; hence, has been stable.

_In Fig;_3"5, the transition of tﬁg'rivér mouth shows that the
_'c6a$tiine'at'the estuary has been shiftihg.toward9 offshore.
During thezﬁefiod'from 1954 to 1983, the stretch had extended
;Foiabout 150 m. '

As to the closing of the estuary, it is sometimes closed by
sand tranéported_by the current, wave, tide, and so on, causing

inundation problem to the area around the estuary, To cope
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with this situation, inhabitants around the area excavste_the
sand closing the estuary once a year so that the river will

remain open during the flood.sesson.

Riverbed Fluctuation

Although the data are not’ sufficient to ptec1se1y investigate
riverbed fluctuations, they show that the riverbed at the
railway bridge in Achiguate River had not remarkably changed
during the period from 1895 to 1969, and the river had kept a
narrow but deep course., The riverbed, hOWever, has risen to
the present level due to the abundant sediment load by the
sediment discharge since the eruptlon of Fuego Volcano in 1971
(tefet to Fig; 3-6). The bank height in the downstresm ébout
20 km from the estuary is oniy_0;3 to 0.5 m above the:tiverbed;

once, it had been more than 2.0 m,

_Slmilar condltions as mentioned above for the railway brldge'
and the rlverbed in Achiguate River were observed. through the
field 1nvestigat10n at the other bridge sites in Pantaleon
.River. Besides the. above, bank erosion can ‘be’ seen in some

places as emph351zed in the cross section of Pantaleon River at

the CA—2 road shown in Fig. 3-7.

Flowncspacity

Flg 3-8 shows the flow capac1ty of each section along the
Achiguate and Pantaleon ~rivers, together with the 1ongitud1nal
profile, river w1dth “and so on, Ev1dent1y, the fiow capaci—;
ties of these rivers are very poor in consideration of their

catchment areas, and’ these, rivers can safely flow down only the .

low water discharge.

The sectlons of Achiguate Rlver w1th very poor flow capacities
of only 50 m3/s and 25 m3/s are those it 30 km and 16 km._ As
for Pantaleon River, these have been observed at 16 km with a

flow eapaclty of 200 mg/s, and at 4 km with: a flow capacity of
70 m3/s._
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River Utilization

River water in Achiguate and Pantaleon are being utilized only
* for the drinking water of livestocks, watering of some fruit
trees and washing clothes; while, people obtain drinking water

from shallow wells.

Besides,'inhabitants along the river course are éngaged in
smdll fishery such as catching fish or fresh water shrimps for
local consumption only. Navigation is limited to the canal
éonhétting'Achiguate River to the sea, passing by San Jose, for

the transport'bf'loéal products by some small wooden hoats,

Riparian Facilities

Intake facilities were constructed in the 1960's to take in
river ﬁater_for uge in livestock farming and the cultivation of
fruit trees. Due to the rise of riverbeds, however, the effi-
" cdency 6f_the intéke éyStems had been rediced and now, the

intake facilities are not effectively operated for the purpose.

Gabibh'mattreSSES”which‘afé_used as the only facility for flood
protébtion'in thisiéfeé have come into use sinmce the 1960's to
pfdtect bridggs and/or some afeas. Some of the gabion _
mattresées'have haa'effects on flood damage protection, but the
others were-not.installed effectively and some of them had been

waghed awvay by flbodé.

" The local ring levees had been privately comstructed to protect

livestock farms from flood waters.
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CHAPTER IV. BASIC CONCEPTS FOR PLANNING

General

Long-term and urgcnt sediment and flood control plans were for-
mulated in.this study. The 1ong~term plan alms at accomplish-
ment of Lhe d951rable sedlment and flood control system under
the prospects of the future development of the Gtudy Area
while, the urgent plan focuses on the 1mmedlate proteetlon of

the present assets being seriously damaged.

In this conﬁeetion,:the suitable sediment aed flood eentrol.
method for the formulation of. the said plans was selected in
due consideration of the rlver features, such as sedlment

dlecharge, flood dlscharge and inundation waLer stage, under

various flood magnltudes._

' An evaluation method for each plan is, therefore,'established

to select the optimum longuferm and urgent plans among the
suggested plans fr0m the aspects of economic viability, social
requirement and financial capability.

Fundamentals of the Plan

Sediment Discharge

Sediment Reference Peint_'

Sediment reference poinfs‘should be set up to be able to quan~
tltatjvely estlmate the sedlmeﬂt dlscharge volume and evaluate
the damage potential, as well as the eff:ciency of sediment

control works.
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The sediment reference points in the Achiguate and Pantaleon
river basins were established as follows, in consideration of

the -sediment discharge conditions. (Refer to Fig. 4-1,)
Achiguate Reference Point: CA>~2 Road Bridge
: (Catchment Area: 205.0 kmz)

Pantaleon”Réference'Pbint: CA-2 Road Bridgé
' (Catchment Area: 115,0 ka)

Probable Sediment Discharge

The formulation:of.the long—teérm plan was based on the esti-
mated sediment deposits that had accumulated immediately after
the eruption of qugo Volcano in Septeﬁber'1971, because it is
the lérgest one experienced in'the_reéent past. The urgent
plan was formulated to control the sedimant discharge which may

be produced from the sediment deposits existing as of 1983.

. Sediment discharge is directiy attributed to the accumulated
sediments'énd the rainfall in the river basin, The total sedi-
ment voluﬁe since 1967 was estimated by comparing two éeroPho—
tographs'takéh in 1967 and in 1983, The probability of sediment
discharge has been calculated From the relation betwéen the

: rainfall probabiiity and the total sediment volume, = Probable

sediment discharges thus obtained are tabulated in Table 4-1.

Allowable Sediment Discharge -

‘Allowable sediment discharge is defined as the discharge that
£lows down thrdugh rivefs_without.inflicting any damage on the

areds and structures along the rivers,

The allowable sediment discharges of the rivers were esti-
mated on each probabie flood diséharge by using the sediment
transportation equation, Brown's Formula, and the model

_Hydrdg:aph.
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Sediment Discharge to be Controlled

The sediment discharge to be contrqlled.is défined as the dif-
ference between the allowable and the total sediment
dischafges. In other words, the'sediment.discharge-exceedihg
the allowable sediment discharge.will have to be controlled by

sediment control works. (Refer to Table 4-1.)
Flood Discharge

Flood Reference Point

-To provide the fundamental factors necessary for the for-

mulation of a flood cohtrol plaﬁ,_hydroiogical conditions
regarding the recorded past floods and'design floods should be
identified and analyzed at a certain point; called Flood '

Reference Point, in a river channel,

For the Achiguate and Pantaleon'river:basins, their flood
reference points_were selected in COnéideration'bf hydrological
conditions, location of flood plains ahd'especially, a confor-

mity with their sediment contfol”pléns, as follows:
- Achiguate'Rivér-Baéin
. Reference Point T : CA-2 Road Bridge . ‘
(Catchment Area: 205.0 km2):
Reference Point II: Tmmediate downstream point of the

-confluence with Mazate River
(Catchment Area: 956.0 kmz)

— Pantaleon River Basin

Reference Point : Confluence with Cristobal River
‘ ' ' (Catchment Area:  150.0 km?)

The locations of the flood reference pdints are shown in
Fig, 4-1. ' o



Probable Flood Discharge

Since the hydrological data of the Achiguate and the Pantaleon
tivers are insufficient in quaﬁtity to diréctiy calculate the
probable flood discharges, reference has to be made to other
well-arranged data in the neighboring river basins that are
topographically and geologically similar to the Achiguate river
basin. In-this_conhection, the Nahualate river basin was cho-

sen as the most similar basin.

From the hydrologicai relation between Nahualate and
Achiguate/Pantaleon river bésins, as shown in Fig. 4-2, the
probable flood discharges at the flood reference points in the
Achiguate and the Pantaleon river basins were estimated, and

the results are tabulated in Table 4~2.

_'The,flood dischafges of 'a 30-year return period which
: cOrfespondé to the'recorded‘biggest flood are 1,190 m3/s at
Achiguate Reference Point-Ij 1,670 m3/s at Achiguate Reference

Point . II; and 1,110 m3/s at Pantaleon Reference Point.

Model Hydrogréph

The model hydrograﬁh at each reference point was as well pre<
- pared by taking the similariﬁy to the flood hydrographs of

Nahualate River.

The model hydrographs at the Montecristo aﬁd_tﬁe San Miguel
Moca gauging_staﬁiOﬁs'located in Nahualate River were applied
to Achiguate Reference Point I/Pantaleon Reference Point and
Achiguate Reference Point IT, reSpecti§¢ly; The model
“hydrographs at the.tespective'reference points are illustrated
in Fig, 4-3. |
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Flood Simulation

Simulation Model

Only ‘a few big floods have been vecorded in the Achiguate and

the Pantaleon river basins as mentioned in the previous

chapterQ Conseqﬁently,'data on flood and qedlmeut transport
ate insufficient in quantlty to agsume the 1nundation water
stages of floods of various scales which are needed for the
estimation of sediment discharge-and flood damages, Therefore,
a simulation model for the analysiS'of sediment transport and
flood behaviors needs to be &rawn in order to identify the

inundation water stage of a flood in a river basin,
(1) Achiguate River'Basin

The simnlation model in the Achiguate river basin was
drawn baéed on the flood and inundation data in 1969 and
1982 and the topographlcal condltlon of the b331n.' The

model. shows the follow1ng features:

(a) Since the river Section at the CA-2 road bridge has a
sufficient flow capacity, the flow of river water and

sediment dlscharge are conflned in the river channel

(b) In the %tfetch from 42 km to 28 km, the flood
dlscharge temporarlly overflows the river banks at
" flood time, and flows down along the river cour se

w1thout spreadlng out.

_ As for the qedfment discﬁarge,ISGdiméhEatibn oh the
riverbed depende upon the- balance between the inf]ow '
and the. outflow Sedlment volumes that are sub]ect to
“the tractive'force in the stretéh, - Downstream of rhe
'stretch sedlment transport is too small due to poor
transportation capac1ty so that’ the sedlment behavior'

. thereabout may be neglecLed.
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(2)

(e)

(d)

(e)

(£

The overflow river water at 28 km goes down into the

Naranjo and the Suquite rivers on the left,

In the river stretch from 28 km to 20 km, the beha-

vior of river water is same as (b).

The overflow river water below 20 km inundates the
right and left banks, and the overflow water on the
left bank spreads down on the plain area between

Achiguate River and the town of San Jose,

All the inundation water are drained into the sea

thrbugh the estuary of Achiguate River.

Pantaleon River Basin

Big floods occurred in the Pantaleon river basin in 1969,

1971,

and 1974, The gimulation model for this basin was

prepared with reference to all the data of the aforemen-

tioned flcods, and its features are described as follows:

(a)

(b)

In the upper stream of 16.0 km from the confluence
peint with Cristobal River, river water temporarily

inundates both the right and left sides of the river

at flood time, and flows down along the river course

w1thout spteadlng out.,

Sedimentation_on the riverbed depends upon the
balance between the inflow.and the outflow sediment
volumes'in'the same manner as . that in Achiguate

River.

Flood discharge is diverted at 16 km to Pataya River

and brlngs about 1nundatlon on both sides along the

' Pataya river course,
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(c) The overflow water at 6.0 km from the confluence
flows into Jute River with inundation on both sides

along the river.

(d) In the stretch from 6 km to the coufluence with
Criétobal River, the behavior of river water is same

as (a)o.

Inundation Water Stage

~Inundation water stage is used for the estimation of the effect

of the flood contfol‘facilities.
The inundation water stage of each probable flood ‘at the pre-

sent conditions were calculated by applying'the probable

discharge to the simulation model. Table 4-3 shows the results

of the calculation.

Sediment and Flood Control Method

Sedimﬁﬁt Céntrol

Applicablé-Methods

There are four (4)'maj§r methodé'to éonttol sediment-discharge

in areas along rivers, as follows:

(L) Sediment éoﬁtfol aaﬁ;

'(2)-$Training levees and:éhannél.wofksl/;

(3) Hillside works; and

4y Groundsilllj, :

1/ Application of these methods will be discussed under river
channel improvement, since this method is mainly used
with emphasis on the control of flood water in this.

study ., : ' : : '



Judging from the features of each methad as describéd in the
following paragraphs, sediment dischafge in the Study Area
should be controiied by the combination of methods (1), (2)
“and (4).

Heavy sediment output inte river channels is most'effectively
stopped by constructing sediment control dams at the source of

‘sediment.,

Ttéining levees and channel works would guide the flood waters,

and sediment spreading out of the river course is prevented.
Hillside works are not to be empioyed when they are meant to
control erosion on slopes of volcanoes, such as the Fuego
'-Volcano;_becausé they are practically ineffective in the pre-
‘sence of heavy persistent erosion.

Groundsills are effective for riverbed stabilization.

‘Concepts for the Sediment Control Plan

Sediment control dams are to be so planned as to effectively
regulate. the sediment diééharge'during a flood. Planning of
sediment: control dams is based on the following

. considerations:

(1) Dam sites ére-primarily selected on the basis of
~ topographical conditions and areal sediment deposit
diétributioh so that thé dam will have a large storage

capacity and regdlﬁtionfaffect.

(2) The sité nearest to the targetfprocection area may assure

thE'highest vregulation effect among the proposed sites,

Pfiority-shb@ld'be given to the adoption of the suggested dams

on the basis of the above concepts.
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Flood Control

Agplicable Methods

The following methods are commonly employed for flood cowntrol

works:

(1) River channel improvement;
{2} Ring 1evee; .

(3) Impounding reservoiry

'(4) FloodWay; and

(5) Retarding basin.

Among the above methods, improvement of the existing river
channel and the prov151on of r1ng levees are considered to be
the most appllcable 1n the Study Area, Judglng from the 1nef—

fectiveness of the other methods as described hereunder .

The Study Avea, which is dominated. by hillside slopes, is
devoid of appropriate piécés for an impounding reservoir. An
1mpound1ng reserv01r, even 1f 1nstalled w111 be made ineffec~

tive by heavy sediment output

The present river course, when siﬁplffied forms a right angle

to the ocean where'it-pours; Constructlon of a floodway w1ll

not be an. effectlve shortcut under such circumstance.

Flood control by a retardlng basin alone will be. very dlfficult

“where the rlver basin has a steep gradient.

Concepts for River Channel Improvement Plan

The rlver channel 1mprovement plan is basically featured by the

following factors

- (1) The proposed allgnment in principle follows Lhe present

: rlver c0urse, ‘since the river channels may. smoothly flow

down runoff dlscharge because of slight mesndering.
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(2)

(3)

(4)

o

(6

The longitudinal profile is so designed as to assure the
stability of the river channel by fixing the riverbed gra-
dient to become steeper gradually in proportion to the

distance froi the estuary.
The design high water level should be kept as low as
possible in order to avoid the aggravation of flood damage

potential in case of overtopping.

The river width will be taken to the technically and

- -socially maximum extent, regardless of the volume of
desipgn- flood discharge, since the land along the river

" course can be acquired easily at a low cost.

With fegard to the cross section, an excavated channel
should be provided for the stretches with a steep riverbed

gradient where river water flows down at a high velocity.

The compound cross section éonsisting of high and low
waterfchannels will be applied to the stretches with a low

velocity of water flow,

‘Countermeasures against closing of a river.mouth can be

prdesed ian two methods; construction of a jetty together

with eXCaﬁation wofks, and prbvision of a pilot-channel in
the Sand;bar. The latter method is not appropriate for
the tréétment.of'the Achigudte river mouth for the reason
that_fhe:areéé“néar the river mouth would be in a
daﬁgeroué éituatiop wHen the river water level rapidly

rigas due to river improvement works in the upper stream.

Jetty together with excavation wofks, though much more

costly, will_be.insfalléd to stabilize the river mouth

without bringing such dangerbﬁs_sitdatioﬁ‘upon the neig—

boring areas.
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Project Evaluation Method

Target Asséts

One of the primary purposes of a flood control project is to

alleviate flood damage to not only the currently existing

assets in the riner basin but also the increased assels in the

future. It is, therefore, necessary to set up the target
assets that currently exist or will be situated at a certain
point of time in the future when a flood control plOJeCt is

1mp1emented.
(1) Long-Term Plan

The long-term plan may be put into execution in the

dlstanL future to protect ‘the p0381b1y increased assets

from flood -damage.

~Based on the relatlve data showing the future economic '
development 1n the nation and reglons up to the year 2010
~the target assets’ in the study area are flxed at the esti-
mated value in 2010, “the most dlstant future year having

reliable data,
(2) Urgent Plan -

An urgent flood_control project isilitefelly'required to
- be put into implementation:in‘the‘near future;' In this
sense, the progect should be planned on the ba81s of the

present situation of assets in the basin.

‘Glassification of Assets

.Assets in the Study Area were: classified into four (4) cate—

gories and given prlorlty according Lo their socio"economic

significance in order to.make a study on the stretch_and-size

of flood cont:olﬂnorks, as follows:
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Prioripx Assets

Community in a dangerous zonel/
- Infrastructure and Urban Area

Cultivated Lands

T o s >

- Pastures

The highest priority’ was placed on the community where an
abrupt attack of flood could'Bring about casualties. The
second pfiority was.on iﬁffastrucfuresfsuch_as the railways and
roads, énd3also:on'fhe.urﬁéh'areas, conéidering the nationwide
influeitce if'damagéd and impbftance of stabilitization of the
inhabitants' livelihood. Cultivated lands and pastures are in
“the thifd and fburth_érders of priority, respectively,

decording to their productivity.

Evaluation Method

The plan will be assessed on the basis of social requirement
and/or econonic viébility in accordance with the priority of

the assets.

' The plan of prdtectioﬂ_for the assets deéignated as A was
evaluétéd'only from the Viewpbint of social requirement.
Evaluation of:ﬂéth éocial requireméﬁt and economic viability
was made for asseté designated as B. As for the”assets

recogﬁized to be C and D, only economic viability was assessed,

To jﬁstify the optimum plan of the long-term and the urgent

projects, evaluation was based on the following concepts:
(1) Long~Term Plan

“The recorded-maximdm flood should be the. basis for the

~determination of .the sediment and flood control facilities

lj Assets A are not seen in the study area.
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(2)

in a boncépt that damage equivalent to the maximum damage -

1in the past be at least released as social requirements,

Economic evaluation was made in combination of assets such

as B+ C + D,.B + C, or only B by meang of the econdm10

interpal rate of return (EIRR). The standard of economic
evaluation (percentage of EIRR) is 6.5%, which is equiva-

lent to the average of inteérest rates of applicable loans

_in Guatemala (refer to Table 4-4).

Urgent Plan -

The social requirements for the urgent plan_are'defined as-
the enhancement of living conditiouns up to the_national
average, while its economic viability is asgessed in

reference to the same standard as the long-term plan,
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5.1

CHAPTER V. TONG-TERM PLAN

General.

For_thé-imprbvement'of'thé regional eéonomy, alleviation of
sediment and flood damages in the Study Area where they are
inflicted much more than in the other regions of the country is
deemed very necessary. Most espécially, the vital links of the
nationél ﬁighway and the railroads which are crucial to the
economies of the regions contiguous to the Study Area should be

secured by means of sediment and flood control works.

The river charnel improvement which is employed for the flood
control hlan may be'broadly categorized into two types based on
the stretch Cdvered;.namely; channel improvement of the entire

river course and partial river channel improvement.

The former aims at the establishment of a flood control system
on the precept that all assets aiong river courses be equally
protected from sediment and flood damage. It is superior in
technical and social viewpoints to the latter which may cause
adverse effects to the'downstream of the improved section,
though the former méy,require an enormnous fund and takes a long

period. of construction.

Howevéf, in case that the execution of channel improvement of

' the entire;riyér course has less possibility due to economic or

-finanéial constraint,-thé'partial river channel improvement may

be employed in order to release specific areas and assets from
sediment and flood damage as early as possible, It is also-one
step to reach the: channel improvement of the entire river

coursa.

The possibility of ‘river channel improvement works covering the

entire river course has been_studied; and it was clarified that
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this plan has a low economic viability and needs. an enormous
fund, and that it is more practical to implement the p]an in
the mode of partial improvcment. “A long-term plan, therefore,
lias been formulated for the protection of the main trdnspor~
tation system and the urban areas that were recognized to be
socially 1mportant by providlng partial river improvement

together with sediment control works in the. upper stream.

Design Sediment and Flood Discharge

Design Sediment Digcharge

The de31gn scale for flood control was dec1ded to be, equ1va1ent
to the blggest recorded flood that corresponds to a 30 -year
return perlod in both the Achlpuate and. the Pantaleon ‘rivers
based on the basic concepts for planning in Chapter V. The _
design sediment dlqcharge at the sediment reference p01nts in -

both rivers were estimated as follows:

Achiguate Refetrence Point i 1,940 x 103 p3
Pantaleon Reference Point = : 3,246 x 103 p3

Design Flood Discharge .

The design flood dlscharges that correspond to a 30~year return

period were estimated at the flood reference p01nts as follows:
Achiguate Reference Point. I '1;200'm3/s
Achlguate Reference Point II" 1,700_&3/sc

pantaleon Reference P01nt : 1,150‘m3/s

The design dlscharge distributlon in both the Achiguatc and the

Pantaleon rivers are shown in Pig. 5 l._'
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5.3.2

Comparative Study
Sediment Control Dams

It is of predominant importance to complctely regulate the

sediment discharge:during a flood. TIn due cousideration of the

~ sediment discharge and topographic conditions, three {3) sedi-

ment control dams in Achiguate River, ome (1) in Ceniza River,
a ttibuﬁary of Achiguate Riﬁer, and six (6) in Pantaleon River
wefe.considefed for the selection of the sﬁitable dams to regu-
late the design sediment disdhargé. Tn Taniluya River where
enormous sediment transport was observed, no suitable dam site

can be seen. (Refer to Fig. 5-3.)

The following combination of dams are eventually proposed to

regulate the design sediment discharge to the optimum.

Effectivq Regulation

River: Dam Name Height (m) Volume (103 m3)

Achigudte _ A-1 8.0 990
A-2 18.0 _ 562

c=1 7.0 338

Pantaleon Coped 5.0 : 60
P-2 9.0 976

-3 S 1o 235

ped 9.0 : 315

P-5 ~18.0 ' 1,370

_Chénnel-lmprovement of Entire River Course

‘Channel improvement of the entire river course to totally pro-

tect;all.the assets along a river from sediment and flood
damage is essentialito the river improvement plan., (Refer to
Fig. 5-2.) This method may be called as the comprehensive

river improvement plan,
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The major features of the comprehensive plan are summarized as

follows:

Achiguate River

(1) River Channel

(a)

(b)

(¢)

location and Extent

River improvemeunt works £or Achiguaté-RiQét will
cover all the stretch of 43,8 km from the river
mouth, The upper end of the imptovement works s the

site of the sediment conttol dam.

Aldignment '

New‘alignmenf of Achiguate River with a width of
approximately 250 m which corzeSponds to the- averdge
width of the present river. course is drawn from the
river mouth to 33 24 km, the confluenve p01nt w1th
Guacalate Rlver,.whlle the stretch from 33,24 km to
43,8 km will be drawn with a width of approximately
100 m. -(Refer fo TFig: 5-3.)

Longitudinal Profile

.Thﬁ-ekcavatioh depth is within 3.5 m and the'dgsigﬁ S

high water level is within 2.0 m ‘above the average
ground heigﬁﬁiﬁhiéh édincideé Witﬁ the regofaed maxi-
mum ﬁaterlievel. 'Likeﬁise,'the height bfifﬁe'dike.is_
within'3.0 m above the ground height inclading the
I'O"m freébdérd The riverbed gtadlent gradually

varies from 1: 500 to 1: 110 in proportion to the

"dlstance from the river mourh, as shown in Fig. 5-4.
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(2)

- (3)

(d) Cross Section

A compound cross sectlon is applied to the downstream
stretch from the'conflﬁence at 33.24 km where the low
water channel can confine a discharge of 450 m3/s,

corresponding to the probable discharge of a l.5~year
return period flood. Bank gradients for high and low

water channels are fixed at 1:2.

A-single cross section is applied to the stretch
above the confluence point. The slope of channel is

1:2 in the stretch between 33.24 km and 39.6 km, and

1:0;5 in the stretch from 39,6 km to 43.8 km. The

standard cross section is shown in Fig. 5-3.
Riparian Facilities
Riparian‘facilities vequired for the domprehensive plan

consist of revetment, groundsill,'groyne, drainage ditch

and sluice. Revetment of approximately 21.5 km will be

~provided for both high and low water channels of the com

“pound cross gection. Revetment in a total length of

Zi.IQ-km will.be applied to the channel of the single

cross section.

Aside from 30 groundsills, 2 sections of groyne in a total

“length of 5,600 m, drainage ditch of 66.48 km and 17

sluices will be installed in'andlor'aloﬁg the river chan-

nel,

RiVEr Mouth'Treatment

-Jéttieé-of 980 m and 380 m long are proposed on the left

and right banks so that drift sand caused mainly by waves
may fot enter the river mouth from the southeast and

sodthWest directions, respectively,:
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Pantaleon River

(1)

@

River Channel

(a)

(b)

(o)

(d)

location and Extent

River improvement works fof Pantaleon' River will
cover the whole streteh from the confluenée with
Cristobal River to 22 km where most of the downstream

sediment corntrol dams will be construdted.
Alignment

New alignment of Pantaleon River is proposed with a
width of approximately 80 m which corresponds to the
average river width and to.the maximum possible width

for expansign at the location of the railwéy bridge,

kY

Longitudinal Profile ..

The average excavation depth is ﬁithin”3}O_m aﬁd the

~ design high water level is so designed to remain

‘below the average gfound height;. The riverbed gra-

dient gradually varies from 1:105'to-1:38'in_pro§or—

 tion to the distance from the confluence point with

Cristobal River. (Refer'to Fig. 5-4.)

Cross Section

- A single cross section is;applied“EO'the.whole

stretch with a baﬁk'slobe of_lEO.S. The stahdard

cross section is presented in Fig. 5-3.

Riparian Facilities

‘Riparian facilitiéa Qf revetment'and'groundsilis_ﬁill:be

provided.for Pantaleon'River;_ The whole river stretch of
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22,0 km will be revetted, and 293 groundsills will be
installed.

Evaluation .

The sediment and flood control plan of improviﬁg the entire

river Qourse'fdr the protection bf_all the assets in the Study

Area has a very low economic viability and needs such an enor-
moug fund for its implementation, as described below, so that
it is impractical to put this plan into implementation from the

present point of view.
(I} Construction Cost

The cbnstructidﬁrcost required for this plan is estimated
to be as much as US$192 million, comprising USS$27 million
for sediment control works and US$165 million for flood

control works.

(2) Economic Viability

The:aﬁnual éverage benefit'that will accrue after comple-

tiom. of this_plén is estimated at US$8.6 million. The
ecoﬁémic intérnal_rafe of return (EIRR) is estimated at 2%
based on the dishqrsement scheduie with a 10~year

construction period.

Partial River Improvement (Case 1)

Judging from the eﬁaluation and findings for the comprehensive

river imprdﬁément plan -described in the preceding subsection,

partial river improvement may have to be applied to the

Achiguate.gnd the Pantaleon rivers' to provide proteection to

specific assets from floods.

In this connection, partial river improvement for the protec-

‘tion of Assets B and C which spread out over a large area has

been. studied and the results are summarized as follows:
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Achiguate River

(1)

@)

(3)

River Channel

River channel improvement works cover two (2) streLches
from the estuary to 16 km and from 28 km to 43 8 km, where
nev allgnment, longitudlnal_proflle_and cross section are

drawn in the same manner as that of the comprehensive

river improvement of the entire river course.

Riparian Facilities

The shofteuing of Che strefch'fer improvement, 1eads to the
redﬁcﬁidn in length.end quantity of the required ripatrian
faciliﬁies; namely, revetment of a'total_of 33,12 km, 30
groundsills, one section of groyne, drainage diteh of
47.48 km, and 12 sluices. |

River Mouth Treatment
A jetty is designed as ceuntermeasure.against closing of

the river mouth in the same manner as that of the compre-~

hensive river improvement.

PantaleonIRiver

(1)

(2)

River Channel

The'etrerch from 6 km to 22 km will be improved on the.
ba51s of new alignment,. longitudlnal proflle and Cross
seetlon, which have been designed in- Lhe same manner as

that of the comprehensive river improvement.

Riparian Facilities .

The riparldn fac1lities required for the imprOVLment of |

'Pantaleon River are likewiee modified to revetment of . a

total of 32 km “arid 241 groundsills.

_'50 ”



Twvaluation

This pértial fivcr impfovement plan (Case 1) for the protection
of Assets B and C has a very low economic viability and
requires an enormous fund for its implementation, same as the
gomprghénéive'river improvement plan, Accordingly, this plan
canlﬁé hardly considered to be practicable at present. The
'constrﬁction'cost and economic viability are briefly assessed

as follows: .
(1) Construction Cost

The total construction cost required for this plan is
eétimated to be as much as US$143 million, US$27 million
of which is for sediment_control'works and USS116 million

for £lood control works.
(2) FEconomic Viability
-The:ahnual average bénefit which will accrue after comple-
tion of this plan is estimated at US$8.0 million, The
~ economic internal fate_of return (EIRR) is caleculated at
. 3% based on the disbursement schedule with a 10-year
construction period.

5.3.4 Partial River Improvement (Case I1I)

This plan is discussed for the protection of only Assets B

which are enumerated as follows:

" River ' Target Assets

Achiguate CA~2 road bridge ‘and railway bridge; urban
o areas in Finca La Trinidad on the left side
~and in Finca La Barrita on the right side

Pautaleon CA~2 road bridge and raflway bridge
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Not only the river channel improvement but several methods to

release Assets B from flood damage were evaluated as follows:

Achilguate River

(1)

Road and Railway Bridges

Damage at the CA~2 road bridge is mainly caused by severe
bank erosion and/or scouring of the riverbed eroend ‘the
piers, while that at the lallway bridge is ‘due to the

insufficient flow capacity in the stretch downstream of
41.7 km,

Judging from the cause of damage, tbeifollowing'three (3

methods can be'suggested'for Ehe.protection of the CA-2

road bridge ‘and the railway bridge (tefer to Fig. 5-5):

Method T-1 : River channel imptovemehf

Method I-2 ':_Rlver channel improvement together with
' ) ‘ tralnlng levee ' :

Method 1~3 Helghtenlng of Lhe rallwaj brldge
7 including embankment -of its approach
_portions and revetment works of the
main channel near thé road bridge-

Method.1~l ﬁeeds‘thé leaet coét‘éﬁong the‘three methods as

far as tlie cost requlred throughout Lhe project 1ife is

concerned. - Though the initial investment of Method -2 is -

limited to a small amount dn comparlson w1th that of
Method 1-1, the tralnlng levee contained in Method I-2

requlres a. hlgh replacement cost in every 10 yeare due to

" low durabllity.- Method I-3 has a dlsadvantage in that the

Hdamage potentlal cannot be 1owered due to o 1ncrement of -

flow capacity of the river. Accordlngly, Method I~1 is

employed for the improvement_bection.

The costé teQuired for‘the@thfee methods are tabulated in
Table 5-1. ' ' ' ' :
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(2)

(3)

Urban Area, ¥Finca La Trinidad

The flood ddmage on the area is mainly attributed to over-
toﬁping flood water in the stretch from 28 km to 30 km,
Tﬁerefore, following methods are suggested for the protec-
tion of the urban area in Finca La Trinidad, as

illustrated in Fig. 5-5.

Mééhoq I1-1 o River channel improvement
Method IT-2 : Railsing CA~9 road
Method TI-3 : Ring levee

Method II-1 can be reéommehdéd,'thbdgh economically
inferior to Method I1-2, on the ground that this method
can equally protect the assets on both sides of the river,

thereby'causiﬁg no social problem derivéd from one-sided

protection which may be caused by the implementation of

‘Method II-2. Method II-3 is the most costly of the three.

(Refer to Table 5-1.)
Urban Areé, Finca La Barrita

The flood damage on'this area is mainly due to the insuf-

'ficieﬁt f10w.cap56ity'of the,rivef in the strétch. below 9

km, The'follbﬁing two metﬁods'may be suggested to protect

the urban area in Finca La Barrita. - (Refer to Fig. 5-5.)

Method TIi-1: River channel improvement and training
' lévee

Method IXIT-2Z: Ring levee with drainage facilities

 The flow capacity of the river channel is so small that

the lower reaches are widely inundated by flooding water.

Prbtection of this urban area by means of Method TII~1
will be much more costly bédause a long stretch of river

channel will have to be dmproved. From the economic
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5.4.1

~ viewpoint, therefore, Method ITI-2 is much superior to
Method III-!, as shown in Table 5-1I.

Pantaleon River

The CA&? road bridge and the railway bridge which are under the
same situation'os those in Achiguate River may be protected by

the following two methods:

Methed iV"l : Rlvet channe] 1mprovement'
Method IV-2 : River channel improvement with a tralninp
levee
Method IV-1 does not require so much cohstrucﬁion cost as
Metbod v~2. Moféover, the training levee in. Method IV-2 needs
to be'replacéd at a high cost in every L0 years. Method Tv-1

is, therefore, employed for the improvement sectlon.

The location of these works is plotted:in.Figg_5f5'and_the
results of their comparative economic study are shown in
Table 5-1. .

Eﬁaluation

The sediment and flood control olan for the protection'of-Assét

B- should be Cdrr]ed out by Methods I~i IIHI; 111~ 2 and Iv-1

'whlch have been dotermlned thtough the comparative study undex

this subsectlon. Though thls Cage II plan still shows an EIRR

_slightly'below the economic standard defined in Chapter 1V,

Asset B should be protécted in view of social reouirementé,

Proposed Long-Term Plan

" Features of the;Plan

The outline of the proposed 1ong“term plan for both Lhe'

fAchiguate and the Pantaleon rivers is summarized as follows:
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Achiguate River

(1)

(2)

Sediﬁent Control

The'sediment control works for Achiguate River are com
posed of three (3) dams of eobble stone concrete type
whose features aré summarized in the following table.

(Refer to Fig, 5-6.)

Catchment FEffective Crest Dam Body Regulation

Dam Area ‘Height Length  Volume Volume
Name  (km?) = . (m) (m) (n3) (103 m3)
A-1 92,0 8.0 460 21,000 990
A-2 39.0 18.0 135 24,000 562
C-1 2.0 7.0 455 19,000 338

Flood Control

The'flqu.control_works consist of river channel

timprove*ment_warks in two stretches, one for the CA-2

road and railway briﬁges and the other Ffor the urban

area in Finca La Trinidad, and a rlng levee around the

_urban area in Flnca La Barrlta. (Refer to Fig. 5-6.)

(a) CA-2 Road and Railway Bridges

‘The upper 1mprovement %tretch is 5.0 km long from
38 km to 43 km {(the p01nt of 180 m above the CA*
road: bridge), cnvering the road bridge and the
rdllway bridge. _This includes a transition section

of 1.6 km in its lower stream.

'ihe proposed allgnment wlth a width of about 100 m
has been arranged as smoothly as possible in line
with the ex18t1ng one. The rlverbed gradient is

1:110 in the strctch from,39 6 km to 43 km. The
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(b)

gradient of the transition section is 1:170., The
design high water level is set at 2.45 m above the
riverbed in this stretch and - the depth of channel

includes a freeboard of 1.0 m.

A 81ngle Cross socLion with a gradient’ of 1:0.5 1s
applled to the whole stretch. The cross;section of
the txan81tion portion is gradually adjusted to

follow the present croas section from the standard

design cross section.

The required ripafién'facilitieé'are'réﬁetment'for
both sides of the channel slope with- a total length
of 2.3 km and 17 groundsills with a breadth of
approx1mate1y 100 m to be installed at intervals of
150 m,

Urban Area, Finca La Trinidad

The 1mprovement stretch extends for 6. 0 km from

25,5 km to 31.5 km, lncluding transition sections

of '1'.5 km in the upper’ stream and 2.5 km in the

lower stream,

The proPosed alignment'with a width-of about 250 m

is drawn'in.a'Smooﬁh iine in consonanoe'with”tne
ex1st1ng one. The"Qfadiént'of ri#erbéd.is éét.at
1l: 300 and gradlents of 1: 250° and 1:340 are applied
to the transition portlons above and below the

1mprovement atretch,'respect1ve1y. ‘The de31gn hlgh

'water level is’ flxed at 1.7 m above the ground

'hejghL and ‘a freeboard of 1 O m is included 1n the

helght of the embankment.,

-_A:éomponn&'EfossZSECtion'with'a'grédient of 1:2 is

applied'to.the'nhole' stretch, The cross soction of

the transition portion is adJusted in the same



manner as that in the river improvement for the

stretch from 38 km to 43 km,
(¢) Urban Area, Finca La Barrita

A ring.léveé will be constructed in a length of
S;O'km.around the urban area named La Barrita, This
ring levee 15 designed with a gradient of 1:2, and
revetment of 3.0 km will be prbvided for the outer

side of the levee.

Drainage facilities will be provided to drain inland

water in the area surrounded by the ring levee.

Pantaleon River

(1)'.Sedimeht'cdhtr01

The sediment control works are composed of five (5) sedi-
ment control dams of cobblestoné concrete type (refer to
Fig‘ 5~6), The features of these damg are summarized in

thé‘foilowing table.

.Catchment Effective Crest . Dam dey Regulation

Dam Area’ . . ‘Height Length. Vélume Volume -
Name _ (km?) _ (m) __(m) (m3) (103 w3)
SP<l 11500 5.0 210 7,000 60
P2 107.0 9,0 392 17,000 976
P~3 . 62.0.-  11.0 160 17,000 235
P-4 - . 61.0 9.0 . . 190 12,000 - 315
p-5 60,0 18.0 230 44,000 1,370
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5.4.2

(2)

Flood Control

The flood control works for this river are composed of
river channel improvement works including revetment of the

river channel in the v1c1n1ty of the CA-2 road bridge, as

_shown in Fig. 5-6. The_improve*ment stretceh 1s 3.4 km

starting from 18.0 km to 21.4 km.

The prbpqséd aligﬁment with a width of 80 m has been

arranged in the same way as that of Achiguate River,

Thé gradient of riverbed is fixed at 1'38 The design
high water level is set at 2. 0 m above the rlverbed and a-
freeboard of 1. 0 m has been con81dered in setting the bank

height.

A single cross section with a gradlent of 1 0 5 1s applled

' to the whole eretch. The Ccross sectlon of the transition

portlon is gradually adjusted to follow the present cross

section,

The required riparian facilitles are'révepment fof'both
sides of'the'chénnel'31opé'for a stretch of 2.3 km and 47

grOund51lls with a breadth of about 80 m to be 1nstalled

'at 1ntervals of 50 Ite

Construction Scliedule and Cost

" Construction Schedule

. The works for the sédiméht'control:dam éoﬁstruhtidn cousist

of éxcaﬁation aﬁd cobble stone concrete works. -The rivér

impcovement works include excavation, embankmenL, and the

:1nsta11at10n of rlparian facilltles such as revetment,

.--ground3111, and 50 on.
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The proposed period of construction works is seven (7) years,
including detailed desigh engineering services of two (2)

years, as follows:

: WorkﬁStage Year
(1) petailed Design Engineering Services lst to 2nd

{2) Construction Works

{(a) Sediment Control Dam
~Construction in Achiguate ' 3rd to 6th

(b) Sediment Control Dam
construction in Pantaleon ' : 3rd to 7th

() River Improvement Works
in Achiguate - 4th to 7th

(d) River Improvement Works :
in Pantaleon : 6th to 7th

The construction schedule covering all the stages of this plan

is shown in Fig. 5-7.

Cost Estimates

(1) Constriiction Cost

The Base:constrﬁcfibn cost, which was estimated based on
the contract basis and the pricés as of August 1984,
COmprlSES direct constructlon cost for the sediment
control dams and river improvement works, land acquisi-
tion cost, engineerlng service cost and administration

cost, plus 10% physical cont1ngenc1es.

Taking price céntiﬁgehéy baééd_on the annual escalation
.fété of 6% for'both the foreign and local currency por=
tions into consideration, the-total financial construc—
‘tion cost is_éstiﬁated at Ué$63;2 ﬁillidn of which
US$36.2 millién 57% is in foreign éufrency and

US$27.0 million or 43% in local currency.
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(2)

The breakdown of the base construction. cost and the
annual disbursement of the financial construction cost

are presented in Tables 5-2 and 5-3, respebtivély.

Opefation, Maintenance and Replacement Cost

The operation, malntenance and replacement cost (OMR cost)
comprise sediment removal cost, personnel cost, machinery
and equipment cost, administrative cost and miscellaneous

costs.

The annual OMR cost is estimated at US$0.56 million.
Replacement costs of the groyne in évefy five yéé%s, the
gabion mattress.for saddle dam in every ten yearé and_thé
drainage fécilitiés for the ring levee in evaery twenty

years have been accounted for,
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6.1

6.2

CHAPTER VI. URGENT PLAN

- General -

The long-term sediment and flood ﬁontrol plan has been for-
mulated to protect the assets'in_the Study Area which were
recognized to be socially important. In order to release the
Study Area from sediment and flood damage as soon as possible,

an urgent sediment and floed control plan was formulated on a

:_practical'basis by narrowing down the target assets to those

that:would_adﬁéfsely affect, if seriously damaged, the socio-

economic activities in a large area.

At first, an'proposed urgeht'plaﬁ was formulated based on the
precept that economi.c viability may be maximized in due con-

sideration of the social requirement in the area.

'-In_the formulation of the proposed :plan, various kinds of srudy

on the optimum sediment and flood control methods and on the

optimum.project-scale have been made. The proﬁbsed plan has

“been projected under the condition that the project will be

- implemented with financial assistance from an eligihle source

country.

In-the-evenp that fihancialfconStraints arise resultihg in the
difficulty to implement the- proposed plan, an alternative plan
whose construction can be more stepwisely executed under only

local finance was prepared under the same conditions, such as

‘target assets, design sediment and flood discharges, etc., as

those of the proposed plan.

iarget Assets

Tn the long~terin plénl the propdsed plan‘Was formilated to pro-—

_tect the CA~2.road bridge, the nafional railway bridge, and thé
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6.3

6.3.1

urban areas in Flinca La Trinidad and Finca La Barrita from

flood damage.

With regard to the urgent plan, the target assets are narrowed
down to the CA~2 road bridge and the national railway bridge
spanning the Achiguate and the Pantaleon rivers for the reasouns

stated below,

(B CA—? is the national road linking the country to Mexico
and Fl Salvador. From the v1ewpplnt-0f regional economy,
it is one of the vital traffic systems of the nation.
interconnecting Guatemala City,-San Jose Port and the
important agticultﬁral production area. Any damage
resulting in the 1nterruption of the traffic system will
produce an extensive adverse effect over a large area in

the reglon.

(2) Sincé flood waters spread widely over the urban areas ‘in
-Finca La Trinidad and Finca Ta Barrité'havingfa ﬁopulationj
of about 4, 000 eacH, inundatibn water &eptﬁ'is ﬁot $0
high; only below 0. 5 i Whlch corresponds to a 10~year
return period flood. This will not génerate such a
serious 1nconven1ence't0 the  inhabitants ih both afeas

that should be urgently resolved.

(3) The prOJect cost was squeezed down to the possible mlnlmum'

" to fac:lltate the construction of the pxoposed progect

Comparative Study

Sediment antfol Works

It is flrsLly necessary, - same as the 1ong term plan to re&u—

1atc completely the sedlment discharge during f]ood time by

‘sediment control dams.-.P0531ble dam-sites are ‘suggested to

 regu1até‘tﬁe sediment discharge that may. be produced:frbm the

accumulated sedimeﬁt deposit:ekisting-as of 1983. Selection of
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the sites 1s based upon their economic efficiency which is
represented by the ratio of the construction cost to the regu-

lation volume, in the same manner as the long~term plan.

Two (2).sediment'controlydam sites ate requiréd in Achiguate
“River to regulate the probable sediment discharge of 5-, 10-,
and 30-year return periods, while one (1) ‘dam site for 5~ and
10~year return perlods and two (2) dam sites for a 30-vyear

retnfn period are needed for Pantaleon River,
Dam names,'effe¢tive heights and regulation volumes are tabu-
" lated in the following table and the dam locations are plotted

in Fig. 6-1.

Effective  Regulation

Height Volume

River Return Peried  Dam Name {(m) (103 w3)
:AChiguate 5 years Al 6.0 431
. ' C-1 4,0 94
10 years A-1 6.5 551
C-1 4,5 119
30:yéars o A-1 7.0 755
: -1 5.5 165
Pantaleon -5 years p-2 8.0 767
10 véars p-2 9.0 976
30 years : p~2 3.0 976
' P-4 8.0 357

The feturn-pefiod éppiied for sediment coﬁtrol dams has to be
'diWayszthe same ‘as that applied for river imﬁroﬁement works.

In other words, the'appfopriate scale of a sediment control dam
“can only be determined in éombination”with river improvement

works at the same réeturn period.
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6.3.2 Flood Control Works

Improvement Stretch

Flood control works ate required in the following stretches to

protect theiroéd_and railway bridges, (Refer to Fig. 6-1.)

Achiguaté River _ Trom 38.0 km t§.43.0_km
(transition. section: from
38.0 km to 39.75 km)

Pantaleon River rom 18.0 km to 21.4 km-

(transition section: from
© 18.0 km t0 18.45 km)

Applicable Methods

The above-mentioned stretches are subdivided into the following

sections on account of their minimum flow capacities:

.Minimum'Flow

o Capacity

River ' Section - (m3/8) -
Achiguate 39.75 km to 40.4 km 150 °
: 40,4 km to 41.7 km ' 1,000

41.7 km to 43.0 km - 1,400

"~ Pantaleon ' 18.45 km to 19.5 km o 550

19.5 km to 20.5 km 1,000

20,5 km to 21,4 km . S 1,300

In general, several methods are congidered_to imprdve a_rivér
channel, but the applicable methods for the above—mentioned
sections are limited to only one or two due fo their existing

situations as described hereunder,
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(1)

(2)

(3)

(4)

(5)

Achiguate River, 39.75 km to 40,4 km

In this section, . there exists the rallway bridge which
makes it difficult to widen or embank the river channel,

so that excavation of the channel is solely applicable.
Achiguate River, 40.4 km to 41.7 km
There are two methods applicable for this section; excava-

tion of the channel and provision of a training levee on

the left side. The former is suitable in view of keeping

-a consistency with its lower section, while the latter can

make use of the ponding function of the existing non-use

area.

Achiguate River, 41.7 km to 43.0 km'

' This section has sufficient flow capacity so that works

are:not'needed for the increment of flow capacity. Only

protection works are proposed in the immediate upper and

Tower streams of the road bridge to protect it from damage

" possibly derived from bank erosion and riverbed scouring.

‘Pantaleon River, 18.45 km to 19.5 km

The situétion.of this Seétion is almost equal to that of
Section 39.75 km to 40.4 km of Achiguate River, but in

addition to channel. excavation, embankment (provision of a

”-tfaining levee) can also be applicable for this section,
'begausé”there is a sufficient clearance below the bridge

girder,
Pantaleon River, 19.5 km to 20.5 km
Excavation of thé channel and embankment {provision of a

ftfaining levee) are applibable for this section to keep a

conformity with the lower séction.
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(6)

Pantaleon River, 20.5 km to 21.4 km

Protection works are solely needed to secure the road

bridge for the same reason as for Section 41.7 km to

43.0:km of Achiguate River.

Selection of Methods

A study on the combination of the applicable methods for each

section which have been discussed above were carried out for

the probable discharges of 5-, 10~ and 30-year return periods

to seléct the optimum method.

The possible combinations of the applicable

sidered in the fbllowing four (4) cases:

Case

_Achiguate Case_émE
_Qasé A-T
Panta%eon'. Case P-E
p-T

Section

139,75 km to 40.4 km

40.4 km to 41,7 km
41.7 km to 43.0 km

39.75 km to 40.4 km
40,4 km to 41,7 km

41.7 km to 43.0 kn

18.45 km to 19.5 kn

1945 km' to 205 km .

20.5 km to 21.4 knm

18,45 km to 19.5 km

19.5 km to 20,5 km -
-20.5 km to 21.4 km

methods were con-—

Combination
of Methods

Channel excavation

Channel -excavation

. Protection works

Channel'exbavatibn
Training_levee

Protection works

Channel excavation
Channel excavation

Protection works

Training lévee
Training levee

Protection works .

The comparépiye study on' the:above cases has.béen conducted in

~ consideration of the construction cost, and concluded as

‘follows (refer to Table 6-1 and Fig. 6-2):
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(1)

(2)

Achiguate River

The combination in Case A~T can be recommended for the
floods of 5+~ and l0-year return periods, while the com-

bination in Case A-E is suitable for the control of a

- 30~year return period flood.

Pantaleon Rivér

The combination in Case P~E proves to be the optimum for

any probable discharge.

Selection of the Optimum Scale

The urgent works should be proposed in such a scale that the

sediment and flood discharges of 10-year return period may be

controlled in due consideration of economic and social

viewpoints as mentioned below.

(1)

(2)

Viewpoint of Economic Viability

Eéqnoﬁic.lnternal Rate_qf'Return (EIRR) of such project
Scaleé as 5-, 10— and 30-year feturn ﬁefiodé were esti-
mated and given in Table 6-2 and Fig. 6-3. As verified by
Fig; 6-3, the urgent plan with a projéct scale of 10-year
return pefiod'is_économECally the most viable,'having an
EIRR of 7% which is above the standard EIRR for economic

evaluation defined in Chapter IV (refer to Table 4-4).

Viewpoint of Social Requifement

The project scale against the flood of a 10~year return
period can be said to reach the national level in com
parison with the sbciél situations concerning flood damage

in other river basins that had expefienced_flood damage

‘with a frequency ranging from every 3 to 10 years, though

a few other river basins are in a safer condition, (Refer

“to Fng 6-4,)
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6.4

6.5

695.1

Design Sediment and Flood Discharge

Desigﬁ sediment and flood discharge of a l0~year return period

is employed for the urgent.flood coatrol plan,
The design sediment discharges were estimated at 710 x 103 3
and 1,206 x 103 m3, and . the design flood discharges were also

fixed at 950 m3/s and 900 m3fs for the Achiguate and the

Pantaleon rivers, respectively.

?roposed Plan

The proposed plan of the urgent project has been formulated as

follows:

Features of the'Plan

"The urgent flood control plan is designed to cope with the

design dischérge of a 10-year return period}' As regards the
river improvement works, however, the revetment and groundsills
of_this~p1an may have to be removed and reconstructed when the

long~term plan is put into implementation.

A study has been made on the idea of providing the stfuétures

‘at the scale of the long-term plan, iJ/e., a BO?year'retufn

period (refer to the Supporting Report fof-detailé), and it was
concluded that the said strudtﬁree should'be‘constrﬁctéd in

this urgent plan at the scale of the long térm plan to av01d

' duplloatlon of constructlon and doub]e Jnvestment,

The features of the urgent plan in which the above ment:oned

idea has’ been c0n31dered are described as follows‘
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Achiguate River

(1)

(2)

Sediment Control

Sediment control works are composed of two (2) sediment

control dams of cobble stone concrete type at A-1 and C~-],

whose detailed features are as follows (refer to

Fig. 6-9):
Catchment REffective Crest Dam Body Regulation
Dam - Area . Height Length  Volume Volume
Name (kmz) (m) (m) (m3) (103 m3)
A1 92 6.5 408 14,000 551
c-1 112 4.5 425 10,000 119

Flood Control

(a)

()

CC)_

location and Extent

River improvement works for Achiguate River cover the
stretch from 38.0'km to 43,0 km where the road bridge

and thé railway bridge exist.

.Alignment

New alignment 'is in priunciple drawn along the present
river course. The river width is fixed at 100 m as

shown in Fig. 6-6.
Longitudinal Profile
The longitudinal profile is designed at 1:110 in the

pfoximity of thé éxisting'riverbed-gradient. The

design high water level is fiked_below'the landside

ground height as shown in Fig. 6-7.

o



(d) Cross Section

Single cross section is applied to all the river

iwprovement stretches (refer to Fig. 6-7).
(e) Riparian Facilities

The required riparian facilities.ate fevetment and
groundsills at intervalé of 150 m (39.75 km to.

40.4 kmhand 42,8 km to 43.0'km); and foot protection
groyne on the left side (40;4 km to 41.7 km).

Pantaleon River

-

(2)

Sediment Control
One sediment control damrof cobble stone concrete type 1is
proposed "at P-2, which has the following'featurés {(refer

to Fig., 6-5)

Catchment Effective Crest Dam Body = Regulation

Dam Area . lleight  Length - Volume Volume
Name  (kmZ) (m) {m) (m3) (103 w3)
P-2 107 9.0 392 17,000 976

Flood Control
(a) Iocation and Extent
River improvement works cover the stretch from

18.0 km to Zl.ﬂ_kﬁ where the road bridgé and.theT

railvay bridge exist.
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(b)Y  Alignment
New alignment is drawn along the preseant river
course, and the river width is fixed at approximately
80 m as shown in Fig, 6-6.

(¢} TLongitudinal Profile
"The longitudinal profile is designed at [:38 in con~
sonance with the existing riverbed gradient. The
design high water level is fixed below the landside
‘ground height. (Refer to Fig, 6-7.)

(d) Cross Section

Single cross section is applied to all the river

improvement stretch., (Refer to Fig. 6-7.)

(e} Riparian Facilities
'The'riparian facilities consist of revetment and
groundSillS'atrinterﬁals of 50 m which will be both
provided in ‘the stretches from 18.45 km to 19.5 km
and from 21.3 km to 21.4 km.

6.5.2 Preliminary Design

Sediment Control Dam

The sedlment control facilities are structurally composed of

the main dam, overflow section, subdam and apron, as shown in
Fig. 6“8--

(1) Main Dam Type and”Feature

The dam typeq genexally applicable for sediment control
dams are concrete, cobble stone concrete, steel frame,

concrete block, and gabhion mattress. The cobble stone
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(2)

(3

conerete type has been selected for the proposed plan on

account of least construction cost, (Refer_tO'Table 6-3.)

The dam foundation is embedded down to 1.5 m below the
existing rivérbed to assure the stablility of the dam body;
The depth of 1.5 m is arrived at from the present
situation of the unstable sediments. The crest ﬁidth is

designed at 2.0 m.

The dam slope in the downstream is fixed at 1: 0 2 to

avoid damage from the 1mpact of falling overflow stones.
In the upstream, the slope is set in the range of from
1:0.45 to 1:0.65 to provide endurance against any possible

préssure.,

The detailed dimension of -each dam, together with the

overflow sections, are shown in Tahle 6-~4,
Overflow Section

The overflow section is designed at such a position an&
dlrectlon that overflow water may easily concentrate  to
the center of the downstream ‘in order to pfomote river
channel stablllzathn.- The size of this section is -
eqﬁélly designed for all the dams so that a'dischafge of
1,250 m3/s corresponding to a 100-year return period flood

may flow down safely.

Subdam and Apron

The éubdam:and apron, including the side walls, made of
cobble stone concrete and wet masonry, reqpectively, are

d031gned in the downstream of the dam, and-they will fune~

tion as scouring prevention dellltles.
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Riparian Facilitles

The riparian facilitieg are revetment, groyne and groundsill.

Revetument and groyhe'have the function of river bank protection

against erosion, while groundsill is needed for the stabiliza-

tion of the riverbed., Each structure has several types

according to the construction materials involved.

(s

Applicable Structural Types

Each sﬁructure_may be divided inte four'(A) types, which
aré'futther grouped into permanent and semi-permanent
types according to durability. A comparative study on the
types has been conducted in view of fhe coustruction and
réplacement costs to select the optimum type in each group
for each structure as tabulated in Table 6~5. The appli~

cable structural types are sommarized as follows:

Structure Type Durability
Revetment Wet Masonry : Permanent
Gabion Cylinder Semi-permanent
Groyne Concrete Permanent
Crib ' Semi~perménent
Croundsill . Concrete Permanent
' Gabion Mattress Semi-permanent

The suitable structural types for the respective river

improvement sections were selected as follows:

(a) Achiguate RiVer, 39,75 km to 40.4 km and 42,8 km to
43,0 km

Protection works are required for both the right and
left banks in these sections where the road bridge

dand the railway bridge are located., Revetment aund/or
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(b)

(¢)

groyne can be suggested for the bank protection, but

a groyne is not recommendable considering that a

concrete groyne needs a higher construction cost com-

pared to a revetment and that the water flow with a
high velocity3may destroy or wash away the crib
groyne. . A pefmanent structure of wet masonfy is

selected for the revetment,

Riverbed stabilization is also requlred for this sec-

tion to secure the bridges against the damage that

- may. be.causéd:possibly by riverbed'scouring.

Concrete type (permanent structure) of groundsill is

adopted for this plan,
Achiguate River, 40.4 km to 41,7 km

Bank protection: works should be provided on only. the
left side because on' the right side bank lies a hilly
land adjacent:to_the river coursé. Also, a wide high
water channel having a maximum width of 600 m extends

along the 1eftiside bank, so that revetment is not

- necessary. Even semi-permanent groynes are durable

enough to protect the bank.
The permeable foot protection groyne made 0f.ctibs is
employed for this section. No groundsill is pro-

vided.

Pantaleon River, 18.45 km to 19 5 km and 21 3 km to
21,4 km

Bank protection and riVerbed stabi]i&atioh'ﬁorks'are

required for theqe qections to protect the road

bridge and the rallway brldge,

The wet masonry type of revetment is proposed because

of the water flow of high velocity. As regards the
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(2)

groundstill, the concrete type is applied for the

riverbed stabilization,

Proposed Riparian Facilities

The riparian facilities necessary for the proposed plan,

together with thelr objective viver sections, is sum=-

marized in the following table and shown in Fig. 6-9.

Structure Type River

- Revetment  Wet Masonry  Achiguate

Pantaleon
Groyne Crib . . . Achiguate
Groundsill Concrete Achiguate
Pantaleon

" (a) Revetment

Section

39,75 km to 40.4 km

42.8 km to 43.0 km

18.45 km to 19.5 km
21.3 km to 21.4 km

40.4 km to 41.7 km

39,75 km to 40.4 km
42.8 km to 43.0 km

18.45 km to 19.5 km
21.3 km to 21.4 km

The fevetment of wet masonry type has a steep slope

of 1:0.5 to suffer as little as possible from the

damage caused by falling stones,. The crest height is

designedfto coincide with the desigh bank crown. The

foundatidn is embedded by 1.0 m below the design

riverbed, and base concrete is placed thereunder to

support the revetment, Gabion mattress is placed for

the foot protection in a width of 3.0 m to prevent

riverbed scouring at the foot of the revetment.

(b) Groyne .

Croynes made of cone-shaped cribs in which gabion

eylinders are placed for its stabilization are

distributed along the bank line at ‘intervals of 20 m.
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6.5.3

{¢) Croundsill

The crest width of the main body is designed at

1.0 m, and the foundation is embedded by 2.0 m below
the design riverbed, i.e., the elevation of the foun-
dation_bOttoﬁ 1s a little deeper than that of the
crest of another groundsill installed in the
downstream, Gabion mattresses dre also placed on the
downstream riverbed in a width of 6.0 m for the pur-

pose of scouring prevention thereabout,
Construction Schedule and Cost

Construction Schedule

The construction works are broadly divided into construction of
sediment control dams and construction of river improvement

works.

In the proposed plan, major work items of sedimeht control dams
include excaﬁation,.éobble stone Concreting, add provision of
wet masonry. Those of river improvement works cénsist df exca-
vatlon, prov131on of wet masonry, concrete placlng, and

1nstallat10n of gabion- cyllnder/mattress and groyne.'

The construction works are executed in a period of five (5)

years, ihgiuding an engineering service period of one (1}

. vear for the detailéd design, which has. been decided from the

work volume of each w0rk 1tem._ Fig. 6 10 shows the construc-

tlon schedule which is brlefly summarized as follows:

wdrkﬁStagé o : ' ' - Year

(1) Det'ailéd'Des'i'gn' ' st

(2 Construction WOrks : : _
(a) Construction of A—l Dam : _ 2nd to 4th
(b) - Construction of C~1 Dam ; - 2nd to. 4th
(c) - Constructlon of P~2 Dam E " 2nd to Sth

(d) River 1mprovement works in Achiguate 3rd to 5th
{e) River: improvemcnt works in Pantaleon_';Brd_tO'jth
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Cost Estimate

(L

(2)

Construction Cost

The total financial construction cost is estimated in
foreign and local cﬁrrency porfioné based on the contract
basis at the price level of August 1984. The work quan-
tities were estimated on the basis of the pfeliminary
design which has been prepared during the study period.
Unit'priCes relafed to the prbject implementation are in

1ine with theé recent bid prices for similar works.

" Physical contingencies of 10% have been applied to all the

work items. Price contingencies aré also taken into
account at an annual escalation rate of 6% for both

foreign and local currency components.

The estimated financial construction costs of the proposed
plan are summarized in the following table, together with
the percentages of the foreign and local currency com~

ponents.

Foreign Currency: US$11.5 million (56%)
Local Currency : US$ 9.0 million (44%)
T ot al : US8$20.5 million (100%)

The Breakdown_and the annual disbursement of the financial
construction cost are shown in Tables 6-6 and 6-7, respec-

tively,

' Operation, Maintenance and Replacement Cost

- The operation, maintenance and replacement cost (OMR cost)

will comprise personnel cost, machinery cost (sediment
removal cost), replacement cost for the groyre and gabion
mattress in-every'ten years, administration cost, and

otrher miscellaneous costs,
The annual OMR cost is estimated at US$0.30 milidion.
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6.6

Alternative Plan

The constyruction works of the altermative plan for the urgent

sediment and flood control project Is expected to be imple- '

mented subject to the limitation of the annual-appropfiation

for the project, Therefore, the alternative plan has been for-—
mulated in consideration of (1) the possibility of stepwise
construction, (2) easier construction method, and (3) availabi-~

lity of materials in the proximity of the construction site, -

With regard to the sediment control plan;for:the-Achiguate and

the Pantaleon rivers, dam sites.may be sélected from two dif-

ferent ideas concerning the dam height; namely, to construct

high dams which have the highest sediment vegulation efficlency
at a limited number of sites, or to provide low dams at several

sites which may spread out in a wide area. The latter has been

employed for the alternative plan on-the ground that this can

be stepwisely implemented by using the materials existing in .

‘the proximity. of the sites.

Features of the Plan

Achiguate:River

(1) Sediment Control

‘In coﬁplianbe with the plénniﬁg concept for the alter-
natives, the sediment control workq are composed of

four (é) dams,_l e., three for Lhe Achiguate main stream
‘and one for Ceniza River, whose detailed features are as

follows (refer to Fig. 6~11)

_Cétcﬁment Ef fective Crest  Dam Body" Regulation

Dam- - Area Height Length  Volume Volume
CName . (kmZ) (m) w03 )
A-1 0920 5.0 . 404 38,000 350
A-1'  87.0 3.5 401 21,000 . 111
A2 39,0 0 5.0 101 9,000 90
-1 1120 45 424 35,000 119
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(2)

Flood antrol

The location and extent of river improvement works, their

alignment, longitudinal profile and cross section are the

‘'same as In the proposed plan, except the required riparian

facilities.

The required riparian facilities are revetment and ground-

sills at an interval of 150 m (39.75 km to 40.4 km and

42,8 km to 43.0 km), foot protection groyne on the left

side (40.4 km to 41.7 km).

Pantaleon River

(1)

(2)

Sediment Control

Five (5) sediment control dams are proposed at P=-2, p-27,

p-3, P-4 andiP*S, which have the following features (refer

~ to Fig. 6-11):

Catchment Effective  CréSt_ Dam Body Regulation

Dam. Area Height ~ Length Veolume Volume
Name . _(kn?) (m) (m) __(m3) (103 )
P=2  107.0 5.0 276 23,000 370
P2 640 4.0 308 21,000 101
P-3 62,0 5.0 167 16,000 105
P-4 610 5.0 170 14,000 189
P-5 6040 5.0 158 18,000 220

Flood Contfol_ '

The location and_éktent of river improvement works, their

alignﬁeht, longitudinal profile ‘and cross section are the

_same as those in the proposed plan, except the required

riparian facilities.

The yiparian facilities'ﬁonsist of revetwment and ground-
gills at intétvals of 50 w (18.45 km to 19.5 kw and 21,3
km to 21.4 km).
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6.6.2

Preliminavy Design

Sediment Control Facilities

The gabion mattress type is employed for the alternative plan, .
because only this type can be constructed with technically less
difficulties and by using the available materials in the proxi-

mity of the construction sites,

The gabion mattress dam consists of main dam, overflow section,

and apron as shown 1in Fig. 6~-12.
(1) Main Dam

The riverbed for the foundation is_only.lévelled of £, and
gabion méftrésses are just placed thereon, because the
gabion mattfeés dam has a relatively wide. bottom in pro-
portion to its height,:aﬁd does not require 4 big bearing
capacity. The dam has a crest width of 2.0-&, a
downstrean slope of 1:0.2 and an upstream slope of 1:1,
‘The down-stream slopé is designed steep for . the same
reason as that of the proposed plan, The dimensions are

éummarized in Table 6-4.
(2) Overflow Section

The design of the overflow section was prepared in the

-same way as in the proposed plan.
(3) Apron
Apron.will be prepared'by placing gabion méttfess'in a

width of 12.0 m in the downstream of the dam to prevent |

riverbed scouring thereat caused by overflow water,
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Riparian Facilitieg

The riparian facilities applied for the alternative plan are

presented together with their objective river sections in the

following table (refer to Fig. 6~13):

Structure Type : River - Sectlon

Revetment Gabion Cylinder  Achiguate  39.75 km to 40.4 km

42.8 km to 43.0 km

Pantaleon 18.45 km to 19.5 km
21.3 km to 21.4 km

Groyne . Crib Achiguate  40.4 km to 41.7 km

Groundsill  Gabion Mattress Achiguate  39.75 km to 40.4 km

(1)

(2}

(3

42,8 km to 43.0 km

Pantaleon 18.45 km to 19.5 km
: 21.3 km to 21.4 km

Revétment

“As for the revetment of gabion cylinder type, the slope is

fixed at 1:1.5 for easier construction, The crest height
is designed at the same elevation as the design bank
crown,  Cylinders are alsé'placed on the riverbed in a
width of 3.0_ﬁ from the toe of slépe so -that riverbed
1owafing may not directly affect the gabion cylinder on

the slope.
Groyne.

The groyne of crib-type'is designed in the same precept as

those for the proposed plan.
Groundsill

Gabion mattresses are embedded by 1.0 m below the design

 riverbed. Three (3) units of mattress of 3.0 m wide each
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6.6,3

are placed adjacent to each other in a total length of

9.0 m to cope with the riverbed fluctuation.
Construction Schedule and Cost

Construction Schedule

The alternative plan has major work items such as excavation
and Installation of gabion mattress for the construction of
sediment control dams, and excavation, installation of gablon

cylinder/mattress and groyne for the river improvement works,

The schedule of construction works has been decided in this
study as five (5) years, same as in the proposed plan, for com-
parison of their economic viabilities, as summariied.hereunder.
It may be necessary to make amendments or alterations by
following the expected annual budget allocatioh at the time of

actual implementation. (Refer to Fig. 6-14.)

Work Stage Year
etaile .ésign o _ st
(1) » iled D 1
(2} Construction Works _ _ _
(a) Construction of dams. in Achiguate 2nd to 3rd
(b)" Construcétion of dams in Pantaleon 4th to 5th

(e} River improvement works in Achiguate 3rd to 5th
(d) River improvement works in Pantaleon . 4th to Sth

Cost Estimates

(1) Consfruction Cost

The total financial construction cost of the alternative
plan is summarized hereunder, together with the percen-

tages of the foreign and local currency components:
Foreign Currency: _US$10.7 million (ZQ%)

Local Currency : US$11.1 million . (51%)
Total 1 US$21.8 million (100%)
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(2)

The breakdown and annual disbursement of the financial
construction cost are shown in Tables 6-8 and 6-9, respec—

tively.
Operation, Maintenance and Replacement Cost
The operation, maintenance and replacement cost {OMR cost)

will comprise the same items as the proposed plan. The

annual OMR cost is estimated at US$0.64 million,

- 83 -



7.1

CHAPTER VII. PROJECT EVALUATION

General

The proposed plan for the long-term sediment and flood control
project has been formulated, as described in Chéptér v, on the
basis of social requiremént in due consideration of financial,
economic and technical aspects. The proposed and alternative
plans for the urgent project with a smaller scale than the
long-term project were also formulated, as described in
Chapter VI, based on eéonomic, financial, social and.technicél

agpects,

In the present chapter, the project is evaluated from a purely

economic standpoint with respect to the above three {3) plans.

The economic evaluafion is carried out in order to ascertain
the economic viability, by comparing the economic cost to be
invested for the project and the economic benefit tﬁat will
accrue by implementing the project. The econdmic'viability is
evaluated by Economic Internal Rate of Return (EIRR), Net
Present Value (NPV) and Benefit—Cost Ratio (B/C), and the sen-
sitivity test for EIRR of the optimum. urgent pléh is- made with

Tespect to variations in cost and/or benefit.
The evaluation is based on the following assumptions:
(1) Economic ILife

The economic life of Lhe project is taken as 30 years

after completion of the construction works.
(2) Direct Tangible Benefits

'Mainly; direct tangible.benefits are counted in the eva-

luation, and indirect and/or intangible benéfits are
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7.2

(3)

deseridbed as socio—economic impacts of the project in

Section 7.5.
Implementation Period
The impleméntation peri0d of the project is seven (7)

years for the long-term plan and five (5) years for the

urgent plan, including the detailed engineering service

periods of two (2) years and one (1) year, respectively.

Conditions and Methodology for Estimation of Economic Cost and

Benefit

Prices

In estimating the economic cost and benefit, the economic pri-

ces are assumed to be as follows:

(1)

(2)

(3)

Foreign_exchénge rate is set at 01.00 to US$1.00 on the

basis of the following situations:

(a) Official exchange rate is 01.00 to US$1.00 at pre-—

U sent.

(b)  Shadow exchange rate (SER) is nearly equal to 1.00

recent years, as shown in Table 7-1,

“Economic prices of locaily hired unskilled laborers is

assumed to be 70% of the actual market prices in con-
sideration of the wnemployment situation in the country

recaent years.

As for transfer payment such as tax and duty, it is

"aséumed that locally procured gbbds and services would

include the transfer payment of 10% 0of their prices and

‘those imported from abroad would exclude any transfer

payment.
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7.2.2

7.2.3

{(4) The cost and benefit estimates are made on the basis of

the price level in August 1984.
Costs

The financial construction costs, as described in Chapter V and

Chapter VI, consist of the following items:

(1) difect construction cost;

{2} land écquisition cost and compenéétion;
(3) government administration expenses;

(4) engineering service charges;

(5 physical contingencies;.and

(6) vprice contingencies.

Among the above costs, price contingencies are not included in
the economic construction cost. Other costs are given as the
economic cost by making adjustments on the aforementioned eco-

nomic prices.

Annual operation, mainteuance and réplacement cost (OMR cost)
is required during the period of economic life of the project
after the construction work is completed. The OMR cost for the
cdnstructiqn pe;ioﬂ is estimated by assuming that:the.cost_ l
would be increased in propoftion to the”progress of the
construction works. The economic OMR cost is also given by

making adjustments on the sald economic prices.

Benefits

Direct tangible'benefits of'the project are given as the econo-
mic effects of reduction in sediment and flood damage to assets

around and in the flooded arca.
The benefits will acecrue immediately after the construction

works ‘are cdmpleted. Partial benefits thét will acérpe during

the construction period are estimated in the same way as in the
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OMR cost, assuming that the benefits would be increascd in

proportion to the progress of the construction works.

Assets to be Bnefitted

The major assets to be henefitted by this project are:

(1) Road and railway bridges;

(2) Transportation system;

(3) Nouses and houschold effects;
(4) Agricultural products;

(5) DBusiness activities; and

(6) Public faciiities, except (1) above.

Based on collected information and results of field surveys,

the asscts are appraised as follows:
{1) Road and Railway Bridges
"The road bfidge and the railway bridge over the Achiguate

and the Pantaleon rivers are abpraised at the 1984 prices

based on the information from CAMINOS and FEGUA, as

follows:
Appralsement
Bridge . - (us$103)
Achiguate Road Bridge _ 1,000
Pantaleon Road Bridge : 750
Achiguate Railway Bridge 230

Pantaleon Railway Bridge 420
{2} Trangportation System

_The average daily traffic volume at Sta. 2001/ on CA-2 is
estimated at 4,500 Véhicles in 1984 and 6,000 vehicles in

1/ Kilopost which is 78 km away from the Municiaplity of
Guatemala.
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(3)

2010 on the bhasis of the traffic statistics by CAMINOS.
The former is applied to the estimation of benefit for the

urgent plan and the latter, for the long-term plan.

The volume of goods and number of passengers transported
by railway are assumed to be 5% of those by the road,

according to the information from FEGUA,
Houses and Household Effects

Based on'fhe 1981 housihg'census, the number of houses in
the Study Area is estimated at 405 houses per square kilo-
meter im the urban arga'and'lBIhouses per sduare kilometer
in the rural area in 1984, and_iﬁs average annual growth.

rate was 2.81% for the period from 1973 to 1981.

By assuming that such a growth will be maintained, the
number of hoﬁses in the urban and rural areas in the year
2010 is estimated to be 810 houses and 26 houses per
square kilometer, respectively. These figures were ﬁséd
for the estimation of the project benefit for the long-

term plan,

As for the.urgent plan, it.is,_on the basis of the present

study, estimated that 28 farmhouses in the Study Area will
be submerged due’ to flood discharges of over 2~year return

period.

The Study Area contains various types of buildings, such
as residential, farmhouse, shop, factory, office, church,
ete., and their éppraisemeﬁts'afe alsé multifarious.
Since it is difficult to appraise these buildings indivi-
dually, in the present étudy, the'fafmhouse; which occu-
pies the greater part of buildings in the St@dy'Area,:is
adopﬁed as the objéct of asset evaluation. For con-.
venlence, all buildings are described as houses in this

Teport.
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(4)

Based on the site study, the appraisement of houses is set

at 03,750 per house on the average. The appraisement of

‘household effects is estimated at one-third (1/3) of that

of houses in conformity to the studies of similar projects

in Guatemala.

Agricultural Products

The unit yields of agricultural products were estimated on
the hasis of production and éultivated area of each crop
in recent years in the Department.of Escuintla. The
values were used not only for. the urgent pian but also for
the lbﬁg—term plan, because the unit yields of major crops
in the Department of Escuintla remain almost unchanged
since 1973. The unit yields of the major crops, together

with their economic prices, are shown in Table 7-2.

Rates of Damage to Assels

(1

Road and Railﬁay Bridges

It is assumed that two (2) bridges on the railway will be
washed away by floods with discharges of over 2-year
return period, based on the study result on the past
floods., 1In this case, the damage is given as loss in
abpraisement of_the_railway bridge shown in (2) of the

present subsection.

As for the two (2) road bridges on CA-2, it is assumed
that a ﬁart of the bridge structure will be damaged by
floods with discharges of over 2-year return period, and
the damdge amoﬁnt is given as the.repairing cost, which
corresponds to 5%.of the appraisemenf of the road

bridges shown in {(2) of the present subsection.
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(2)

Transportation System

The flood damage to transportation system was mainly
studied on the road traffic, because the transportation

volume by railway is very little.

Traffic on CA-2 is presumed to be interrrupted by floods
with discharges of over 2-year return period, based on the
study on floods of the Achiguate and the Pantaleon rivers
in the past. During the period of the traffic interrup-
tion, the concern of passengers and offices will be to
select from either waiting or'making detours_uéing other
roads., Based on the origin and destination survey on CA-2
and conditions of roads connecting to CA~2, it was egti-

mated that;

(a) About 90% of the nﬂmber of vehicles runping own CA—Z
in the Study Area will come from or go to Cuatemala

City, Escuintla, or their surrounding areas.

(b) Due to the'interruption_of traffic on CA-2, the
above-mentioned vehicles will select the CA-1 route
through Cocales and Godinez from the economical

viewpoint,

In this case, the damage will be given as the increase in
running distance and time of vehicles. The damage to the
walting vehicles will be estimated as the loss due to

suspension of business activities,

Goods and paSsengers to be transported by railway will
also select either waiting or making the conversion from

railway into road until the damaged bridges are restored,

In the present study, the flood damage to railway
transportation is simply assumed to be 5% of the damage to
road transportation, in proportion'to the transportation

volume by either road or railway.
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(3)

(4)

(5)

Houses, Household Effects and Agricultural Products

The damage rate of the assets submerged will be given as a
function of the water depth énd duration of submergence.
However, since there are no avallable data in this
country, the damage rate used in the tropic zone has been

applied to this study.

Table 7-3 stiows the damage rate of the assets, such as

houses, household effects and agricuitural products,
Business Activities

Some aspects of the business activities of inhabitants and
offices around and in the inundated area will be suspended
during the period of inundation. Since it is, however,

very difficult to clearly estimate such a loss in the pre-—

sent study, the loss is assumed to be 6% of the total

damage to houses and household effects, with reference to

similar projects in the tropic zone,

Public Facilities

,Public-facilities in the Study Area, such as electric

power system, water supply system, agricultural facilities
and roads, except the bridges on the CA-2 road and the
railway mentioned earlier, will be damage due to the inun-

dation, However, it is also difficult to clearly estimate

‘the damage. 1In the present study, the damage is therefore

assumed to be 60% of the total damage to houses and house-
hold effects, in the light of similar projects in the tro-

ple zone.

Economic Benefit

Sediment and flood damage has been estimated for the respective

pfdbablé discharges. -
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7.3

7.3.1

7.3.2

The average annual sediment and flood damage can be astimated
by integrating the product of the damage caused by sediment- and
flood discharges and the probability of occcurrence of the same

sediment and flood discharges from the innocuous discharge to

the infinitely Iarge discharge.

The preoject benefit is given as the difference between both
damages with and without the project, and it is expressed as

the effect of reduction in the average annual sediment and

flood damage.

Evaluation of the Long-Term Plan

Economic Cost

The economic constructlon cost of the prOJQCt under the pro-
posed long term plan is estimated at US$46 6 mllllon, con-
sisting of the foreigm currency. portion of US$28.6 million and
the local currency portion of US$18.]1 million. ~The annual dis-

bursement of economic construction cost is shown in Table 7—-4.

The economic operation, maintenance and replacement cost (OMR

“cost) is estimated at US3500 thousand a vear throughout the

period of economic life ofrthe'prOjéct after the construction
work is completed. The.annual flow of 0 & M cost including

those for the construction period is also given in Table 7-4,

Economic Benefit

The total area inundated'dué_to fioodg of the Achiguate and the
Pantaleon rivers is estimated at_ébbut 14,300 ha, Water depths
were estiﬁated for the resﬁectivé probabie fldod diecharpes as
shown'in Table 4-3. :Out of the inundated area, the area of

3 y271 ha 1nc1ud1ng 2 054 houses may be saved from 1nundat10n by
a flood of less than 30—year return perlod by implementing the
long~term plan. lhe breakdown of the lnundation .area is shown

in Table 6-7 of Sector 6 of the Supporting ReporL.
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The benefits, which acerue by the reduction in the sediment and
flood damage to assets such as houses, household effects and
agricultural products, were estimated by using the above inun-
dation area and water depths, together with the appraisement of
houses and household effects, and unit yields and prices of

agricultural products described in Subsection 7.2.3.

The economic annual-benefit under the proposed long-term plan,
which will accrue during the period. of economic life of the
project, is estimated at US$3,&78'thousand, consisting of the

following items:

Annual Benefit

Item (Us$103)
(1) .Railway Bridges 465
(2) Read Bridges 126
(3) Traﬁépdrtation System : 1,179
(4) llouses and Household Effectsl/ 651
(5) Agricultural Products 1,057

Total - 3,478

The annual flow of benefit, including partial annual benefits
that accrue for the construction period, is also given in
Table 7-4. '

7.3.3 Economic¢ Evaluation

EIRR, together with B/C and NPV in cases discounted at the

rates of 5% and 6%, is summatrized as follows:

- B/C - NPV (US$103)

. EIRR Discount Rate Discount Rate
Item (%) (5%) (6%) (5%) (64)
Proposed Long-Term Plan 5.1 1,01 0.92 446 ~3,411

lj Includes behefits'for business activities,
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7.4

7.4.1

7.4,2

The result shows that the project under the proposed long~term

plan is relatively of a low economic viability,

This result gives a general evaluation of the long~term plan

frem the economic viéwpoint, TFurther study on the economic

evaluation will be carried out for the urgent plan, as

described in the succeeding section,

Economic Evaluation for the Urgent Plan
Economic Cost

The economic construction cost of the project under the

urgent plan has been estimated as follows:

: Foreign Currency . local Currency Total =
Plan (Us$10%)  ~  (uss106) (US$106)
Proposed Plan 8.8 , 5.8 : 14,6
Alternative Plan - 8.3 7.3 15.6

The annual disbursements of the economlc construction costs are

shown in Tables 7-5 and 7-6.

The annual OMR cost is estimated at US$260 thousand for' the
Proposéd Plan and US5540 thousand for' the Alternative Plan
during the .period of economic life of the pro;ect after the
construction works are completed. The annual flows of OMR
costs,. including those for ¢he construcktion period,'are also

given in Table 7~5 and 7-6.

'Ecdnomic Benefit

The area which may be saved from the'iﬁﬁndation by floods of

‘less than 10-year return period by_impiementing the urgent plan
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is estimated at 291 ha together with 28 houses, as shown in

Table 6~10 of Sector 6 of the Supporting Report,

The benefits, which accrue by the reduction in the sediment and
flood damage to-asseﬁs such as houses, houschold effects and
agricultural ﬁroducts; are estimated by using the above figures
together with the abpraisements of houses and household
effects, and the unit yields and prices of agricultural pro-

ducts described in Subsection 7.2.3.
The economic annual benefit of the project under the urgent
plan is estimated at US$1,465 thousand each for the proposed

and alternative plans, consisting of the following items:

Annual Benefit

Iten (us$103)
(1). Railway Bridges . 422
(2) Road Bridges : 114
(3) Transportation System 802
(4) Houses and Hoﬁsehol& Effectsl/ 38
“{5) Agricultural Prodﬁcts 89
Total _ 1,465

The bhenefits will accrue during the beriod of economic life
of the project. The annual flows of benefit, including par—
tial benefit which will accrue for the construction perioed,

are shown in Tables 7-5 and 7-6.
Toho3 Ecduomic Evaluation

EIRR of the project under the urgent plan is estimated at

7.3% for the Proposed Plan and 4.4% for the Alternative Plan,

1/ Includes benefit for business activities and public
facilities such as electric power and water supply
systems,; agricultural facllities and roads in the inun-

dation area.
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T.b.4

as shown in the following table together with B/C and NPV in

cases discounted at the rates of 6% and 7% a year,

BC Wy (ussioh
_ ETRR Discount Rate  Discount Rate

Plan (%) (6%) (7%)  (6%) (1%
Proposed Plan 7.3 1.12 1.06 1,779 774
Alternative Plan 4,4 .0.93 0.87 =-1,211 -2,152

EIRR of the progect is not so high for e]ther of the two plans,
but ETRR for the proposed plan exceeds somewhat the standard
rate of 6.5% menticned in Chapter IV; therefore, it has been

identified to be ecOnomicélly viable,

In addition to the above, it must he emphablztd ‘that the pro-

ject has the soc1a1 needs more qerlously, and its implemen—

tation will generate greaL socio—economic 1mpacts, as described

_in the succeeding section,

The economic v1ab111ty of the project is further discussed

under Sen31t1v1ty Test.
Senéitivity Test

Sen51t1v1ty tests were made for the variations in cost and/or

benefit by 5/ For ‘the FIRR of the proposed urgent plan, and the

"results are summarized as follows:

EIRR

Case _ S&lm

5% décrease'in benefit B N
5% increase in cost - ) ' 6.8

-In the cases of 5% decrease in benefit aud 5% 1ncrease in cosL
EIRR Stl]l holds a higher rate Lhan the standard rate of 6. 5%,

and it is identified to be economically yiable.
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