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PREFACE

In response to the request of the Govermment of the Republic
of Guatemala, the Government of Japan decided to conduct a study
on Flood Control Project in the Achiguate and Pantaleon River
Basing and entrusted the study to the Japan International
Coopération Agency (JICA). The JICA sent to Guatemala a team
hea&ed.by Mr. Mitsuo Igarashl of the CTI Engineering Co., Ltd.
from August, 1983 to March, 1984 and from June to November, 1984,

The team had discusgsions on the Project with the officials
concerned of the Government of Guatemala and conducted a field
survey in the_Achiguate and Pantaleon River Basins in the Depart-
ment of Escuintls. After the team returned to Japan, further stu-

dies were made and the present report has been prepared.

I 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 appreclation to the officials con-

cerned of the Government of the Republic of Guatemala for their

close cooperation extended to the team.

January, 1985

foiude Aot

Keisuke Arita
President

Japan International Cooperation Agency
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Geneval

A chaip of volcanoces running 1n parallei to the Pacific Coast
from Mexico to El Salvador and forming the southern range of
the Sierra Madre exists in Guatemala. Some of these volca-
noes, such as the Santiaguito, Fuego and Pacaya, are in
constant activity, inflicting tremendous sediment and flood

damages which are compounded by the tropical cyclones that

“frequently hit the country.

Some rivers arise from these volcanoes, and the areas along

the Achiguate and Pantaleon rvivers have long been suffering

~ from serious sediment and flood damage.

The Achiguate and the Pantaleon river basins have an agri-
cultural land better developed than the other areas, and they
are especlally noted for the production of sugarcane, cotton
and cattle, which are ranked first in the whole country.
Along the Achiguate river course, some densely populated
villages such as Finca lLa Trinidad and La Barrita are

located.

The central american road 6f CA-2 and the national railway

- going in parallel with the road, rua through these two river

basins and connect Guatemala City, the capital of the country,
to the agricultural production area. Interruption of these
transportation lines have serjous adverse effects on not only

regional but also national economic activities.

The foregoing situnation prompted the Government of Guatemaia
to undertake a study on the feasibility of a sediment and
flood control project through the technical cooperation and

assistance from the Government of Japan.



Objectives of the Study
The study has two objectives; namely,

(1) to formulate a long-term comprehensive flood control

project in the Study Area; and

(2) to conduct a feasibility'study with respect to the iden-
tified and priority works to be formuwlated through the
above-mentioned study as an urgent flood control projeéct

for immediate implementation.

Study Area

Achiguate River Basin

Achiguate River originates in the active Fuego Volcano and ' éﬁ
has a total catchment area of 1,080 km¢  including those of

the tributaries such ag the Guacaléte, the Céniza and the

Mazate, The main stream of Achiguate River, however, has

a catchment area of only 216 kmz_with a river length of
55 km,

The river flows down on the steeﬁ slope of the mountainous
area with the gradient of 1:10 and after joining some tribu-
taries, pours into the North Pacifié¢ Ocean through the fan

area with the:gradient of 1:400,

The average annual rainfall amounts to 3,500 mm in the

P

upstream area and 2,300 mm in.the entire river basin.

Most of the alluvial fan area in the lower reaches are uti-
lized for livestock farming and cultivation of sugarcane,

maize and cotton.



PahtaleqR_River Basin

Pantaleon River, the tributary of Cristobal River which joins
Coyolate River, also origilnates In Fuego Volcano, and the
catchment area and river length are 150 km? and 40 km,
respectively. Tt runs down at some distance in the mountain-
side with the gradient of 1:10 and then joins Cristobal
River, passing through the alluvial fan area in the stretch
of 20 km with the gradient of.l:100a The average annual

rainfall in the basin reaches to 3,300 mm.

The upper reaches is covered with volcanic debris and
assorted trees, and the lower reaches have also been relati-
vely developed for the cultivation of sugarcane, maize and

cotton. Only a small area is utilized for livestock farming.
Long-Term Flan
The design scale for the long-term sediment and flood control

plan was decided from the viewpoint of social requirements to

be equivalent to the recorded biggest flood that corresponds

- to a 30~year return period. A comparative study on three

alternative plans of 1) Channel improvement of the entire
river improvement, 2} Partial river improvement (case I) and
3) Partial river improvement (case II) have been carried out

and verified that the partial river improvement {(case T1) is

the optimum plan from both social and economical viewpoints.

The targét assets to be protected by the plan are the CA-2
road bridge and the-national rallway bridge across the
Achiguate and the Pantaleon rivers and the urban areas in
Finca La Trinidad and Finca La Bérrita along the Achiguate
river course. (Refer to Fig. 1.) The value of assets to be
benefitted has been astimated on the basis of the future

situation of assets in the year 2010,



Sediment Control Works

The design sediment discharge of 30-year return period, which
has been calculated from the sediment volume that had accumu-
lated immedlately after the eruption of Fuego Volcano in
September 197] bécause it is the largest one experienced in
the recent past, is 1,940 x 103 3 1a the Achiguate river

basin and 3,246 x 103 33 in the Pantaleon river basin.

The sediment control plan is wmade up of sediment control dams
of cobble stone conerete type. It is proposed that three (3)
dams for the Achiguate river hasin and five (5) dams for rhe
Pantaleon river basin be constructed to fully regulate the

design sediment discharge. (Refer to Fig. 2.)

Flood Control Works

The design flood discharges are 1,200 m3/5 and 1,150 m3/s for

Achiguate River and Pantaleon River, respectively.

To protect the target assets from flood damage, partial river
impfovement works are employed fér the project. For’
Achiguate River, the flood control works consist of river
channel improvement in two stretches for the CA-2 road bridge
and the railway bridge and for the urban area in Finca La
Trinidad, respectively, and a ring levee around the urban
area in Finca La Barrita. For Pantaleon River, river channel
improvement will be undertaken for the protectiocon of.the CA-2

road bridge and the national railway bridge: (Refer to
Fig. 2.)

The total lengths of river improvement ave 11.0 km and 3.4 km

in the Achiguate and the Pantaleon rivers, respectively. The

ring. levee is constructed over 5.0 km around Finca la
Barrita. Riparian facilities such as revetment, groundsill, -
etec., will be installed to maintain the function of the pro—

posed improvement works.
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Construction Schedule and Cost

The construction period is projected at seven (7) years,

including the detailed design of two (2) vears {refer to

Figo 3)0

The total financial construction cost is estimated at
US863.2 million, comprising US$36.2 million of forcign
currency and US$27;0 million of local currency. The opera-—
tion, maintenance and replacement cost (OMR cost) is esti-—

mated at US$560 thousand a year. (Refer to Tables 2 and 3.)

Urgent Plan

From the ecdnomiq point of view, the sediment and £flood
control works under the urgent plan are proposed in such a
scale that they can control a flood of 10-year return period
or smaller (refer to Table 1). If assessed from the view of
social requirement, the project of this scale can satisfy the

national average of attainment in £lood control.
The target assets for this plan are narrowed down to only the
CA-2 road bridge and the national railway bridge spanning the

Achiguate and the Pantaleon rivers as shown in Fig. 1.

This urgent plan has been evaluated on the basis of the

cexisting assets.

Proposed Plan

The Proposed Plan was formulated based on the precept that
economic viability of the project may be maximized in due

congideration of the social requirement in the area.



(1

(2)

Sediment Control Works

The design scdiment discharges of 10-year return periods
are estimated at 710 x 103 3 and 1,206 x 103 w3 on the
basis of sediment deposits existing in the upper river
basins as of 1983 for the Achiguate and the Pantaleon

rivers, respectively.

Sediment control can be accomplished at a limited number
of sites by high dams which have the highest sediment

regulation effect.

Sediment control is made up of two (2) dams of cobble
stone concrete type for Achiguate River and one (1) dam

of the same type for Pantaleon River. (Rofer to Figs. 4
and 5.)

Filood Contrel Works

The design flood discharges are 950 m3/s and 900 m3/s
for the Achiguate and the Pantaleon rivers, respec~

tively.

Flood control can be accomplishe& by river improvement
works. For Achiguate River, the river improﬁement
stretch totals 5.0 km to protect the CA—2 road bfidge
and the railway bridge. The river improvement works are
composed of channel excavation with wet masonry revet-—
ment and concfete groundsiil, and construction of foot
protection groyne. For Pantaleon River,:river lmprove-
ment stretches to 3.4 km, and river improvement works
are of excavation with wet masonry revetment and

concrete groundsill. (Refer to Figs. 6 and 7.)



(3) Construction Schedule and Cost

The construction works will be executed in a period of
five (5) years, including the detailed design of one (1)

year as shown in Flg. 8,

The total construction cost is estimated at

US$20.5 million at the price level in Augﬁst 1984,
comprising USS11.5 million of forelgn currency and
U559.0 million of local currency. The operation, main-
tenance and replacement cost (OMR cost) is estimatéd at

US$300 thousand a year. {Refer to Tables 4 and 5.)

Alternative Plan

The alternative plan was formulated in éonsideration of
(1) easier construction method, (2) possibility of stepwise
construction, and (3) availability of materials in the proxi-

mity of the construction sites.

The planning conditions, such as design scale of the project,
target assets, etc., are the same as those of the Proposed

Plan.
(1) Sediment Control Works

Sediment control is provided by low dams at several
sites on the precept that they can effectively regulate
the désign sediment discharge as well as the high dams

which were applied in the Proposed Plan.

Totally, four (4) dams in Achiguate River and five (5)

dams in Pantaleon River are planned.



(2) TFlood Control Works

Flood control is accomplished by the river improvement
works. The stretches of the'Achiguate and the Pantaleon
rivers to be provided with flood control wérks are the
same as those of the Proposed Plan. For Achiguate
Rivef, river improvement works comprise revetment of
gabion cylinder, groyne and groundsill of gabion
mattress. As for Pantaleon River, the works consist of
revetment and groundsill, of the same types as those

employed in Achiguate River.
{(3) Construction Schedule and Cost

The construction works will he executed in a period of

five {(5) years, same as in the Proposed Plan.

The total construction cost, which was estimated In the
same manner as in the Proposed Plan, is US$21.8 million.
The operation, maintenance and replacement cost (OMR

cost) 1is estimated at US$640 thousand a year.

Project Evaluation

The annual benefits that will acerue from the sediment and
flood control project under each plan are summarized as

follows:

Annual Benefit

Plan - (U85103)
Long=Term Plan 3,478
Urgent Plan ' 1,465



The economie internal rate of return (EIRR) was estimated as

follows:
ETRR
Plan ()
Long—-Term Plan ‘ 5.1
Urgent Plan
(1) Proposed Plan 7.3
(2) Alternative Plan 4.4

The above RIRR gshows that the project under the proposed
tlong—term plan is relatively of a low economic viability. As
for the urgent project, EIRR is also not so-high for either
the urgent proposed and the urgent alternative plans, but
EIRR for the Proposed Plan exceeds somewhat the standard rate
of 6.5% which is equivalent to the average of the interest
rates of project loans from financing agencies in Guatemala.
The Proposed Plan has been, therefore, identified to be eco—

nomically viable.

Rebommendations

The_urgent plan was verified to be technically and economi-
cally viable. 1In this respect, it is recommended that the
urgent sediment and flood coutrol project be carried forward
to the next stage with least lapse of time in due con-
sideration of the enhancement of the national economy by

securing the transportation system,

In the event that financial constraintS‘arise resulting in
the difficulty to implement the Urgent Proposed Plan, the
Urgent Alternative Plan, whose construction can be more step-—
wisely executed subject to the limitation of the annual

appropriations for the project, may be implemented.

-9 -



PRINCIPAI, FEATURES OF THE PROJECT

Proposed Plan for the Long-Term Project

Design Scale of Project 30~year return perilod

Target Assets to be Protected CA-2 rvoad bridge and railway
. bridge across the Achiguate and
the Pantaleon rivers; urban
areas In Finca La Trinidad and
Finca La Barrita

Sediment Control Works

(1) Design Sediment Discharge 1,940 = 103 3 at Achiguate
"Reference Point, 3,246 x
103 3 at Pantaleon Reference

Point
(2) Sediment Control Dam
Catch~ Effec~ ‘ Regula—
ment tive Crest  Dam Body tion
Dam  Area Dam Height - Length  Volume Volume
Name (ka) Ty pe {m) “{m) (m3) (103 m3)
(Achiguate River)
A-1 92,0 Cobble 8.0 460 21,000 990
“Stone
Concrete
A-2 39,0 ~do- 18.G 135 24,000 562
Cc-1 112.0 ~do- 7.0 455 19,000 " 338
(Pantaleon River)
P—1 115.0 Cobble 5.0 210 7,000 _ 60
: Stone
Concrete
P~2  107.0 ~d o~ 9.0 392 17,000 976
P-3 62.0 ~do- 11.0 . 160 17,000 235
P-4 61.0 o 9.0 190 12,000 315
P-5 60.0 ~do— 18.0 230 44,000 1,370
River Improvement
(1) Design Flood Discharge 1,200 m3/s at Achiguate Reference

Point T and 1,150 m3/s at Pantaleon
Reference Point



(2) Stretch to be Improved

(3) Revetment

(4) Groundsill

11.0 km in total along
Achiguate River; 3.4 km in
total along Pantaleon River

Wet masonry, 9.2 km in total
(4.6 ki for Achiguate and
4.6 km for Pantaleon)

Concrete Type, 64 places in
total (17 places for Achiguate
and 47 places for Pantaleon)

Proposed Plan for the Urgent Project

Desiga Scale of Project

Target Assets to be Protected

Sediment Control Works

(1) Design Sediment Discharge

{2) Sediment Coﬁtrol Dam

Catch~
" ment ‘
Dam Area Dam
Name (km?) Ty pe

10-year return period

CA-2 road bridge and railway
bridge across the Achiguate and
the Pantaleon rivers '

710 x 103 n3 at Achiguate

Reference Poi?t;
1,206 x 103 m” at Pantaleon

Reference Point

(Achiguate River)

A1 92.0 Cobble
Stone
Concrete

C~-1 112.0 ~do—

(Pantaleon River)

107,0-  Cobble
. Stone

Concrete

P2

River Improvement

(1) Design Flood Discharge

Effecr Regula-

tive Crest Dam Body tion

Height lengch  Volume Volume
(m) (m) (m3) (103 m3)
6.5 409 14,000 351
4.5 425 10,000 119
9.0 392 17,000 976

950 m3/s at Achiguate Reference
Point T and 900 m3/s at
Pantaleon Reference Point

- 11 -



(2) Stretch to be Improved .0 km along Achiguate River;

5.0 k
3.4 km along Pantaleon River

(3) Revetment Wet masonry, 4.0 km in total
(1.7 km for Achiguate and
2.3 km for Pantaleon)

(4) Groyne _ Crib, 68 places for Achiguate

(3) Groundsill Concrete type, 31 places in
total (7 places for Achiguate
and 24 places for Pantaleon)

" Alternative Plan for the Urgent Project
Degign project scale, target assets to be protected, design sedi-

ment discharge, design flood discharge, and stretech to be improved
are the same as those of the Proposed Plan for the Urgent Project.

Sediment Control Works

(1) Sediment Control Dam

Catch- Effec~ Regula-

ment tive Crest Dam Body tion
Dam Area Dam Height  lLength  Volume Volume
site (kmZ)  Type (m) ~ (m) () (103 n3)

(Achiguate River)

A-1 92.0 Gabion 5.0 404 38,000 350
Mattress

A-11 87.0 ~d o~ 3.5 401 21,000 111

A2 39.0 ~d o~ 5.0 101 9,000 S0

C-1 112.0 —do- 4.5 424 35,000 119

(Pantaleon River)

P2 107.0 Gablon 5.0 276 23,000 370
Mattress ‘ _ '

p-2° 64.0 ~do- 4,0 308 21,000 101

P-3 62.0 —do— 5.0 167 16,000 105

P-4 61.0 ~do- 5.0 170 14,000 180

P-5 60.0 ~d o= 5.0 158 18,000 220

River Improvement

(1} Revetment Gabion cylinder, 4.0 km in
. total (1.7 km for Achiguate and
2.3 km for Pantaleon)

(2) Groyne Crib, 68 places for Achiguate

- 12 -~



(3) Groundsill Gablon mattress, 31 places in

total (7 places for Achiguate
and 24 places for Pantalecon)












Tahle 1 COMPARISON OF EIRR'S OF STUDY CASES IN
: THE LOGN—TERM AND THE URGENT PLANS

Study Case Return Period EIRR Remarks
' of Floods (%)

{Long~Term Plan)
l. Entire River Improvement 30 years 2.2
2. Partial River ~ ditto - 3.0
Improvement (Case 1)
3. Partial River ' ~ ditto - 5.1 Employed

Tmprovement (Case IL)

(Urgent Plan)

b, Paftial River Improvement 5 years 6.1
2. -~ ditto - 10 years 7;4
2! - ditto - : _ 10 years | 7.3 Employed
3. | . - ditto ~ . 30 years 5.2

Note : In 2' of the urgetn plan, revetment and groundsills are provided
in the scale against 30-year return period floods to avoid double
investment and duplication of construction works when the long—
term plan is implemented.

- 14 -



Table 2 CONSTRUCTION COST FOR THE PROPOSED LONG-TERM PLAN

Quantity : Coat (x 16%)
Horks Itenm Unit Achiguate Pantaleon Total E.C, L.C. Tatal
River River (U5%) Q.) (us$)
1.%ediment Control Dam
Excivation m3 103,000 202,000 305,000 824 519 1,343
Back-filling i 9,400 14,300 23,700 74 89 163
Main Dam m3 18,000 126,000 204,000 7,115 6,895 14,070
Sub Dam m3 1e,000 £1,000 21,000 743 878 1,621
Apron and. Side Walis. m 69 140 209 651 519 1,230
Saddle Dam m 170 e 170 174 107 281
Sub-total of 1. 9,641 9,067 18,708
2.River Improvemesnt .
Excavation . 1,140,000 260,000 1,380,000 1,174 1,832 5,106
Embankment m3 160,000  weeeme— 160,000 ‘ 1,488 944 2,432
Sodding mZ 79,000 7,000 86,000  ——em-m 147 147
Drainage Ditch ™ 12,008 ~-mm——- 12,000 588 684 1,272
Revetment (1:0.5) T m . 4,600 4,600 9,200 7 1,008 1,955
Groundsill nit 15 45 60 1,383 1,256 2,639
Check Croundsiil Unit 2 2 4 L7t . 202 373
Ring Levee " 5,000 —ee—eee 5,000 510 424 934
Drainage Facility L/S [ i 450 130 620
Sub-total of 2. ' 8,751 b,727 15,424
Sub-total of 1, and 2. . 18,392 15,794 34,1806
1.Preparation Cost LIS ' _ 1,839 1,579 3,418
(1L0% of total of 1..and'2.)
4. Land Acqﬁisition Cost
Dam Construction ha 4 SR b e : 3 3
River Improvement ha e 2 e 17 17
5.Engineering Services L/s 5,526 1,376 6,900
6. Administration Cost L/s 216 H48 664
N
. : )
Sub-tatal of 1. to 6. 25,973 19,215 . 45,188 N
7.Physical Continpency L/s 2,597 1,922 4,519
(10% of total of 1. to 6.)
Grand Total of L. to 7. 28,570 21,137 44,707
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Table 4 CONSTRUCTION COST FOR THE PROVOSED URGENT PLAN

Quaptity Coat [(x 103}
Hork Ltem Unie - - - -
A¢hipuate Pantaleon L F. L.C Total
River  River Yoral — (yssy © (@) (us$)

. Sediment Contrel Dam (2,500) (2,538) (5,038)
Excavation m3 56,800 51,200 108,000 292 184 476
Embankment and Back-filling m 28,700 5,400 34,100 106 126 232
Concrete Works . m3 25,200 16,100 41,300 1,776 L,446 3,222
Bounlder Works for Main and 3 ]

Sub Dams m 7,600 4, 500 12,100 100 64 164
Boulder Worka for Apron nl3 5,300 3,700 9,000 © 62 40 102
Form Horks md 20,100 9,200 29,360 G 557 557
Wet HMasonry Works for Side 2

Walls n 520 390 910 14 © 29 43
Saddle Dam Works im 150 0 150 150 92 242

. River Improvement (2,893) (7,304) (5,237
Excavation of River Channel 'm3 552,000 163,000 715,000 §,645 1,001 2,606
Excavation and Back-£illing 3
of Trench m 21,600 36,100 57,700 138 87 225
Het Masonry Works (Type A) m2 8,020 0 8,020 56 144 200
Vat Masonry Werks (Type B) m? 0 10,200 10,200 112 255 167
jase Cencrete Works fov Wet
Masonty {Type A) ™ 1,630 0 1,630 26 34 40
Base Concrete Works for Vet
Hasonry (Type B) . m 0 2,280 2,280 55 66 121
.Gabion Mattress Works for 4 ) .

Yet Masonry m 2,450 3,420 5,870 194 23 217
Foot~protection Groyne works -

(Crib) Unit 68 Q 68 24 a8 62
Concrete and Form Worke for 5

Grondsill it 2,760 6,600 9,360 384 665 1,049
Gabion Matkress Worke for 3

Groundsill m 7,100 5,760 7,860 259 31 290
Sub-toral of 1. and 2. ' (5,193)  (4,B82) (10,275}

. Preparation Works LIS  —mmmim meemes omeeee 339 438 1,037
(10% of Toral of 1. and 2.)

Enpineering Services Lf§  mememw mmm——— me——e 2,100 400 2,500

. Land Acquisition ha 4 o 4 i} 3 3

. Administration Cost LfS  memmem wmeeoe e 0 414 414 é%%

. Phygicnl Contingeacy LIS  —w—-e~ weeee— oo BC3 3% 1,422
(10% ©f Total of 1. te 6.)

Sub-total of 1. to 7. ' (8,835)  (6,806) (15,601)

. Price Contingency LIS mmmmew mmmmem e S 2,617, 2,140 h 817
(6% For F/C ond L/C) '

Grand Total 11,512 8,946 20,458
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