NOTE -

E
= .
= o
H=Emm
> | >
o UH
X e
=
28
] =<t
[ =]
S8
228
By <
-
= )
=B
2=
SE=N-
~~
O
e
—f
S’
g
o
i
-3
L]
8
oy
=
—
-]
L
o
ouln
2
b
=2
e
o
wr
-
-l
<
o
ol
- -
3
-z =
WE.m.mH
'k 2 2 2 2
g 28 K B
.W s
@
q1j|8e=
g 3 &3
£E 3 g E g ¢
n 2 3 R ES
w [ S M | B T
-
8 I |
E +_.__x
Tz | __
IR
& T 117
w

4-106 :




"

NINHITLEY

T
‘ ,\\
.—-"--—-ix —_
!

—

|
!
- -!—"i -
7%

“Y)
.‘

B -: /

£ o . ' i
.
f '& . -
£ /
cnscx SROUNDSILL (D) : T 4 o 3 :
/ (CONCRETE} aa g e ey
- AT
v

7

7 IUOPRY CA s :

b 4 - . L =

T et bl - 2
. ' %

GROUNDSILLS

[CONCRETE )

NOTE . EXPLANATION OF SIMBOL _ _ .
. e A e onesT - L2010 130 290 Zpm Fig. 4-27 (2/6) PLAN OF RIVER IMPROVEMENT
: or ] wouse _ _ _ 1300 _ o ' IN THE PROPOSED URCENT
. PATHWAY = B'RIDGE. : : : : Co ' PLAN (ACHIGUATE RIVER)
et — ' R .
— .- —— STREAM @ o STATION POST e
—¥——=X— FENCE ) BM  BENCH MARK o
4—-107




.7 i\ I .
’ A\ H /
\ [/
\ o
LA :
o "i- ll S i
SHROUNDSILL 1 y v
¢ \:" S,

-
N

N
\

> 1) -
. L BOULOER
HEGK _GROUNDSILL {U) CONCRETE
T MASONRY
1 ‘ \

N \/
. o e /
———— R\Nl " e o
i vk LA
T ez 7
~ P o

— - ~ z
Y/ P %
© NOTE I. - EXPLANATION OF SIMBOL |
- RaiLway ~v—y—  FOREST o___s0 w0 130 20 2pm Fig. 4-27 (3/6) PLAN OF RIVER TMPROVEMENT
—=——— moap T wouse SehLE fiz300 IN THE PROPOSED URGENT
— — —  EATHWAY . BRIDGE _ ’l.'.:— PLAN (ACHIGUATE RIVER)
- = =
u—rt-—— STREAM @ o STATION POST
—X——K— FENCE [} BM  BENCH MARK

4~108



: NOTE i.. EXPLANATION OF SIMBOL _ _ | e e o s
- RALWAY —/—— FOREST . scaLe L2300 Fig. 4-27 (4/6) PLAN OF RIVER IMPROVEMENT
" ROAD - 1 wouse . : _ IN THE PROPOSED URGENT
i paTHWAY 5ﬁ oROGE . - . / - _ PLAN (PANTALEON RIVER)
— e STREAM " @ ‘o. STATION POST : ' '
—X——X— FENCE [ .81  BENCH MARK

4-109



PLAN OF RIVER IMPROVEMENT
IN THE PROPOSED URGENT
PLAN (PANTALEON RIVER)

o
S
<
[
o™
&
s
=
£ o
s //
;
(-]
195KMm __mo . \\_‘N
{ i 11
3\)_. # | _ | \ g | \ _‘,._ F\(
A \ AR\ e m\ b A a
_,./ // / \ \ f\.m./ { u_nL
/,.r\//\J,_ . \_ ( C m ) / . ,/ )
ﬁall |I.Mf.r//|\../f\.|\. ° m \\J . & H_ m \ / MKJ ~f
//// \ . 7/( wm \ . m“)m\O ._u.nxz \ / ; ]
\ s NG | .
\ \ 198 KM280
/ //.../r . \_.\ : -
/, / -~ ...-_.mu“.s T M g
/f\.\\/ F P o e o
RN - 5SMT- z
| 23 m ;ﬁ :
- . o &
R .
bia
\\K& N
) . S g = w
s | R
\ ! mu.m.m/ L & & & ow bk
- 28 .z ; '
T _MW:_V_A
i W [
. S
] ,. y
AN
f ‘ fm ’
SR 3
A

4-110



d
o
=)
=
"
=z
]
-
o
=
<
ot
£
b
[A]

NOTE

o = ——  PATHWAY

——=:w——  STREAM

3 —  FEMCE

T
=
L en
[ --
= B
Se2a
g
=
[+
oo
By <
=R
=g
B
S
ju ot
WTN
=
ay =
~~~
o
e
(Vo]
S,
T
(]
1
~r
[+1+]
Lal
=
/
=
g E
NM
€ 3
[
g <=
B &
=
¢ o
® [

4~111




_,..W 4 .
¥ g 25
.m.n W_... H << _..._u._
Vg gw IJn =9
% \ B &b e
ws K_m EE ¥
2o 25 55 g :
& =
ol U= Be gw
& ==
! !
WM\ & a_m wme'setl [srome || c2
S - e e -l - - & ozeviHoz zpi | sLrecibjosezy H o2 g O'er
.y o = ﬂf ~ [EpE— - =5 962t 96 11 [ SS'6RI .Tomuv H 08 He6 2y
wr.n T3 /M X .N\ S qm.n zeeviHeciv | oeailsszr Hoo H 6-2¢
i, . - = 88 1P 98 0% H cs'8EI Hesmzr H oF  [[6872%
SRTTTNNT . B&= e (ST Sees o %68
AN =0 a1 1pntorov|{az e solzr H SE1 Hsizr
s R 2
“ > m e seullies-eentjier-oentionezs || &1 o'zy
.. .5
. ) zZ
/.11..*1,1:. mm oaent e sl oL vensErey b 81 H vEp
N, 3 5 .
x 48 .
S = e o isssen [es 2elioveze H st H zEv
- =
gd . .
.-(_11....-...T|! wivenposeenflicz iemlccozy H sor H owve
|
. — — itverzenplver1enlliseszniiosere | 56 8y
i " Hesew oot
S p——— Sap— - | {7, ¥} T omz,auc.m___ esolv H ou PR
o .
£ - - (262N fzs'sznf oozt seeiv M siz H o 1v
el g ' m o :
& e W\. =
= o # .
E -3 125 2znjitsazali ervn Howaiv || ooz H 2
-8l = ) L4 M
53 2d
w 52 18 e . . .
3V E © weeznlicsvan ezl ooie f 12 H o'te
T - Z =5
i 8l [=1L]
¢ & E 3 i
2l 3 894
Bl m_ 8 g—r—= 8 o c2nio 220} se 0EHEsROY (' 56t {H 80F
vn_ = = P e .
@l & gl 2o o E5
5 SEa ¢ 33 !
By ol -1 : @0z @0’ 120l L8781 H{O990¥ 11 §02 9°0%
Wﬂ.m -3 L_ : : .
\a E3 R !
o - 3 Wl 9i'0ZIH 916l 1L'9)i Hess0ob q S H +ov
© Z] -]
E 2 = 6111 28 Qi E0 9 11} oBROv{] 05! |
A - e 9 . ) 1 1
=% " ‘m. mu eenfjirnfesengloczovi] o1z [l zor
.w..\ | alE
%S CE=lB
\d s3l= . ey
iz L] ozsntoz cuf sz fjozoori o1 H oo
) o . .
il B8 oz'enfiozenilse nilorese f ss 6 6f
2* = oreitHorenHez 1 nfcsaes H ss £8'6%
e mm &5 1oz 61N 02 €11 §4-0) HOOBBE 1 08 B'6%
g seenfseen gFedHosee if 05 | s8¢
w g EIRUE 21 19011 00LCiH §6 [ 4 6%
Mm {S.L°210| (8L 1N 00 '6ON
At — Hevsol Hooase H o | 9 'sef.
[%]
xm !
w (g9 11| [®s ot las zon
I 1 65501 sZe et H 502 #58
(8L 01 1| [{8€ 601y 159 90N
I s1zonjjozzsc | ss1 || 2 8%
e
ocipErELa0l c01's014 Haraon  nvson
| ! | so'901 || s208eH s201 | O'6%
i . anu E g .
23 i _ =8 -
RS mrl i =
Za S rpree gl g !
oz n I ] H
=~ ﬁ & Lt H
Qw £ £ w
53 88 s
g =+ +
[ = + s =
L1 e z X -
] w - % .
@ M ] T
E " 9 ey 3 wl o 1 f
i = T o5 a 8
a B O ? a o W e
g 3 \[§ 2B yE (g 8 2 _
- o [ ~ E * gl = ¥
2 " i 53 |47 (& | £
= 2.¥ x . -
@ - ! 3 i : - 66)
| - a8 [ teeoil sz 20m, ww.mo_.ooomn. o Howse
o @l Ty - ?
i g 2
- 5 <
I.\m_” o o '
g g 2
L3 H N
i m LY
{ 2 !
1or 8
m b1
prét
—l
I ! _ .- _ v . W
L ~ _ _ m «z Hﬂﬂ WollZ2Ellw "
o - dlzelle>llz wilE ol o £
q @ l="wl|l = La W
glov|xEafi= =3 8|3~ =3
. m o 2 < L
3 sgll-EQ18 2
. {w) 13 2 m m m
“I noLwa313 woisaC (] D o

o
£ 8
H o
-
fr g ~
o m
ME P
AT
HT -]
Bz 2w
EH- e
R m
Z M D
O ==
L2568
hE S
a0 D W
FanY
(3]
S
e
g
o
(3]
)
~r
CE )
| +1H]
i
<7
E g
(=]
i . Bsepg
Y] -
i s |-
J  E
B
2 8 e
) M
E N
[»]
o5y
hid o
w ms@j
2 z [3
ot ol # o9
HER
5ot
w3
223
L
S
3.%
TES
E5
mmm
£= ¢
S "
- =
$ 2
= -
E-8
£Es8
EEg
2y
-_ ©
5 s
)
[- .
sz
-
£3¢%
=
%)
=

4-112



uzor

‘}1\"
] a@?gﬁ /,'|
e I
430,000 | ?}%{’V ey
STANDARD CROSS—SECTION - et i
« T : SCALE (V) 12100 - P ye
420.000 {H) 1:600 o~ -
. ;ﬁ ‘11 L
_ ) T
110,000 - BKM ~ BASKM :f%/
h g . \\_c lc  GROUND
-] ) EXSISTING BANK CROWN (LEEY), iy g oxmsis . |
400.000 EXSISTING 8 N LRIGHT) N_GROUNOSILLS .
: RED_ (CONCRETE{}
- < _ i
A90.000 | .ﬂ.a\_________/ I N,
— £0.000. . /ﬁ o l
380,000 | 2 A E
1B.A5KM~ 19.4KM+80m Jffft ‘ ! i ! :
— 21.3KM ~ 2L6KM+ 25m ) ,a,c’--_’-‘ | . S I ]
_‘(¥£ b 1 i ; i : I :
370,000 G0 81000 A‘KT) o ! ! ' : o | l
— ! | _WET. MASONRY. ' - je { '; ; ; . Pl
. ; g i ; ! I i i
380,000 o HWL: = L : i : l l HE !
° CHECKGROURDAILL. ’ i :
359Q.000. | - % Y gﬁmmﬁ%i% i ; i : H E ,
T gy fagroosnis 1 : : il : X
: -] JIRESS _ 3l (CONERETET ! : ) : ; : .
340.000 | i i a0 - ] fank crRow| = ' ! ! : l il ! :
: AU G HISH, YATER LIEVEL,. , : ; ! B . i !
] 80000 -l L \DESIGH_RIYER [BED : : | _ R :
ssn000 s - Pz i |
' | S T T L
] i [ ! | : A i ?
320,000 : I ' i i l :
; . [ L ! : i i
i A |
30,000 ) : I ! i ' ;
i ! : : i ;
- : : i i ! i !
l ! ! y :
300.000 ! . i ' l H
A S
B : i ! : b i | :
: : : i . ¢ KWITH WET MASONRY
290.000 | : EL«:.VATEO HANNEL WITH WE MAsonnLr: ! S i EXCAVATED GHARNHL/
£XC wthN' b oROUNDSILLSL 3|S0m, 20 AL ACES) NO RAPROVEMENT| {PARTIAL SHAPING ) ANDGROUNISILLE (pl50m,2 PLACES]
- [ Led5a VL 108Gm LaT7esm i ’ ;] jusiedm : ;
za000¢ | ! i i !: ;
—] l/l i : :
E 9.000 38 | [ J | !
L 270
= —E = = = = =" ~ v w O
z || eanx 8 T Befwsg 38 8 % 8- F B § I § £ 3 Bans
2 |i crown 5 § -BalisEm 5 8 g 28 ¥ B R 8 2 & 2 I Fd§awe
: g = s it T T T T 'y ﬁ# w i T = = W t:‘ 1 —
= = =k . — = = =
ool | IETCR: g  rsAeans 8 & ¢ sc-= & 9 8§ ¢ = & & 3333
“E ever - & 8 4 pEddER % g 3 g2 3 B 5. R R A a 8 §98gsT
= 4 = T : - o T e — e = T : = E _*.;Né T
g ifmven ]l 8 89 ugosesmmns s 8 % 953 o 2 § § 5 i 3 da8%:
2 || e || E Ny fanlaadned 4 s B Re g 2 o o S o o e —
; : Y 7 . ' ] b g o 00 O o0 “w w
accumvianive || 8 s cozwigs 8 8 5 233 3 8 3 § § 3 &3 §Eiw oz § 3
DISTANCE [m ) © ® Q # poelR .E @ 2 9 Z- 2 9 < 3 2 8 & & SFic1 N i S 3 :u .
B 1 P Qo o 0V w 1] o
DISTANCE o 2 g g 82aa2§ 3 & 8 e 8 2 2 8 ° 8 g8 8 ] geegaRe & g8 3.
{m} i N = T . - v [ e e T T - I—T T X —
TATION No - o ‘o w.9 K-} T - w @ a “ ¥ w L] .o Nﬂ_n'-:,‘--r_ % w o
? ‘: KM) 2 o d E:_d;;; = & 4 L ] & b1 g 8 8 & 5 SRR PN N W N 8
i VERTICAL
NOTE _ 0 i 0 30 4 _ 5m Fig. 4-28 (2/2) DESIGN PROFILE OF RIVER
I. The real lines and broken lings in the drawing and olso the figures gc,m_g . o . . |:5o(:°m CHANNEL IN THE PROPOSED
outside { ) and inside { 1 InIhe coumns are opplied to the " SEACE e RIT URGENT PLAN .
urgent plun and 1he comprehensive long —term plon, respectively. o 200“"“:;:’“ T;?.OL o0 1: (PANTATLEON RIVER)
. SCALE - : 110,000 .
o 0 20 3 40 S0 &0m
SCALE 800

4-113



SKETCH

SCALE 1:50 CALE "1:30

ELEVATION SECTION

FRONC_ MITER_MEMBSR_
1LOG O $20, L= 3600}

REVETMENT ' . - FOOFPROTECHONGROYNE(SRBi

g‘ E— | B § GENTNAL _MEMBER _
=} . (LOG 8150, L5500}
2 b —""""E""‘m‘""_ - T GABION CYUINDER __ REAR.. MITER MEMBER_
(@450, L=3000) {LOG @ 90, L=2600)
al o GHOER MEMBER
o -2 COBBLE STONE ° 9 FLOW (o6 @120, L5000}
v - GABION_MATYRES (=350 E & > A GABION_CYLINDER
{20005 3000 600} P EIE ¥ o ] (6380 L- 36007
{T+150} & G\ E
o gl ale BACK FILUING GRAVEL.. I . i
g el . Exo 2w 1T=300~ 800) - ) e} :
B M ) ' / ' : a -\ oeam memees \
g e - gt [ 54MD. REJESTING MEMRER 2 (L0 90 ,L-2800)
b - . - o c—L {LDG @90, L=5600) [U— . L i
g : \ i
& |
k[+ss] {10 § 80l i 2300 i l__ 1509 2000 I
' . : GROUNDSILL
. SCALE 11100 .
PLAN gﬂ . .
-
L9
5’; . . : 11 § TABLE OF DIMENSIONS
‘—1 ' i - ey i, ..—"'__g' STRUCTURE L (m}} g tmi} Ly (m) LOCATION
s aoulLDER GROUNDSILLS wras| o 0 39131014 36m, 38.9KM + 20w ADOKNIEOs
b X "'"'T""_" : . 40, 25N, 42.0XM¢ 230,
% { § CHECKGROUNDSILL (1) | 1720 15.275 | 49275 | 42.95ku~28m,
< :: CHECKGROUNCSHLL (D) | 201.0°} 43.275| 50.275 | 402 kueis0m,
R g : %
b G 0 m
: / e
| caion warvaess” L [ SECTION
woo | 2000 f17es ] {3000z 200026007 2000 550 = 100000 . . {725 ) 2000 000 |
L 1000
| 1
Il ' _ ELEVATION | _ !
’ \ ) g HWL g / l . oHwL -
= . o =
ON MATTRE o o, . o . ) 9l
.-‘3—‘2,%0,;3‘;,;, 539, ' ¥ 9 { » . GARION MATTRESS _HOULDE FLOW 9 o
i : ' . 1300052000 = 00} === ~
N N . — r— J— 1]
i IO Y | [ I ] | 2 - | o - el - L = g
b . . 3 . - .
I\ _ { _ : §} 8 l g 8
|r 3000 3725 | ) 2000 @ 50= 100000 . —_ {2725 3000 20000 25000
Lp ) 1072.450 Ly
NOTE ' - 9. .2 . _3m ' . '
: : . SCALE . vae | Fig. 4-29 (1/2) GENERAL STRUCTURE OF
: : RIPARIAN STRUCTURES 1IN
°“ - ' - 4 -yl THE PROPOSED URGENT
SCRLE PLAN (ACHIGUATE RIVER)
0 2 4 6 8 1om
SCALE : 100

4=114



REVETMENT

SCALE t:60

1066 _

e I

4000
2009

ooe

100, . 880

AL
i
COBBLE STONE
(T=450) Q
b
BACK FILLING CONCREYE L
(T 130)
BACK FILLING GRAVEL
{T: 500~800)
. 0
| : 2l
3000 I 800 | 800
T
GROUNDSILL

SCALE 1:100

) o
[=]
2
I—TT‘“‘"—?&———— IRET 4 -
' ' N TABLE OF DIMENSIONS
I ? \nm : o . D.l E
i 2 8 STRUCTURE Lim) | Lpi{m) | Lyim] LOCATION
| aomssicis | wro | 0 | o e e e
E g CHECKGROUNDSILL {U} [i040 | 3.5 3.5 | 214Kar25m | +HImAI9Sm, IREKRI40M, 4508, + 140mIO
! / m CHECKGROUNDSILL (D) f132.0 |28.5 16,5 194KMEBOmM #9,4KM ¢300, ZLIKMt 4%m, Th3IKMs35m,
l GABION_MATTRESS: / o
_ 130001 20002 6001 | :
l 3000 2000 | 1500 2000 (9 40naooo_o'- |1s00| 2000 | 3000
T 0 L . )
SECTION’
ELEVATION 00
| | 1 .
\ HWL _ SHWL __§
. ¥ 3 GABION MATTR; aou;:;n : Co . 3
]{ : \ (3500225006001 { ) 13000x 8000 % 6001 ey 8 g
T 2775 7 A W I - T T 4l S W R ®
S H |
,L 3000 - 3500 e e 2000 G_40> 83000 3000, | 3000 2 = 8000 1400
tn e BTOOD e e e bR
NOTE Fig, 4-29 (2/2) GENERAL STRUCTURE OF
pa— 2 S .-5"" RIPARIAN STRUCTURES IN
Bkt . THE PROPOSED URGENT
.0 2 4 ] 8 10m PLAN (PANTALEON RIVER)
E S.CAI..F. 1:100 ’

4-—-115



FOOT-PROTECTION GROYNE (CRIB}

REVETMENT ] . . SCALE 1330 'SI{ETCH
SCALE 1:50 ' ELEVATION SECTION

FRONT MITER MEMBER

Qﬂ (L0G @ 120,L= 3600
a CENTRAL MEMBER _
. - I _ S {LOG 2150, L25500)
?,l GABION CYLINDER __ _REAR_MITER MEMBER_
_ ghwL (@450, L+3000) {LOG @90, L= 2600)
. I ' J - GIRDER MEMBER
. LOG 9120, L=5000]
4 _GABION CYLINDER 9 ;_t'._oﬂ ( ‘. 120, L 'so(:::;_ON
2 — 8/ . ION_CYLINDER
| {4800, Lm) . =175 450, L» 30007
i o e . { : f i ,
| = gg,‘ SRR A ;. : . — T ¥ _ﬂ'j_l
L RS - = R =1\ =
! ! o ~H-i_sEAM MEMBER
| . : ‘ 2 (LOG @ 90 ,L+2800)
1000 i L 8 ] _ e e L
: ' I l ' S '
TABLE OF DIMENSIONS l 2300 ] | is00. . 2000 |
RIVER Hwiml |  Him} | . Bim) Lim)
ACHIGUATE RIVER| 2.1 3.1 | 4.65 8.0
PANTALEON RIVER] 1.7 2.7 4.05 7.0
GROUNDSILL
SCALE 11100
PLAN
=
3
TABLE OF DIMENSIONS
RIVER N Uml | #wim) LOCATION
. 8 ' : |8, €3KM$30m, ba%m, T0.35KM #2Om, [W_GRU+ 43m, * $Om, + 140, #130m. 13.4KM ¢ 40m, ¢ 9Om,
g } 3, ACHIGUATE RIVER %0 0.0 2.1 +140m  MIB0m, 19.0KH +43m. ) 93, #1493 m, +185m, 19 2KUTAOM, + IO, ¢ MOm, +190m,
. A ' é P.ﬂN.TALEQN RIVER‘ a0 86.0 07 ”_n-u.m-,”’uu'zuq,qo_ohu}u-. 40,2 KM RAKM +30m, FA0m, 2[.IXKMFASnD,
. . AD 2EMEY30M , 42 A+ 23w, AL OB RMEZS 2IVKM + 35 m, ZLANM ¢ 25
’ @QH_MQTTRES%/ .
! 1RO TZ000 K ) : . S
i 2000@ N = L . : ] C . SECTION
ELEVATION
I . _ e e nnanm R - -
\ o HWL /— g < MWL 8
Sr hca : o - .4
Ty GABION MATTRESS e » GABION MATTRESS . FLOW_ z
2 {3000 22000 2600) ™ : P x {3000 2 20002 6001 \ == x
R i [ > 1 T =y T 71 I | e _____________§_ e 1Y | P s i __g[
! ) : 2000 (@ N =L - : ] - ' . . N 3000 (@ 35000
NOTE . . .9 ! i 2 s
SCALE 1230 . .
_ Fig. 4-30 GENERAL STRUCTURE OF
RSN SN SO, S, S RIPARTAN STRUCTURE IN THE
SCALE 80 ALTERNATIVE URGENT PLAN
o . 2 4 [ [ 0 ’
SCALE 1:400

4-116







SRR







1.

3.

CONSTRUCTION PLAN AND COST KSTTHMATES

TABLE OF CONTENTS

GENER.AL Il-ll.l.....'.I........I.....I....O"ll....l..ll

BASIC CONDITIONS

2.1 Conditions for Construction Plan g
2-2 Conditions for Cost Estimates sdans B0 BOBeERERAdLEE

BASIC STUDY

3.1 Construction Methods for Main Works sesssassasas

3,1.1. Sediment Control_Dams ssssessssBLBRRERLIS
3.1.2 .River Improvement erecsssssrarsanvastaone
3-2 .Unit Coﬂstruction Costs -.u-----cooococooq}.-l-;

STUDY ON EACH PLAN

4.1 Proposed L@ng—Term Plan westwrscarsesasanssatsen
4,1.1 COnBtructiOn_Plan . i..l.l.l.l;Illl.!lI.I..
4,1.2 Construction and OMR Costs vesssnsacsesaa

4.2 PrOPOSEd Urgent Plan ....'."....‘........._......-..
4,2.1 _Cpnstruction=?lan : .;[f:--.t.l;ll..ltl.tilc
4.2.2 Construction and OMR Costs - sasessnssenana

4.3 AltérnatiﬁesUrgent Plan shrsessrsacsnrsaseesoce
4.3.1 ' Constru(:tion Plan ........I--....'..;..-l.l
4,3.2 Construction and OMR Costs crassansesunrnes

Page

5-11

511
5-11

5-12

5~-12
5-13

5-14

5-14
5~15



Table
Table

Table
Table

Table

Table
Table
Table
Tabié
Table
.Table
Table

‘Table

5-5

5-6

5-7

-8
5-9

5-10

5-11

5-12

5~13

LIST OF TABLES

MONTHLY RA.INY DAYS l-....III....lllll...l..l....

UNTT CONSTRUCTION COSTS reessesnasesesncennes

CONSTRUCTION COST FOR PROPOSED

IIONG'—l.[‘ERM PLAN [(EENENREFERNEENNENFENRERNENENRNEERNNENE}NH}]

ANNUAL DISBURSEMENT SCHEDULE FOR :
PROPOSED LONG-TERM PLAN sessssacaraacssssenss

ANNUAL OMR COST FOR PROPOSED LONG-TERM PLAN .s

MAIN CONSTRUCTION MACHINERY FOR
PROPOSED URGENT PIIAN sdaespdab bbbt ss bR rD

CONSTRUCTION COST FOR PROPOSED

URGENT PIJAN ) ...Il.l_.lllI!l..ll...‘.l......llll.-'

ANNUAL DISBURSEMENT SCHEDULE FOR

PROPOSED URGENT PIRAN (N R R ENNNNE RN NN NN RN NN

ANNUAL OMR. COST FOR PROPOSED
URGENT PLAN [ NN R NN NN NN NN NENENN NN NE NN NN NN

MATIN CONSTRUCTION COST FOR ALTERNATIVE

URGENT P[IAN PR R AGBARRBAR RSO RRENEROSENs S

CONSTRUCTION COST FOR ALTERNATIVE |
URGENT PIAN '..'..._.......'........I.......';.l‘.

ANNUAL DISBURSEMENT SCHEDULE FOR .
ALTERNATIVE URGENT PLAN  ceeviosnonsnsecsiones

ANNUAL OMR COST FOR ALTERNATIVE |
URGENT PI&AN ...-ll.lC.II.ll.l..........lll"'ill.

w i -

PEIEE:
5-16

5-17
5-18

5-19

5-20
5-21

5--22

523

524

5-25

. 5-26

5-27

~ 5-28




LIST OF FIGURES

CONSTRUCTION SCHEDULE FOR
PROPOSED LONG-TERM PLAN ssssesssrenrrrasnnane

CONSTRUCTION SCHEDULE FOR PROPOSED
URGENT PLAN Il_l.......I..llq.lll.l...l..l.l.'

CONSTRUCTION SCHEDULE FOR ALTERNATIVE _
URGENT PLAN I...l.'ll.....ll."lllll...l.l..‘.

- iil -

Page

5-29

5-30

5~31



@




1.

2.

2.1

GENERAL

This sector of the supporting report presents the results of
the construction plan and cost estimates of the three sediment
and flood control plans; namely, the Proposed.long-Term Plan,
the Proposcd Urgent Plan and the Alternative Urgent Plan, which
were selected as suitable and realizable under Sector 3,
Sediment Control Plan, and Sector 4, River Improvement Plan,

BASIC CONDITIONS
Conditiocs for Construction Plan

Workable Day and Working Hour

It is advisable to execute construction works for the sediment
control dams and river improvement during the dry geason, or
from the middle of October to the middle of May, judging from
the data on monthly rainy days in Table 5-1. This is because
the data indicate that rainfalls of over 10 mm/day will occur
in more than half of the number of days in a rainy season;
therefore, it will be difficult and risky to carry out the
construction works during this period.

Workable days Iin a year are estimatéd;at %65;days by excluding
Sundays, national holidays and rainy days from the total number
of days in the dry seaéon.i

Daily working hours have been set at eight {8) hours according
to the actual circumstanccs in this country.

Availability of Materials and Machinery

Among the .construction materials required for each plan, .
concrete aggregates, gravel, cobblestones, boulders, and

.embankment materials can:be obtained from riverbeds and borrow

pits -in the vicinity of the construction sites. It is also
easy to procure cement, wood and grass, because they are. pro-
duced in this country., However, reinforcement bars, wire for
gablons and other materials, and construction machinery will
have to be imported.

Availaﬁility'of'Electricity, Water and Fuel

Thereiexist o electric and water supply systems that can

supply electricity and water in sufficient quantity for the
construction works. Electricity, thereforae, will be produced
in the construction sites by generators, and river water near

the sites will be used as construction watet,

Fuel or nil is available from the vic1n1ty of the construction

sites, though it is imported.



2.2

3.
3-1

3.1.1

Conditions for Cosr.EStimates

. Project Implementation Method

Construction costs will be estimated not on the force account
basis, but on the contract basis. A one-package contract
system 1s assumed to be applied to the construction works.

Currency and Exchange Rate

Construction cost will be estimated by dividing it into a
foreign currency portion and a local currency portion. The
foreign currency portion -is represented by the United States
Dollar (US$), while the local currency portlon by the Quetzal

(Q.

Costs for foreign engineers, machinery, and imported construc~
tion materials mentioned in Subsection 2.1 are counted in the
foreign currency portion, and those for local engineers, labor,
domestiec products, land acquisition, administration are basi-
cally in the local currency portion.

Exchange rate between USS and Q is.US$l.00 to Q1.00.

Price Level and Priﬁe Escalation Rate

‘Cost estimates will be made at the price level as of August

1984. Annual price excalation rate is assumed at 6% for both
the foreign and local currency portions.

!
BASIC STUDY

Constrpction Methods for_Hain Works

" Sediment Control Dams

.Excavatlon

(1) Working Procedure and Required Machinery

_Excavation for the foundations of thé main dam, subdam and
apron is planned to be carried out in accordance with the

- following procedure and by using the corresponding
machinery:

{(a) Coffering and dewatering :

(b) Excavation by bulldozer with ripper (21T)
(e) Loading ‘by dozer shovel (1.2m3)

(d) . Hauling to spoill bank by dump truck (BT)

(25 _Caphcities of Machinery

Capacities of the ﬁain machihery used for excavation were
calculated as follows:



(a) Bulldozer (21T) with Ripper for ripping and

Excavation

0 = 0l xQ2 = §2 n3/hr

01 + 02 :
0l = 60 x Ax 1Ll x Fl xEl . 183 m3/hr
Cml '
Q2 = 60 x q x F2 x F2 - 93 m3/hr
. Cm2

where,

Q@ : Hourly total capac1ty (m3/hr)

01 : Hourly ripping capac1ty {(m3/hr)

A : Area of ripper (0.4 m?)

Ll : Hauling distance (20 m)

Fl1 : Swell factor of soil (1.0)

El : Work efficiency (0.4)

Cml: Cycle time (0.04 L1 + 0.25 = 1.05 min)
Q2 : Hourly excavation capacity (m3/hr)

g : Blade volume (2.8 n3)

F2 ; Swell factor of sodil (1.0)

E2 : Work efficiency (0.55) o
tm2: Cycle time (0.037 L2 + 0.25 = 0.99 min)
L2 : Hauling distance (20 m) '

(b) Dozer Shovel (1.2 m3) for Loading

g = 3600 x q x F X E 40 m3/hr
' ' Cm

where,

Q : Hourly loading capacity (m3/hr)
q : Loading volume (1.2 m 3

F &  Swell factor of soil (0.8)

E : Work efficiency (0.5)

Cm : Cycle time (43 sec)

{c) Dump Truck (8T) for Hauling

. Qg = 80X qxFXE = 28 nd/nr
Cm

where,

Q : Hourly hcuiing;cépacity (m3/hr)
q : Loading volume (4.4 m3)
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: Swell factor of soil (0.8)
E : Work effioiencg (0.9)
Cm-: Cycle time ( m“2+12x2+15=69min)
20 km/60 '

‘Embankment and Backfilling

(1) Working Procedure aud Required Machinery

The following procedure and machinery will be applied to
the embankment behind the side walls and backfilling in

the excavated portions around the main dams and subdams

after completion of their construction:

(a) Loading of soil at spoil bank by dozer
" shovel (1.2 m3)
(b) Transportation of soil by dump truck (BT)

(c) Compaction of soil at construction site by
bulldozer (21T)

(2) Capacities of Machinery

The capacity of the bulldozer (21IT) for the compaction of
soll was calculated in the following equation. The other
machinery have the same capacities as those given ‘above.’

Q = VXWxDXE = 43 n3/hr
N
where,
Q: Hourly campacfion capacity (m3/hr)
-V ¢ Work speed (1,600 m/hr)
W : Effective compaction width 0.9 m)
D : Thickness of compacted layer (0 3m
E : Work efficiency (0.5).
N :

Number of compaction times (5)

Cobblestone . Concreting Works

(1) 'Werkieg Procedure and Required Machinery

The. main dams, subdams and aprons;ete planned to be built
of cobblestone concrete.” The cobblestone concreting works
will be executed according to thé following procedure and
by using the corresponding’ maehinery

(a) 'Gathering of boulders by bulldozer (21T)
‘(b) Formworks

(¢} Placing of boulders by truck-mounted crane (16T) and
- manual labor



(2)

(d)
(e)

(f) .
(g)

(h)

Mixing of concrete by portable bacher (0.5 md), etc.
Carrying of concrete hy truck-mounted mixer (1.6 m3)
Placing of concrete by truck-mounted crane (16T),
etc. . _

Curipg of concrete

Removal of forms

Capacities of Machinery

The capacities of the main machinery necessary for the
cobblestone concrete works were given as below:

(a)

(b)

(c)

Bulldozer_(ZlT) for Excavation

Q = 60 x q x FX E - 19 real m3/hr
Cm
‘where,
q = 208 m3
F = 0.6
E = 0.4
Cm = 0,037 % 50 + 0.25 = 2.1 min

Truck-Mounted Crane (16T) for Boulder Placing

Q = 80xqxXFxE =1} real m3/hr
Cm
ﬁhere,
Q :; Hourly hanging caﬁacity (real m3/hr)
q :  Bucket volume (0,6 m3)
-F ¢ Swell factor of soil (0.86)
E :  Work efficiency (0.8) -

. Cm: Cycle time (1.5 min)

.Portable Baqﬁgr (0;5 m3)'for Concrete Mixing

Q. = 80X qxE - g.0 m3/nr.

Cm
where,
Q : Hourly.mixing capacity (m3/hr)
q : Mixer volume (0,5 m?)
E Work efficiency (0.9)

Cm: Cycle time (3 min)
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(d)

Truck-Mounted Mixer (1.6 m3) for Conecrcte Carrying

Q = 60 x q x E _

7.7 m3/hr
Cm : .
where,
Q : Hourly carrying capacity (m?/hr)
q : Mixer volume (1.6 m3)
" E ¢t Work efficiency (0.8)
Cm: Cycle time (0.005 L + 8.5 = 10 min)
L : Carrying distance (300 m)
(e) Truck~Mounted Crane (16T) for Concrete Placing
Q = 80xaxF - 8,2 m3/hr
Cm .
where,
q = 0,6 m3
E = 0-8
Cm = 3.5 min
3.1.2 River Improvement
Excavation of River Channel : {

(1) Working Procedure and Required Machinery

(2)

Excavation of river channel will be carried out by the-
procedure and machinery mentioned below:

(a)
(b) -
(c)
(d)

Coffering and dewatering
Excavation by bulldozer (21T)
Loading by wheel loader (2.3 m3)
Hauling by dump truck (81)

Capacities of Machinery

The capaéities of the bulldozer and the wheel loader were

calculated by the following equation,
truck, the capacity is shown above.

(a)

As for the dump
Bulldozer (21T) for.Excavation

60xaxFxE = 63 n3/hr
Cm ~
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q = 2.8 md

F = 0.8

E = 0.55 :

Cmn = 0,037 x 25 + 0.25 = 1.18 min

(b) Wheel Toader (2.3 m3) for Loading

Q = 3600 x g x FXE = 100 m3/hr

Cm
where,
q = 2.3m3
F = 0.8
E = 0.65
Cm = 43 sec

Excavation and Backfilliﬁg of Trench

(1) Working Procedure and Required Machinery

The foundations of the revetments and groundsills will be
‘excavated by buckhoes, separate from the excavation of the
river channel. The working procedure and required machi-
nery are shown below: :

(a) Excavation and loading or temporary placement of soil
by buckhoe (1.2 m3) _

(b} Hauling of spoiled soil by dump truck (8T)

(¢) Backfilling by bulldozer {11T)

(2) Capacities of Machinery
The capacities of:the machinery were calculated as
follows, except the capacity of the dump truck which is

shown above.

" (a) Buckhoe (1.2 m3) for Trench Excavation

Q = 3600 X q X FXE = 43 n3/hr
. Cm

where,
 : Hourly capacity for excavation and loading

or temporary placement of soil (m3/hr)
q : ‘Bucket volume (1.2 n3)



F : Swell factor of soil (0.8)
E : Work efficiency (0.5)
Cm: Cycle time (40 sec)

(b) Bulldozer (11T) for Compaction

Q = VXWXDXE - g5 ud/nr
N
where,
Vv = 4000 m/hr
W = 0.6m
D = 0.3 m
E = 0.6
N = 5

Embankment

(1) Working Procedure and Required Machinery

2

In the proposed long~-term ﬁlah, the embankﬁent 6f levees
is planned along the whole lower stretch of Achiguate

Rivér, The working procedure and required machinery are
shown below:

(a) Excavation of embankment materials.by-bulldozer (21T)
at borrow pit

(b) Loading by wheel loader (2.3 m3)

(c) Hauling of embankment materials by dump truck (BT)

(d) Spreading and compaction by bulldozer (llT), etc., at
construction site

{e) Sodding on levee slope

(£) Excavation of drainage ditch by buckhoe (1.2 m3)
along the landside of levee -

(g) Construction of dry masonry along the levee—side
slope in the drainage ditch

Capacities of Machinery

The capécities of the machinery requirgd’for embankment
works were calculated by the equation below, except the

wheel loader and. buckhoe whose capacities are mentioned
above.

~(a) Bulldozer (21T) for Ekcévation

Q = 80xqxFxE . 43 m3/hr
. Cm : '
where,
q = 2,8 m3
F = 0.8
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| [1 = 0155
Cm .=. 0,037 x40 + 0.25 = 1.73 min

[

(b) Dump Truck (8T) for Hauling

Q = 60 x g X FxE = 4,3 nd/hr
Cm
where,
q = 4,4 md
F = 0.8
E = 0.9
Cm = X0 kmx2 41,2 x2+ 1.5=43.9 min

30 km/60

(c) Bulldozer (11T) for Spreading and Compaction

Q = Q1 x02 - 35 p3/hr
Q1 + Q2
Ql = 10 El (11D + 8) = 85 m3/hr
Q2 = VxW=xD x E2 = 63 m3/hr
N
where,

: Hourly total capacity (m3/hr)

Ql: Hourly spreading. capacity (m3/hr)
‘Work efficlency (0.75)

Thickness of compacted layer (0 3 m)
Hourly .compaction capacity (m3/hr)
Work speed (2500 m/hr)

Effective compaction width (0. 6 m)
Work efficiency (0.7)

Number of compaction times (5)

e

(]
P

L EEE <
SN X

Revetment Works of Wet Masonry

Revetment works consisting mainly of wet masonry will be
carried out in accordance with the following procedure and by
manual labor without any heavy machinery:

(1) Construction of base concrete including formworks,
arrangement of reinforcement Bars and concreting;

- (2) Wet masonry works including spreading of gravel laying of
" . cobblestones and concreting; and



3.2

(3) Gabion mattress works, including spreading of wire
mattress, filling of boulders and sewing of wire mattress.

Groyne Works of Cribs

Groyne worke of cribs comprise assembling of logs and

installation of gabion cylinders. No heavy machinery is
required.

Groundsill Works

Groundsill works of concrete will be carried out according to
the following procedure:

(1) Comstruction of main body including formworks and
concreting; and

(2) Placement of gabion mattress at the downstream riVE1bed of
main body.

The machinery used for concreting are mentioned in 3 1.1,
together with their capacities.

Unit Construction'Costs

Unit comstruction cost is composed of cost items that are sche-

matically shown below:

Labor L

Material Cost

Machinery Cost’

Miscellaneous Cost (10% of the
above items) '

Temporary Work Cost (5% of the
above items)

__;Direct
© Cost

Unit
Construc-

tion Cost

Indirect
Cost

“4:: Site Expense (10% of Direct Cost)

Overhead and Profit (15% of
Direct Cost and Site Expense)

The quantity of labor, materiﬁléiénd machinery necéssary for
all work items have been determined on the results of the pre-

liminary design and on the construction methods mentioned in
Subsection 3 1.

The unit -cost of labor,. materials ‘and machinery in Guatemala
have been basically applied to this study/l. The unit
construction costs calculated on the above conditions have heen

/1 Refer to ﬂENCVESTA BASICA DE MANUFACTURERA DE CONSTRUCTTON
MANO DE OBRA Y -SALALIOS" published by Directrato General
de Estadistica etc.
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confirmed to be consistent with those used for public works in
this country/l.

The unit. construction costs are tabulated in Table 5-2,

Ay STUDY ON FACH PLAN
4,1 Proposed Long—Term Plan
4.1.1 Construction Plan

Construction works for the sediment control dams consist of
excavation, cobblestone concreting works, and so on. The river
improvement works include excavations, embankment and installa-
tion of structures such as revetments, groundsills, and so on.

Basically, it is more effective to execute the works basin by
basin and to start on the construction-of the sediment control
dams first.

The - proposed period of conétrhqtibn works is seven (7) years,
including the detailed design engineering services of two (2)
years, as follows:

Woék Stage Year
(1) Detailed Design ' st 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

(c) River improvement Works _
in' Achiguate . 4th to 7th

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

:The:construqtion schedule covering all the stages of the pro-
posed long—term plan is .shown in Fig. 5-1.

4.1.2 Construction and OMR Costs

Construction Cost

The total base construction cost is estimated at

US$49.7 million, consisting of US$28.6 million in foreign
currency and Q.21.1 million in local currency. The breakdown
of the construction cost is shown in Table 5-3.

71 Refer to 'MEMORIA 1982" published by CAMINOS.
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4-2

“4.2.1

In addition to the cost mentioned above, taking price con-
tingency based on the annual escalation rate of 6% for both’
foreign and local .currency portions into consideration,’ the
total financial cost is estimated at US$63.2 million, con—
sisting of U5$36.2 million or 57% in foreign currency and
Q.27.0 million or 43% in local currency. The annual disburse-
ment of the construction cost is presented in Table 5-4.

Operation, Maintenance and Renlécement dost (OMR Cost)

Scope of works for operation, maintenance and replacement is
composed of periodical patrolling, emergent observation,
periodical maintenance and restoration works after floods, and
replacement. The operation, maintenance and replacement cost
(OMR Cost) comprise costs for personnel, machinery, fuel,
materials for repairing, replacement of the drainage facility
and miscellaneous 1ltems. Most of the machinery are required

for the removal of sand deposited in the river channels by
floods., '

The annual OMR Cost 1s estimated at US$$560 thousand on the
bnsis of the financial cost (refer to Table 5-5).

Proposed Urgent Plan
Construction Plan

The construction works required for the proposed urgent plan
are broadly divided into two categories; construction works of
three (3) sediment control dams -and. improvement works on the
Achiguate and the Pantaleon rivers. The river improvement
works cover approximately 5.0 km and 3.5 km, reapectively.

- 'The major work items for the construction of the sediment

control dams are excavation, embankment and backfilling, -
cobblestone concreting works, wet masonry works for the side
walls, and saddle dam works at C-1 dam site.: Those for ‘river
improvement are excavation of river channel, excavation and
backfilling of ‘trench, wet masonry -works for revetments, foot

protection groyne works of cribs and ground5111 works of .
concrete,

The construction works will require a period of two (2) years
and seven (7) months, or three (3) dry seasons, cénsidering
priority of the_dam construction to avold redeposition of sand
in the improved or excavated river channels, the work volume of
each work item and the site conditions. Besides, a detailed
design period of one (1) year and pre-construction period of

_ten (10) monthe will be proposed prior to the construction
period, Pig. 5-2 shows the construction schedule, which ib

briefly explained as follows:
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4,2.2

-Work Stage . Year

(1) Detailed Design ' _ 1st (1986)

(2). Construction ‘Works

(a) Construction of A-1 Dam 2nd to 4th (1987-1990)
(b) Construction of C~1 Dam ond to 4th (1987-1989)
(¢) Construction of P-2 Dam 2nd to Sth (1987-1990)

{d) River Improvement Works
in Achiguate 3vd to 5th (1988-1990)

(e) River Improvement Works .
in Pantaleon - 3rd to 5th (1988-1990)

The main construction machinery and their quantities givén by

the work volumes and construction methods (refer to

Subsection 3.1) are presented in Table 5-6.
Construction and OMR Costs

Construction Cost

The total financial construction cost is estimated in the
foreign and local currency portions on the contract basis. The
price level is as of August of 1984. The quantity of works is
estimated 'on the basis of the preliminary design which has been
prepared during this study period. Unit costs required for the
project implementation are in line with ‘the recent bid prices .
for similar worke in Guatemala, Physical contingencies of 10%
have been applied to all the works, Price contingencies are

also taken into account at an annual escalation rate of 6% for
both the foreign and local currency portions.:

The estimated financial construction cost for the proposed
urgent plan is'summarized ‘hereunder, together with the. percen—
tages between the foreign and local currency portions:

Foreign Currency US$11 5 million (56%)
Local Currency o Q.9.0 million_f (44%)
Total - © 1S$20.5 million

The breakdown of the construction cost is shown in Table 5-7

and its annual disburscment schedule is presented in Table 5-8.

Operation; Maihténance and Replacément Cost (OMR Coét)

The annual OMR Cost required for the proposed urgent plan is
estimated at US$300 thousand on the basis of financial cost,
covering personnel, machinery, fuel, materials for repairing,
replacement of gabion mattresses and groyunes, and miecellaneous
items. The breakdown of this cost is shown in Table 5-9.

- I7 7 USS1.0 = Q.l.O
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4.3

4.3,1

One bulldozer, one wheel loader, and three dump trucks will. be
necessary to remove the sand deposited on the exlsting riverbed
along the immediate downstream stretches of the improved river

_channels in the Achiguate and the Pantaleon rivers, The number -
~ of machinery has been determined on the assumption that the

dep051ted sand volumes after completion of this plan are. about

50,000 m /year and 20,000 m /year in the Achiguate and the

Pantaleon rivers, respectively. This assumption was derived

from the sedimeﬂt_capaqity balance between the improved chan- .

nels and the existing chaunnels. é%%

Alternative Urgent Plan

Consﬁruction Plan

The alternative urgent plan requires construction works of
nine (9) sediment control dams of gabion mattresses and impro-
vement works in the Achiguate and the Pantaleon rivers. The
improvement stretches are approximately 5.0 km and 3.5 km,
respectively, same as the proposed urgent plan.

Major work items for the dam construction are excavation, back-
filling, gabion mattress works, boulder works for main dams and
aprons, and saddle dam works at C-1 dam site. Those for the
river improvement are excavation of river channel, gabion
cylinder works for revetments, foot protection groyne works of
cribs and gabion mattress works for groundsills.

The construction works will be exeéuted in a period of four (4)
years and five (5) months, including the detalled design stage
of one (1) year and pre-construction stage of ten’ {10). months.
The construction schedule is shown in Fig. 5-3, which is sum-
marized hereunder:

. Work Stage . N ' . Year
(1) Detailed Design lst (1986)

(2) Construction Works:
(a) Construction of Dams

in Achiguate _ . 2nd.to 3rd (1987-1988)

" {b) Construction of Dams _
in Pantaleon. “4th to 5th (1989-1990)

(c) -River Improvement Works. - o
in Achiguate _ 3rd to 5th (1988-1990) .

(d) . River Improvement Works ' S
in Pantaleon - . : 4th to 5th (1989-1990)

" . Table 5~10 shows the main construction machinery and thg'quan—

tity required for these. construction works.
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4.3.2 Construction and OMR Costs

Construction Cost

"The financial construction cost required for the alternative
urgent plan has been estimated, as shown on the following
table, on the same premises as mentioned in 4.2.2.

Foreign Currency US$10.7 million  (49%)
Local Currency Q.11.1 millionl/ (51%)
Total Us$21.8 million

The breakdown of the financial cénstruction cost is shdwn in

Table 5-11 and ite annual disbursement schedule is presented in
Table 5-12.

Operation, Malntenance and Replacement Cost (OMR Cost)

"~ The annual OMR Cost necessary after complétion of the alter-—
native urgent plan is estimated at US$640 thousand on the
financlal cost basis. The breakdown of the annual OMR Cost is
presented in Table 5-13.

This. cost includes machinery cost réquired for the same purpose
as mentioned in 4.2.2,: and also includes replacement cost for
the gabion mattresses and boulders for the dams and gabion
¢ylinders, cribs and gabion mattresses for the rivers.
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Table 5=2

UNIT CONSTRUCTION COST

Unit Construction Cost

Work frem Unit - F.C, L.C. Total
: (us3) Q.) (us$)
1. Sediment Control Dam
fxcavation m3 2,1 1.7 . h
Embankment and .Back-filling m> 1.1 3.7 6.8
Concrete Works m3 43 35 18
Boulder Works for Main and 3 .
Sub Dam m 8.) 5.3 ©13.6
Boulder Works for Apron m3 6.9 4.4 11.3
Form Works n? o 19 19
Wet Masonry Works for Side )
Walls o 15 32 &7
Saddle Dam Works " 1,000 610 1,610
2. River Improvement )
" Excavation of River Channel n 2.3 1.4 3.7
Excavarion and Back-filling 3
of Trench m 2.4 1.5 3.9
Embankment of Levee m3 9.3 5.9 15.2
Sodding e 0 1.7 1.7
Drainage Ditch Works m 49 57 106
Wet Masonry Works (Type A} m2 7 18 25
Wet Masonry Works (Type.B) w’ 11 25 36
Base Concrete Works for Vet .
Masonry (Type A) n 16 21 37
Base Concrete Works for Wet . :
Masonry (Type B) m 1 293 53
Gabion Cylinder Works ] m3 22 13 35 .
Cabion Mattress Works for Wet 3 : o
Masonry, Groundgill and Dam m 33 4 37
Foot-protection Groyne Works . ]
(Crib) - : unit 360 560 920
- Concrete and Form Works for P e :
Groundsill m 41 11 112
Ring Levee m 102 85 187
Drainage Facility (Pump S
Station) L/S 490,000 130,000

620,000
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Table 5-3 CONSTRUCTION COST FOR PROPOSED LONG-TERM PLAN

Quantity Cost (x 10°)
Works Item Unit Achiguate Pantaleon Total - F.C. L.C. Total
River River (uss) (Q.) (Uss)
1.S5ediment Conteol Dam
Excnva;ioﬁ m3 103,000. §02.000 305,000 824 519 1,343
Back-filling w’ 9,400 14,300 23,700 74 89 161
Main Dam u? 78,000 126,000 204,000 7.175 6,895 14,070
Sub Dam nd 10,000 11,000 21,000 743 878 1.621
Apron and. Side Walls w 69 140 209 651 579 1,230
Saddle Dam o L] J—— 170 174 107 281
Sub-total of 1, 9,641 9,067 18,708
2.River Improvement
Excavation o 1,140,000 240,000 1,380,000 3,174 1,932 5,106
Embankment n 160,000  =mmemus ' 160,000 " 1,488 944 2,432
Soddiung m2 792,000 7,000 86,000 ———— 147 lﬁ?
Drainage Ditch m 12,000  --e———- 12,000 588 684 1,272
Revetmenc {1:0.5) m 4,500 4,600 9,200 947 ~§,008 1,955 ¢
Groundsill Uit 15 45 60 1,383 1,256 2,639
Check Groundsill Unit 2 2 4 171 . 202 373
Ring Levee m 5,000  —--—-mv 5,000 510 424 934
Drainage Facility L/S . 1 e 1 ~ 490 130 620
_-Sub-total of 2. 8,751 0,737 15,478
. ']
Sub-total of 1. and 2. 18,1392 15,794 34,186
3, Preparation Cost L/s 1,839 1,579 3,418
{10% of total of 1. and 2.}
4.Land Acquisition Cost
Pam_Construction ha’ T b mmmaman L 3 3
River Improvement ha B R 24 - 17 17
- 5.Engineering Service L/S 5,526 1,374 6,900
6.Administration Cost LS 216 448 664
Sub-total of 1. to 6, 25,973 19,215 45,188
7.Physical Contingency L/S 2,597 1,922 4,519
{102 of total of 1. to 6.)
Grand Total of 1. o 7. 28,570 21,137 49,707
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Table 5-5 ANNUAL OMR COST FOR PROPOSED LONG-TERM PLAN

e et i =t Se——— aae mmamm ea ememmee§ AR e e T e e, S e

Unit Coal Coul Life Annual Gast

Cost ltaem - ) tnir Quanticy
s§) - ix 10} vss)  (Year)  (x 103 US$sYears
1. Personnet Cost ' (139.5)
"Chief Engineer M 1,000 [ —um- ——an 6.0
" Sabo Engineer M/M 1,000 3 -— —— 6.0
River Engineecc HiM 1,000 b aure ———— 6.0
Mechanical and Electric
Engincer MM 1,000 6 -—— ———- L.
Supervisor MM 1,000 12 EET ——— 12.0
Secretary H/M 500 12 -—=- - h.0
Operater ' MM 500 60 - - - M.l
Driver ' WM 350 108 —-- - .8
Labour H}:H 250 120 —— -—- 30.0
2. Machinery Cost 028..3
Bulldozer (23t) : Unit 140,000 2 80 3 46,7
Whéel Loadev (2,3t} geiv 90,000 ? 180 5 30.0
pump Truck (Bt} . Unit 30,000 [ ’ 180 4 45.0
Land Cruiser : . “Unit 13,000 z 26 "oa 5.5
1. Fuel Cost ‘LIS Cmmmmaa Ce-- ——— ———- 19.2
{15% of Sub-total of 2.} : .
4. Material Cost fur Repairing LIS mmmmee- m- e eee- 10,0
5. Replacement Cost Lis —————— --- .azn 20 3;_'0
(brainage Faeility)_ ’
Sub~total of.. 1. r.n:s. ) (478.2)
5. HiSc.ell.aneouu LCost (30%) L{S . -—.----.- ——— ——— L m— 128.5
Grand Toral . 556.7
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Table 5-7

CONSTRUCTION COST FOR PROPOSED URGENT PLAN

Quantity Cost (x 103)
Work Ttem Unit .
Achiguate Pantaleon F.C L.C Total
River  River - '°f21  (usy) (.) {Us$)

l. Sediment Control Dam (2,500) (2,538) (5,038)

. Excavation mJ 56,800 51,200 108,000 292 184 476

Pmbankment and Back-[illing m3 28,700 5,400 34,100 106 126 232

Concrete Horks m3 25,200 16,100 41,300 1,776 1,446 3,222

Bounlder Works for Main and 3

Sub Dans m 7,600 4,500 12,100 100 b4 164

Boulder Works for Apron a0 5,300 3,700 9,000 62 40 102

Form Works tnz 20,100 9,200 29,300 0 557 557

Wet Masonry Works for Side

Walls n 520 390 . 910 14 29 43

Saddle Dam Works u 150 ) 150 150 92 242
2. River Improvement (2,893) (2,344) (5,237)

Excavation of River Channel  m° 552,000 163,000 715,000 1,645 1,001 2,646

Excavation and Back-filling 1

of Trench m 21,600 36,100 57,700 138 a7 225

Wet Masonry Works {Type A) m2 8,026 0 8,020 56 144 200

Wet Masoncy Works (Type B) nl 0 10,200 10,200 12 255 367 -

Basa Coucrete Works for Wet

Masonry (Type A) m 1,630 -0 1,630 26 34 60

Base Concrete Works for Wet

Masonry (Type B) m 0 2,280 2,280 55 66 12}

Gabion Mattress Works for 3 . .

Wet. Masonry m 2,450 3,420 5,870 194 23 217

ant—prétection Croyne works : :

{€rib) Unit 68 0 68 24, 38 62

Concrete and Form Works for . 4 - ]

Grondsaill n 2,760 6,600 9,360 384 665 1,048

Cabion Mattress Works for 3

Groundsill m 2,100 5,760 7,860 259 31 290

s_ub—tota.l. of 1. and 2. (5,393) . (4,882) (10,275
3. Preparation Works LIS =mmmmm | e meeees 339 488 1,027

(10% of Total of 1. and 2,) . :
4. Engineering Service LIS  memmem e ———— '2,100 400 2,500
5. Land Acquiaition ha 4 0 . 0 3 3
6. Muministration Cost LIS  —memem mmmemm e o 414 414
7. Physical Contingency LIS - mmdmmm s e 803 619 1,422

(0% of Toral of }, to 6.)

Sub-total of 1. to 7. - (8,835) (6,806) (15,641)
8, Pfice Contingency LIS  wmmmmm mmmmee mmeen 2,677 2,140 4,817

(6% for F/C and L/C)

Grand Total’ 11,512 8,946 20,458
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Table 5-9

1.

h.

Cost Etem

ANNUAL OMR COST FOR PROPOSED URGENT PLAN

Personnel Cost
Chief FEnginear
Sabo Engincer
River Engineer

Mechanical and Electric
Engineer

suprrviser
Secretacy
Operater
Driver

Labout

Kachinery Cost
Bulldozer (231)
Wheel Loader (2.3 t)
Dump Trul:k. {8 t)
Land Crulser

fuel Cost .
(152 of Sub-total of 2.)

Material Cost for Repairiag

Replacemeat Cort

Gabion Matiress [or Dam
Boulder far I.)am .
Gabion Cy_lind.ar for River
Groyne (Crib) for River
Gabion Mattreas foc River

Sub-total of 1. to 5.

Miscellancous Cost {30%)

Grand Total

. Unit Cost . Cost Life Annual Cosct
Unit i Quanticy 1 3
uss) {x Y07 USS) (Year) {(x 107 USS fyear)
(94.2)
H/M 1,000 b R S 6.0
HiM "L, 000 [ ———- — 6.0
MM b, 000 0 O e o
Hin 1,000 [ _——— R &0
MM b, 000’ h P —— E.0
MM 500 12 ———— - 6.0
MM 500 4 —— _— 18.0
H/M 150 12 — 25.12
MM 250 L1l - J— 15.0
{67.3)
Earr 140,000 1 150 b 2.3
tait 90,000 1 90 & 15.0
Unit 10,000 3 9 “ 22.5
Unit 13,000 H i . h.h
P 1 —— - S — 10.1
LIS —===-- - -—-- irmm 35.0
(23.1)
w 17 0 o 10 o
o} 1.6 "o o 10 v
n 15 0 0 io 0
tnic 420 68 62 TH 6.2
w? 17 4580 169 10 16.9
( 329.7)
P -- —-- ---- 8.9

298.6
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Table 5-11 CONSTRUCTION COST FOR ALTERNATIVE UR

GENT PLAN

. Quantity Cost (x 103)
Work ltem . Unit - — e o -
Achiguate Pantalcon F.C L.C Toral
Total
River River {Us%5) (Q.) (U8S)
1. Sediment Control Dam (3.137) (4,760} (7,897
Excavat ion m3 29400 34,200 63,600 172 1N8 280
Back-Filling ml 5,600 6,600 12,200 8 (%] 53
Gabion Matrvess Works m3 103,000 92,000 195,000 2,730 4,485 7,219
Boulder Works m3 2,600 3,100 5,700 47 30 ii
Saddle Dam Works: m 150 4] 150 150 42 T2
2. River Improvement : {1,277y (Q1,511) (3,288
FExcavation of R{ver Channel m3 505,000 146,000 651,000 §,497 911 2,408
Gabion Cylinder.Works m3 4,960 5,980 10,940 98 284 382
Foot-protection Groyne Works :
{Crib) - Unit 68 0 . 68 17 45 74
Gabion Mattress Works for 3 . _
Groundsill m 3,150 8,640 11,790 165 21 436
Sub—tutql of 1. and 2. (4,914) (6,271) (11,183)
3. Preparation Works L/§  —memm- S 491 627 1,118
(10% of Total of 1. and 2.) ' :
4. Enginecring Service T LIS cremmm mmmmem e 2,100 400 2,500
5. Land Acquisition . -~ ha . b -0 4 0 3 3
6. Administration Cost | TOLMS Seemmm e ———— 0 Ghé 444
7. Physical Contingency- LIS mmmmmm mes cemmmmee- 751 775 1,52
(10%Z of Total of }. to 6.)
Sub-total of 1. to 7. - (8,256)- (8,520) {(16,778)
8. Price Contingéncy LIS  —m-m—=  mememm —mmaes 2,435 2,597 5,032
(6% for F/C and L/C)
Grand Total . - : 10,691 11,117 21,808
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Table 5-13

Cost Ttem

. Personnel Cost

r.

Chief Enginensr
$aho Enginecr

River Engineer

Mechanical and Electrig

Engineer
Supervisor
Secretary
Oparater
Driver

Lahour

chhinery Cost
Bulldozer (23t)
Wheel Losder (2.3 t)
Dump Truck {8 t)

Land Cruiser

. Fuel Cosc

{15% of Sub-tatal of 2.)

Material Cost Eor Repairing

. Repiacement Cost

Gabion Mattress Fof Dam

Boulder for Dam

Gabion Cylinder for River

Groyne (c;ih) for River

Gabian Mattress for River

Sub-total of 1. tae 5.

. Misceltancous Cost (30%)

trand Total

ANNUAL OMR COST FOR ALTERNATIVE URGENT PLAN

Unie Enig Cosr Quantiyy Ln;:
(Us3) {x 10~ vS$)
MM 10 [ ——e
M/ 1,000 B N
MM 1,00 A —
M/H 1,060 6 ———
MM 1,000 b —
KM San Iz —
M/ 500 W ——
u/M 50 72 ——
MM 250 60 ——
Unit 140,000 1 140
Unit 90,000 1 50
Unit 30,000 3 90
Unkt 13,000 : %
L/s BN - —_—
LIs - -———-- - -—
nd a7 65,000 2,405
n? 13.6 1,500 26
. 5 3,650 128
Unit 920 68 62
> 37 3,930 145
L/5 Bntnes - . -

Life
(Year)

™

Annval Cost

(x 10° USS [year)

(95. 27
6.0
h.0
6.0

6.0

6.0

25.2

15.0

(67.3)
23.3
15.G

22.5

10.1

40.0

{276-6)
240.5
2.6

12.8
14.5

(488.2)
146.5

634.7
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GENERAL

‘The lonpwterm and urgent plans have been formulated in the pre-
sent study in connection with the implementation of the pro-
ject. As. for the long~term plan, three (3) cases have been
studied; one case of improvement of the entire river course and
two cases of partial river improvements, based on the clasifi-
cation of assets to be protected from flood. The assets in the
Study Area have been classified into four (4) categories; A, B,
C and D, according to their socio-economic slgnificance, as
nentioned below:

Priority ‘"Assets
A Comunity in a dangerous zone
B Major infrastructure and urban area
c Cultivated land
D Pasture

. The assets designated as A are socially reduired to be pro-

tected from flood by all means. However, such assets do not
exist in the Study Area under-the present circumstances,

The plan for protecting the assets designated as: B is evaluated

. fronm the viewpoint of both social requirement ‘and ecconomlc

viability, and 1n the Study Area the following assets
correspond to B: .

.(l) Road . bridges on’ CA—2 and railway. bridges, crossing the

Achiguate and nsntaleon rivers, and
(2) Urban areas of Torinidad and Barrita,

As for the assets recognled as C and D only the economic
viability is evaluated

In the Study Area,_the asgets corresﬁonding to. B, C and D have
been clssifled-and studied using land use maps with 1:50,000
scale, aerophbtographics with 1:20,000. scale and having cen—
suses in 1973 and 1981, . .

The assets in the flooded area -are roughly classified as
11lustrated in Fig. 6-1.. In the figure, the river stretch to
be 1mproved is classified in accordance W1th the most- dominant
agset among them to be protected in the river basin.

_ The maximum flooded area covers 14,300 ha, comprising pasture

of 58%, cultivated land of 25% and other area of 17%Z. Number

‘of houses in the flooded area.is estimated at about 2,400. The

breakdown is shown in Table 6~1, and further details on assets

- B is given in Tables 6-2 and 6-3.

At the first stage of thenstudj; the economic.viqbility of the
Project has been roughly examined to select an optimum plan out
of the above three cases. The result is summarized as follows:



Construc—~ Annual - ~ Assets  Return

. _ tilon Cost Benefit EIRR to be - Period
Cases . (us$106) (Us$103) (%) Protected (year)’
Case I, Entire 192 - 8.6 2 B,C,D 30
River. Improvement Co
Cage II, Partial 143 8.0 3 B,C 230
River Improvement
Case III, Partial  40-50 34 4~6 B 30

River Improvement

As is obvious from'the above table, Cases I and-II have very-
low economic viabilities and need enormous funds, so that it is
impractical to put their plans Iinto implementation.

As for Case III, various methods were studied from Lhe tech~
nical aspect, and an optimum long-tetm plan was selected on the
basis of social requirements in due consideration of the finan-
cial, economic and technical aspects, so that the transpor-
tation system by the CA~2 road and the national railway and
both the urban areas in Finca La Trinidad and Finca La Barrita
will be protected from flood. 1In this case, the design scale
for flood control was determined to bé equivalent to ‘the
biggest recorded flood that corresponds to a 30—year return
period in both the Achiguate and the Pantaleon rivers.

On the other hand, in order to release the Study Area from
'sediment and flood damage as promptly as possible,. an urgent

" plan was formulated on a practical basis by narrowing the range
of assets to be protected. This is called the Proposed Plan.

" Based on the above viewpoint, the assets to be proteckted were
limited tbo the CA-2 road bridgé and the railway bridge across
the Achiguate and. the Pantaleon rivetrs, - It is expected that in
such an urgent plam, the economic viability of the Project may
be maximized and that the socio-economic activities in a large
area may be secured. An alternative to the-urgent proposed
plan was also formulated based on the construction method and
the construction materials to be used, and called as the
Alternative Plan.

In this sector of ‘Project- Evaluation, the project will be eva--
luated from a purely economlc:standpoint with respect: to the
above-mentioned three (3) plans; the proposed plan for the
long~term project and the proposed and alternative plana for

" the urgent project.

Economic evaluation will be carried out to ascertain the ecoio-
.mie viability by comparing the economic cost to be’ invested

for the project and:the economic benefit thdt'will accrue by
implementing the project. The economic viability will be eva—~
luated by Economic Internal Rate of Return (EIRR), Net Present
Value (NPV) and Benefit—Cost Ratio (B/C), and the sensitivity
test for EIRR of the proposed urgent plan will be made with
Tespect to variations in cost and benefit,
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2.

2.1

Projects are generally consideréd to be economically viable,

if the estimated EIRR exceeds the opportunity cost of capital
(0CC) in the country concerned. Howeveér, it is in general dif-
ficult to estimated precisely the opportunity cost or marginal
productivity .of capital, because the OCC may ohange from time

.to time.

In practice of the international financing agencies, the EIRR
of 10 - 12% has been accepted as the cut-off point, and if it
is lower, further justification is usually required, which con-
sists of discussion of unquantified benefits.

An infrastructural project such as sediment and £lood control
is essential. to the social stabllization, although the high
prercentage of EIRR will not be generally expected.

In recent years, some infrastructural projects in Gﬁatemala
have been financed by the international and local financial

agencles with the interest rates of the range from 1 to 9%,
which is 6.5% on the average.

On the basis of the above-mentioned matters, in the present
study such an average rate is adoped as a standgrd of the pro-
ject evaluation for selecting the optimum plan.

The evaluation is based on the following assumptions:
(1) Economic Life

The economle life of the project is ‘taken as 30 .years
after completion of the construction works.

(2) Direct Tangible'Benefits

Direct tangible benefits are mainly counted in the eva-
luation, and indirect_and/or intangible benefits are
described as soclo—economic impacts of the project in
Section 5. : -

(3) Imlementation Period

The implementation period of thé project is seven (7)

years for the longfterm plan and five (5) years for the
urgent plan, including the detailed engineering service
periods of -two (2) years and one (1) year, respectively.

CONDITTIONS AND METHODOLOGY FOR ESTIMATTON
OF ECONOMIC COST. AND BENEFIT

Prices

In estimating the economic cost ‘and bgnefit, "the economic pri-

ces are assumed to be as follows.

(1) Foreign exchange rate {s8-set at Q1.00 to US$1 00 on the
basis of the following situations:
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2.2

2.3

2,3.1

(a) Official exchange rate is Q1.00 to US$1.00 at
present.,

{b) Shadow exchange rate.(SER) is nearly equal to 1.00 in
recent years, as shown in Table 6-4.

2) Econoide prices of unskilled laborers hired locally are
assumed to be 70% of the actual market prices in cou-

sideration of the unemployment situation in the country in
recent years,

(3) As for transfer payment such as tax and duty, it is
assumed that goods and services procured locally would
include the transfer payment of 10% of their prices and

those imported from abroad would exclude any transfer
payment,

(4) The cost and benefit estimates are made on the basis of
the price level iIn August of 1984.

Costs

The financial construction costs, as described in Sector 3,

Construction Plan and Cost Estimates, donsist of the following
items:

(1) ‘direct construction cost;

(2) - land acquisition’ cost and compensation;
(3) government administration expenses;

(4) engineering service charges;

{(5) physlcal contingencies; and

{6) price contingencies.

Among these costs, price contingencies are not included in the
economlc construction.cost. Other costs are given as the eco-

nomic cost by making adgustments on the aforementioned economic
prices.

Annual . operation and maintenance costs (OMR costs), including
the replacement costs of pumps and’ other installations, are
required during the economic life of the project after the
construction work is completed. The OMR_coets for the
construction period are estimated by assuming that the costs
would be increased in proportion to the progress of the
construction works, The economic OMR costs are also given by
making adjustments on the sald economlc prices.,

Benefits

General

The direct tangible ‘benefits of the project are given asg the
economlic effect of reduction in sediment and flood damage to
assets in and aronnd the flooded area.

Tne benefits wiil accrue immediately after the construction

works are completed, Partial benefits that will accrue during
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2.3.2

the construction period are estimated in the same way as in the

OMR

costs, assuming that the benefits would be increased in

proportion Lo the progress of the construction works.

Assets to be Protected from Flood

The major assets to be protected from flood of the Achiguate

and

(1}
(2)
(3)
(4)
(5)
(6)

the Pantaleon rivers are as follows:

rcad and rallway bridges;
transportation system;

houses and household effects
agricultural products;

business activities; and

public facilities, aside from {(1).

Based on collected information and results of field surveys,
the assets are appraised as follows:

(1)

(2)

(3

Road and Railway Bridges

The road bridge and: the raillway bridge across the
Achiguate and the Pantaleon rivers are appraised at the

- 1984-prices based on the information from CAMINOS and.

FEGUA, -as follows:

! Appraisemént
Bridge - (U§$103)

Achiguate Road Bridge - 1,000
Pantaleon Road Bridge . 750
Achiguate Rallway Bridge ' 230
Pantaleon Railway Bridge 420

Transportation System.

The average daily traffic volume 'at Sta. 2001/ on cA-2 is
estimated at 4,500 vehicles in 1984 ‘and 6,000 vehicles in
2010 on the basis of the traffic statistics by CAMINOS.
The former i1s 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_traﬁsported
by railway are assumed to be 5% of those by the road,
according to the information from FEGUA.

Houses and Household Effects
Baséd on the 1981 housing census, the number of houses in

the Study Area is estimated at 405 houses per kmZ in the
urban area and 13 houses per km? in the rural area in

. 1984, and its average annual growth rate was 2.81% for the

period from 1973 to 1981,

Kiloﬁost which 1s 78 km away from the Municipality of
Guatemala. ' '
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(4)

By assuming that such a groﬁth will bhe maintﬁiﬁed, the

- number of houses in the urban and rural areas in the year
. 2010 1is estimated. to.be 810 houses ‘and 26 houses per km<,

respectively, These figures are used for the estimation
of the project benefit for the long—term plan,

'As for the urgént plan, it is, on the basis of the present’
" study, estimated that 28 farmhouses in the Study Area will

be submerpged due to flood dlscharges of over 2-year retuarn
perilod.

The Study Area contains various types of buildings, -such
as residence, farmhouse, shop, factory, office, church,
etc., and their appraisements are also multifarious._
Since it is difficult to appraise these buildings indivi-
dually, in the present study, the farmhouse, which occu-
pies the greater part of buildings in the Study Area, is
adopted as the object of asset evaluation. For con-

venlence, all buildings are described as houses in this
report.

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

- at Q3,750: 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 basis of production and cultivated area of each crop
in recent years in the Department of Escuintla, The
values are used not only for the urgent plan but also for
the 1ong—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 6-35.

2,3.3 Rates of Damgge to Assets

(1

Road and Railway Bridges

It is assumed that two (2) bridges on the railway will be

. washed away by floods with discharges of over 2-year

treturn period, based on the study result on the past
floods. In this case, the damage is given as a loss of
appraisement of the rallway bridges mentioned in 2.3.2(1},
and its amount 1s estimated at US$650,000, consisting of
US$230,000 for the Achiguate railway bridge and. US$420,000
for Ehe Pantaleon railway bridge. As for the two (2) .road

‘bridges on CA-2, it is assumed that a part of the bridge

structure will be damaged by floods with discharges of
over 2-year return period and the damage is given as the
repairing cost. Its amount is estimated at US$175,000,
consisting of US$100,000 (or 10% of the appraisement) for
the Achiguate road bridge and uss$75, 000 {or 10% of the
appraisement) for the Pantaleon road bridge.
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(2) Transportation System

The flood damage to the ‘transportation system is mainly
studied on:the road traffic, because the transportation
volume by railway is very little.

Traffic on CA-2 is assumed to be interrupted 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 interruption,
the concern of passengers and offices will be to select
from either waiting or making detours using other roads.

Based on the origin and destination survey (0D~Surveyi/)
on CA-2 and conditions of roads connecting to CA-2, the
following things are assumed to estimate the flood damage
to transportation system.

(a) About 90% of the number of vehicles running on CA-2
in the Study Area will come from or go to Guatemala
City, Escuintla City or theilr surrounding areas
(refer to Table 6—6).

{b} Due to the interruption of traffic on CA~2, the
above—mentioned vehicles Will select the CA-] route
through Cocales. and Godinez from the economical
viewpoint. In this case, the damage will be given as-
an increase in cost due to the extended traveling °
distance and time of vehicles.

(c) The rest vehicles of 10%, traveling on CA-2 in the
Study Area alone, will be obliged the waiting until
the restration of traffic. The damage to the waiting
vehicles will be estimated as the loss due to suspen-
sion of business activities described later om.

Increase in the cost for a ﬁehicle-tfaveling between an’
arbitrary origin and distination 1s given by the following
farmula.

(Clr + Cit)(Ll - Lz) YRR RN R RN (6 1)

where, di increéase in cost for an i-vehicle,

i ! kind of vehycle,
Cir : running cost'per km for an i-vehicle,
o Cit s time cost per km for an i—vehicle, and
L) and Ly ,

travel distance in case of without and with
the project, respectively. '

A rate of number:by kind of running vehicles has been

‘obtained by the sald OD-survey as shown in Table 6-7.

Such a rate 1is naturally to undergoes a change by day of

'OD—Survey was carried out on CA~2 close to the Achiguate

and Pantaleon rivers for two days of 4th and 5th July,

1984, by the JICA Study Team in. cooperation with CAMINOS,
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(3

(4)

the week and the month or the weather. In the present

‘study, this rate is however applied to the estimation of

flood damage to the transportation system, because there
are no available data in Guatemala, besides the Lesult of -
the above-mentioned OD-Survey.

The traveling cost (Cir and Cit) varies with kind and
running speed of vehlcle as shown in Table 6-8, Cir is
composed of costs of materials such as fuel, oil, tire,
etc,, and the fuel cost accounts for 80% of the running
cost, Cit is estimated on the basis of the per capite CDP
of Guatemala, with reference to the time costs which are
being applied in Japan and other countries.

Ly is given as a distance on CA-2 and its connection
routes, whereas L) is given on CA-l and its connection
routes as described in the above (b). As illustrated in
Fig. 6-2, L; > Ly obviously,

Fig. 6-~2 shows the mean running speed of vehicles together
with the travel distance on the related routes, Where,
the mean running speed of vehicles was estimated on the
basis of observation of running vehicles and running test

: by an experimental car,

Goods and passsngers to be'transportedibYrailway_will also
be to select either waiting or making the conversion from
railway into road until the damageéd bridges are restored.

In the present study, the flood damage.to raflway
trarnsportation 1s simply dssumed to be 5% of that to road
transportation, in proportion to both transportation volu~

mes by road and railway.

Houses; Household Effects ahd'Agricultufal Products

The damage rate of the assets submerged will be given as a
function of the water depth and duration: of submergence.
However, since there are no available data, in this
country, the damage rate used in thetropic zone has been
applied to this study,

Table 6~9 shows the damage rate of the assets, such as
houses, household effects and agricultural products;
where, the damage rate means the rate of reduction in
appralsement of houses and household effects submerged and
the rate of decrease in production of the farm crops sub—-
merged respectively.

Business Activities

Some aspects of the business activities of inhabitants and

_offices around and in the inundated ares will he suspended

during the period of inundation. Since it- is, however,
very diffieult to. clearly estimate such a loss in the. pre-
sent gtudy, the loss is assumed to be 6% of the total
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2l.3'4

damage to houses and household effects, with reference to
the similar projects in the tropic Zzone.

(5) Public Facilities

Public facilities, except bridges on CA-~2 road and railway
mentioned in (a) of this sub~section, such as electric
power and water supply systems, agricultural facilities
and roads in the Study Area will be damaged due to the
unundation. Jlowever, it is also difficult to clearly
estimate the damage. In the present study, the damage is
therefore assumed as 60% of the total damage to houses and
household effects, in the light of similar projects in the
tropic zomne.

Econimic Benefit
The sediment and flood damage is estimated for the respective
probable discharges of 2-year, 5-year, 10-year and 30-year

return periods.

Using this sediment and flood damage, the average annual damage’
is generally given by the following formmla: :

Qm . . .
d = f D(Q).P(Q)-do [N ERNEEREERERENE RN N NN NEINNNNNENEH}N) (6.2)
Qo
where; d : average annual damage,
Q ¢ flood discharge,

- D{Q): damage caused by flood discharge Q,

"P(Q): probability of occurrence of flood discharge Q,
Qm : maximum flood discharge, -

"Qo :: 1innocuous discharge, and

dQ : infinitely small dischafge

If the Project is executed under the design flood discharge of
Qn £ Qm), it is expected that the average annual damage will
be reduced in accordance with the formula 6.2, Such a reduced
damage 1s given an average annual benefit of the Project.

Calculation of the average annual benefit is actually made by

" ‘using the following difference formula:

) n : . :
B, = 121 1/2 [D€Q4-1)4D(Q4)]*[P(Q11)-P(Q1)] +evers (6.3)

1= 1, 2, 3,. O_lll..., :l'l"l,- n

IWhere, D(Q4-1) and D(Qi) mean damageé caused by (i-1)th~-flood
"with Qy..;. discharge and (i)th-flood with Qi discharge, respec~ .

tively, and P(Qi_l) and P(Qi) mean probabilities of occurrence

.of larger discharges than Q.3 discharge and Q; discharge,

respectively. P{(Qq_1)- P(Qi), therefore, will be a probability
of occurrence of the discharges between Q;_; and Q;, namely it
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will be given as a difference in reciplocals of two return
perlods of Q4-) and Qi.

‘Using the Formula (6. 3) mentioned above, the average annual
benefit is estimated for the respectlve assets in the flooded
area as follows: -

{1) Road and Railway bridges

As desecribed in Sub-section 2.3.3(1), the damages to the

bridges on railway and CA-2 road are estimated at é%?
US$650,000 and US$175,000, respectively, due to the floods

with discharges of over 2-year return period.

By applfing the formula (6.3) to these damages, theé average
annual benefits are calculated as follows:

Unit: US$103
Return period {year)
2 J i0 30 50

Assets

Railway bridges 162 357 422 465 475

Road bridges - b4 96 114 126 128

(25- Transportation System

The damage to the transportation system is estimated under
the following conditions:

(a) The traffic volume damaged by floods of the Achiguate
and Pantaleon rivers is estimated at 4,500 vehicles
per day for the urgent plan and 6, 000 vehicles per
day for the long-term plan. '

(b) The period of ‘traffic interrubtion is estiﬁated at 20
* days in case of floods with over :2-year return
period, judging from the flood damage 1n the past.

(¢) During the above-mentioned period, the traveling cost
of vehicles is increased for 90Z of the traffic
volume described in (a) (refer to Table 6-4).

(d) Increase in the traveling cdst pef.vehicle is calcu—
lated using the formula (6,1) of Sub-section 2.3.3.

‘(e) As deseribed in Sub-section 2. 3.3, the damage to
railway transportation is included in the total
damage to the transportation system at the rate of 5%
of that to the road transportation.

Based on the above-mentioned conditions, the damage to the
transportation system is estimated to be 1,234 x. 103 yss
for the urgent plan and 1,646 x 103 US$ for the long-term
plan, due to floods with over 2-year return period.
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Using these damages, the average annual benefits of the
project on the transportation system are calculated as

follows: _
Unit: US$103
Return period (year)
Plan ) 5 10 30 50
Urgent plan 309 680 802 884 900

Long~-term plan 412 907 1,070 1,179 1,198

(3) ‘Houses and Household Effects

The flood damage to houses and household effects is
generally calculated by the following formula:

=)

D"‘-‘ Z (A1R1+A2R2)i R N EEE N EEEENE RN N W] (6.4)
1=1 .

where, d : flood damage to houses and househliold effects
submerged,

A; and A9 : appraisements of .a house and its household
effects, respectively (refer to (3) of Sub-
section 2.:3.2), . .

Ry and Ry : damage rates to a house and its household

. effects, respectively (refer to {(3) of Sub-
section 2,3.3), and
n: number of houses submerged.

" The dﬁmage to houses and household effects is actually
estimated under the following conditionS'

{a) Number and locations of houses to be submerged by
floods can be obtained using the housing census in .
1981, the land use map and the flooded area shown in
Table 6-2.

(b) The water depth required to estimate the flood damage
ie given for the respective return periods of floods
as shown in Table 4-2 in Sector 4, River Improvement
Plan. :

(¢) The damages to business activities and public facili-
ties, which are explained in (4) and (5) of Sub-
section 2,3.3, are included in the damages to houses
and household effects.

Using such flood domages, the.average annual benefits of
the Project on houses and household effects can be esti-
mated. The results are given in the succeeding Sub~.
sections 3,2 and 4.2,
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3.

3.1

(4) Agricultural Products

The flood damage to agriculthral products is given by the
following formula:

n
D = X (P'Y'A'R)i tesscasssndssbosbrbanany (6-5)
i=1
where, i1 : kind of agricultural products (1}, 2, ..., n)},
: damage to agricultural products,
: unit price (refer to Table 6-5),
: unit yield (refer to Table 6-5),
¢ inundation area, and
¢ rate of decrecase in yield due to inundation
(refer to Table 6-9).

=T

The inundation areas for the respéctive agricultural pro-
ducts can be estimated using the land use map and the
flooded area shown in Table 6-2.

Using the damages calculated under the above—mentioned
conditions, .the average annual benefit of the Project on
the agricultural products is calculated. The results are
given in the succeeding Sub~section 3.2 and 4.2.

FEOROMIC EVALUATION FOR THE LONG~TERM PLAN
Econonlc Coét

The economic cost of the project is obtained by making some’

adjustménts, as described ‘in Sections 1 aﬁd'z, on the financial .

cost estimated in Sector 5, Construction Plan and Cost
Estimates, of the Supporting Report.

The economic cnnstruction cost of the project vnder the pro-
posed long-term plan is estimated at US$46,633 million, con-
sisting of the foreign currency portion of US$28.570 million
and the local currency portion of US$18.063 million. The
annual disbursement of the economic construction cost is shown
in Table 6-10.

The econimic operation, maintenance and replacement costs (OMR
costs) are estimated at US$500 thousand per annum throughout
the economic life of the project after the construction work is
completed, The annual flow of OMR costs, including those for
the comnsiruction period, is alsc given in Table 6~10.

Economic Benefit

The maximum area Inundated due to floods of the Achiguate and
the Pantaleon rivers is estimated at about 14,000 ha in total.
Out of the inundated area, the area of 3,271 ha including 2,054
houses may be saved from the inundation by floods of less than
30~year return period by implementing the long~term plan. The
breakdown of the inundation area is shown in Table 6-8,
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3.3

The benefits that accrue by the reduction in the sediment and
flood damage to assets, are estimated by the method shown in
Sub-section 2.3.4. Table 6-11 shous the economic annual bene-
fits that will accrue by protecting Assets B, for the respec-
tive flood discharges of 2-year, 5-year, 10-year, 30~year and
50-year return periods.

As is obvious from the figures in the table, the economic
annual benefit for a 50-year return period is only a little
higher than that for a 30-year return period. On the other
hand, the basic construction costs for 5-year, 10-year, 30-year
and 50-year were estimated to be approximately US$40.0 million,
US$44.0 million, US$50.0 million and US$57.0 million, respec-
tively. As a result, EIRR of the project has been roughly :
estimated at 5%, 6%, 5% and 4%, respectively, namely, these
percentages are relatively of the low economic viability.

Therefore, in the present study the sediment .and flood control
plan under the 30-year return period is proposed as the optimum
long~term plan on the basils of social requirements, as men-
tioned in Section 1.

The economic annual béﬁefit under the proposed 16ng—term plan
that will accrue during the period of economic life of the pro-
ject is estimated at US$3.478 million, consisting of the

following items:

Annual Benefit

Item (Us§103)
(1) Railway Bridges o : 465
(2) Road Bridges 126
(3) Transportation System . 1L,179
(4) Houses and Household Effectsl/ - 651
"(5) Agricultural Products 1,057

.Total : : 3,478

The annual flow of benefif, including partiai annual benefits
that will accrue for the construction period is also given in
Table 6—10.

Economic Evalqation

EIRR, together with B/C and NPV in cases discounted at the
rates of 5% and 6%, is summarized as follows:

. B/C NPV (Us$103)
_ EIRR  Discount Rate Discount Rate

Item _ (%) {5%) (6%2) (5%) {6%)
Proposed Long~Term Plan 5.1 - 1,01 0.92 446 3,411

1/ Includes benéfits Tor business activities and public faci-
1ities such as electric power and water supply systems,’
agricultural facilities and roads 1n the inundation area.
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4.

4.1

4.2

The result shows that the project under the proposed long—term
plan is relatively of a low economic viability. However, the
percentage of EIRR is within the range of ‘the waximum and the
minimum interest rates of the flnancing agencles in Guatemala
as described in Chapter IV of the Main Report, and it is close
to the standard rate for economlc evaluation defined in the

"same chapter.

This result gives a general evaluation from the economic
viewpoint for the long-term plan. Further study on the econo-
mic evaluation will be carried out for the urgent plan, as
described in the succeeding section.

ECONOMIC EVALUATION FOR THE URGENY PLAN

Economic Cost

The economic cost of the project under the urgent plan is esti-
mated on two {2) cases; Proposed Plan and Alternative Plan.

The economic construction costs are summarized as follows:

Foreign Currency Local Currency

. Portion Portion Total
Plan . (US$103) (uss103)y  (us$10d)
Pfoposed Plan 8,835 5,815_: : 14,650
Alternative Plan 8,256 7,281 15,537

The annual disbursements of the economic construction costs are

shqwn in Tables 6-12 and 6-13.

The annual OMR Costs are estimated at US$260 thousand for the
Proposed Plan and US$540 thousand for the Alternative Plan
during the period of economic 1ife of the project after the
construction works are completed. The annual flows of OMR
Costs, including those for the construction period,  are also
given in Tables 6-12 and 6-~13.

Econhmic Benefit

“The area, which may be saved from the inundation by floods of

less than 10-year return period by implementing the urgent plan
is estimated at 291 ha including 28 houses, as shown in Table
6-3. (Refer to Fig. 6-3.)

The benefits, which accrue by the reduction in the sediment and
flood damage to assets, are estimated by the method shown in
Sub—section 2,3.4. Table 6-14 shows the economic annual bene-
fits under the respective return periods of 5-year, lO-year and
30-year. ‘On the other hand, the basic construction costs under
the above return periods are estimated at approximately
US514.,0 million, US$15.5 million and US§$22.0 million, respec—
tively. EIRR of the project is roughly éstimated to be 6%, 7%
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4.3

and 5%, respectively, i.c., ETRR for the 10-year return period

is the highest.

The economic annual benefit of the project under the urgent

plan with 10-year return

period is estimated at

US81.465 million for either the proposed and the alternative

plans, consisting of the

following items:

Annual Benefit

Item (Us$103)

(1) Railway Bridges 422
(2) Road Bridges 114
(3) Transportation System 802
(4) Houses and Household Fffect&_f 38
(5) Agricultural Products 89
Total 1,465

The.benefits will accrue
the project. The annual
benefit that will accrue

during the period of -economic life of
flows of benefit including partial -

_ for the construction period are shown
in Tables 6-12 and 6-13. '

Economic 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 as
shown in the following table, together with B/C and NPV in
cases discounted at the rates of 6% and 72 per annum,

B/C NPV (US$103)
_ EIRR Discount Rate Discount Rate

Plan (%) (6%) {72) (6%) (7%)
Proposed Plan 7.3 1.12 1.06 1.779 774
Alternative Plan hoh 0.93 0.87 ~1,211 -2,152

EIRR of_thé project is not so high for either of the two plans,
but EIRR for the proposed plan exceeds somewhat the standard
rate of 6.5% mentioned in Chapter IV of the Main Report; there-

fore, it has been identified to be economically viable.

In addition to the above, it must be emphasized that the pro-
ject has the soclal needs more seriously, and its’ implemen-—
tation will generate great soclo-economic impacts, as descrlbed'
in the succeeding section.

The economic viability of the project is further discussed
under the sensitivity test.

lf Tncludes benefits for business activities and public faci-
litiee such as electric power and water supply systems,
agricultural facilities and roads in the inundation area.
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q.4

Sensitivity Test

The estimates and assumptions in the present study .have been
arrived at after careful study based on professional experience
and expert judgment, but there always remains the question as
to the degree of reliability of inputs. It is customary,
therefore, to test the results of economic analysis for sen-
sitivity to variations im certain important inputs.

In the pfeeeht study, most of the important inputs have been
quantified afer careful study, The sensitivity test is, there-

“fore, carried out to only the variations in the total

discounted costs and benefits, without any examination of the
variations in the major inputs. The test is made for the
variations in 5% and 10% of the cost and benefit with respect

to EIRR of the proposed plan for the urgent project, and the
results are given in Table 6-15.

For 1nstance, in two cases such as SZ decrease in benefit and

5% increase in’ cost, EIRR still holds a higher rate than the

standard rate of 6. 5%, and it is identified to be ‘economically .

viable. While, in case of 10% decrease in benefit or 10%

increase in cost, it becomes slightly lower than the said stan—
dard rate.

Socio=Economic Imoacts

Aside from the benefits discussed earlier, the following
cffécts would be produced from the implementation and comple-—
tion of the sediment and flood control w01ks.

(1)  stimulative effect for the promotion of the development of
' the socio~economy in the south coastal region by secutring
the safety of transportation on the main national road of
CA-2 and the national railway;

(2) stabilization of the people's livelihood in the Study Area’
by the reduction in flood menace, improvement of environ-
mental conditions and the effective use of land; and

(3) greater employment opportunities for people in and around

the Department of Escuintla through the 1mp1ementat10n of
the construction works.
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Table 6-3 TNUNDATION AREA TO BE RPOTECTED BY URGENT PLAN

Inundation Area (ha)

River Basin ::ﬂ:i: of _
. ‘Sugar Cane Maize Pasture Others . Total
Achiguate 20 | 6 | 40 150 35 231
Pantaleon 8 19 0 33 8 60
Total 28 - 25 40 183 43 291
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Table 6-4  SHADOW EXCHANGE RATE. (SER) .ESTIMATED ON THE BASIS OF
AMOUNTS AND DUTIES OF IMPORT AND FXPORT, 1976 - 1980

Unit: Milllon Quetzales

Year
Iten 5
1976 1977 1978 1979 1980
Import(CIF)
Amount (1) 838.4  1,052.5  1,260.7  1,449.4  1,559.1

Duty(d1i) 48.5 77.1 82.5 83.3 81.5
I+ di 886.9  1,129.6  1,343.2  1,532.7  1,640.6
Export(FOB)

" Amount(E) 760.3  1,160.2 . 1,111.6  1,217.1  1,472.8
Duty(de) 49.1 151.6 158.4 129.2 146.9
E - de 711.2  1,008.6 953.2 +1,087.9  1,325.9
I+E 1,598.7 2,212.7  2,372.3  2,666.5  3,031.9
I+d1+E~de 1,598.1  2,138.2  2,296.4  2,620.6  2,966.5
SER = . 1.00 0.97 0.97 0.98° 0.98

Note: SER = I+E/I+di+E-de
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Table 6-5 UNIT YIEID AND UNIT PRICE OF ACRICULTURAL CROPS
' IN THE DEPARTMENT OF ESCUINTLA IN 1984

Unit Yield Unit Price

Crops . (kg/ha) __(Q/kg)
.Sugar _ : 8,000 . 0.350
Pasture (Q/ha) /1 T 225
Maize - 850 0.240
Cotton 1,700 1.200
Banana 60,000 0.200
Orchard /é | 60,000 | 0.200

Coffee ' 550 3.200

Upland crops £3. 25,000 0.300

/1l ¢ ‘estimated on the basis of the production of beef and milk
.12_: dfange.aqd other tree fruits |

/3 + vegetables, beans, etc., except sugar.éaﬁe and matze
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Table 6-6

IN THE STUDY AREA

OD*DISTRIBUTIbN OF VEHICLES TRA&HLING ON CA-2

o Undt : ¥

Origin
(or Destination)

Destination
{or Origin)

" Traffic Yolune

1. Guatemala City and
its Surrounding Areas

_2. - do -

30 - do -

4, Escuintla City and
lts Surrounding Areas

5. "'do"'

6. “"dO"‘

7. Study Area

Cocales and Westward

42

Area between Cocales 13
and Santa Lucia
Area between Santa Imcié 8
and Siquinala
Cocales and Westward 12
Area betweeﬁ Cocales 8
and Santa Lucia

Area betﬁgen:Santa'Lucia 7
and Siquinala

. ‘Sub~total 90
Study Area

. Total

100
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Table 6~7 KIND OF VEHICLES TRAVELING ON CA-2 IN THE STUDY AREA

Unit: %

Origin Kind of Vehicles L

or ’ Total
Destination By Py - By By T Ty Ty
I. Guatemala City 26 4 2 15 3N 18 4 100
I1. Escuintla City 14 2 1 1 32 32 18 100

/1 : Py : passenger car (<2,000 CC) and Jeep
P9 : Passenger car (2?,000 ce)
B] : Micro bus (<30 passengers)
By : Bus (> 30 passengers)
T; : Truck (<5 toms)
Ty & Truek (>5 tons, <15 tons)
T3 : Truck (315 ‘tons)
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Table 6~8 TRAVELING COST OF VEHICLE (PER VEHICLE-km)

Unit: USS

Kind of Vehicles 11-
Item .

P1 Py By B . T T3 Q%%

(1) Speed: 45 km/h

A. Running cost  0.0645 0.0895 0.1020 0.1480 0.1078 .0.1396 0.1513

B, Time cost 0.0400 0.0554 0.1328 0.1897 0.0601 0.0759 90.1353
Total 0.1045 '0.1449 0.2348 0.2377 0.1679 0.2155 0.2866

(2) Speed: 65 km/h
A. Running cost 0.0511 0.0719 0.0816 0.1143 0.0852 0.1077 0.1157

B. Time cost 0.0277 0.0384 0.0919 0.1314 0.0416 0.0525 0.0937
Total 0.0788 0.1103 0.1735 0.2457 0.1268 0.1602 0.2094

. (3) Speed: 75 km/h
- A. Rumning cost  0.0526 0.0746 0.,0846 0.1193 '0.0884 0.1125. 0.1212

" B. Time cost __0.0240 0.0333 0.0796 0.1138 0.0360 0.0455_0.0812
Total © '0.0766 0.1079 0.1642 -0.2331 0.1244 0.1580 0.2024

Note: The above costs are values for 2 - 4% or the average road. longitudinal
gradient.

l&_=.P1 : Passenger car (<2,000 CC) and Jeep
Py : Passenger car (»>2,000 CC)
By : Micro bus (<30 passengers)
By : Bus (> 30 pabsengers)
T) : Truck (<5 tons) ©
T2 : Truck (35 tons, <15 tons)
T3 : Truck (15 tons)
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Table 6~9  DAMAGE RATE OF ASSETS SURMERGED

(a) Excludes Siediment Acéummulatlou of Earth and Sand

"Inundation Depth (m)

Assets 0.01 0.25 0.50 0.75 1.00 1.25 1.50 2.00
te to to Lo to- to to to
0.25 0.49 0.74 0.99 1.24 1.49 1.99 2.99
.1« Ceneral Assets
House 0,078 0.151 0.192 0.226 0.258 0.292 0.341 0.439
Household Effects 0.050 D.115 0.167 0.215 0.262 0.307 0.3713 0.499
2, Agricultural Crobs
Sugar Cane 0. 45 0.60 - 0.70 0.75 0.80 0.85 0.90 1.00
Pagture 0.35 0.50 0.60 0.65 Q.70 0.75 0.5%0 0,90
Maize 0.45 0.60 0.70 0.75 0.80 0,85 0.90 1.00
Cotton ) 0.40 0.60 - 0.70 0.80 -0.90 1.00 1.00 1.00
Banana 0.10 0.25° 0.40 0.50 0.60 0.70 0.80 1.00
Orchard f1 0.05 0.10  0.15 0,20 0.25 0.30. 0.40  0.50
Coffee 0.20 0.40 0.50 0.60 0.70 0.80. 1.00 1.00
Upland Crops {2 0.55  0.70  0.80  0.85 0.90  0.95 1.00  1.00
(b) Inclides Sedimﬁnt Accumulation of Earth and Sand
Inundation Depth (m)
Assets 0.01 0.25 0.50 0.75 1.00° 1.25 1.50 2.00
T to " to to . to to to to to
0.25 0.49 - 0.74 0.99 1.24 ° " 1.49 1.99 2.99
] N
1. Ceneral Asgets
Housge 0.117 0.227 .0.288 0.329 0.387 0.438 0.512 0.659
Househpld Eﬁfects 0.075% 0.173  0.250 0.322 0.393 0.460 0.560 0.749
‘2. Agricultural Crops
Sugar Cane 0.65 0.90  1.00 1.00 1.00 1.00 1.00  1.00
.Pasture 0.50 G.75 0.90 1.00 1.00 1.00 1.00 -1.00
Maize 0.65 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Cotton 0.60 0.90 1.00 1.00 1.00 1.00 1.00 1.00
Banana 0.15 0.40 0.60 0.75 0.90 1.00 1.00 1.00
Orchard il_ 0.10 Q.15 0.25 0.30 0.40 0.45 0.60 0.75
Coffee ¢.30 0.60  0.75 0.990 1.00 1.00 1.00 1.00
Upland Crope /2 0.80 1.00 .1.00 1.00 1.00 1.00  1.00

1.00

{1t orange and other tree fruits
12.’ vegetables, beans, etc., except sugar cane and malze
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'table 6-10 ANNUAL FLOW OF ECONOMIC COST AND BENEFIT AND
' INTERNAL RATF OF RETURN FOR PROPOSED LONG~TERM PLAN

Unit: vss1o3

Economic Cost

Year Gonstruction n Economic Benefit
Cost OMR Cost — g@

1 1,683

2 1,139

3 3,608

4 9,252 100 | 696

5 11,326 200 1,391

6 10,349 100 2,087

7 9,276 400 2,782

8 500 3,478

9 . 500 3,478
10 o 500 3,478 @
t . 1 o ]

1 :l 1

: ' .

: . ,

\ \ :

] ) ] ' . 1
37 ' i 500 : 3,473

Total 46,633 16,000 11,296 ¢
EIRR = 5.1%

/1 : Operation, maintenance and replacement costs
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Table 6~11 ECONOMIC ANNUAL BENEFIT WHICH ACCRUES
' BY PROTECTING ASSETS B

Unit: US$103

Return Teriod

Assets
- 2~year S-year 10-year 30-year 50-year
(a) Railway bridges 162 357 422 465 475
(b) Road bridges b4 96 114 126 128
(¢) Transportation 412 907 1,070 1,179 1,198
gystem
(d) Houses and 210 485 577 651 675
household effects 2y
(e) Agricultural products 386 847 983 1,057 1,076
Total S 1,214 2,692 3,166 3,478 3,551
ll_ Inclﬁdes benefifs for business activities and public facilfties

such as electric power and water supply systems, agricultural
feilities and roads in the inundation area '
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Table 6~12  ANNUAL FLOW OF ECONOMIC COST AND BENEFIT AND
INTERNAL RATE OF RETURN FOR PROPOSED URGENT PLAN

Unit: usslq3

Economié Cost
Year

Conatraction n Economic_ﬂenefitg
Cost OMR Cost —
1986 1,003
1987 830
1988 3,812 52 293
1989 6,830 104 586
1990 2,175 208 1an
1991 260 ' 1,465
1992 260 1,465
. 1993 260 1,468

T ] . '

' ' '

' ' '

. ' '

' ' '

' ' '

' ' '

' C "
2020 : 260 | 1,465
Total ., ' 14,650 | 8,164 46,001

EIRR = 7.3%

1 Operatién, maintenance and replacement costs
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Table 6-~13 ANNUAL:FLOW OF ECONOMIC COST AND BENEFIT AND
: INTERNAL RATE OF RETURN FOR ALTERNATIVE URGENT PLAN

Unit: US§103

Economic Cost

Year Tonstraction n " Economic Benefit
Cost . OMR. Cost —

1986 1,005
1987 1,114
1988 5,012 108 293
1989 6,445 216 586
1990 1,957 432 1,172
1991 : 5;0 1,465
1992 . 540 1,465
1993 | 540 1,465

1 _ | ' : L 1

' ' -

. 1]

' ' b

' ' '

' ', .

' ' .

' ' '

' ' '
2020 s 1,465

Total 15,537 | 16,956 46,001.
EIRR = 4.42

11_; ‘Operation, maintenance and replacement costs
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Table 6-14 ECONOMIC ANNUAIL BENEFIT WHICH ACCRULS
BY PROTECYTING ASSETS "RAIIWAY AND ROAD BRIDGES"

Unit; UsS$LO3

Return-feriod

fosete S5—-year 10;year 30-year @g?
.(a) Railway bridges 357 422 465
(b) Road brldgeg ) 96 114 126
{c) Transportation system 680 802 B84

(d) Houses and

houschold effects L1 3 38 44
{e) Agricultural producfs 75 89 101
Total 1,239 1,465 1,618

/1 : TIncludes benefits for business activities and. public facilifies_ '

such as electric power and water supply systenms, agricultural
facilities and roads in the inundation area
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Table 6-15

RESULTS OF

SENSITIVITY TEST -FOR PROPOSED URGENT PLAN

NPV

Case Benefit Cost E%;? B/C (US$103)
1 10% increase - - 8.5 1.13 1,827
2 - 10% decrease - 8.6 1.14 1,789
3 5% increase - 7.9 1.08 i;103
4 - 5% decrease 7.9 1.08 1,084
5 5% decrease - 6.7 0.98 -345
6 - 5% increase 6.8 0.98 -326
l7 102 decrecase - "6.1 0.92 ~1,069
8 - 10% increase 6.2 0.93  -1,032
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