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Distance from Managua

100< L =150km

150< L =200km

200km< L

Space for managernent or

calamity restoration

There is a enough space

There is not a enough space

‘ The above~mentioned middie

Condition of detour road

There is a detour.

There is no detour.

Much time is required for detour

Type of disaster

Rock Falling (RF.)

Rock Collapsing {R.C.)

Slop slide (8.8)

Debris Flow (D.F.)

‘Scoring of fundation (Bridge)
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=100m
Slope 100< L £200m
Length of slope 200m< L
and Bridge =20m
Bridge 20< L =100m
100m< |
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A.4.3 An Evaluation Points for Restoration level
Evaluation
Sireal Number Distance | Length of — —
R;ute Nan_‘te of of Disaster IivpetOf from slope and Distannce Space for Condition Type of The scale
° | Y | Gritical spots | “***'®" | Managua | Bridge(m) | oM | qorcion | of detour | L eer | . OF Total

Managua road Disaster
1 RF. 100 890 1 1 1 2 5 10
2 R.F. 100 350 1 1 1 2 5 10
Sebaco 3 Bridge 150 293 2 1 1 4 3 i1
4 Bridge 150 18.6 2 1 3 4 1 11
Esteli 5 Bridge 200 62 3 1 3 4 3 14
[ Bridge 200 i55 3 1 3 4 1 12
1 RF. 200 640 3 1 3 2 5 14
8 R.C. 200 280 3 1 3 3 b 15
9 R.C. 200 200 3 1 3 3 5 15
10 R.C, 200 440 3 1 3 3 5 15
Nic1 11 R.C. 200 460 3 1 3 3 5 15
12 R.C. 200 130 3 1 3 3 3 13
13 R.C. 200 360 3 1 3 3 5 15
14 R.F. 200 240 3 1 3 2 5 14
15 R.C. 200 220 3 1 3 3 5 15
16 R.C. 200 120 3 1 3 3 3 13
Yaraguina i7 R.F. 250 110 4 1 1 2 -3 11
18 Bridge 250 64 4 1 1 4 3 13
19 Bridge 250 109 4 1 1 4 5 15
20 R.C. 250 200 4 1 1 3 b 14
21 RF. 250 230 4 1 1 2 5 13
El Espino 22 R.F. 250 145 4 1 1 2 3 11
Sebaco 23 R.C. 150 130 2 5 5 3 3 18
24 R.C. 150 170 2 5 5 3 3 13
25 RC. 150 ag 2 5 5 3 1 16
26 Bridge 150 115 2 5 5 4 1 17
27 R.C. 150 150 2 5 5 3 3 18
Nic3 Matagalp 28 RC. 150 110 2 5 5 3 3 18
29 55, 150 180 2 5 5 5 3 20
30 D.F. 150 150 2 5 5 5 3 20
31 5.8, 150 140 2 5 5 5 3 20
32 5.5. 150 192 2 5 5 5 3 20
33 5.5, 150 45 2 5 5 5 1 18
Jinotega 34 R.C. 150 180 2 5 5 3 3 18
Nich 35 RF. 200 200 3 5 <) 2 5 20
Ocuotal 36 D.F. 250 45 4 1 1 5 1 12
Nic15 - 37 D.F. 250 65 4 1 1 5 1 12
38 D.F. 260 70 4 1 1 5 1 12
L asManog 39 D.F. 250 100 4 1 1 5 3 14
ban Isidon 40 R.F. 150 105 2 5 3 2 3 15
) 41 R.F. 150 235 2 5 3 2 5 17
42 R.F. 150 160 2 5 3 2 3 15
43 RF. 150 115 2 5 3 -2 3 15
44 RF. 150 160 2 5 3 2 3 15
45 Bridge 150 31 2 5 3 4 3 17
46 R.F. 150 77 2 5 3 2 1 13
Nic26 47 R.C. 150 110 2 5 3 3 3 16
48 RF. 150 60 2 5 3 2 1 13
48 R.C. 150 300 2 5 3 3 5 18
50 RF. 150 150 2 5 3 2 3 15
El _Jicalal 51 R.C. 150 90 2 3 i 3 1 10
52 Bridge 150 179 2 3 1 4 1 11
53 RC. 150 280 2 3 1 3 5 14
54 Bridge 150 1.2 2 3 1 4 1 11
Telica 55 Bridge 150 5.1 2 3 1 4 1 11

Evaluation Criteria Paoint,
=100km
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A4.4 Development situation and an Evaluation Points

JICA STUDY TEAM

Route No.

Section

Serial Number
of Disaster
Gritical Snots

The outline of a project

Evaluation Total

Nig1

Sanbenito

Sebaco

Base point

Road improvement construction will be completed in 2002,

o

1.2

Two bridges were reconsiructed by the Japanese grantaide

Sebaco

Esteli

Base point

-

Road improvement construction wili be completed in 2002.

34

Esteli

Yaraguina

5~16

Base point

Road improvement construction will be completed in 2002.

Twao bridges were reconstructed by the IDBC

There is an urban development design in Esteli

— |pa |en |-

Yaraguina

El Espino

17~22

Base point

Road improvement construction will be completed in 2002.

[37]

Road improvement construction between Somot toSan Lucas will be
completed in 2002.

There is an urban development design in Somol

Nic3

Sebaco

Matagalpa

Base point

A bridge was reconstructed

23~27

Grants—in—aid (Denmark) of the shorteut road to Jinotega are determing

Jury Sy [ ) Y Y PN

There is an urban development design in Mtagalpa
j1here is

Matagalpa

Jinotega

28~34

Base point

There is an urban development design in Jinotega

NigS

Matagalpa

El Tuna

35

Base point

ot
ury

Nic185

Yalaguina

Ocotal

Base point

Road improvement construction will be completed in 2002,

One bridge was reconstructed

Improvement construction for the road conect to the chject read and Jq

12

There is an urban developmen design in Osotal

Ocatal

LasManos

36~39

Base point

Road improvement construction wili be completed in 2002.

Four bridges were reconstructed

OO | |— | — {00 | N X |

Nic26

Et Jicalal

San Isidore

40~50

Two bridges were reconstructed

Some new School are built by Japanese grants—in—aide

There is the Plan for road improvement construction project

o et -l K

Telica

El Jicalal

51~55b

Base point

There is the Plan for road improvement construction project

o f—

There is the Plan for improvement construetion project for the road b

etween Lapas~Nic24

Some new School were built by Japanese grants—in—aide

THE STUDY
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Evaluation Criteria

Pint.

Base point

1 ~Section

IRnad improvement construction wili be completed in 2002,

5 “Project

IReconstr'uction of bridge on the obiect road was copleted

2 /Project

There is the Plan for road improvement construction project on the
chiect road .

3 Project

There is the Brigde reconstruction of bridge on Object road was
copleted

1 ~Project

Improvement construction for the road that conect to the ohject road
will be completed in 2002

3 ' Project

There is the Plan for improvement construciion praject for the road
that conect to the object road

1 ~Project

the Project for Education or Urbandivelopement will be completed over
five vears.

2 /Project,

There is the Plan for Education or Urbandivelopement

1 /' Project

PAGE A4-10

ORIENTAL CONSULTANTS CO.; LTD.

in association with

JAPAN ENGINEERING CONSULTANTS CO., LTD.




FINAL REPORTAPPENDIX JICA STUDY TEAM
A.4.5 Review of Score of Stability Survey

Route No. Nic.1

Serial Number

of Disaster Score of Score of Kilometer from Type of

Critical Spots Phase1 Phase?2 ID.No Managua (km) disaster
1 ) _ 78 :NOO'!AZQO . 60.9 . " RF.
2 3{1- NOOTA280 73.2 ‘RF.

~ NDO1A240 "RF.
NO001B230 168.6 RC.

.__N0O1B200 169.8 "RC. -
~_NOO1B190 1707 R.C.

NOG1B170 171.3 R.C.
N0G18150 175.0 R.C.

__N001B120 176.2 R.C.

'NOO1A110 178.7 RF.
NOG1B100 187.3 “RGC._
NO01B07¢ 204.7

NO01AD50 -

Alchapaca
N0O1B030

§ 8

“NOOJAG20 2337
NOOTAQIO 2356 RF.
Sub—total 22spots
Route No. Nic..3
Distance rom
Serial Number Sebacolkm)}
of Disaster Score of Score of (*Bridge: from Type of
Critical Spots Phasel Phase2 ID.No Managua) disaster
23 74 . . 0038420 ;.. i 3.9 ; )

72

0038400 -

80}
0]

34 81 83| - Noo3B120 . 40l . RG..
Sub—total ' ' - 12spots:- NI
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FINAL REPORT APPENDIX
A.4.5 Review of Score of Stability Survey
Route No. NIC.5
Serial Number
of Disaster Score of Score of Distance from Type of
Critical Spots Phaset Phase2 iD.No Matagaiupa (km) disaster
35 716 - 80 NGOSA01D 24.6 R.F.
Sub—total 1 1spots
Route No. Nic.15
Serial Number
of Disaster Score of Score of Distance from Type of
Critical Spots Phasel Phase2 |as Manos (km) disaster

Sub—total 4spots
Route No. Nic.26
between San Ishidoro
Serial Number & Sebaco (km)
of Disaster Score of Score of {(*Bridge:from Type of
Critical Spots Phaset Phase2 ID.No Managua) disaster
40 - ) 7 ' 71 NO26A010 9.0 RF.
41 70 70 NO26A020 2.7 R.F.
' NO26A030 - 19.9 R.F.
NO26A040 20.9 R.F.
NGZGAOGQ : _RF

La Bandertia:, -

H{170+8952

NO26A100

NO26B110

N026A130

N026B140

NO26A150

NO26B160

San Juande Dios .| 1561785

N026B210
>apald

Sub—total

Total

Nic.1,3,5,15,26

‘Rock Falling
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Appendix Bl  Bridge Conditions
Table B1.1 Bridge Conditions ( Jungillal)

Bridge Namel Jungillal Bridge | Rout No. 1 Nic1 Station No. 113+19¢  Construction Year 1956
Outline of Brigde

Grade of river 014 | %

Width of Upper 19.00 | m

Managua El Espino S river Down 2500 | m
2627m , river bed condition [Cohesive soil|

Roughness Coefficient 0.027

Obstruction ratio(%) 4.5
standard span
length(m) 125
Survay Result on First phase )
Stability Abnormality . site situation photograph
- evaluation
foundation of for
rwer5|d!3 50 | total scouring
abutment | 75 _ protection
{ abutment [bank protection 10
- 70
conecting poriion %0
Pier 80 of riverside and 10
dike
Pier i 90 e
Survay Result on Second phas
Hydrogical Survey Result ' Geological Survay Result
. Depth Ground elevation: 453.2 m
maximam m/s 0.081 ;:}
Survay velocity o P 20 {40 ls0 |50 hee
Result i | [
@ for maximam, ;3/s 0.445 -
VEiOGIty SOIL OF BANK
(BLAGK) [N
cathment area | km2 498 P _//'
Runoff Coefficient 0.46 I
Rainfall | 25vears 38.7 X
intensity | 50years 431 -
{mm/h} | 100years 48.1 e
Peak 25years 24628 »
Analysis | discharge [ BOyears 274.28 WEATHERING
result (m3/s} [ 100years 306.1 BROWN)
Velosit: 25years 1.86
clocity
i .
(m/s) Oyears 1.89
: 100vears 1.91
Free —
10Cyears 0 1340
space(m) | WEATHERIG o
1500 ROCK
Reflection of Countermeasure
(i) The lands are used as paddy fields both in upstream area and downstream area. Even in the dry season, water
remains around the bridge. :
(i) Although, even in the rainy season, the river doesn't seem to have water flow, the trace of river scouring is seen
on the upstream side of bridge {the size of scouring is 5 meters from the pier to upstream channel).
(iii) Because owing to the remaining water it is impossible to see through the bottom of scouring, the bottom of
scouring seems to be deep, judging from the size of remaining water in upstream side
(iv) The mad generated by scouring seems to be piled up in the downstream side.
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Table B1.2 Bridge Conditions ( San Nicolas)

Bridge Name | San Nicolas Bridge [ Rout No. l Nic1 Station No. 135+640 Construction Year 1957
Qutline of Brigde ‘
. Grade of river 242 | %
Managuo E! Espino | |width of] Upper 1700 | m
P 12,6 —_— river Down 1350 | m
river bed condition Gravel
i @
© « < ™ .
~ e ] ~ Roughness Coefficient] 0.02
D = 18.0 -
Obstruction ratio(%) -
12,9 5.0 standard span 125
length{m) ’
Survay Result on First phase
Stability Abnormality . site situation photograp
- evaluation " % - i e
foundation of for
rwerstd_e 50| total scouring
abutment | 45 protection :
ahutment fhank protection | 50
100
conecting portion 100
Pier - of riverside and | 50
dike
Pier : 1 -
Survay Result on Second phase
Hydrogical Survey Result Geological Survay Result
N " | Ground 912,15 m
e Y m/s | 0037 S a——
iumali y 0,00 0|20 {40 {60 _jzo 106
esu Q for maximam| _ . /s 0,037 SANDY SLAY I
velogcity T -
cathment area | km2 6.1
Runoff Coefficient 042 >
Rainfall | 25years 96.8 : —
intensity | bOyears 107.7 AN‘Q’E&";‘;ER["D‘ERK
(mm/h) [ 100years 1177 BROWM)
Peak 25years 68.89
Analysis | discharge | 50years 69.94
result (m3/8) | 100years 83.77 850
. 25years 1,72 '
V(‘:L‘J/‘:;‘V BOyears 178
100years 1.84 FRES:;;’;?ES'TE
C'E("a;m 100years | 33 T
m T T SO
jzeol __ GRAY
Reflection of Countermeasure
(i) The revetment of front of abutment in the Managua side and revetment in the upstream side are running off. The
scils behind abutments has been running off, and there is a space behind abutments
(i) The total condition of scouring on the riverbed is not so remarkable.

THE STUDY PAGE BI-2 :
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

IN THE REPUBLIC OF NICARAGUA JAPAN ENGINEERING CONSULTANTS CO., LTD.
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Table B1.3 Bridge Conditions (Las Chanillas)
Bridge Namel Las Chanillas Bridge l Rout No. [ Nici Station No. 150+330 Constructiors Year 1958

Gutline of Brigde
Grade of river 170 | %
) Moroguo || Width of Upper . | 5450 | m
ET—._[/ Espinc —— river Down ' | 4100 | m
616
9 = 9, = river bed conditiorr | - Gravel
T T : ]
i——'ﬁ‘- —‘g’ . i i)
3¥] t = { ! — /i s} -
\ ” B _l__ T 1 Roughness Coefficient 0.028
0.7 07 —||4.4 .
18 o4 18 Obstruction ratio(%) 1.6
standard span
length(m} 200
Survay Result on First phase
Stability Abnérmality . site situation photograph
L evaluation [~ ieRe—"""") - = -
foundation of for I - i :
rwerswl_e 30| total scouring
abutment | 65 protection
abutment {bank protection | 30
70
conecting portion 90
Pier 60 of riverside and 10
dike
Pier - | 90
Survay Result on Second phase
Hydrogical Survey Result . Geological Survay Result
maximam Depeh Ground 29 m Depth Groundelevation: | 22208 m
SR m/s 0.431 m | l ™
iur\raly veloory 0.00] 20 la |0 leo {100 God il 0|70 a6 J6o |e0 |1}
t :
esul Q for maximam| 4, 0.431 e “‘\___“
velocity SO {ARK ) g
cathment area | km2 114.6 . EROWN) . e———"
Runoff Coefficient 0.6 > (OARKBROMN, -
Rainfall | 25years 35 + \1
intensity | B0years | 38 »
{mm/h) [ {00years 42 >
. Peak 25years 668.61 WEATHERNG:
Analysis | discharge | B0years 725.92 .
result | (m3/s) | 100years | 802.32 WEATHERRG
Velocit 25years 4.76
(;"/‘:)y 50years 488
100years 5.03 15
12 80
Clerlance WEATHERNG !
TUFF WEATHERING
() 100vears 2.3 o g
' 15001 =Y
Reflection of Countermeasure
(i) There is a large size of scouring around the plers, _
(i) The vertical alignment of river channel is steep around bridge. The level of riverbed has descended because of
the scouring of bridge foundation.
(i} No large abnormality is seen around abutments.
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Table B1.4 Bridge Conditions ( San Ramon)

JICA STUDY TEAM

Bridge Name | San Ramon Bridge | RoutNo. | Nict StationNo. 151+850  Construstion Year 1957
Outline of Brigde
Grade of river 050 | %
Managua 15,6 CEl Esping|Width of|_Upper 980 |m
- | | N river Down 930 m
| . f'( river bed condition Sandy saif
=
™~
Gy E aJ x>
') 57 i .
— Roughness Coefficient; 0.045
TECT
c.8 Obstruction ratioC) -
(3]
13,5 iy
standard span 98
length(m) )
) Survay Result on First phase
Stability Abnormality . -site situation photograph
- evaluation .
foundation of - for
rlverswl.e 50 ] total scouring
abutment | 30 protection
abutment |bank protection |-50
100
conscting portion 100
Pier - -|of riverside and | 30
dike
Pier I - )
Survay Result on Second phase
Hydrogical Survey Result ) Geological Survay Result
maximam Depth Ground alevation: - 8179 m y
. m/s 0178 W) | eripton
iurvay velocity o8] 26 a0 |5 (20 [100 |
esult a
Q for mai(lmam m3/s 0.008 SOIL & GRAVEL
velocity (DARK BROWN)
cathment area | km2 2.7 220 |
Runoff Coefficient 048
Rainfall | 25years 96.8 >
intensity | 50vears 107.7 -
{mm/h) | 100years 117.7 -
Peak 25years 34.85 WEATHERIHNG -
Analysis | discharge { 50years 38.78 {DARK EROWN)
result (m&/s) | 100years 4238
. 28years 2.36
V(?:’;:gy S0years 2.46
100years 254 —
Clerlance 100years 27 WEA;SE?NS
{m) (DARK RED)
5.0/ S S N
Reftection of Countermeasure
(i) Abutment of former bridge remains in front of end side abutment of present bridge (3m away). The present
abutment is eroded by the water that flows between present abutment and former abutment.
(i) Because the sand is heaped up between start side abutment and the former abutment, the center of river
channel is shifted to the side of end side abutment. Therefore the position of bridge doesnt correspond to the
position of river properly,
(iii) The ups and downs of riverbed is very intense near the bridge although it is unknown whether those were
caused by the natural river flow or by artificial effect. And this makes it impossible to judge which side is upstream
in the dry season
(iv) The vertical alignment of the part where water seems to flow all the time in the river channel is deepest at the
bridge. :
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Table B1.5 Bridge Conditions (Inali)

Bridge Name Inali Bridge | RoutNo. | Niel StationMo. 226+890 Construction Year 1954
Qutline of Brigde

Grade of river - 095 | %
Width of Upper 8400 | m
river Down 9500 | m
Hamague El Lspimo
i " : £d river bed condition Gravel
T i
[ = L -
L - ™ | |Roughness Coefficient] 0.028
24 L B3 0 0E :
= £4.4 Obstruction ratio(%) 11
standard span
length({m) 0.0
Survay Result on First phase )
Stability Abnormality . site situation photograph
. evaluation = oy
foundation of for F W
nvermd.e 30 ! total scouring
abutment | 90 protection
abutment [bank protection | 10
50
conecting portion 100
Pier 100 of riverside and | 10
dike
Pier | 50 ;
Survay Result on Second phase
Hydrogical Survey Result Geological Survay Result
: maximam Depty | Sround elevation: gty | Groom
. m/s 0.271 m (m I
!S:Nai}t, velooity T e 20 |40 |6n 150|100} s lo_i20 {40 |60 [s0 oo
H SURFACE SOL 4] 54_5 = ek -
esu Qfor MAXIMAM| r3/5 0.255 L_oo1| (DaRKBROWN) | . i =
velocity ]
- ANDESITE
cathment area | km2 84.8 WAEQEHE?#EG HARD{BLACK)
Runoff Coefficient 0.59 | (eromy 357
Rainfall | 25vears 417 Fr
intensity | 50years 457
(mm/h) 1 00years 50 —
_F'eak 25vears 579.8 e
Analysis | discharge | 5S0vears 635.18 — (REDGRAY) WEATHERIG
3 | ANDESITE
result (m3/s) 12050year5 aiat; 34 DEST
years i |
T 10,60
V(rl:;rljc;z’;y 50years 4.8 1
100years 492
FRESHDANDESITE
f—=~- {RED GRAY}
Clerlance 100years 1.9 1409
(m) [ WEATHERMNG
1500 1500 ANDESITE

Reflection of Countermeasure
(1) No major damage is seem, the width of river channel was widened by the Mitti flood.

(i) Because the riverbed is a little bit lowered at the bridge spot, the effect of river scouring of bridge foundation

can be seen.
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ON VULNERABILITY REDUCTION ORIENTAL COMS':ULTANTS CO., LTD.
FOR MAJOR ROADS . in associgtion with

IN THE REPUBLIC OF NICARAGUA JAPAN ENGINEERING CONSULTANTIS CO.. LTD.



FINAL REPORT APPENDIX

JICA STUDY TEAM

Table B1.6 Bridge Conditions ( Tacapali)

Survay Result on Second phase

iBridge Name Tacapali Bridge l Rout No. I Nic1 Station No.-  233+245 Construction Year 1954
Qutline of Brigde
Grade of river 030 | %
Width of| __ Upper 9000 | m
Managua Ei Espino river Down 70.00 m
109,3 — '
= 7 | river hed condition Gravel
- TT - = == _‘1\ i .
NN —| .3
o oty 1 o :
- Roughness Coefficient| 0.028
[ L0 A Ain an
7.4 | 218 26.5 ze.l 18.0
) Obstruction ratio(%) 8.8
standard span
length(m) 200
Survay Result on First phase
Stability Abnormality . site situation phot:
- evaluation " T 3
foundation of for )
nversu:i_e 50 | total scouring
abutment | 75 protection
abutment |bank protection | 50
100 :
conecting portion ) 100
Pier 170 of riverside and | 10
dike
Pier | 90

Hydrogical Survey Result Geological Survay Result
- Ground slevation: 09,1 ™m Ground 628 m
oo | m/s{ 0048 |[TSm i
iurvaly veed -y - 20:40 |100¢ .09 _40_{20 lao |eo lso Juoo)
esull 1Q for maximam| o/t o028 || 1o o) | T
velogity sons
cathment area | km2 147,11 (DARK BROAN)
Runoff Coefficient 0.62
441
Rainfall | 25years 30 ERTRI WEATHERING
intensity | 50years 40 = A TURF
ANDESTE { RED GRAY)
mm/h) {100years 45 =
Peak | 28years 88675 | +—
Analysis | discharge | 50years 10134 |—
result (m3/s) {-100years 1266.8 B Rt
v ‘i . 2byears 2.65 - s WEATHERING
a:;‘:;y 50years 278 e ] A(Nﬁ').r
100vears | 2.8 1217 o
Clerlance 1 FRESH ANDESIT
(m) 100y=ears 3 (RED GRAY
154

Reflection of Countermeasure

{i) The revetrment of start side abutment suffers from major damage (although the rehahilitation has been already
done by the rainy season)

(ii} Because the river is curving at right anngle in front of river, the major tracks of river scouring can be seen at
the start side abutment and start side pier. For the reason, the sand was heaped up at the end side of those
structures

(i} The scouring of start side pier is local, 4m in width, 10m in length, and 1m in depth.

(iv) Around the middle piers, it is not clear due to the water, but the depth is 0.5m—1m, the width is 15m, and the
length is 30m.
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Table B1.7 Bridge Conditions ( El Guayacan)

Bridge Namel El Guayacan Bridge | Rout No. | Nic3  Station No. 119+050 Construction Year 1945
Qutline of Brigde

Grade of river 130 | %
Width of Upper 3880 | m|
17.4 river Down 4200 [ m
Sebocec Draims Moiogalpe .
7% > river bed condition Gravel
2 Ya-YaE '
o 1 M " Roughness Coefficient}  0.027
0,4 0.9 0,9 6.4
4.5 4,6 4.6 Obstruction ratio(%) 27
16,9 standard span 125
length{m) :
Survay Result on First phase
Stability Abnormality . site situation photograph
- evaluation i
foundation of for
I’IVBI"S!d.E 50 | total soouring
abutment {100 protectron
abutment |bank protection | 50
100
conecting portion 100
Pier 90 of riverside and 50
dike
Pier | 90
Survay Result on Second phase
Hydrogical Survey Result Geological Survay Result
maxirn'am m/s N/A Depth Ground elevation: m
Survay velooity () Deseription
Result i 0.00 20 :
5 Q for maximam( - N/A i 40 |60 |sg |190 |
velocity ngil  SOILEBROWN)
cathment area{ km2 28.3
Runcff Coefficient 0.49
Rainfall | 2Bvears 38.7 SLIGHTLY
intensity | BQvears 43.1 WEATHERING
(mm/h) 'lUUyears 48.1 ANDESITE (GRAY?)
Peak 25years 149.08
Analysis | discharge | 50years 166,03 6.10
result (m3/2) | 100years 185,29
Velooi 25years 1.02
(;O/t:;y Slvears 1.04 FRESH ANDES
100ysars | 1.07 Cravy T
Clerlance
(m) 10Cyears Q
1140

Reflection of Countermeasure
(i) The type of bridge is arched one, and the obstruction ratio is Iarge

{ii) Because the end side abutment subsided due to the scouring of bridge foundation, the wing of bridge was
broken.

(iif) The position of bridge does not correspond to that of river.
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Table B1.8 Bridge Conditions ( Selis)

|Bridge Name | Solis Bridge | RoutNo. | Nic26  StationNo.  107+533  Gonstruction Year - 1963
Outline of Brigde E
55 Grade of river 200 | %
Width of{ _ Upper 62¢ | m
ARSI AT river Down 580 m
- .
o .S; river bed condition Sand
= [in:
" Roughness Coefficient] 0.016
ol :
Obstruction ratio(%) -

’ i
L__}_L standard span

2.0 length(m) 62
Stability ' Abnormality i site situation photograph
foundation of eva fl;?_tlon '
riverside 50 | total scouring
[abutment | 75 protection
abutment |bark protection | 10
- 100
. conecting portion 100
Pier - of riverside and | 50
dike
Pier | -
Survay Result on Second phase
Hydrogical Survey Result ) Geological Survay Result
maximam m/s N/A n"mpr‘ Ground alevation: 164.52 n
SRurva]¥ velocity 5 _ia (20 a0 [se Jso ros
esu fi ;
Q Te:::?:;nam m3/s N/A SURFACE SOIL
SAND, CLAY, \
cathment area| km2 0.8 (DM%?Q‘@\,,,N, )
Runaff Coeefficient 045 256
Rainfall | 29years 1059
intensity | S0vears 114.7 ‘
(mm/h} [100years | 1234 ANDESTTE
Peak 25years 10.59 BLASK)
Analysis | discharge | 50years 11.47
result | (m3/s) [ 100years 1234 |ty
28years 2.28
Velocity 50 234 WEA;SE: ING
(rn /s) years z (LIGHT BROWM)
. 100years | - 2.37 —
Clerlance WEATHERING
() 100vears 3.4 ANDESITE
m {BLACK)
15,0

Reflection of Countermeasure
(i) The scouring of bridge foundation is intense, and the level of riverbed is 30-40 cm lower than the bottom of
focting of abutment due to the erasion.
(i} The level of riverbed has descended not only a te the part of bridge but also whole river channel. For that
reason, there is ne considerable change in vertical alignment at the part of bridge
(i) The width of river at the bridge spot is natrower that in the upstream and downstream. Because of the progress
of erosion, the HW.L and the free space under the beam are adaquaie.
(iv) The riverbed is relatively solid, but it is covered by the powdered fine—gained soil whose thickness is about
i0cm. So that soil would be washed away casily if there were water flow.
(v} The back of upstream side of wing was eroded largely
{(vi) The slope of river is 2% and relatively steep. And there is a few obstructions. So the velocity of water flow is
fast even if the amount of water flow is quite smail.
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Table B1.9 Bridge Conditions ( Papalon)

Bridge Name l Papalén Bridge | Rout No. I Nic26  Station No. 108+154 Construction Year 1963
Outline of Brigde

Grade of river C 220 | %

. 4.7 ) Width of| _ Ypper 680 | m

San Isidro Telico river Down 700 [ m
river bed condition {  Sand

Roughness Coeffisient ¢ 0018

Obstruction ratio(%) -

1.8 standard span 70
length(m) ’
. Survay Result on First phase
Stabilit Abnormality R site situation photograph
L evaluation — :
foundation of for !
nversld_e 30 | total scouring
abutment | 70 protection
abutment |bank protection 10
90
conecting portion : 80
Pier - of riverside and | 50
dike
Pier [ -

Survay Result on Second phass

Hydrogical Survey Result Geological Survay Result
. - Ground 1714 m
. maximarm m/s N/A °.n'ﬁ" i
Survay velocity e I 26 |0 |oo |50 fran
Result |G for maximam SURFACE SOIL |
1 ___ng1l DarpK BEROMIN)
velocity m3/s N/A —qay -/\-
cathment area| km2 0.6
Runeff Coefficient 046 [
Rainfall | 25years 105.9 WEATHERING P
intensity | 50vears 114.7 BLATK) "<
{mm/h) | 100years 123.4
Peak 28years 8.12 -y
Analysis | discharge | 50years 879 T AND=STE
result (m3/5) | 100years 946 200, (DARK BROWH)
. 25years 247
Velocity 50vyears 281 WEATHER]
(m/s) JUFF
100years 276 (LIGHT BROWN}
0'3(”"‘”“ 100ycars | 300 || s
m) —:I"Msﬁus
gl ANDESITE

Reflection of Countermeasure
i) The scouring of bridge foundation is intense, and the level of riverbed is 30—-40 cm lower than the hottom of
footing of abutment due {o the erosion.

(ii} The level of riverbed has descended not only a to the part of bridge but alse whole river channel. For iha‘t
reason, there is no considerable change in vertical alignment at the part of bridge.

(iii) The width of river at the bridge spot iz narrower that in the upstream and downstream. Because oifthe progress
of erosion, the HW.L and the free space under the beam are adequate.

(iv) The riverbed is relatively solid, but it is covered by the powdered fine—gained soil whose tl'llckness is about
10cm. So that soil would be washed away easily if there were water flow.

(v) The back of upsiream side of wing was eroded largely

(vi) The slope of river is 2% and relatively steep. And there is a few obstructions. So the velocity of water flow is
fast even if the amount of water flow is quite small.
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Table B1.10 Bridge Conditions (San Juan de Dios)

Bridge Name I SanJuan de Dios Bridge f Rout Ne. I MNic26  StationNo. 1564785 Construction Year 1965
Outline of Brigde
: Grade of river 100 %
Width of| Upper 1780 | m
river Down 19.20 | m
son Isidro 17,7 Telica
river bed condition - Sand
i = i —
o o
™~ <ioag I Roughness Coefficient]  0.027
) o i io(% 5
i 73 DJ_L 7.9 ‘ bstruction ratio(%) 2
standard span
length{m) 125
Survay Result on First phase
Stability Abnormality . site situation photograph
— evaluation |2 - .
foundation of i R :
verside 30| total or
rversiae scouring
abutment | 75 protection
abutment fbank protection | 10
: g0
conecting portion 80
Pier 65 of riverside and | 5¢
dike
Pier | 20
Survay Result on Second phase
Hydrogical Survey Result ] Geological Survay Result
H Ground elevation: 398.3
maximam | e | o1ss || Ot =
Survay velogity Description
Result [q 7 - n.90 20 {40 [60 |an j108|
oF maxmami assl 0017 SRRSO T
velocity -
cathment area | km2 9
Runoff Coefficient 0.44 WEATHERING
ANDESITE
Rainfall | 25vears 61.1
intensity | 5Qyears 66.1
{mmn/h) 100years 738 6.00,
Poak ZByears 67.92 £.55WEATHERNG TUFF R
Analysis | discharge | 50years 72,72 "“,'fﬁ;';g{;'g‘e e
result (m3/s) 100years 81.19 538
28years 1.04°
Velocity WEATHERNG |-act |
(m/s) H50vears 1.05 \THER \\-
100vears 107 ]
] 1215 Tl o
Clerlance 100years .1 WEAYHERING
{(m) ; ANDESITE
14.00
Refiection of Countermeasure .
() Because the river flow is split into. 2 way in the upstream. the soils are piled up between columns of bridge
structure in the Telica side whose volume of water flow is small. Further more hecause the river channet inclines to
[the end side, the scouring of abuiment is identified.
(ii) Partially, the scouring has proceeded up to the level close to the floor surface.
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Table B1.11 Bridge Conditions ( La Banderita)

Bridge Name | La Banderita Bridge | Rout No. | Nic26 Station No. 1704352  Construction Year
) Outline of Brigde

Grade of river 1.79 | %
Width of|  Upper 1830 | m
Son Isidro 31,5 : - ;
11__ i Telwg_n river Down 1800 | m
' j ' river bed condition |  Gravel
o @
df =Z-
= ’|_/ Roughness Coefficient|  0.027
Li L1 Obstruction ratiol%). 67
6.2 15,3 6.4 !
standard span
length{m) 125
Survay Result on First phase .
Stability Abnormality . site situation photograph
N evaluation —
foundation of for - E
nvers:d!s 50 | total scouring
sbutrent | 50 protection
abutment |bank protection | 30
100
conecting portion 100
Pier 30 of riverside and | 30
dike
Pier | 20
Survay Result on Second phase
Hydrogical Survey Result Geological Survay Result
; Grouwddevelion s m Groundelevaion: 6 m
maximam | /s | odsz || s
Survay velocity Desciption Descriction
Resuit - [ 0|70 |40 |60 190 1100] o 20 |40 |60 |e0 [100)
eSU; Q for maximam) . o . o047 Sy [ L
velocity I sRPcESL gl =
cathment area | km2 7.3 _ (LEHTEROAN -
20
Runoff Coefficient 0.46 ““EMTU"F?'NG
Rainfall | 2%years 61.1 (LIGHT BROWN)
intensity | bOyears 66.1
(mm/h} [ 100years 73.8 7 -
Peak 25years 60,12 —— Ve
Analysis | discharge | SQyears 65.04 || {CARCEROAN)
FRESHTUFF
result (m3/s) | 100years 72.62 (CRAY)
Veloai 28years 1.19 i
(e;no/csl';y 50years 1.22
100years 126 = |soo8
FRESHTUFF
Clertance 100years 52 (GRAY)
(m)
1

Reflection of Gountermeasure
(i) Although the piers are rigid frame ones, the scouring around the piers are few.

(i) Although the bottom of abutment is bedded at the level of about 3 meter higher than the riverbed, the erosion
has proceeded due to the small distance between the pier and the slope in front of abutment (about 2 meters)

(in) The abutment seems to be bedded on the weathered tuff. The weathering is intense at the exposed part of
front of abutment.
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Appendix B2 Formulary of Solicitude of Environment Permission

MINISTRY OF ENVIRONMENT AND NATURAL RESOURCES (MARENA)
GENERAL DIRECTION OF ENVIRONMENT (DGA)

FORMULARY OF SOLICITUDE OF ENVIRONMENT PERMISSION
MINISTRY OF TRANSPORT AND INFRASTRUCTURE

File No.
I GENERAL DATA

1. Project name:

2. Client name:

3. Client address:

4. Telephone: Fax: E-mail:

5. Type of project (match with x}

Roads [___! Port | Houses i Bridge {
Airport | 1 Others D

Specify:

IT PROJECT LOCATION

1. Department or Region:

2. Municipium:

Boundary:

Zone: i:j Urbane | . Rural l:’

3
4
5. Project location:
6
7

Project dimension:
To annex a plane of the location or a map in scale 1:50.000 of the project location, besides
materials banks that can be use and ways of access to the project.

Il PROJECT DATA

1. Characteristics: (a) New D (b) Rehabilitation D
(¢) Enlargement l:l (d) Reconvert l:
(d;) Change of traced
(d,) Asphalt :
(ds) Bridges construction :
{d,) Others :

Direccién de Control Ambiental- 31 de enero de 2002,
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2 Project phase:

Profile { | Feasibility | | Pre feasibility | I Design D

3 Little description of the project (identify and describe relevant actions of the project -or
susceptible technologies of produce environment impacts):

4 Indicate in the land where will be locate the project, in a perimeter of 1000 m, the existence of:

Protected Areas E] Rivers, Flowing } Estuaries|

Corals Reef | Archeological and Cultural goods |
Others 1
Spicify:

5 Describe the representative activities in the area of the project :_

6 Does the project stop or affect the use of others naturals resources for the local population?

Yes{:! NOC]

Specify:

7 Will be built access roads to the place of the project: Yes I:E No 3

8 Are you thinking in the exploitation of loans banks during the construction?

Yes D No D Situate in a map

9 Do you count with the special permission to the exploitation of the materials banks or are they
in process?

Explain:

10 Will be affecting the vegetable cover in the phase of construction of the project?
Yes [: No !:—___

11 Will be displacement the population? Yes! ] No

Specify the families’ number:

2
Direccién de Control Ambiental- 31 de enero de 2002.
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v SERVICE THAT DEMAND THE PROJECT

Water resources in the phases of construction and functioning

Providing Sources

Consumption (m°/dia)

Construction Functioning
Connect to the net No
Well No
Others Supply Yes, it will depend of
{Specify): Rivers the engineering
study

Water table deep: this will determinate the engineering study

v ENERGY DEMAND

Providing Sources: __ ___ Quantity (Kw/h)

Indicate if you possess others providing sources :

Type of combustible used

{by time unit)

Used quantity to generate the electric fluid

Form to store the combustible

Point of final discharge to the affluent of the domestic or industrial residuals waters .

(Match with a X).
River
Lake
Drain

Impounding

JUUL

Open sca

Ravine or rivulet

Municipal sewerage -

Others

JU

16. Describe the type of solids residue generated and previous disposition, including the method
of transport to the place of the final disposition. (Use additional pages)

17. Describe the emissions type that are generating to the atmosphere and prevent method. (Use

additional pages).

18. Indicate the repercussion of the project in the community, taking note of any opinion that
have been formed about the project by the mayors office, the associations, the community

and the regional government.

Direccion de Control Ambiental- 31 de enero de 2002,
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I confirm that all the information in this instrument and the attach annex are truly
and correct, and by this way I ask the solicitude of environmental permission for the project
before mentioned.

Sign

Date of the Solicitude:

Date of received in the E.I.A. office:

Sign and Stamp of the management of the E.LA. office:

NOTE: PRESENT ORIGINAL AND COPY OF THE FORMULARY (ATTACH DETAILS OF:
PROJECT DESCRIPTION, PLANE OF LOCATION AND OFFICIAL RECEIPT OF THE
OFFICIAL CASH BOX OF THE PROCESS PAYMENT FOR THE ENVIRONMENTAL

PERMISSION).

4
Direccidn de Control Ambiental- 31 de enero de 2002.
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Appendix B3  Cost/ Benefit Data.
Cost-Benefit Analysis
[“ase Case |
[Site Na 1 [NDO1AZS0 A-Node 1108 [ B-Nade 706 | Maintenance
Site Name INIC 1, 60.9 JLink tength (km) 312 ] Cost per km
1340
[Type of Disaster Rock Fall_} [PermanentTemperary (P | T i
|Discount Rate (%) | 10} | Discount Period | 18]
[Risk : Without Prevention Measures Road wilt fail in years
[Score 70 [Benefit Factor 70|
2003 2010 2020
Mode Base Disaster Base Cisaster Base Disaster
1 268075 286774 381823 437200 713987 780521 AADT Cars
2 472217 509041 691700 785385 1230257 1361510 Vehicle Pick-ups
3 161758 169458 199148 217435 271850 252703 |¢—— Kilometres Buses
4 193383 208435 305413 343656 560748 611220 input from L Goods
5 131812 13788§ 106698 211780 379407 397997 JICASTRADA M Goods
8 93606 97080 107084 113766 260251 272737 . Tratfic Madet H Goods
Veh. Op Cost Benefits, US §, per year
1000 km [ 2003 2010 2020 Captal Cost
185.5 18699 1265850 45379 3072226 4503773 Estimate US $
2151 36824 2890742 93685 7354419 10303566 413370
529.7 Tr00 1488840 18287 3535899 4032051
549.1 15052 3016767 34243 6863084 10115748
768.2 6073 1702803 12082 3378249 5212432
§78.5 3484 1117100 8672 2139281 4003475
iTotal 11482201 26344168 33171045]
1 4299 5165 6165 7173 11365 13511 AADT Cars
2 7579 9258 10981 12965 18725 23744 Vehicle Pick-ups
3 2686 3079 3136 3524 4340 4985 < Hours Buses
4 3128 4725 4931 5749 8028 10748 input from L Goods
5 2118 2394 3100 2445 6030 8786 JICASTRADA M Goods
8 1558 1737 1683 1840 4141 4516 Traffic Mode! H Goots
Passenger Benefits, US §. per year
VOT, 2002 [ zo03 2010 2020}
2.84 866 921833 1008 1294622 5957328
1.09 1678 6860268 1984 §77985 4280847
149 393 2195038 388 2614461 9383975
1.04 587 232740 818 384725 1748458
1.04 276 107598 346 162732 768526
0.75 17e 50324 157 53251 348224
[Total 4193660 5487777 2249749§l
Value of Time Dase 4.027 1.23¢ 2678 Qccurrence probability 13
Factors. Sensitivity 0.97 0924 0811 Restoration Cost 2000 LSS
<With Prolect>
Capital Maintenance | Total Total Dis-- | Veh Km Veh Hour | Ben Tatai Totat Dis. Benefits Net Pre
Year Cost USS | Cost(US$) | Cost(US $} | counted Cost Benefits Benefits Benefits Benefits - Cost. Value
SUS FIVE] $.US 5US
2002 .
2003 413370 413370 413370 1887485 689369)| O 1333 1333 412037, 412037
2004 0 8267 8267 7441 2236494 7197598 1 1972168 1774952 1963801 1767511
2005 1] 8267 8267 5697 2585503 78148 O 1333 1080 -5834 -5617
2008 0 8267 8267 6027 2934512 780536; O 1333 972 6934 -5055
2007 0 8267 8267 5424 3263521 8108301 0 1333 875 -- 5934 4545
2008 ] 8267 8267 4382 3632530 841320] O 1333 787 " 5934 -4094 |
2008 0 8267 8267 4384 3961538 371710 0O 1333 709 -5034 -3685
2010 0 8267 8267 3954 4330548 §02100| O 1333 638 8834 _-3317
2011 o] 8267 8267 3559 4524963 1181712 O 1333 574 -6934 -2985
2012 0 5267 8267 3208 4719377 1461324 0 1333 517 -£934 -2686
2013 413370 413370 144133 4813791 1740938| 0 1333 465 412037 -143668
2014 0 8267 8267 2594 5108206 2020548 1 4753836 1491804 4745668 1489210
25 o 8267 8267 2335 5302620 2300160} O 1333 377 -5934 -1958
2018 1] 8267/ 8287 2101 5497036 2579771] O 1333 339 -6934 -1763
2017 0 8267 8267 1881 5601448 2858383 O 1333 305 £934 -1586
2018 0 8267 8267 1702 5885864 3138995] O 1333] 278 5934 -1428
2018 0 8267 8267 16532 68080278 3418607 O 1333 247, -£334 -1285
2020 0 8287 8267 1379 6274692 3688219 O 1333 222 £834 -11668
2021 .
2022
2023 g — R—
Total 826,740 132.278] 958018 516,618] _78,870.408] 30,765,652 5,747,338 3,276,470 5,788,319 2,689,851]
- BiC 531
EIRR &%
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Cost-Benefit Analysis

~ Base Case ]
Site No 2 [NOD1AZEBO | A-Node 1108 [ B-Node 110z ] Maintenance
Site Name  [NIC 1. 78.2 |Link Length (km) 364 | Cost per km
1340
[Type of Disaster Rock Fal | [PermanentTemporary (P} | P i
[Discount Rate {%) I 0] |Ciscount Period | 18]
Risk : Without Prevention Measures Road will fall in years |
Score 78 ] [Beneiit Factor 78
2003 2010 2020
Mode Base Disaster Base Disaster Bage Disaster
1 268075 289512 391813 440747 713975 783332 AADT Cars
2 472217 505241 591648 778158 1230257 1342803 Vehicle - Pick-ups
3 161758 169705 199143 217227 271850 281178  [<——- Kilometras Buses
4 183383 209752 309370 344033 560748 610522 input from L Goods
] 131812 137611 199683 210986 379385 396166 JCASTRADA M Goods
8 93606 o7188 107094 113857 260251 272008 Traffic Model  H Goods
Veh. Op Cost Benefits, US §. per vear
1000 km | 2003 210 2020] Capital Cost
185.5 21437 1451317 48834 3312904 4605572 Estimate US §
2151 33024 2592436 88507 6790935 8920604 12339
520.7 7947 1536598 18079 3495681 3737183
549.1 18369 3280724 34663 5947262 9975653
768.2 5099 1682054 11283 3163629 4705208
878.5 3583 1148843 6763 2168469 3789731
[Total 11691972 25873881 35804151]
1 4300 5208 6167 7239 11365 13834 AADT Cars
2 7586 9Me 10991 12749 19747 2335¢ Vehicle Pick-ups
3 2688 3058 2136 3503 4340 4840 < Hours Buses
4 3133 3760 4538 57T 9042 10812 input from  Goods
5 2124 2380 3105 3432 5042 4634 JICASTRADA M Gocds
3 1560 1739 1684 1842 4148 4536 Traffic Model M Goods
Passenger Benefits, LiS §. per year
VOT, 2002 | 2003 2010 Z036}
2.84 908 966646 1072 1376820 6298778
1,08 1530 625148 1758 - 886582 3848378
14.9 372 2077746 367 2472957 8738582
1.04 . BT 240537 839 364602 1799327
1.04 269 104869 327 153796 ) -1431329
0.75 179 50324 158 53590 359220
[Tota! 4065269 5318347 19612855]
Value of Time Base 1.027 1239 2678 Occurrence probability 173
Factors Sensitivity 0.7 0.824 0.811 Restaration Gost 2000 US$
<With Project>
l Capital [ Maintenance Total Total Dis- i eh Km | Veh Hour |Ben Total Total Dis. Berefits Net Pro
Year Cost USS | Cost (USS) | Cost {(US 5) { counted Cost Benefits Benefits Benefits Benefits - Cost Value
$HUS $US $US $us
2002
2003 12339 12339 12339 480492 167066 O 1333 1333 11006 -11808
2004 D 247 247 222 563781 174422] 1 493469 444122 493227 443900
2005 0 247 247 200] 647070 1817798 0 1333 1080 1087 880
2006 D 247 247 180 730359 189136 0 1333 972 1087 782
2007 0 247 247 162 5136848 198492 0 1333 875 1087 713
2008 0 247 247 1465 B9E937 203849 0 1333 787 1087 642
2008 ¢ 247] 247 131 80227 211206 0| 1333 708 1087 577
2010 [{ 247 247 118 1063516 218562] ¢ 1333 438 1087 520
2011 0 247 247 1068 966073] . 2773071 0 1333 574 1087 468
2012 0 247 247 965 870431 336052 © 1333 517 1087 421
2013 0 247 247 ) 773888 394797 0 1333 465 1087 379
2014 0 247 247 77 677347 453542] O 1333 418 1087 34
2015 0 247 247 70 530805 512287] 1) 1333 377 1087 307
2016 0 247 247 83 484262 571032] 0O 1333] 339 1087 276
2017 0 247 247 56 387720 6297771 0 1323 305 1087 249
2018 0 247] 247 B1 251178 658522 _ D 1333 275 1087 224
2019 D 247 247 45 194636 747267 0 1333 247 1087] 201
2020 0 247 247 41 98084 806012 o 1333 222 1087 181
2021
2022
2023 1
Total 12356 4.155] 18635 14,1907 1,507,366]__ 6,950,107 516,138 464,254 459,601 440,064
* BiC 32.01
EIRR 44%
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Cost-Benefit Analysis

[ Base Case |
Sita Na 3 TJunguillal | A-Node 1101 | B-Node 1102 | Maintanance
lSiie Name  [NIC1,113.2 ILink Length (km} 104 | Cost per km
1340
[Type of Disaster Bridge Scouring PermanentTemporary (/1) | T |
[Discount Rata (%) ] 10} Discount Period [ 18]
JRisk . Without Prevention Measures Road wiil fail in years |
|Score 90 IBenefit Factor 0 |
2003 l 2010 | 2020
Mode Base Disaster Base Diisaster Base Disaster
1 268075 280503 3918123 440012 713975 790357 AADT Cars
2 472217 522499 691548 800377 1230257 1399545 Vehicle Pick-ups
3 161758 182602 199148 231323 271850 315491  [<-—— Kilometres Buses
4 193383 214298 309370 351475 560748 632607 input from L Goods
5 131812 141318 199583 214772 376385 408118 JICASTRADA M Goods
[ 93606 58849 107094 115397 260251 278604 Tratfic Modei  H Goods
Veh. Op Cost Benefits, US $, per year
1000 km [ 2003 2010 2020] Capital Cast
185.5 21428 1450707 48199 3263144 5171175 Estmate US §
2151 50282 2047216 108729 8535397 13280452 51825
529.7 20934 4047712 32175 6221228 8438245
5491 20915 4191847 42105 8438800 14402185
768.2 9507 2685658 15089 42306750 8056688
878.5 5243 1681100 8303 2662250 5980844
{Total 17884241 33351616 55538608]
1 4300 5158 6167 7192 11385 13522 AADT Cars
2 7586 9358 10991 13147 19747 24070 Vehicle Pick-ups
3 2686 331¢ 3136 3882 4340 5423 < Hours Buses
4 3133 3807 4938 5890 2042 11018 input from L Goods
5 2121 2497 3105 3586 BC42 7052 JCASTRADA M Goods
5 1560 1763 1684 1873 4146 4714 Trafic Model  H Goods
Passenger Benefits US § per year .
VOT, 2002 I 2003 2010 2020]
2.84 858 913417 1025 1316456 5587864
1.09 1773 724434 2156 1062770 4805907
14.9 833 3535520 716 4824624 15773140
1,04 874 262758 852 447749 2008740
1.04 376 146583 481 206226 1026734
0.75 203 57072 189 64104 416402
[Total 5639783 7941928 29818788] :
Value of Time Base 1.027 1.238 2678 Qaccurrence probabllity 173
Factors Sensitivity 087 0.924 0.811 Restoration Cost 1000 US$
<With Project>
Capital | Maintenance [ Total Total Dis- l Veh Km Veh Hour | Ben Total Total Dis, Benefiis Net Pre
Year Cost US$ 1§ Cost (USS) | Cost(US S} | counted Cost Eenefits Benefits Benefits Benefits -Cost Value
3US $US $US $US
2002
2003 51825 51825 51825 739078 231772] 0 667 567 -51159] 51159
2004 1 1037 1037 933 529298 201770 1 588045 518241 5870090 518308
2005 0 1037 1037 340 912517 171788 _ 0| 667 540 370 -300
2006 [} 1037 1037 756 1008737 141786] 0 667 488 370 270
2007 a 1037 1037 680, 1098956 111764 0 G667 437] 370 243
2008 i 1637 1037 612] 1190176 81782 0l 667 364] 370 218
2009 i 1037 1037 551 1280395 51781 0] 667 354] -370) 197
2010 [ 1037 1037 496 1370614 21759 0 667 319 -370 A77
2011 0 1037 1037 446 1450972 142128] 0| BE7 287| 270 -158
2012 0 1037 1087 402 1651329 P624g8] 0 667 258] 370 143
2013 51825 i 51825 18070 1641657 382860 0 BE7. 232 -51158] A7838
2014 0 1037 1037 325/ 1732044 503227 1 1490848 467844 1489811 467518
2015 [} 1037 1037 293 1822402 523584] 0O 667] 188 370 -104
2016 i 1037 1037 263] 1912759 743961 0 667 168 370 .94
2017 i 1037 1037 237, 2003117 854328] 0 667] 153 378 85
2018 [} 1037 1037 213 2003474 084685 O 867 137 376 76
2019 0 1037 1037 192 2183832 1108063) 0 5657 124 370 69
2020 [i 1037 1037 173] 2274189 1225430 ¢ 67| 111 -370 £2
2021
2022
2023
Total 102,850 16,584 126235 77,307] 27114577 7.851.900] 2.188.560 1,091,541 2,069,325]  1,014,634]
BiC 14.12
EIRR 2%
THE STUDY P4AGE B3-3

ON VULNERABILITY REDUCTION

FOR MAJOR ROADS
IN THE REPUBLIC OF NICARAGUA

ORIENTAL CONSULTANTS CO., LTD.

. In association with
JAPAN ENGINEERING CONSULTANTS CO., LTD.



FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
Base Case ]
l% No 4 |San Nicolés | A-Node 304 [ __B-Nods 101 | Mainienanice
Site Name  [NiC 1, 135.64 JLirk tength (lkm} 208 | Cost per km
1340
Type of Disaster Bridge Scouring Permanent/Temporary (P, T
iDiscnunl Rate (%) 1 13| Discount Period 18]
|Risk : Without Prevention Measures Road will fail in years |
[Score 100 [Benefit Factor 100
2003 J 2310 | 2020
Mode Base Disaster Base Disaster Base Disaster
1 267097 285805 391613 418104 713987 760788 AADT Cars
2 470718 504343 691548 740532 1230274 1313252 Veticle Pick-ups
3 161384 171408 199148 211879 271850 288832 |<-— Kilometres Buses
4 192832 204035 309370 327249 BBO766 562874 input from L. Goods
5 131282 13689t 199683 208428 375407 362346 JICASTRADA M Goads
8 93418 97178 107094, 110753 2602865 269366 Traffic Model  H Goods
Veh. Op Cost Benefits, US §, per year
1000 km [ 2003 2010 2020} Capitat Cost
185.5 18508 1253019 26291 1779940 3166466 Estimate US §
2151 33624 2639537 48884 3837471 8513903 30848
520.7 10024 1638200 12531 2422943 3283570
549.4 11203 2245332 17878 3583362 5435181
768.2 5608 1572702 6846 1919543 3627954
878.5 3758 1204954 3859 1173211 29113856
Total 10863750 14716470 26938459]
1 4299 4731 5166 8754 11367 12543 AADT Cars
2 7584 2364 10988 12062 19743 21999 Vehicle Pick-Ups
3 2685 2041 3135 3438 4340 4826 |&—  Hours Buses
4 33 3361 4936 5319 8023 9938 input from t. Goods
5 2118 2088 3104 3328 6039 6545 JCASTRADA M Goods
8 1558 1654 1683 1768 4143 4478 Traffic Mode!  H Gogds
Passenger Benefits, US §, per year
VOT, 2002 [ 2003 2010 2020]
2,84 432 458902 588 765196 3542195
1.08 780 318762 1074 529413 2403638
14.9 255 1424262 302 2041705 7078251
1.04 260 101381 383 180134 914912
1.04 168 65885 224 105353 514384
0.75 96 25930 86 29169 208934
[Total 2337100 3640971 14662314]
Value of Time Base 1.027 1.239 2878 Oceurrence probability 1/3
Factors Sensitivity 0.97 0924 0.811 Restoration Cost 1000 LS$
<With Project>
| Capita) Ma:nter:ance| Totat Total Dis- | Veh Km Veh Hour IBen Total Total Dis. Benefits Net Pre
Year Cost US$ | Cost {LUS$) [ Cost(US $) | counted Cost Benefits Benefits Benefits Benefits - Cost Value
$US SUS $US 5US
2002
2003 30849 30849 30849 446045 98511] D 667 667 -30182 30182
2004 0 617) 617| 555 466722 105814f 1 383680 345321 383073 344766
2005 0 617 517] 500! 491399 113116] D 667 540 50| 40
2006 i 617] 617 450)] 514077 1204160 667 486 50| 36
2007 0 617] 517 405 536754 127721 © 667 437 50) 33
2008 0 617 617 364] 555437 135024 0 667 304 50 25
2009 1] §17] 517 328 582109 142326] _0Of (4 354 50, 26
2610 i 617 617 25| 504786 149629~ 0 687 319 50| 24
2011 0 617 647] 266 850904] 184022 .0 687 287 50 21
2012 0 617 517 239 857022 240215 0 667 258 50 19
2043 30848 [ 30849 10758, 743140 285509] O BET 232 -30182] -10524
20%4 0 617 517 194 788257 320802] 1 747373 234534 746756 234340
2015 [i 517 617 174 835375 376095 of - 667, 188 50 14
2016 0 6§17 617] 157 881493 421388] 0] BT, 169 50 13
2017 [i 617] 517 141 327611 466681 © 667, 153 50 11
2018 0 517 617 127 573729 511974 0 667, 137 50 10
2012 [i 617 617] 114 1019846 557268] 0 667, 124 50 9
2020 0 617] 617) 103 1065964 602561] D 667, 111 50 )
2021
2022
2023 ] ]
Total 61,697] G872 71569] 46,016] 52787665 49799751 1,141,730 584,712 1,070,161 538,695
BIC 12.7%
EIRR 12%
THE STUDY PAGE B3-4
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

IN THE REPUBLIC OF NICARAGUA

JAPAN ENGINEERING CONSULTANTS CO., LTD.



FINAL REPORT APPENDIX : JICA STUDY TEAM

Cost-Benefit Analysis
. [ Base Case |
[Be No 3 [tzs Chanillas_|__A-Node 308 [~ B-Node 302 | Maintenance
|Site Name____ [NIC 1, 150.33 JLirk Length (km) 114 | Cost per km
] 1240
Type of Disaster Bridge Scourin [Permanent/Temporary (P} | T ]
Discount Rate (%) 10 |Discount Period | 18]
[Risk : Without Prevetion Measures Road will fail in years |
[Score 20 | [Benefit Factor 90 ]
2003 l 2040 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 283215 391613 413404 713976 755041 AADT Cars
2 472247 494278 691548 725035 1230257 1260240 Vehicle Pick-ups
3 161758 189277 199148 208355 271850 285828 [|<—— Kilometres Buses
4 193383 202408 308370 325089 560748 580534 input from L. Goads
5 131812 137046 199683 207544 374385 393355 JICASTRADA M Goods
& 93606 96577 107094 110014 260251 267905 Traffic Model  H Goods
veh, Op Cost Benefits, US §, per year
1000 km I 2003 2010 2020] Capital Cost
185.5 15140 1025000 21591 1451743 2780229 Estimate US §|
2151 22061 1731823 33387 2620932 4767636 233215
529.7 7519 1453843 9207 1760228 2702729
5491 9026 1809018 15729 3152453 57693768
768.2 5234 1467556 7881 2204138 3917036
B78.5 2571 952613 2920 936260 2454157
[Total 8439853 12155754 22381161]
1 4300 4879 8167 7004 11365 12907 AADT Cars
2 7686 8368 10991 12143 19747 21785 Vehicle Pick-ups
3 2685 2940 3136 3445 4340 4785 |<——  Hows Buses
4 2133 3485 4938 5522 9042 10087 input from L Goods
5 2121 2400 3105 3531 8042 6764 JICASTRADA M Goods
5 1560 1692 1684 1621 4146 4507 Traffic Model K Goods
Passenger Benefits, US §, per year
VOT, 2002 [ 2003 2610 2020}
284 579 516397 837 1074598 4280615
1.09 763 319927 4152 567962 2173371
14.9 254 1418676 308 2082135 5481115
1.04 352 137227 584 274669 1041983
1.04 279 108768 428 200358 733663
0.75 132 37111 187 46457 26465¢
[Total 2638106 4246491 14973697]
Value of Time Base 1.027 1239 . 2878 Occurrence probability 1/3
Factars Sensitivity 087 0.824 0.811  Restoration Cost 1000 US$H
<With Project>
Capital Maintenancel Total Total Diis- I Veh Km Veh Hour | Ben Total Tatal Dis. Benefits Net Pre
Year CostUS$ | Cost (US$) | Cost(US S} | counted Cost Benefits Benefits Benefits Benefits -Cost Value
$us sSUsS us sUus
2002
2003 233215] 233215 233215 346843 108415] 0 667, 667 233548] 232548
2004 of. 4664 4664 4198 368659 117858f 1 325011 262510 .320347] 288312
2005 0] - 4664 4664 3778 390474 1273088 0] 667 540) 3958 3238
2006 0 4664 4664 3400 412230 136743] D) 667 486, 3998 2914
2007 D 4664 4664 3060 434105 146188] O 667 437 3998 2623
2008 0 4564 4684 2754 455921 165628] 0 667 394 3598 2351
2008 0 4664 4664 2479 477736 185071 0 887 354 - 3998 2125
2010 0 4664 4664 2231 489652 174513 O 567 219 3008 REH
2011 0 4664 4664 2008] 541615, 218598 0 867 287 3998 4721
2012 0 4664 4664 1807 563678 262682 @ 867 258 3998 1549
2013 233215 i 233215 81317 625741 306767] © 567| 232 232548 -81084
2014 0 4664 4664 1454 667805] 360851] 1 B79771 213319 675105 211855
2015 [i 4664 4664 1317 709868 3g4935] © 667] 188 -3998 -1129
2016 i 4864 4664 1186 751831 439020 © 667, 162 3998 1016
2017 0 4664 4664 1067 793995 433104] G 667, 153] 3098/ 915
2018 0 4564 4664 60| 236058 527189] 0 667 137] 3998 23
2019 i 4664 4664 864 878121 571273 © 687 124 3998 741
2020 [ 4664 4664 778 220185 615357 © 667 111 3998 667
2021 : : .
2022
2003 |
Total 456,429] 74,629 541058] 347,883] 10,694 577]  5301.490 1,015,448 510,686 474,390 162,803
; . BiIC 147
EIRR %
THE STUDY PAGE B3-5
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

IN THE REPUBLIC OF NICARAGUA JAPAN ENGINEERING CONSULTANTS CO,, LTD.



FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
] Base Case |
[Site No [ [sanRamon__ | A-Node 303 |__B-Nade 202 Maintenance
[Site Name  [NIC4, 1519 [Link Length (km) 14 ] Cost par km
1340
[Type of Disaster Bridge Scouring ParmanentTemporary (P} | T |
[Discount Rate (%) [ 10] Discount Period | 18]
rﬁsk : Without Prevention Measures Road wil} fail in YEars [
[Score; 100 | [Beneiit Factor 100 ]
2003 , 2010 | 2020
Mode Base Disaster Base Disaster Base Disaster
1 283075 283215 391813 413404 713975 785041 AADT Cars
2 472217 494278 891648 725035 1230257 1280880 Vehicle Pick-ups
3 161758 169277 199148 208355 271850 285828 |« Kilometres Buses
4 193383 202400 308370 325085 560748 588534 input from L Goods
) 131812 137046 199683 207544 378385 393385 JICASTRADA M Goods
5] 93606 98577 107084 110014 260251 267905 Traffic Modet H Goods
Veh. Op Cost Benefits. US §. per year
1000 krn I 2003 2010 20ﬁ| Capital Cost
185.5 15140 1025060 21591 1461743 2780229 Estimate US §
2151 22061 1731823 33387 2520032 4767836 11105
520.7 7518 1453843 8207 1780228 2702729
549 1 9028 1809018 15729 3152453 5769376
768.2 5234 1467556 7861 2204138 3917035
878.5 2871 952613 2820 86260 2454157
Total 8439853 12158754 22391161]
1 4300 4379 6167 7004 11365 12007 AADT Cars
2 7586 8389 10991 12143 19747 21785 Vehicle Pick-ups
3 2686 2940 3136 3445 4340 4785 < Hours Buses
4 3133 3485 4938 8522 9042 10067 input fram L Goods
5 2124 2400 3105 3531 6042 6764 JICASTRADA M Goods
6 1560 182 1684 1821 4146 4507 Traffic Modei H Goods
Passenger Benefits, US §. per year
VOT, 2002 [ 2003 2010 2020]
284 &7g 816387 837 1074929 4280815
109 783 319927 1152 567862 2171371
14.9 254 1418876 309 2082136 5484115
1.04 352 137227 584 274669 1041983
1.04 279 108768 426 200358 733983
0.75 132 37113 137 464567 264650
[Total 2638106 4246491 14873697
Value of Time Base 1.027 1.239 2678 Qceurrence probability 1/3
Factars Sensitivity 0.67 0.824 0.811 Restoration Cost 1000 USS
<With Project>
| Capital | Maintenance Total Total Dis- | Veh Km Veh Hour |Ben Total Total Dis. Benefits Net Pre
Year CostUSS | Cost (USS) | Cost{US $) | counted Cost Benefits Benefits Benefits Benefits - Cost Value
sUS §Us FUS $US
2002
2003 11105 11108 11105] 346843 108418 0| 867 867 10439 -10438
2004 0 222 222 200 368659 117858; 1 32511 2928510 324788 282310
2005 o 222 222 180 380474 127300 0 B57. 540 445 380
2006 0 222 222 162 412260 138743 0 867 486 445 324
2007 O 222 222 148 434105 146186 O 667 437 445 282
2008 & 222 222 131 455921 155628 O G687 394 445 263
2009 0 222 222 118 477736 165071 5 867 354 445 238
2010 o] 222 222 106 459552 1745131 0 B67 319 445 213
2011 Ju] 222 222 98 541615 218598 0 GET 287 445 hk<xl
2012 0 pris 222 88| 583678 262682 G 667 258 445 172
203 11105 o] 11105 3672 625741 306767 @ 667 232 -10438 -3840
2014 0 222 222/ 70 667805 350851 1 __B79771 213319 679548 213248
2015 0 222 222 63 703868, 384835 O £67] 168 445 126
2018 0 222 222 56 751831 430020; 0 667 169 445 113
207 0 222 223 51 793985 483104 0O B67 153 445 i02
2018 0 222 222 48 836058 5271891 0 667 137, 445 g2
2019 0 222 222 41 878121 571273 O 667 124 445 82
2020 0 222 222 37 920185 618357] 0 667 in 445 74
2021 : -
2022
2023
Totat 22,211 3,554 25765 16,566 10,694,577 5.301.490] 1,015,448 510,688 989,684 494,120
BiC 30.83
EIRR 30%
THE STUDY PAGE B3-6
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

IN THE REPUBLIC OF NICARAGUA JAPAN ENGINEERING CONSULTANTS CO., LTD.



FINAL REPORT APPENDIX JICA STUDY TEAM

Cost-Benefit Analysis
[ Base Case |
[Site Na 7 [NOO1AZ4D | A-Node 302 [~ B'Node 301 | Maintenance
ISite Name  [NIC 1, 168.4 |Link Length {km) 260 | Cost per kn
1340
[Type of Disaster Rack Fei_l PermanentTemporary (P/T T
[Discount Rate (%) 10 Discount Period 18
[Risk : Without Prevention Measures Road wil Tait in years
|Score 84 i Benefit Factor ] |
2003 2010 ‘ 2020
Moge Base Disaster Base Disaster Base Disaster
1 268075 277292 391813 404830 713975 737697 AADT Cars
2 472217 485793 591648 713654 1230257 1267254 Vehicie Pick-ups
3 181758 168566 199148 205011 271850 260087 |<— Kilometres Buses
4 193383 188866 309370 313958 560748 578093 input from L Goods
5 131812 124526 199683 203777 379385 385006 JCASTRADA M Goods
& 93606 95278 107094 108878 260251 254403 Traffic Medel  H Goods
Veh. Op Cost Benefits, S §. per vear
1000 km i 7003 2010 2020] Capital Cost
185.5 9217 624005 13017 881270 1606015 Estimate US $
2151 14576 1144238 22006 1727506 2804323 30082
520.7 4208 §29855 5863 1133646 1592673
549 1 5483 1008918 ©588 1921655 2476336
768.2 2714 760078 4084 1147913 1881601
878.5 1672 536105 1585 508210 1331285
[Total 5093899 7520198 12792322]
1 4300 4538 8167 B726 11365 12375 AADT Cars
2 7586 2105 10991 11738 19747 21043 Vehicle Pick-ups
3 2686 2851 3136 3333 4340 4617  |<—  Hours Buses
4 3133 3353 4938 5316 9042 9698 input from L Goods
5 2124 2314 3105 3398 5042 6528 JICASTRADA M Goods
6 1560 1653 1684 1780 4148 4400 Traffic Model  H Goods
Passenger Benefits, US 5, per year
VOT, 2002 [ 2003 2010 2020]
2.84 388 413080 589 717950 2803775
1.09 520 212488 748 368716 1380813
148 185 921681 197 1327445 4034312
1.04 230 89665 378 177783 B66869
104 163 75241 293 137805 484052
0.75 93 26145 95 32561 186208
[Total 1738161 j 2762260 9566030
Value of Time Base 4.027 1.238 2878 Cecurence probability 1/3
Factors Sensitivity 0.87 0.924 0.811 Restoration Cost 2000 US§
<With Project>
| Capital | Maintenance [ Total Total Dis- | Veh Km Veh Hour IBen Total Total Dis, Benefits Net Pra
Year CostUS$ | Cost (USH) | Cost (US §) | counted Cost Benefits Benefits Benefits Benefits - Cost Value
s US $US $US $US
2002
2003 32082 32052 32082 628015 214294] 0 1333 1333 -30749 30748
2004 0 642 542 E77 667226 232331 1 601038 540034 500396] 540356
2005 0 6542 642 528 706438 250368 0 1333 1080 692 560
2006 0 542 542 458 745647 268405 0 1333 972 592 504
2007 0 640 647 421 784858 285442] 0 1333 875 692 454
2008 0 642 642 379 824069 304479 0 1333 787 [ 408
2005 0 842 542 341 863280 322518 0 1333 709 652 363
2010 0 642 642 307 902490 340553 0 1333] . 638 692 331
2011 0 g42 542] 276 969955) 424435] 0 1333 574 692 258
2012 0 640 542 249 1037418 508317 0O 1333 517 652 268
2013 32082 1 32082 11186 1104884 562198 0| 1333 455 30748 -10722
2014 [i 642 6547 201 1172348 676081] 1 1233620 387123 1232078| 386622
2015 0 642 542 131 1239813 759963] O] 1333 377 8oz 195
2016 i €42 542 163 1307278 843845] 0] 1333 338 692 176
2017 0 [ 842 147 1374742 927721 0 1333 305] 692 158
2018 0 642 542 132 1443207 1011609; 0 1333 275 ) 142
2019 0 642 842 119 1509871 1095491F 0 1333 247 892 128
2620 0 Bdg 642 107, 1577136 1170374 0 1333 223 892 115
2021
2022
2023 —
Tolal 64,165 10.266] 74431 A7,857] 18,857 473] 10,238,227 1,855,951 937,770] _ 1,781,859] 885,914
k BIC 19.60
EIRR 19%
THE STUDY PAGE B3-7
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

IN THE REPUBLIC OF NICARAGUA JAPAN ENGINEERING CONSULTANTS CQ., LTD.



FINAL REPORT APPENDIX JICA STUDY TEAM

Cost-Benefit Analysis

[ "Base Case |
lim No 8 [Mo018230 | A-Node 302 | BNode 301 | Maintenance
Site Name  [NIC 1, 1686 JLink Length (km} 260 | Cost per km
1340
[Type of Disaster Rock Collapse [Permanent/Temporary (PT} | T ]
|Discount Rate (%) | 10 |Discount Period | 18]
[Risk : Without Prevention Measuras Road will fail in years |
[Score 72 | [Benefit Factor 72 |
2003 l 2010 2020
Mode Base Disaster Hase Disaster Base Disaster
1 268075 277292 321813 404830 7130875 737697 AADT Cars
2 472217 486793 681648 713654 1230257 1267254 Vehicle Pick-ups
3 161758 168566 198148 205011 271850 280087  {<—— Kilometres Buses
4 193383 1588656 308370 318958 560748 578083 input from L Goods
5 131812 134526 199683 203777 379385 388026 JICASTRADA M Goods
5] 93606 85278 107094 108672 260251 264403 Traffic Model H Goods
Veh. Op Cost Benefits, US § per year
1000 km I 2003 2010 2020} Capital Cost
3419 9217 1150222 13017 1624437 2560351 Estimate US $
365.6 14576 1545080 22006 20936569 ) 4937028 7404
209.3 4808 1596826 5863 1946867 2735318
891.9 5483 1784955 8588 3121311 5646552
12888 2714 1277689 4054 | 1927361 3159384
1508.9 1672 221421 1585 873457 2288072
[Total 8675972 12430102 21726708
1 4300 4688 8167 &726 11365 12375 AADT Cars
2 7585 8108 10991 11738 19747 21043 Vehicle Pick-ups
3 2685 2851 3136 3333 4340 4617 e Hours Buses
4 3133 3363 4938 5318 9042 2608 input from L Goods
g 2121 2314 3105 3398 6042 6528 JICASTRADA M Goods
) 1560 1653 1684 1780 4146 4400 Traffic Model H Goods
Passenger : Benefits, US §, per year
VOT, 2002 | 2003 2010 2029_]
284 288 413060 689 717950 2803775
1.09 520 212468 748 368716 1380813
149 165 821581 197 1327445 4034312
1.04 230 89665 378 177783 656869
1.04 193 76241 293 . 137805 494062
0.75 o3 26145 96 32561 186208
[Total 1738161 2762260 9566030
Value of Time Base 1.027 1238 2878 Gecurrence probability 13
Factors Sensitivity b.97 0,924 0811 Restoration Cost 2000 USS
<With Project>
l Capital Maintenance Total Total Dig- Veh Km I Veh Hour {Ben Total Total Dis. Benefits Net Pre
Year Cost US$ | Cost(US$) [ Cost{US$) | counted Cost Benefits Benefits Benefits Benefits - Cost Value
$US 5US s US S LS
2002
2003 7404 7404 7404 178273 357181 0 1333 1333] 5070 5070
2004 0 148 148 133 189293 /7221 1 153343 138009 153195 137876
2005 0 148 148| 120 200313 417281 0O 13331 1080 1185 960
2008 D 148 148 108 211333 44734 O 1333 972 1185 864
2007 0 148 148] 87 2273831 477408 O 1333 - 875 1185 778
2008 9 148 148 87 233373 E0746¢ O 1333 787 1185 700
2009 0 148 148) 79 244393 53783F 0 1338 703 1185 630
2010 0 148 148 71 255413 56759 O 1333 838 1185 587
2011 - 0 148 148, 64| 274516 70739 O 1333 574, 1185 510
2012 0 148 148 57 2433618 84719 0 1333 547 1185 488
2013 7404 0 7404 2581 312721 98700 0 1333 465 -6070 -2117
2014 1] 148 148 46| 331823 112680 1 297668 93412 297521 93365
2015 0 148 148| 42 350926 126661 0 1333 377 1185 335
2016 i) 148 145 38 370029 140641 0 1333 339 1185 3™
2017 4] 148 148| 34 380131 154621 0 1333 306 1185 27
2018 0 148/ 148 30 408234 168602 0 1333 275 1185 244
2019 1] 148 145 27 427337 182582 O 1333 247 1185 220
2020 1] 148 148 25 445439 19656821 0 1333 222 © 1185 188
2021
2022
2023
Total 14.80_7| 2,389 17178 11,044 5,338,520 1,708,405] 472,346 241,134 455,169 230,081
BIC 21.83
EIRR 24%
THE STUDY PAGE B3-8
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with
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FINAL REPORT APPENDIX _ ‘ JICA STUDY TEAM

Cost-Benefit Analysis

[ Base Case |
Site No 11 [NODIB170 | A-Node 302 [__B-Node 301 ] Mairkenance | -
Site Name INIC 1, 171.3 JLink Length {km) 26.0 | Cost per km
1340
[Type of Disaster Rock Collapse [PermanentTermporary (PM) | P ]
|Discount Rate (%) I Jj1'0'| [Discount Peried [ 18|
[ﬁsk : Without Prevention Measures Road will fail in vears |
[Score 75 | [Benefit Factor 78 I
2003 | 2010 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 277202 301813 404830 713975 737697 AADT Cars
2 472217 486793 591648 713654 1230267 1267254 Vehicie Pick-ups
3 161758 186566 199148 205011 271850 280087  [<~ Kilometres Buses
4 193383 198566 309370 318958 560748 578093 input from L Goods
5 131812 134526 199583 203777 379385 386006 JICASTRADA M Goods
8 93606 95278 107094 108679 260251 264403 Traffic Modet M Goods
Veh. Op Cost Benefits, US 8, per year
1000 km [ 2003 ] 2010 ; 2020] Capital Cost
1855 9217 624008 13017 881270 1606015 Estimate US $
215.1 14578 1144239 22008 1727506 2904323 1961965
529.7 4808 920655 5853 1133646 1582673
549.1 5483 108891 9588 1921655 3476336
768.2 2714 760978 4054 1147913 1881691
B78.5 16872 536105 1585 508210 1331285
Total 5093899 7320198 12792322]
1 4300 4688 5167 6726 11365 12375 AADT Cars
2 7586 8108 10991 11738 16747 21043 Vehicle Pick-ups
3 2685 2851 3136 3333 24340 4617 <  Hours Buses
4 3133 3363 4938 5316 9042 G698 input from L Goods
5 2121 2314 3105 3308 6042 8528 JICASTRADA M Goods
[ 1560 1653 1684 1780 4148 4400 Traffic Modet  H Goods
Passenger Benefits, US $, per vear
VOT, 2002 I 2003 2010 2020|
2.84 388 413060 569 717950 2803775
1.09 520 212468 748 268716 1380813
14.9 165 921581 197 1327445 4034312
1.04 230 BOGBE 378 177783 566869
104 193 T524% 283 137805 494052
0.75 33 26146 95 32561 185208
[Total 1738161 2762260 9566030}
Value of Time Base 1.027 1.239 2678 Qccurrence probability 113
Factors Sensitivity o.97 0524 .81 Restoration Cost 400 USS
<With Project> .
[ Capital Maintenance[ Total Total Dis- | Vieh Km | Veh Hour [Ben Total Total Dis. Benefits Net Pre
Yaar Cost US$ Cost {USS} [ Cost (US $) | courted Cost Benefits Beneifits Benefits Benefits - Cost Value
sUs $uUs $US 3US
2002 : -
2003 1961966 1951965 1961965 2791177 o52417[ @ 267] 267 -1961608] 1961688
2004 0 39239 39239 35315 2965448 10325821 1 2665619 2399057 2626380] 2363742
2005 0 39239 39239 31784 3138718 1112748 0 2671 - 216 -38973 -31568
2006 0 38235 38239 28505) 3313988 1192810] O 267 184 38073 28411
2007 0 39239 39239 25745 3468258 1273074] O 267 175 -38573) 26570
2008 i 30238 39239 23170 3662528 1353239 0 267 157 38673 23013
2009 0 39239 36239 20853 3836798 1433403] _ 0 267 142 -38473 20712
2010 7 39239 39239 18768 4011088 1613567 O 267 128 -38873 18640
2011 [ 39239 30238 16891 4310910 1886377] O 267 116 38973 -18776
2012 0] 36239 39239 16202 4610753 2250188] _ 0 267 103 36973 -15099
2013 9] 39239 39239 13682 4810595 2631995) 0 257 93 38973 -13589
2014 0 39239 39239 12314 5210438| 3004804 © 267 24 38973 .-12230
2018 D 39239 39239 11082 5510280 3377614] O 267 75 38973 -11007
2016 0 39239 39234 9974 5810122 3750423| 0, 267) 68 -38973 2006
2017 0 36239 39238} 8977 5109965 4123232 0 267 81] 38973 -8916
2018 0 39239 39238 8079 5409807 4495042 0 267 56 38973 8024
2019 i 36239 39238 7271 8700649 4868851] 0O 267] 49 38973 7222
2020 0 39239 39238 6544 7009482 £241660] 0 267 44 -38973 8500
2021 : : .
2022
2023 |
Total 1 961,965} 667,068 2629033 2,256,222] ©03,610,003] 45,504,122} 7870.153) 2,401,084 41,120 144,861
- BIC - 1.06
EIRR 0.3%
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
Base Case
[SRe No 12 [NOO1B150 | A-Node 302 [ B-Node 301 1 Maintenance
Site Name _ NIC 1, 175.0 iLink Length (k) 260 | Cost per km
1340
[Type of Disaster Rock Collapse {Pemarent/Temporary (PT)_| P f
[Discount Rate (%) | 10] {Discount Peried [ 18]
[Risk - Without Prevention Measures Road will fail in years |
|Score 76 [Benefit Factor 76 ]
2003 2010 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 277292 381813 404830 713975 737647 AADT Cars
2 472217 486793 691648 713654 1230257 1267254 Vehicle Pick-ups
3 161758 166566 169148 205611 271850 280087 e Kiometres Buses
4 193383 198866 309370 318958 560748 572083 input from L Goods
5 131812 134528 199683 203777 379385 386096 JICASTRADA M Goods
6 93506 95278 167094 108678 260251 264403 Trafic Model  H Goods
veh. Op Cost Benefits, US §, per vear
1000 km I 2003 2010 2020 Capital Cost
i85.5 0217 624005 13017 881270 1606015 Estimate US 5|
215.1 14576 1144239 22008 1727506 2004323 33316
5297 4808 920855 5863 1133646 1592673
5491 5483 1098019 9588 1921665 3476336
768.2 2714 760976 4094 1147913 1891681
878.5 1672 536105 4585 508210 1331285
[Total 5093899 7320188 12792322
1 4300 4688 6167 6726 11365 12375 AADT Cars
2 7586 8106 10991 11738 18747 21043 Vehicle Pick-ups
3 2686 2851 3136 3333 4340 4617 |<—  Hours Buses
4 3133 3363 4538 5316 8042 2698 input from L Goods
5 2121 2314 3105 3398 8042 6528 JICASTRADA M Goods
] 1560 1653 1684 1780 4148 4400 Traffic Model  H Goods
Passenger Benefits, US §, per year
VOT, 2002 [ 2003 2010 2020]
284 388 413060 559 717950 2803775
1.09 520 212468 748 368716 1380813
14.9 165 921581 197 1327445 4034312
1.04 230 BOEGES 378 177783 566368
1.04 193 75241 293 137805 494052
075 93 26146 % 32561 186208
[Total 1738161 2762260 5566030]
Value of Time Base 1.027 1.288 2878 Occurrence prabability 173
Factors Sensitivity 0.97 0.924 0.811 Restoration Cost 2000 US$
<With Project>
| Capital Maintenancel Total Total Dis- | Veh Km I Veh Hour |Ben Total Total Dis. Benefits Net Pre
Year Cost US5 | Cost{USS) | Cost{US3$) | countedCost | Benefits Benefits Benefits Benefits - Cost Value
§US sUS $US $US
2002 :
2003 33316 33316 33316 837353 2857261 0 1333 1333 31883 31983
2004 0 566 666 500 289634 300774 1 800939 720945 800273 720246
2005 0 686| 656 540 541915 333824] © 1333 1080 667 540
2006 0 666 666 486 994196 357373 0 1333 972 887 485
2007 0 656 666 437 1046477 381922 © 1333 875 667 438
2008 i 666 666 393 1098758 405972 O 1333 787 667, 394.
2008 0 666 668 354] 1151039 430021 0 1333 709 667, 354
2010 0 665 666 318 1203320 454070] O 1333 636 667, 318
2011 0 666 668] 287 1293273 565913] 0 1333/ 574 667 287
2012 [i 565 566 258 1383226 877756] @ 1333] 517, 667 258
2013 i 566 666 232 147317% 789599] © 1333 485 557 233
2014 0 666 666 209 1553131 g0142i] © 1333 418 867 208
2015 0 566 866 188 1653084 1013284|. 0 1332 377] 867 188
20156 0 666 566 169 1743037 1125127] 0 1333 339 867 170
2017 0 866 866 152 1832988 1236870] 0O 1233 305 667 153
2018 0 666 666 137 1922842 1348812 0O 1333 275 667 137
2018 0 666 666 123 2012895 1480656 0| 1333 247 [ 124
2026 1 666 866 111 2102847 1572498] 0O 1333 222 [H 111
2021
2022
2023
Total 33,316 1%,28] 44644 38,313 25143.968] 13.651.257 823,606 730,977 7TB562] 692,664
BIC 19.08
EIRR 24%
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FINAL REPORT APPENDIX JICA STUDY TEAM

Cost-Benefit Analysis
- Base Case ]
[Site No 13 [NoO1B120 [ A-Node 302 [ Bhode 301 ] Maintenance .
[Site Name  INIC 1, 176.2 |Link Length k) 280 | Cost per km
1340
[Type of Disaster Rock Collapse [PermanentTemporary (PM) | P 1
{Discount Rate {%) [ 10| |Discovint Period | 18}
rﬁsk: Without Prevention Measures Road will fail in years |
[Score 74 [ [Benefit Factor 74 I
2005 2010 2020
Mode Base Disaster Base Disaster Base Disaster
1 266075 277292 391813 404830 713975 7aves7 | AADT Cars
2 472217 486793 891648 713654 1230257 12687254 Vehicle Pick-ups
3 161758 166566 199148 205011 271880 280087 |<—- Kilometres Buses
4 193383 1988656 308370 318958 560748 578093 input from L Goods
) 131812 134526 198683 203777 379385 386096 JICASTRADA  MGoods |
8 93506 95278 107084 108679 260251 264403 Traffc Madel H Goods
Veh. Op Cost Benefits, US $. per year
1000 km [ 2003 2010 2020] Capital Cost
185.5 9217 624006 13017 8681270 1608015 Estimate US $|
2151 14576 1144238 22006 1727506 2904323 1004427
529.7 4808 929655 5863 1133848 1592673
5491 5483 1088818 G588 1921655 3476336
768.2 2714 760976 4094 1147913 1881691
878.5 1672 536105 1585 508210 1331285
L-[Qt.ﬂl 5093899 7320199 12792322]
1 4300 4888 8167 6728 11385 12375 AADT Cars
b 7586 8108 10981 11738 19747 21043 Vehicle Pick-ups
3 2686 2851 3136 3333 4340 4617 <-—- Hours Buses
4 3133 3363 4938 5316 2042 9698 input frem L Goods
5 2121 2314 3105 3388 8042 6528 JICASTRADA M Goods
-} 1560 1653 1684 1780 4146 4400 Traffic Model H Goods
Passenger Benefits, US §. per year
VOT, 2002 [ 2003 2010 2020]
284 388 413060 589 717950 2803775
109 820 212468 748 368716 1380813
4.9 165 921581 187 1327445 4034212
104 230 80685 378 177783 666869
1.04 193 75241 283 137805 4240862
075 93 26146 96 32661 186208
[Total 1738161 2762260 - 9566030
Value of Time Base 1.027 1239 2578 Cecurrence probability 113
Factors Sensitivity 0.87 0.824 0.811 Restoration Cast 7000 USS
<With Project>
Capital | Maintenance | Total Total Dis- | Veh Km | Veh Hour | Ben Total Total Dis. Benefits Net Pre
Year Cost USE { Cost (US$) | Cost(US$) | counted Cost Benefits Benefits Benefits Benefits - Cost Valua
j $US SUS $US sUS
2002
2003 1004427 1004427 1004427 1884045 128508 0 4867 4687 -999761 589761
2004 o] 20039 20088 18080 2001677 256099 1 1509851 1358866 1489762 1340786
2005 o] 20088 20088 16272| 2119308 383692 O 4687 3780 -15422 -12497
2006 0 20088 20088 14645 2236842 511285 0 4667 3402 ~156422 -11243
2007 0 20088 20088 13180] 2354574 638878 0O 4867 3062 -15422 -10118
2008 0 20088 20088 11862 2472206 766472 O 4687 2756 -15422 8108
2008 0 20083 - 20088 10676] 2589239 394065 O 4857 2480 -15422 -8196
200 Ju] 20038 20088 9608 2707471 1021858| O, 4867 2232 -15422 -7376
2011 0 20088 20088 8647 . 2909865 1273304 0 4867 2009 -15422 -£839
2012 0 20088 20089 7753 3112258 1524950| 0 4857 1808 -15422, -6975
2013 o] 20088 20082 7004 3314852 1776597 0 46887 1827 -15422 -5377
2014 J¢] 20088 206088 6304 3517045 2028243] 0 4687 1464 -15422 4340
2016 ] 20088 20088 5674 3719438 2279888| 0 4667 1318] -15422 -4356
2018 o 20088 20082 5108 3921833 2531836| 0 4667 1186 -15422 -3g20
2M7 4] 20088 20088 4596 4124226 2783182] 0O 4687 1068 -15422 -3528
2018 0 20088 20088 4135 4326620 3024823| 0 4667 961 -15422 3175
2018 0 20088 20088 3722 4528013 3286474 0O 4687 865 -15422 -2858
2020 0 20088 20088 3350 4731407 3538121 o] 4687 778 156422 2572
2021 -
2022
2023 R R R R | [ ]
Total 1,004,427 341,508 1345833 1,186,072]_55.572.420] _20.657.780) 1,589,184 1,594,328 243,252 233,256
BiC 1.21
EIRR 0.5%
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Cost-Benefit Analysis
Base Case [
[Site No 18 1Rig Inali [ A-Node 405 [ B-Node 404 | Maintenance
[Site Name  [NIC 1, 226.9 |Link Length (km} 187 | Cost per km
1340
| Type of Disaster Bridge Scourin Permanent/Temporary {(PIT) | T ]
[Discount Rate (%) t 1Di lDiscount Period [ 18}
[Risk : Without Prevention Measures Road will fal in years |
|Score 100 ] Benef# Factor 100
2003 | 2010 I 2020
Mode Base Disaster Base Disaster . Base Disaster
H 268075 268115 391813 391891 713975 714321 AADT Cars
2 472217 472678 £91648 6892283 1230257 1231245 Vehicle Pick-ups
3 181758 161746 199148 199141 271850 271839 |[=-— Kilometres Buses
4 193383 193290 309370 309245 560748 560748 input from L Goods
5 131812 131637 199683 199408 379385 378861 JICASTRADA M Goods
) 93606 94105 107094 107653 260251 261674 Traffic Model H Goods
veh. Op Cost Benefits, US §, per year
1000 & [ 2003 2010 2020] Capital Cost
186.5 43 2708 78 5281 23425 Estimate US §
2151 461 36189 635 49848 77580 1021702
520.7 -12 -2320 -7 -1353 2127
5491 -83 -18638 -125 -25D53 0
768.2 -178 -49068 277 ~77668 -146524
878.5 499 159988 459 147172 456267
[Tatal 128862 98228 . 408204
1 4300 4323 8167 ‘6198 11385 11432 . AADT Cars
2 7588 7825 10981 11045 19747 19823 Vehicle Pick-ups
3 2696 2694 3136 3146 4340 4351 . Hours Buses
4 3132 3164 4938 4983 8042 2111 input from L Goods
5 292% 2141 3105 2138 8042 8088 JICASTRADA M Goods
6 1560 1581 1684 1704 4146 4202 Traffic Madel H Goods
Passenger Benefits, US $, per year
VOT, 2002 i 2003 2010 2020]
284 23 244386 31 39815 185983
1.09 39 16935 55 rahb B8U974
14.9 8 44583 10 57383 160207
1.04 31 12085 45 21185 70143
1.04 20 7797 33 . 16521 47779
0.75 21 5804 20 6784 41054
[Total 119890 1771778 586150]
Value of Time Base 1.027 1.230 2678 Occurrence prodability 113
Factors Sensitivity 697 0.924 6811 Restoration Cost 00D USS
<With Project>
Capital [ Maintenance | Total Total Dis- | Veh Km | Veh Hour | Ben Total Total Dis. Benefits Net Pre
Year Cost USE | Cost (USH) | Cost(US §;} | counted Cost Benefits Benefits Benefits Benefits - Cost Value
. $US 5US $US 5 LS
2002 :
2003. 1021702 - 1021702 1021702 190553 1640581 O 3333 3332 -1018368  -1018369
2004 4] 20434 20434 18391 184178 1781931 1 244914 220422 224479 202032
2005 0 20434 20434 16552 177702 192330 © 3333 2700 -17101 13852 |
2006 0 20434 20434 14896 171228 206467 O 3333 - 2430 17101 -12466
2007 0 20434 20434 13407 184750 220803 @ 3333 2187 17101 -11220
2008 i 20434 20434 12068 158274 234740 0 3333 - %8 174014 -10098
- 2008 0 20434 20434 50859 151798 248877 0 3333 1771 17101 -9088
2010 ol 20434 20434 9774 145323 263014 ¢ 3333 1594 17101 -8179
2011 I’ 20434 20434 8796 191182 323431 0 3333 1435 17101 -7361
22 g 20434 20434 77 237041 383847| © 3333 1291 -17101 5625
2013 1021702 0 1021702 . 356248 282900/ 444264| 0 3333 1162 -1018389 -355083
2014 4 20434 20434 6412 328759 504681 1 558960 175407 538526 168995
2015 2 20434 20434 5¥71 374618 565007 0 3333 841 -17101 4830
2018 0 20434 20434 5184 420477 825514| 0O 3333 847 =17101 ~4247
2017 & 20434 20434 4875 466336 585930 0O 3333 763 -17101 -3812
2018 Q 20434 20434 4207 512495 746347 0 3333 686 -17101 -35821
2019 [+ 20434 20434 ) 3788, 558054 806764 0O 3333 818 -17101 -3169
2020 4 20434 20434 3408 503813 887180 O 3333 556 - -17101 -2852
2021 .
2022
2023
Totai 2.043 405 326,945 2370350 1524089 5319377 7,661,336 857,206 420,114 4,573,143 _-1,103,945
BIC .28
EIRR #DIViot
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Cost-Benefit Analysis

Base Case
Site No 19 [Rio Tapacali | A-Node 405 [ B-Node 404 | Maintenance )
Site Name _ [NIC % _233.2 {Link Length {km) 187 | Cost per km
1340
[Type of Disaster Bridge Scounn [ParmanentTemporary (PIT) ] T
{Discount Rate (%} I 10, {Discount Period | 18]
Risk : Without Prevention Measures Road will fall in vears |
Score 100 Benefit Factor 100
2003 | 201G | 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 268115 391813 o181 713975 714321 AADT Cars
2 472217 472678 591648 692283 1230257 1231245 Vehicle Pick-Ups
3 161758 161746 189148 189141 271380 271838 < Kilometres Buses
4 193383 193290 308370 309245 B60T48 560748 input fram L Goods
5 131812 131637 190683 189406 479385 378851 JICASTRADA  MSoods
[ 93805 84105 107084 107553 260251 261674 Tratfic Model  H Goods
Veh. Op Cost Benefits, US §, per year
1000 km f 2003 2010 2020 Capital Cost
185.5 40 2708 78 5281 23425 Estimate US §|
2151 461 36189 535 49848 77560 347971
529.7 -12 -2320 -7 -1383 2127
549.1 -83 18539 -126 25053 1}
768.2 -175 -49068 277 -77658 148924
g78.5 499 159998 459 147172 456267
[Total 128068 98228 ___a08200]
1 4300 4323 6167 5198 11365 11432 AADT Cars
-4 7586 7625 10991 11046 19747 15823 Vehicle Pick-ups
3 2686 2694 3136 3146 4340 4351 < Hours Buses
4 3133 3164 4938 4983 9042 g111 input from L Goods
5 2121 2141 3105 3138 8042 8089 JICASTRADA M Goods
6 1560 1581 1684 1704 4146 4202 Traffic Mode!  H Goods
Passenger Benefits, US $. per year .
VOT, 2002 [ 2003 2010 2020
2.84 23 24485 1| 39815 185983
1.09 39 15935 55 27111 80974
14.9 ] 44633 10 657383 160207
1.04 31 12035 45 21165 70143
1.04 20 a7 33 15521 47779
075 21 5904 20 6784 41054
=2 110890 177778 BBE150]
value of Time Base 1.027 1239 2678 Qeccurrence probability 113
Factors Sersitivity 0.97 0.824 0.81% Restoration Cost 1000 US$
<With Project>
Capital Ma‘sntenancel Total Total Dis- | Veh Km Veh Hour |Ben Totat Total Dis. Barefits Net Pre
Year Cost USS | Cost{US5) | Cost{(US$) | counted Cost Benefits Beanefits Benefits Benefits - Cost Value
$US 3 Us sUs $US
2002
2003 347971 347971 347971 105918 91142] 0 667 [ -347304]  -347304
2004 0 8955 6859 [ 102321 08996] 1 134878 121390 127818 118127
2005 0 §959 6559 5637, 08723 108850 O 667 540 5293 -5097
2008 0 6959 6859 5073 95126 114704] 0 667 486 -5293 -4587
2007 a 68591 - 6859 4566 91528 127557| 0 657 437 8283 4128
2008 0 6059 6959 4109 87930 130411 0 667 394 -5283| 3718
2008 0] [FE 6959 3699 84333 136265] O G&7 354 6283 3344
2010 [ 8959 6959/ 3329 80735 1461188 0 667 319 -6293 3010
2011 0 8055 6959 2996 106212 179684] O 667 287 6203 -2709
2012 0 6859 6959 2606; . 131688 213248 O 867 258 -6293 -2438
2013 347971 il 347971 121330 157167 246813] 0 567, 232 347304 121088
2014 1 6959 6959 2184 182644 280378 1 309348 97077 302388 94893
2015 1 6359 6959 1966 208121 313943 @ B67 188 6283 77
2016 [1] 6855 6959 1788 233508 34vs08] 0 667 169 5203 1600
2017 [s] 6959 6958 1592 255075 3810721 1) 667 153 -6293 -1440
2018 0 695¢] 6959 1433 284553 414637] 0 667 137 -6263] -1298
2019 0 6959 BB58 1290 310030 448202| 0 67 124 5293 1168
2020 0 6959 6959 1161 335507 A81767| 0 667 11 -.-8293 -1049
2021
2022
2023 ] ~ I ]
Tolal 565.942] 111,351 807293 519,064] 2955200] 2 956.008] 454,892 223,324 -352,401 295,740
. BIC 0.43
EIRR #DIVio!
THE STUDY . PAGE B3-13
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS - inassociation with

IN THE REPUBLIC OF NICARAGUA JAPAN ENGINEERING CONSULT4ANTS CO., LTD.



FINAL REPORT APPENDIX JICA STUDY TEAM

Cost-Benefit Analysis

Base Case ]
[Site No 24 [NOD3B400 | A-Node 1115 [ B-Node 1102 ] Maintenance
SteName  [NIC3 6.9 |Link Length (km) 9.0 | Cost par km
1340
[Type of Disaster Rock Collapse [ParmanentTemporary (P} | P 1
[Ciscount Rate {%) | 10} |Discount Period [ 18]
]Tiisk : Without Preventien Measures Roag will faii in yEears
[Score 72 ] TBenefit Factor 72
2003 I 2010 2020
Made Base Disaster Base Disaster Base Disaster .
1 288075 285360 391813 417062 713875 757858 AADT Cars
2 472217 505010 691648 739359 1230257 1312652 Vehicle Pick-ups
3 161758 169090 198148 207977 271850 284020 [=—- Kilometres Buses
4 183383 205837 308370 328691 560748 504278 input fram £ Goods
5 131812 135869 199683 205385 379385 389506 JICASTRADA M Goods
<3 Q3606 S4563 107024 108280 260251 263698 Traffic Madel H Goods
Veh. Op Cost Benefits, US §, per year
1000 km | 2003 2010 2020 Capital Cost
185.5 17285 1470220 2524% 1708395 2970944 Estimate US §
215.1 32793 2574302 47711 3745383 6468137 | 45358
529.7 7332 1417685 8829 1707138 2353141
5491 12454 2456068 19321 3872372 6720182
768.2 4057 1137538 5682 1593170 2837817
878.5 957 306850 1186 383482 1105236
Total 9102663 13016947 22455458]
1 4300 4732 6167 8760 11365 2815 AADT Cars
2 7585 8408 109¢1 12120 19747 21897 Vehicle Pick-ups
3 2686 2828 3138 3418 4340 4770 < Heurs Buses
4 3133 3438 4938 5374 042 9889 input from L Goods
5 2121 2249 3105 3287 8042 B367 JICASTRADA M Goods
2] 1560 1593 1684 1718 4146 4257 Traific Mode! H Goods
Passenger Benefits, LUS $, per year
VOT, 2002 | 2003 2010 2020]
284 432 459502 593 761618 3192417
1.09 823 336271 1129 5568525 229071
14.9 242 1351652 282 1900201 6262650
1.04 303 118124 436 205061 861034
1.04 128 48001 182 85529 330385
0.7% 33 8278 34 11532 B1374
lToiaI 2325128 3520536 13018661]
Value of Time Base 1.027 1.238 2678 Cecurrence probability 113
Factors Sensitivity 0.97 0.924 0811 Restoration Cost 2000 USS
<With Project>
Capital | Maintenance ' Total Total Dis- L Veh Km | Veh Hour | Ben Total Total Dis. Benefits Net Pra
Year Cost )85 | Cost (USS) | Cost{US$) | counted Cost Benefits Benefits Benefits Benefits - Cost Value
$US 3 US $US $Us
2002
2003 49358] 48388 49358 2244492 573318 © 1333 1333 -48024 -48024
2004 [1] 987 987 &8s 2352162 515428] 14 1995728 1798754 1988739] 1798865
2005 0 987 987 200 2515831 8575361 @ 1333 1080 345 280
2008 0 987 987 720 2657501 698644 0 1333 972 348 252
2007 0 957 087 548 2785170 741753 0 1323 875 346 227
2008 0 887 987 583 2932840 783861 0 1333 787 348 204
2009 ] 287 87 525 3070508 825868 0 1333 709 348 184
2010 0 Ga7 887 472 3208179 868077 © 1333; 838 346 166
2011 0 987 987 425 3441057, 1102275! 0 1333, 574 346 149
2012 0 987 887 382 3673935 13364738 O 1333 517 346 134
2013 bo] 987 87 344 3806814 1570671 0 1333 485 345 121
2014 sl 987 287 310 4135692 1804883 O -1333 418 345 168
2015 & 987 987 278 4372570 2032067 O 1333, 377, 348 98
2016 o] 987 987 251 4805449 2273265| O 1333 338 346 88
2017 0 087 987 226 4838327 2507463] O 1333 305 346 il
2018 0 087, 987 203 5071206 2741860 © 1333 275 346 71
2018 1] 987 987 183 5304084 2875858 0 1333 247 346 64
2020 0 287 987 165 5526062 3210056| 0O 1333 222 - 346 58
2021
2022
2023 .
Total 49_.“3'5*1-?7] 18,782 66132 56,760 86700781 27327245 2,022,393 1,809,886 1,956,254| 1,753,125
BIC 31.89
EIRR 1%
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FINAL REPORT APPENDIX JICA STUDY TEAM

Cost-Benefit Analysis

[ Base Case |
[Site No 25 [noD3B370__ | A-Node 1115 ] B-Node 1102 | Maintenance
|Site Name  [NIC3, 7.4 JLink Length (km) 9.0 | Cost per km
- 1240
[Tvpe of Disaster Rock Coflapse PermanentTemporary (P/7)  § P |
[Discount Rate (%) i | Discount Period | 18]
{Risk ; Without Prevention Measures Road will fail in _years |
{Score 80 | [Benefit Factor 80 |
2003 | 2010 | 2020
Mode Base Disaster Base Disaster Base Disaster
1 288075 285360 301813 417082 713975 757858 AADT Cars
2 472217 505010 691848 739359 1230257 1312652 Vehicle Pick-ups
3 161758 169090 199148 207977 271850 284020 |2 Kilometres Buses
4 193383 205837 309370 328691 5E0748 504278 input from L Goods
5 131812 135868 199883 205365 379385 380506 JCASTRADA M Goods
& 93506 94563 107094 108280 260251 263698 Traffic Model  H Goods
Veh. Op Cost Benefits, US $, per year
1000 km [ 2003 . 2010 2020} Capital Gost
1855 17285 1170220 25248 1709395 2970944 Estimate US $
215.1 32793 2574302 47711 3745388 5468137 215940
520.7 7332 1417685 8828 1707139 2353141
549,1 12454 2496068 18321 3872372 6720182
768.2 4057 1137538 5682 1693170 2837817
878.5 957 306850 1196 383482 1105236
[Total 9102683 13010947 224554538]
1 43006 4732 8187 8760 11365 12515 AADT Cars
2 7586 8408 10981 12120 19747 21897 Vehicle Pick-ups
3 2686 2928 3136 3418 4340 4770 <<mmmee Hours Buses
4 3133 3436 4938 5374 9042 9889 inpui from L Goods
] 2121 2249 3105 3287 6042 6367 JCASTRADA M Goods
6 1560 1593 1684 1718 4146 4257 Traffic Model  H Goods
Passenger Benefits. US §, per year
VOT, 2002 [ 7003 2010 2020|
284 432 459902 563 761618 3192417
1.09 823 336271 1129 558525 2280701
14.9 242 1351652 282 1600201 62826850
1.04 302 118124 436 205061 861034
1.04 128 49901 182 85509 330385
0.75 33 9278 34 11532 81374
{Total 2325128 3520538 13018561]
Value of Time Base 1.027 1.239 2678 Cccurrence probability 113
Factors Sensitivity 0.97 0.924 0.811 Restoration Cost 2000 USS
<With Project>
l Capitai | Mainienance | Total Total Dis- | Veh Km | Veh Hour |Ben Total Total Dis. Benefits Net Pre
Year Cost US$ | Cost (US$) | Cost{US §) | counted Cest Benefits Benefits Benefits Benefits - Cost Value
$ US 5US $us $usS
2002
2003 215340 215940 215940 1122246 286660] 0 1333 1333 -214606] 214608
2004 0 4319 4319 3887 1191081 307714 1 1000530 900477 996211 896590
2065 0] 4319 4319 3498 1259918 3267681 0 1333 1080 2985 2418
2006 0] 4319 4319) 3148] 1328750 3498221 0 1233 972 2985 2176
2007 0 4319 4319) 2334] 1397585 370876f 0O 1333 875 2985 -1959
2008 0 4319 4319) 2550 1466420 3219308 0 1333 787 2985 1763
20089 0 4319 4319 2265] 1535255] 412585] 0 1333 700 2585 1887
2010 0 4319 4319 2066 1604089 434038] 0 1333 638 2985 1428
2011 0 4379 4319 1859 1720529 551138] 0 1333 574 2985 1285
2012 0 4318 4319) 1673 1836068 6682371 0 1333 517] -2985 1157
2013 0 4318 4319 1506 1963407 7853361 0 1333 465 -2985 -1041
2014 0 4319 4319 1355 2069846/ 902434f 0O 1333 418 2985 -937
2015 0 4318 4319 1220 2186285 10195331 0 1333 377 2985 843
2016 [ 4319 4319 1098 2302724 1136632; 0 1333 339 -2985 -759
2017 [ 4319 4319) 988| 2419164 12537311 0 1333 305] -2985 -683
2018 [i 4313 4319) 889 2536603 1370830 0 1333 275 2985 515
2018 1 4318 4319 800 2652042 1487929F 0 1333 247] 2985 -553
2020 [} 4319 4319) 720] 2768481 1605028 0 1333 222 2985 498
2021 .
2022
2025
Tolal 215,940 73419 2803591 748,326 33,350.300] 10,060,602 1,023,196 210,609 735,837]  662,283]
’ BiIC 3.67
EIRR 4%
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FINAL REPORT APPENDIY JICA STUDY TEAM

Cost-Benefit Analysis
Base Case |
Igle No 2 [EI Guayacan | A-Node 1115 | B-Node 1ie i Maintenance
Site Name __[NiC 3, 119.1 [Cink Length (km} 82 | Cost per km
1340
Type of Disaster Bridge Scourin Permanent/Temparary {PIT) P
Discount Rate (%) 10 Discount Period 18
[Risk : Without Prevention Measures Road will fail in years |
|Score 100 ] [Benefi Factor 90 |
2003 ] 2010 | 2020
Mode Base Disaster Base Disaster Base Disaster
] - 268075 285360 391813 416884 713975 756194 AADT Cars
2 472217 504898 691648 738891 1230257 1309210 Vehicle Pick-ups
3 181758 169090 189148 207977 271880 283857  |<—— Kilometres Buses
4 193383 205726 309370 328244 560748 592807 fnput from L Gocds
5 131812 135869 199683 205365 379385 389185 JICASTRADA M Googs
] 93606 24563 107094 108290 260281 263551 Traffic Modet H Geoods
Veh. Op Cost Benefits, US §_per year
1000 km [ 2003 2010 2020] Capital Cost
185.5 17285 1170220 25071 1607344 2858289 Estimate US §
215.1 32681 2565510 47243 3708650 5197234 1701604
528.7 7332 1417685 8829 1707138 2321624
549.1 12343 2473821 18874 3782783 8425360
768.2 4057 1137538 £682 1593170 Z747812
878.5 857 306850 1196 383482 4058103
[Total 9071624 12872568 21609123]
1 4300 4732 8167 8758 11368 12523 AADT Cars
2 75885 3410 10091 12119 19747 21820 Vehicle Pick-ups
3 2686 20928 3136 418 4340 4787 < Hours Buses
4 3133 3437 4838 E375 8042 9831 input from L Goods
5 2121 2249 3105 3287 6042 6367 JICASTRADA M Goods
6 1580 1593 1684 i718 4145 4258 Traffic Model H Goods
Passenger Benefits, US §. per vear
VOT, 2002 | 2003 2010 2020}
284 432 459902 591 759049 3214625
1.08 824 336680 1128 856032 2315208
14.8 242 1351852 282 © 1500201 5218957
1.04 304 118614 437 205832 863067
1.04 128 49801 182 85599 330385
0.75 a3 9278 34 11632 82107
|Total 2325927 3517945 13024548]
Value of Time Base 1.027 1.239 2678 Occurrence probability 173
Factors Sensitivily 0.97 0.924 0.811 Restoration Cost 1000 USS
<With Project>
Capital | Maintenance ' Total Totat Dis- ‘ Veh Km | Veh Hour ] Ben Total Total Cis. Benefits Net Pre
Year Cost USS Cost {US$) | Cost(US $) | counted Cost Benefits Benefits Benefits Benefits - Cost Value
5US SUS SLUS $4US
2002
2003 1701804 1701604 1701504 9071624 6372401 0 86T BB7 -1700837| -1700937
2004 O 34032 34032 30629 9514618 5964622 t 10388825 9348143 10352793 9317514
2005 2 34032 34032 275685 10157608 5506843 O G667 540 -33365 -27028
2006 0 34032 34032 24809 10700600 51408063] O 667 486 -33365 -24323
2007 O 34032 34032, 22328 11243552 4741284] O 667 437, -33365 -21891
2008 Q 34032 34032 20098 11786584 4333504 O 667, 384 -33365 16702
2008 Q 34032 34032 18086 12326576, 3825726{ O 667 354/ -33365 17732
2010 g 34032 34032 16277 12872568 3517945 0 667 318 -33365 -15858
2011 4] 34032 34032 14850 13746224 4488685 O 667 287 33365 -14363
202 o) 34032 34032 13185 14819879 54192261 ¢ B67 | 258 -33365 -12826
2013 8] 34032 34032 11868 15493535 8359866 O 867 232 -33368 -11634
2014 ol 34032 34032 10680 16367190 7320506 © 867 208 -33365 -10470
2015 sl 34032 34032 9612 17240845/ 8271148| - 0 867 188 -33365 9423
2016 Y 34032 34032 8650/ 18114501 8221787] 0 867 168 -33365 -8481
2017 Y 34032 34032 7785 18988156 10172427 0O 867 153 -3336E: -7633
2018 Q 34032 34032 7007 19861812 11123067 0 6671 137 -33365; 6870
2019 0 34032 34032 6206 20735467 12073708 0 867 124 -33365: -5183
2020 ¢ 34032 34032 5876 21609123 13024348| O 867 111 33365 -5864
2021
2022
2023
Tota 1,701,604] 578,648 2280149 1,956,512! 264 553,502] 127,026,053 10,388,158 9,353,209 8,118,010 71,396,397
BIiC 4.78
EIRR 5%
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
Base Case
Site No 27 jNCO3B320 | A-Node 1116 | __B-Node 1103 | Maintenance
Site Name____ [NIC 3 221 |Link Length (km) 130 ] Cost per km
1240
[Type of Disaster Rack Callapse Pemanent/Temporary (P/T) P 1
{Discount Rale {%) _ [ 10] Discount Pefiod KE|
[Risk : Without Erevention Measurss Road will fall in years |
Score 74 |Benefit Factor 74
2003 | 2010 l 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 284859 300157 403981 710529 734347 AADT Cars
2 472217 504008 687843 713452 1222922 1267241 Vehicla Pick-ups
3 161758 159090 198454 204131 270874 278928  l«——  Kilomsires- Buses
4 193383 204825 307556 317340 556835 574399 input from L Goods
5 131812 135869 108831 201147 377752 382686 JICASTRADA M Goods
8 93606 94563 10671 107223 259277 261018 Traffic Model  "H Goods
Veh. Op Cost Benefits, US §, per year !
1000 km [ 2003 2040 2020] Capital Cost
185.5 16784 1136302 13824 935905 1612514 Estimate US §|
215.1 31751 2495643 25809 2026047 3478111 284812
529.7 7332 1417685 5667 1085748 1557288
546.1 11452 2205244 6784 1950933 352022¢
768.2 4057 1137538 2316 549381 1383438
878.5 957 306850, 513 164487 558220
[Total 8789262 5832506 12110811]
1 4229 4357 5138 6538 11289 11910 AADT Cars
2 7581 7Y 10923 11633 19581 20890 Vehicle Pick-ups
3 2686 2721 3124 3336 4134 4585 |«——  Hours Buses
4 3128 3227 4903 5154 8959 9344 input from L Goods
5 2114 2153 3091 3202 6007 5163 JICASTRADA M Geods
[} 1560 1580 1678 1690 4126 4167 Trafic Model  H Goods
Passenger Benefts, US §. per year
VOT, 2002 2003 2010 2020]
2.84 128 136267 398 511170 - 4723805
1.09 190 77832 710 345085 1181576
14.9 35 195487 212 1428520 8588501
1.04 9g 38595 248 116640 391378
104 38 16204 111 52206 158585
0.75 20 5623 12 4670 30057
[Tatal 468809 2462591 10054002]
Value of Time Base 1.027 1.239 2873 Cccurrence probability H3
Faciors Sensitivity 0.97 0.924 0811 Restoration Cost 2000 US$
<With Project>
| Capital Maintenance! Total Total Dis- | Veh Km Veh Hour [Ben Tota Total Dis. Benefits Net Pre
Year Cost USS Cost {USS) § Cost (US §) | counted Cost Bensfits Benefits Benefits Benefits - Cost Value
$US $US 3 US sUS
2062
2003 254912 254912 204912 722405 38532] 0 1333 1332 263578] 293578
2004 [} 5863 5869 5308} 699430/ 61943 1 508915 458023 503017 452715
2005 0 5858 5598 4778 " 676454 85353] 0 1333 1084 4565 3608
2006 0 5828 5808 4300 653478 108763 0 1333 972 4565 3328
2007 0 5558 5898 3870 630503 132174] © 1333 575 4565 2995
2008 [i 5898 5808 3483 607527 1565841 0 1333 787] 4565 2696
2008 1 5308 5898, 3135 524551 178954} 0] 1333 705, 4565 -P426
2010 0 5898 5898 2821 581578 2024051 0 1333 838 4565 2183
2011 0 5368 5898 2539 604959 264800] O 1333 §74 4585 1565
2012 0 58¢8] 5898 2285 643343 327185] 0 1333 517 4565 1768
2013 0 5898 5808 2057 681726 389580 0 1333 465 AEE5¢ 1592
2014 0 5898 5298 1851 735108 451385] 0| 1333 418 45654 1433
2015 0 5808 5898 1688 778492 514381] 0] 1333 377 4565 1288
2616 0 5838 5868, 1499 821876 578776] 0 1333 338 -4565 1160
2017 0 5398 5898 1349 865259 638171 0 1333 305] 4565 1044
2018 0 5898 5898 1214 005642 701586 0 1333 275 4565 540
2619 0 5848 5598 1023 962026 7683861 0 1333 247] . -4565] 846
2020 0 5888 5808 984] 985409 8263561 0 1333 223 4565 761
2021
2022
223
Total 204912 100,270 305182 339,143 13,157,780 B.418 5628 531,581 458,15 136,400 fmﬂ
BiC 1.38
EIRR 69%
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
Base Case
[Site No 29 [NOO3C230 | A-Node 602 [ B-Node 610 | Mzaintenance
{Site Name _ [NIC 3, 32.9 JLink Length {ikm) 120 | Cost per km
1340
[Type of Disaster Slope Shide | PermarnentTemporary (PT) | D ]
[Discount Rate {%) | 10] Discount Period 18}
I"ﬁsk : Without Prevention Measures Road will fail in years |
1Score 73 |Benefit Factor 73
2003 | 2010 I 2020
Mede Base Disaster Base Disaster Base Disaster
1 268075 269915 390157 390157 710529 710674 AADT Cars
2 472267 478408 637643 637685 1222922 1223285 Vehicle Pick-ups
3 161758 162820 198454 198464 270874 270874  [¢-—- Kilometres Buses
4 191426 195880 307556 307440 556835 557118 input from L Goods
5 131812 132815 198831 198831 377752 378125 JICASTRADA M Goods
5 93606 94274 106710 106710 259277 253306 Traffic Model  H Goods
Veh. Op Cost Eenefits, US § per year
1000 km I 2003 2010 2020| Capital Gost
185.5 1841 1245338 ] a 817 Estimate US §
215.1 5141 482078 42 3287 28495 404732
529.7 1062 205344 0 0 0
549.1 4454 892684 -118 23249 56315
7882 1003 281230 1} ] 104585
378.5 858 214188 o} o} 2208
[Total 2260160 19952 208515
1 4229 4357 6138 6138 14289 11292 AADT Cars
2 7581 777 10923 10824 19681 19580 Vahicle Pick-ups
3 2686 2721 3124 3124 4134 4138 [ Hours Buses
4 3128 3227 4903 4805 2859 2969 inprat from L Goods
5 2114 2163 3091 3091 6007 5005 JCASTRADA M Goods
3 1560 1580 1578 1678 4126 4127 Traffic Model  H Goods
Passenger Benefits, US § per year
VOT, 2002 2003 2010 2020]
284 128 136267 a 0 8328
1.02 190 77632 1 493 9538
14.9 35 195487 1] [i] 29128
1.04 ©8 38595 2 941 10166
1.04 39 15204 o] o 2043
075 20 5623 0 0 733
[Totad 458809 1434 55911]
Vaiue of Time Base 1.027 1.239 2678 Qccurrence probability 113
Factors Sensitivity 0.97 0924 0.8 Restoration Cost 3000 USS
<With Project>
. ) Capital Maintenance| Total Total Dis- Veh Km wveh Hour |Ben Total Totat Dis. Benefits Net Pre
Year Cost US$ {§ Cost (1US$) | Cost (US 8} [ counted Cost Benefits Benefits Benefils Benefits - Cost Value
sus $US SUS §US
2002
2003 404737 4047327 404732 204175 192661] 0 2000 2000 -402737)  -402732
2004 Q 8085 8095 7285 773836 165222] 1 628039 565235 519944 557950
2005 0 8095 8095 6557, 643497 1377831 0 2000 1620 -5095 4937
2008 0 8095 8085 5901 513158 110348 ¢© 2000 1458 805 4443
2007 0 8095 8095 5311 362818 82006] 0O 2000 1312 -6095] 3959
2008 0 8095 8095 4780 252478/ 55467| 0| 2000 1481 -5095 3589
2009 0 8095 8095 4302 122140 28028] © 2000 1063 5085 3239
2010 0 80SS 8095 3872 8169 589l 0 2000 57 5095 -2915
2011 0 8095 B0YS 3484 1180 28281 0 2000 861 6005 -2624
2012 i 80051 3085 3128 40579 5067) O 20001 775 5098! 2381
2013 0 8095 8095 2822 19868 7308 0 2000 657 6095 2128
2014 7] 8095 8085 2540 29367 9544 0 2000 528 6095 -1918
2015 i 8095 8095 2286 38746 11783| . 0 2000 565 -B095 -1721
2018 [/ 80895 8095 2058 458135 140220 0 2000 508 6095 -1549
207 0 B80G5 5095 1852 57524 16261; 0 2000, 458 6005, -1394
2018 0 3095 8095 1667] 66913 185001 0 2000] 412 -6085] -1255
2618 g 8085 8095 1500] 76302 207380 2000 371 6085 1128
2020 0 8085 8085 1350 85651 22977] 0 2000 334 5085 -1918
2021
2022
2023
Total 404,737 137,609 547341 465435 4.018,308] 602.027] 662,039 580,433 119,698 114,999/
BIC 1.25
EIRR 0.1
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JICA STUDY TEAM

Cost-Benefit Analysis

Base Case [
Site No 30 [NOG3E170 | A-Node 602 T BNode 810 | Maintenance
lﬁa Name __JNIG 3, 35.2 TLink Lengin (km) [E Cost per km
1340
{Typs of Disaster Debris Flow | [PermanentTemporary (P} | £ ]
Discount Rate (%) | 10| |Discount Period [ 18]
[Risk : Without Prevention Measures Road will fail in years [
|Score a3 [Benefit Factor a3
2003 2010 2020
Mocde Base Disaster Base Disaster Base Disaster
1 268075 268916 380157 390157 7108289 710674 AADT Cars
2 472267 478408 687643 687685 1222922 1223285 Vehicle Fick-ups
3 161758 162820 198464 198464 270874 270874  |<——- Kilomeires Buses
4 191426 195880 307558 307440 556835 557116 input from L Goods
5 131812 132815 198831 188831 377752 378125 JICASTRADA M Goods .
6 93606 94274 106710 106710 255277 255306 Trafiic Model H Goods
Veh. Op Cost Benefits, US §, per year
10006 %m 1 2003 2010 2070] Capital Cast
185.5 1841 124638 [} ¢ 8817 Estimate US $|
2151 6141 482078 42 3247 28456 3828214
528.7 1062 205344 o] o o
5491 4454 892684 -116 -23249 56319
768.2 1003 - 281230 1] 0 104585
878.5 668 214185 0 0 0208
[Total 2200160 -19352 208515]
1 4729 4357 5138 6138 11289 11292 AADT Cars
2 7681 7771 10923 10924 19581 19580 Vehicle Pick-ups
3 2888 21 3124 3124 4134 4136 e Hours Buses
4 3128 3227 4503 4905 8959 8869 input fram |. Goods
5 2114 2183 3091 3081 6007 8005 JICASTRADA M Goods
B 1560 1580 1878 1578 4126 4127 Traffic Modet H Goods
Passenger Benefits, US §, per year,
VCT, 2002 [ 2003 2010 2020
284 128 136267 0 o] 8328
1.09 180 77632 1 493 2589
14.8 35 165487 4] 0 28129
104 99 38595 2 941 10166
1.04 39 15204 0 0 -2033
0.76 20 6823 0 0 733
[Fotal 458809 1434 55911]
Value of Time Base 1.027 1.23% 2678 Oceurrence probability 13
Factors Sensitivity 097 0.924 0811 Restoration Cost 2000 US$
<With Project> .
] Capital | Maintenance Total Tolal Dis- | Veh Km | Veh Hour |{Ben Total Total Dis. Benzfits Net Pre
Year CostLUSS | Cost(USS) | Cost (US$) | counted Cost Benefits Benefits Benefits Benefits -Cost Value
$Us $US $ US SLS
2002
2003 382521 382521 382521 4100080 2344045 O 1333 1333 -381188 -381188.
2004 o] 7650 7650 6885 941501 2010208 1 763014 65867131 755364/ 678827
2005 0 7650 7650 5197 782821 167636 O 1333 1080 5317 -5117
2006 0 7650 7650 5577 624342 134263t O 1333 972 6317 -4605
2007 0 7650 7650 5019 465762 100868 O 1333 875 6317 -4145
2008 0 7650 76850 4518 307182 874851 O 1333 787 5317 -3730
2009 o] 7650 7850 4066 148603 34101 8] 1333 708 637 -3357
2010 9] 7650 76850 3859 -9976 7170 1333 838 -B317 -3021
2011 0 7850 7850 3293 1447 3441 0 1333 £74 £317 2718
2012 a 7850 7850 2964 12871 6165 O 1333 517 £317 2447
2013 0 7650 7850 2668 24294 8888t 0 1333 A65 6317 -2203
2014 0 7850 7650 2401[ 35717 116121 O 1333 415 -6317 -1982
215 0 7850 7850 2161 47141 143368 0 1333] 377 £317 -1784
2018 0 7650 7650 1945 £8564 17080 O 1333 339 6317 -1606
27 ] 7850 7850 1750 59988 19784 O 1333 305¢ -6317 -1445
2018 0 7850 7850 1575 81411 22508] O 1333 275 6317 -1301
2018 Ju] 7550 7650 1418! §2834 252321 O 1333 247 6317 -1171
2020 Q 7850 7850 1276 104268 27956 O 1333 222 -6317 -1064
2021
2022
2023
Total ‘382,521 130,057 512679 439,892 4,868,941[ 1,097,466 785681 656,845 273,102 256,952
BIiC 1.58
EIRR 0.01
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FINAL REPORYT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
) Base Gase |
[Site No 32 INOOSC1E0 | A-Node 602 ] B-Node 810 ] Maintenance
[Site Name __[NIC 3.38.9 fLink Length fkm) 130 | Cast per km
1340
[Type of Disaster Slope Slide | [PermanentTemporary (FIT) | P ]
[Ciscount Rate (%) | 10] |Discount Period I 18]
Risk : Without Prevention Measures Road will fail in years |
[Score 90 | [Benefit Factor 90 ]
2003 2010 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 269916 380157 390157 710528 710674 AADT Cars
2 472267 478408 687643 687685 1222822 1223285 Vehidle Pick-ups
3 161758 162820 168464 198464 270874 270874  [<-— Kilometres Buses
4 191428 195880 307556 307440 556835 557116 input from |. Goods
& 131812 132815 198831 198831 377752 378125 JICASTRADA M Goods
5] $3608 94274 106710 106710 259277 259306 Traffic Mode! H Goods
Veh. {p Cost Benefits, US §, per year
4000 km i 2003 2010 20z0] Capital Cost
185.5 1841 124638 0 [+ 8817 Estmate US §
215.1 8141 482078 42 3297 28496 1132757
526.7 1082 205344 o o] 0
5481 4454 892684 -118 -23249 56319
768.2 5003 281230 V] 0 104585
878.5 568 214188 0 o] §298
fTotat 2200160 -19852 208515]
1 4229 4357 6138 6138 11289 11282 AADT Cars
2 7581 777 10823 10824 19581 19660 Vehicle Pick-ups
3 2686 2721 3124 3124 4134 4136 < Hours Buses
4 3128 3227 4803 4905 8959 8869 input from L Gaods
5 2114 2183 3081 3091 6607 B00E JCASTRADA M Goods
6 1560 1580 1678 15678 4126 4137 Tratfic Model H Goaods
Passenger Benefits, US §, per year
VOT, 2002 L 2003 2010 2020]
2.84 128 136287 o 0 - 8328
1.09 190 7632 1 483 2589
14.9 35 195487 o] [0} 29128
1.04 98 38595 2 241 10168
1.04 3% 16204 o 8] -2033
0.75 20 5623 o 0 733
[Totai 468809 1434 55811)
Value of Time Base 1.027 " 1.239 2678 Oceurrence probability 3
Factors Sensitivity 0.97 0.924 0811 Restoration Cost 2000 US$
<With Project>
Capital | Maintenance ’ Totat Total Dis- | Veh Km i Veh Hour | Ben Total Total Dis. Benefits Net Pre
Year Cosi US$ | Cost (LUSS) | Cost (US 8) | counted Cost Benefits Bengfits Benefits Benefits -Cost Value
s US S US $US $US
2002 .
2003 1132757 T 1132757 1132757 2200150] 488809 0O 1338 1333 -1181424]  -1131424
2004 ) 22655 22655 20350/ 1883001 402041 1 1524695 1372225 1502040] 1351838
2005 3] 22668 22855 18381 1565842 335273 O 1333 1080 -21322 17211
2006 4] 22685 22655 18516 1228684 268505) 0 1333 972 21322 -15544
2007 o 22666 22655 14864 931525 2M737] O 1333 875 -21322 -13088
2008 0 22655 22655 13378 514366 134989 O 1333 787 -21322 -12520
2009 0 22655 22655 120401 297207 68201 0 1333 708 =21322 -11331
2010 0 22665 22655 10836 -19852 1434 O 1333 638 21322 -10188
2011 0 22668 22655 9752 2885 6881 0 1333 574 21322 -2178
2012 0 22655/ 22655 8777 25741 12329 O 1333 517 -21322 -8261
2013 0 22655 22855 7839 48538 17777 O 1335 465 -21322 -7434
2014 0 22665 22655 7109 71435 28228 O 1333 418 -21322 -5691
2015 0 22655, 22655 5368 94282 28672] @ 1333 377 -21322, -5022
2016 0 226585/ 22655 5759 117128 34120 O 1333 338 -21322 -5420
2017 0 22685 22655 5183 138975 A0568| O 1333 308/ 21322 4878
2018 0 22655/ 22655 4664 162822 45016] O 1333 275 -21322 -4390
2019 0 22655/ 22655 41981 185689 Sp4e4| O 1333 247 ~21322 3951
2020 0 22685 22655 3778 208515 55311 & 13331 222 21322 -3556
2021
2022
2023
Total 1,132, 767] 385,137 1517894 1,302,649 9,777,883 2,194,932 1.547,361 1,382,357 29,467 79,708
BiC 1.06
EIRR 0.00
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
[Base Case ]
Site No 33 [NDD2C140 | A-Node 502 [ B-Node 610 | Maintenance
ﬁe Name  [NIC3 30.4 iLink Length (km) 13.0 | Cost per km
1340
{Type of Disaster Slope Slide [PermanentTemgorary (PT)__| P |
Discount Rate (%) _ 10 |Ciscount Period [ 13}
Risk : Without Prevention Measures Road will fail in years |
|Sco 20 |Benefit Factor £0 i
2003 ] 2010 2020
Mode Base Disaster Rase Disaster Base Disaster
1 268075 268915 390187 380157 710529 710874 AADT Cars
2 472267 478408 887643 687685 1222822 1223285 Vehicle Pick-ups
3 161758 162820 198464 198464 270874 270874 |« Kilometres Buses
4 191426 105880 307558 307440 556935 557116 input from L Goods
5 131812 132818 198631 188831 377752 378125 JCASTRADA M Geods
<] 93606 84274 108710 106710 259277 259306 Traffic Model H Goods
Veh. Op Cost Benefis, US §, per year
1000 ¥m F 2003 2010 2020] Capital Cast
185.5 1841 124638 o} a 8817 Estimate US §
2151 6141 482078 42 3297 28496 924221
529.7 1062 205344 4] 0 0
5491 4454 BGZ684 -11e 23249 56319
768.2 1003 281230 0 0 104585
878.5 568 2141886 o Q 9268
[Tota 2200160 19952 208515}
1 4229 4357 6138 &138 11259 11202 AADT Cars
2 7581 7T 10823 10924 18581 19580 Vehicle Pick-ups
3 2686 2721 3124 3124 4134 4136 e Hourg Buses
4 3128 3227 4903 49035 8959 8969 input from L Goods
5 2114 2153 3091 3001 6007 6005 JICASTRADA M Goods
<] 1580 1880 1678 1678 4126 4127 Traffic Mode! H Goeds
Passenger Benefits, US §, per year
VOT, 2002 { 2003 2010 2020]
2.84 128 138287 0 Q 8328
1.09 150 77632 1 493 8589
14.9 35 196487 o] [+ 20129
1.04 99 38595 2 841 10166
1.04 39 15204 o o -2033
Q.75 20 5623 0 0 . 733
[Totar 468809 1434 55911}
Value of Time Base 1027 1239 2678 Occurrence probability 13
Factors Sensitivity 0.97 0924 0.811 Restoration Cost 2000 USS
<With Project>
Capital Maintenance | Tatal Totat Dis- Vah Km | Veh Hour | Ben Total Total Dis. Benefits Net Pre
Year CostUSS | Cost(US$) | Cost{US§) | counted Cost Benefits Benefits Benefiis Benafits - Cost Value
S US $US Sus 3US
2002
2003 924221 824221 924221 1308351 385322 O 1333 1333 822888 -927883
2004 0 18484 18434 16638 1647572 330444f 1 1253411 1128070 1234927 1111434
2005 ] 18484 18484 14972 1286994 2758671 O 1333 1080 -17151% -13862
2006 [ 183484 18484/ 13475 1028315 2206890 0 1333 973 17181 -12503
2007 O 18484 18484, 12128] 765637 165811 0 1333 875 -17151 -11253
2008 2 18484 18484 10815 504958 110934 0 1333 787 -17181 -10128
2008 4 18484 18484 8823, 244280, SB058] b 1333, 708 -17151 -9115
2010 0 18484 18484 8841 -1639¢ 1178 _© 1333 638 C-1715 -5203
2011 0 18484 18484 7957 2379 5856t O 1333 574 -17151 -7383
2012 ° 18484 18484 7161 21157 10134 D 1333 517] -17151 6645
2013 J8) 13484 18484 €445 38935 14611 8] 1333 465 17181 -5380
2014 o 18484 18484 5801 58714 1posgl © 1333 4B -171581 -5382
2015 2] 18484 18484 5221 77482 23566| O 1333 377 1715 -4844
2018 v 18484 18484 4688 86270 28044 -G 1333 233 - ~1715¢1 -4360
2017 4] 18484 18484 4228 115048 325221 @ 1333 305; -17151 -3924
2018 a 18484 18484/ 3808 133826/ 36988 O 1333 275 -17151 -3531
2019 "] 13484 18484 2425 152604 41477 ¢ 1333 247 -17151 -3178
2020 o 18484 18484/ 3083 171382 45054 O 1333 222 -17151 -2860
2021 :
2022
2023 ]
Total 924 221 314,235 1238456 1,062,837 8,036.518| 4.804 054 1,278,078] 1,138,202 37,621 75,365
BiC 107
EIRR 0.00
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
[EaseGase |
F@g No 35 [NOOSAD10 | A-Node 1147 [ BMNode 11t ] Maintenance
Site Name  [NIC 6, 24.6 —_|Link Length (km) 12.0 | Cost per km
1340
Type of Disastar Rock Falt IPermanentﬂ’ emporary {(P/T) I P j
Discount Rate (%} 10 |Discount Period 18]
[Risk : Without Prevention Measures Road wilt fail in yéars |
[Score 76 |Benefit Factor 75 |
2003 I 2010 2020
Mode Base 4676 Base Disaster Base Disastar
1 269904 270880 394190 355397 719386 720689 AADT Cars
2 438684 495899 717076 Tasar2 1276619 1284976 Vehicle Pick-ups
3 168510 167628 205422 206844 280705 282298  |<-— Kilometres Buses
4 194878 186909 310937 312251 564193 5668762 input from L Goods
5 134970 136623 204274 208725 386998 391867 JICASTRADA M Goods
B 94185 94437 107931 108285 261770 282304 Traffic Model H Goads
Veh. Op Cost Benefits, US §. per year
1000 km [ 2003 M0 2020 Capital Cost
185.5 946 G4046 1207 81716 38215 Estimate LS $|
215.1 7315 574238 11296 885754 1448803 430003
5207 1118 216172 1422 274852 307629
5491 1031 206636 1314 263356 514887
768.2 1653 463483 2481 887233 1385214
878.5 252 80801 364 116712 171220
[Total 1805376 2310723 3896063]
1 4342 4401 8229 8313 11498 11838 AADT Cars
2z 7963 8346 11579 12185 20803 21843 Vehicle Pick-ups
3 2795 2876 3280 3385 4541 4683 < Hours Buses
4 3185 3213 4976 £034 2123 257 input from L Goods
& 2182 2277 3210 3333 6216 8445 JICASTRADA M Goods
6 1574 1587 1703 1722 4180 4211 Traffic Mode! H Goads
Passenger Benefits, US §. per vear
VOT, 2002 I 7003 2010 2020
284 59 82511 84 107885 388642
1.09 383 15641 585 288861 1108060
14.9 81 452412 106 714260 2068131
1.04 48 18713 58 27279 136220
1.04 85 33137 123 57850 232794
0.75 13 3665 19 5444 22728
[Total 727219 1202579 3956574,
Value of Time Ease 1027 1238 2678 Oceurrence probability 13
Factors Sensitivity 0e7 0.924 0.811 Restoration Cost 2000 USE
<With Project>
Capital | Maintenance l Total Total Dis- | Vieh Km I Vet Hour ] Ben Total Total hs. Benefite Net Pre
Year CostUS3 | Cost(LUS3) | Cost{US$) | counted Cost Benefits Benefits Benefits Benefits - Cost Value
$US LS $uUs 3 Us
2002 .
2003 480003 480003 480003 989515 448288] 0 1333 1333 478869 -478669
2004 0 9600 o600 3640 1051730 490147 1 1029251 926326 10186851 917686
2008 3] 9600 49600 7775 1113845 532008 0O 1333 1080: -B257 -£695
2006 % 9600 9600 5898 1175959 573870] O 1333, §72 8287 -6028
2007 0 9500 9600 6298 1238074 815731 Q 1233] 875 -8287 5424
2008 0 9600 9600 566% 1300189 6575931 O 1333] 787 -B267 -4881
2009 [1] 9600 8600 5102 1362303 689454| 0 1333 708 -8267 4353
2040 0 5600 9600 4592 1424418 741316] 0O 1333 638 -B267 -3854
2011 o $600 2600 4133 1522145 a11083| 0 1333 574 8267 -3559
22 & SE00! 2600 3719 1618872 1080849 4333 &7 3267 =303
23 ol 9800 2600 3347 1717599 1250616] O 1333: 485 -B287 -2882
214 0 9600 9600 3013 1815325 1420383] O 1333 418 -B267 -2594
2015 [3] 9600 9600 271 1913052 1560150{ . O 1333 377 -8267 -2335
2015 0 9600 9600 2440 2010779 17596171 O 1333 239 -B267 -2101
2017 0 8600 o600 2196 2108506 1920683 O 1333 305 -8267 -1891
2018 [l S600 9600 1877, 2206233 2099450] O 1333 275 -B267 -1702
2019 5] 9600 9600 1779) 2303859 2268217 O 1333 247 -8267 -1532
2020 [ 8600 8600, 1601 2401688, 24380841 0 1333 222 -8267 -1378
2021 .
2022
2023
Total 480,002 163,207 543204 551,004] 29275280 21.508.736 1051918 935,458 408,714 384,464
BiC 1.70
EIRR 0.01
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
[ Base Gass |
[Site No 44 [ND2B8ADBO | A-Node 1101 T BNode 504 | Maintenance
Site Name |NIC26, 24 7 Link Length (km}) 26.0 | Cost per km
1340
[Typs of Disaster Rock Fall_| Permanent/Temporary (PIT} | P 1
[Discount Rate (%) | 10| Discount Period 18]
[Risk : Without Prevention Measures Road will failin years |
[Score 70 [Benefit Factor 70 |
2003 | 2010 l 2020
Mode Base Disaster Base Disaster Base Disaster
1 263075 289413 391813 393527 713975 716938 AADT Cars
2 472247 477630 591648 596644 1230257 1242272 Vehicle Pick-ups
3 181758 164995 199148 202950 271850 276824 [<—- Kilometres Buses
4 193383 198945 309370 314928 560748 569767 input from L Goods
5 131812 133060 199683 200944 379385 380919 JCASTRADA M Goods
8 936808 94114 107084 107683 260251 261726 Traffic Model H Goods
Veh. Op Cost Benefits, US $, per year
1000 km I 2003 2010 2020} Capital Cost
185.5 1338 90585 1714 116040 200599 Estimate LIS §
2151 5413 424929 6396 549187 2431896 389925
529.7 3237 625893 3802 735139 961752
549.1 3562 713807 5558 1113951 1807615
768.2 1248 349926 1261 353571 430147
378.5 508 162884 599 192062 472940
|_Tu[a| | 2368122 3059960 4816219]
1 4300 4350 6167 6253 11365 11523 AADT Cars
2 7586 TI37 10991 11244 15747 2011 Vehicle Pick-ups.
3 2636 2758 3136 3235 4340 4468 < Hourg Buses
4 3133 3225 4938 5101 9042 8327 input trom L Goods
5 2121 2187 3105 3183 6042 8184 JICASTRADA M Goods
[} 1560 1580 1684 1717 4146 4225 Traffic Madel H Goods
Passenger Benefits, US §, per year
VOT, 2002 [ 2003 2010 2020]
2.84 80 53229 88 110454 438610
1.08 151 61697 253 124713 473066
149 73 407730 - 99 867092 1864231
1.04 92 35066 183 76663 289722
1.04 45 17933 78 36685 144353
0.78 20 £623 33 11183 57915
[Tutal 582079 1026800 3Z678ET
Value of Time Base 1.027 1.238 2.678 Ocourrence probability 113
Factors Sensitivity Q.97 0.924 0811 Restoration Cost 2000 USS
<With Project>
Capital | Maintenance l Total Total Dis- | Veh Km | Veh Hour | Ben Total Total Dis. Benefits Net Pre
Year Cost USS | Cost (US$) | Cost (JUS 3) § counted Cost Benefits Benefits Benefits Benefits - Cost Value
S US 5US jus $US
2002
2003 388825 380925 389925 811001 199342 0 1333 1333 -388592 -388592
2004 0 7799 7798 7019 544848 2210098 1 711968 640768 704186 633750
2005 0 7799 7799 8317 8759895 242857 0 1333 1080] 5485 -5237
2006 0 7799 7798 5685 912542 264514 O 1333 a72 -B465 -4713
2007 o] 7799 77e8 5117 546390 286372 0O 1333 875 -6465 4242
2008 0 7798 7788 45051 980237 308129 0 1333 787 -6485 -3818
2009 2] 7789 7789 4144 1014084 320886 0 1333 709 6465 -3436
2010 o] 7799 7799 3730 1047931 351844 O 1333 638 -8465 -3062
2011 0 7799 7799 3357 1108077 4783031 O 1333 574 -£465 -2783
2012 0 7799 7799 3021 1168223 061431 0 1333 517 6465 -2505
2013 0 7799 7799 2718 1228359 5818921 0O 1333 4685 -8465 -2254
214 0 7799 7799 2447 1288515 658642 O 1333 418 8465 -2028
2115 +] 7799 7799 2208 1348661 73538921 0O 1333 377 5465 -1626
2016 0 7799 7799 1982 1408807 812141 0 1333 332 -B465 -1643
207 O 7799 7799 1784 1468853, 888891 0 1333 306 -B485 -1478
2018 0 779% 7798 1506 1529098 985640 0 1333 275 -B485 -1331
2018 0 7799 7799 1445 1589244 1042390  0:. 1333 247 -54G5 -1198
2020 o] 7799 7798 1301 1649390 1119140| O 1333 222 -5465 -1078
2021 -
2022
2023
Total 389,925 132 575] 522500 448,408 21 223 066 9.941 607 734 523] 650,901 212,132 202,494
BiC 1.45
EIRR 0.01
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
Base Case l
Site Na 45 iLa Banderita | A-Node 1101 | BNode s04 | Mainterance
Site Name |NIC26, 24.7 JLink Length (km) 26.0 1 Cost per km
1340
|Type of Disaster Rock Fali_| [Permanent/Temporary (P1)__| P I
Discount Rate {%} | 10 |Discount Period | 18|
Risk : Without Prevention Measures Road will fail in years
{Score 70 Benefit Factor 70
2003 2010 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 2659413 381813 393827 713475 716938 AADT Cars
2 472217 ATTE30 591648 58644 1230257 TRAZZT2 Venicle Fick-ups
3 161758 164895 199148 202950 271850 276824  |<— Kilometres Buses
4 183383 186545 309370 314928 860748 568767 input from L Goods
) 131812 133060 199683 200844 379385 380919 JICASTRADA M Goods
g 93505 94114 107094 107693 280251 261725 Traffic Mode! H Gaods
Veh. Op Cost Benefits, LIS 8, per year
1000 km [ 2003 2010 2020] Capitai Cost
185.5 1338 90585 1714 116040 200599 Estimate US §
2151 5413 424929 85996 549197 943196 38252
528.7 3237 625893 3802 735139 961752
546.1 3662 713907 5558 1113951 1807615
768.2 1248 345926 1261 383571 430117
B78.5 508 162884 59 192082 472940
|Total 2368122 3059960 4816218}
1 4300 4350 6167 6253 11365 11523 AADT Cars
2 7585 7737 10981 11244 18747 20181 Vehicle Pick-ups
3 2686 2759 3138 a235 4340 4468 Lo Hours Buses
4 3133 3225 4938 5101 8042 9327 input from L Goods
5 2121 2167 3108 3183 6042 5184 JCASTRADA M Gonds
8 1560 1580 1584 1717 4145 4225 Traffic Made! H Goeds
Passenger Benefits, US $, per vear
VOT, 2002 I 2003 2010 2020] i
284 50 53229 a8 110454 238610
1.0¢ 181 51697 253 124713 4730568
14.8 73 407730 89 667092 1864231
1.04 92 35866 183 76683 289722
1.04 48 17933 78 36685 144353
075 20 5823 33 11193 57815
[Total 582079 1026500 3267887]
Value of Time Base 1.027 1.239 2678 Qccurrence probabiiity 173
Factors Sensitivity 097 0.824 0.811 Restoration Cost 1000 USH
<With Project>
I Capital [ Maintenance Totat Totat Dis- | Weh Km Veh Hour | Ben Total Totat Dis. Benefits Net Pre
Year Cost US$ | Cost{US$) | Cost(US§) | counted Cost Benefits Benefits Benefits Benefits ~Cost Value
S US sUS SUS suUs
2002 - i
2003 38252 _E 2382521 38252 194640 47842F 0 1000 1000] -37252 -37252
2004 0 7865 765, 689 202784 530641 1 1716562 154396 170787 153708
2005 0 785 765 620 210887 58286l 0 1000 810 235 180
2008 0 785 765 £58 218040 B3507] @ 1000 729 235 171
2007 0 7é5 765 502 227134 68729] 0 1000) 656 235 154
2008 0 765 785 452 235257 73851 0 10001 580 235 139
2009 0 765 765 407 243380, 79173 0O 1000 531 235 125
2010 0 765 765 366 251504, 84354 0 1000 478 2351 112
2011 D 7eh 785 328 265939 102814 O 1000 430 235 101
2012 o 765 785 286 280374 121234) O 1000 387 235 g1
2013 O 765 785 267 254809 135684 O 4000! 343 235 52
2014 2 765 785 240 309244 158074 O 1000; 314 235 74
2015 2 765 85 2186 323679 176494 - O 1000 282 238 G5
. 2016 g 765 765 184 338114, 194914 ¢ 1000 254 235 60
217 Q 765 765 175 352548 213334| © 10001 228 235 54
2018 a 765 765 158 356884 231754 0 1000 206 235 48
2019 0 7685 iz 142 381418 250174 0 1000 185 235 44
2020 0 765 765 128 365854 268593 O 1000 167 235 39
2021
2022
2023
Total 38,252 13,006 51258 43,989 5,093,535 2,385,936 183 552 161,995 137,284 118,006
BiC 3.68
EIRR 0.04
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FINAL REPORT APPENDIX JICA STUDY TEAM

Cost-Benefit Analysis
. [ Base Case |
[Site No 439 NO26B140 | A-Node 302 [ B-Node 301 | Maintenance
[Site Name___INIC 26, 34.0 [Link Length (km) 260 | Cost per km
i 1340
[Type ot Disaster Rock Collapse [PermanentTemporary (PIT) | P ]
[Discount Rate (%) [ 10} |Discount Period I 18]
[Risk ; Without Prevention Measures Road will fail in - years |
{Score 80 | [Benefit Factor 80 |
2003 2040 2020
Mode Base Disaster Base Disaster Base Disaster
1 268075 271711 ERIEE 396818 713975 722485 AADT Cars
2 472217 420873 891648 703008 1230267 1249678 Yehicle Pick-ups
3 161758 167418 199148 205533 271850 280477 [<—— Kilometres Buses
4 193383 197817 309370 315863 560748 571425 input from L Goods
5 131812 134167 199683 202956 376385 384300 JICASTRADA M Goags
5 93606 94293 107084 107741 260251 262138 Traffic Model  H Goods
Veh. Op Cost Benefits, US $. per vear
1000 km [ 2063 2610 - 20206] Capital Cost
185.5 3636 245163 6005 335846 574786 Estimate US §
2151 8656 679510 11450 898843 1548129 1115482
529.7 5681 1094588 6385 1234577 . 1668081
549.1 4454 388675  B483 1209342 2139918
768.2 2355 - 60316 3273 917713 1378112
878.5 687 220278 847 207452 | 605042
[Total 3789528 4896774 7914067|
4 4300 4457 8167 5439 11365 11890 AADT Cars
2 7586 7928 10991 11845 19747 20808 Vehicle Pick-ups
3 2686 2858 3136 3375 4340 4686  |<——  Hours Buses
4 3133 3306 4938 5236 9042 9604 input from L Goods
5 2121 2244 3105 3302 6042 6432 JICASTRADA M Goods
6 1560 1605 1684 1762 4148 4347 Traffic Model M Goods
Passenger Benefits, US §, per year
VOT, 2002 I 2003 2010 2020}
284 157 167140 262 336499 1457408
1.08 342 135738 554 273087 : 1130434
149 172 gs0878  23% 1610454 5039249
1.04 173 67444 298 140157 571312
104 123 47951 187 92654 396482
0.75 45 12651 68 23064 147354
[Total 1395604 2475314 8742212]
Value of Time Base 1.027 1.23¢ 2.678 QOcturrence probatility 3
Factors Sensitivity 0.97 0.824 0811 Restoration Cost 2000 US$
<With Project>
Capital Maintenanoel Total Total Dis- i Veh Km Veh Hour lBen Total Tota! Dis. Benefits Net Pre
Year Cost USE | Cost (USS) | Cost{US 3) 1 counted Cost Benefits Benefits Benefits Benefiis - Cost Value
FUS $US $uS $US
2002 j
2003 1115452 1115482 1115482 2180277 8028501 0] 1333 1333 -117a148] _-111412s
2004 0 22510 22310] 20079 2271284 851743 1 2110018 1899016, 2067708] 1578937
2006 0 22310 22310 18071 2362290 980535 0 1333 1080) 20976 16391
2006 0 22310 22310 16264 2453796 1069328] 0O 1333 972, 20076, 15292
2007 0 22310 22310 14637| 2544303 1158121 0 1333 875 -20976 .13763
2008 [i] 22310 22310 13174 2635309 1246131 _ 0 1333 787 -20976, 12338
2009 i 272310 22310 11856 2726316 1335708 0 1333 708 20676 11148
2010 0 22310 22310 10671 2817322 1424480 0 1333 638 20976 10033
2011 0 2231() 22310 0604 2990920 1785028] _ o] - 1333 574] - 20076 8030
2012 0 22310 22310 8643 . 3164517 2145553 0 1333 517] 20976 8127
2013 D 22310 22319 7779 3338115 2506080] 0 1333] 465 20976, 7314
7014 i 22310 22310 7001 3511713 2866607 0 1333 418 20976 5583
2015 0 22310 22310 6301 3685310 3227134] © 1333 377, 20978 5324
2016 0 22310 22310 5671 3856008 3587861 © 1333 339 20976 5332
2017 0 22340 22310 5104 4032506 3048188] © 1333 305] 20876 -4799
2018 B 22310 22310 4593 4206103, 4308715 O 1333 275 20676, 4318
2019 0 22310 22310 4134 4379701 4669242] 0 1333 247 20076 3887
2020 4] 22310 22310 aras 4553298 5020768 © 1333 2221 -20076 -3498
2021 :
2022
2023
Tola 7115492 370.264] 1494745 1,282,783 57.711.488] _42.083.770 2132664] 1,009,148 €aT838]  626,368]
j BIC 1.49
EIRR 0.1
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FINAL REPORT APPENDIX JICA STUDY TEAM
Cost-Benefit Analysis
Base Case
[Site No 50 [NOZEA1E0_ | ANoce 302 [ _BNode 301} Mantenance
[Site Name __[NIC 25, 34.2 JLink Length {kim) 280__| Cost per km
1340
{Type of Disaster Rock Fall_| {PermanentTemporary (PT) | P
|Discount Rate (%) ] 10| | Discount Period | 18]
[Risk ; Without Frevertion Measures Read will fail in years |
{Score 85 Benefit Factor 85
2003 2010 2020
Mode Base Disaster Base Disaster Base Disaster
1 288075 271711 391813 306818 713975 722465 AADT Cars
2 472217 480873 681848 703098 1230257 1240078 Vehicie Pick-ups
3 161758 167419 199148 205533 271850 280477 |  Kilometres Buses
4 193383 197817 308370 315853 560748 571425 input from L Goods
5 131812 134167 199583 202956 370385 384300 JCASTRADA M Goods
5 93606 64293 107084 107741 260251 262138 Traffic Model  H Gaods
Veh. Op Cost Bensfits, LIS §, per year
1000 km [ 2003 2010 2020] ital Cost
185.5 3636 246183 5005 338846 574786 ate US $
2151 86586 579510 11430 892843 1548129 250127
529.7 5661 1094588  B38S 1234577 16658081
549.1 4434 888675 6483 1299342 2139918
768.2 2355 860316 3273 917713 1378112
876.5 887 220278 647 207452 605042
[Total 3789529 4896774 7914067
1 4300 4257 B167 65429 11365 11830 AADT Cars
2 7586 7928 0891 11548 19747 20808 Vehicle Pick-ups
3 2685 2858 3136 3375 4340 4586 L Hours Buses
4 3133 3306 4538 5236 9042 9804 input from L Goods
5 2121 2244 3105 3302 8042 6432 JICASTRADA M Goods
5 1560 1605 1684 1752 4145 4347 Traffic Model  H Goods
Passenger Benefits. US $, per year
VOT, 2002 f 2003 2010 2020]
2.84 157 167140 262 336499 1457408
1.08 342 139738 554 273087 1130434
149 172 950678 239 16510454 5039249
1.04 173 57444 268 140157 571312
1,04 123 47651 197 92654 395462
075 45 12651 - 68 23064 147354
[Totat 1395604 2475914 87422138]
Value of Time Base 1.027 1.239 2678 Qecurrence probability 113
Factors Sensitivity 097 0.924 0.811 Restoration Cost 2000 US$
<With Project>
Capital Maimenancel Tatal Total Dis- LVeh Km I Veh Hour [Een Total Tota! Dis. Benefis Net Pre
Year Cost US$ | Cost (US$) | Cost({US $) | counted Cost Benefits Benefits Bensfits Benefits - Cost Vaiue
5US $US $US SUS
2002 .
2003 255127 256127 285127 467207, 172081 0] 1333 1333 -257794] 257794
2004 D 5183 £183 4664 4BE704] 191088] 1 453194 407875 448012 403211
2005 0 5183 5183 4198 50B205, 210115] 0 1333 1080 3849 3118
2006 0 5183 5183 3778 525705 229142 0 1333 a72 -3849 2806
2007 0 5183 5183 3400 545708 248168 0| 1333 875 3849 2525
2008 D 5183 5183 3060 564709 267186 0 1333 787 3849 2973
2008 0 5183 5183 2754 584210 286223] 0 1333 708 3843 2046
2010 7 5183 5183 2479 803712 305250]  © 1333 838 3849 -1841
2011 0 5183 5183 2231 540911 382508 0 1333 574 -3845 -1657
2012 0 5183 5183 2008 678111 450761] 0] 1333 517 3849 1491
2013 0 5183 5183 1807 715310 5870170 1333 465] 3849 -1342
2014 0 5183 5183 1626 752510 6142731 0 1333 418 3848 -1208
2015 0 5183 5183 1454 785709 891529] - © 1333 a7 3849 1087
2016 0 5183 5183 1317 $26900 768785 O 1333 338 3849 978
2017 i 5183 5183 1186 364108 245040] D) 1333 305 3349 881
2018 0 5183 5183 1067 901308 923298 0] 1333 275 -3849 793
2018 0 5183 5183 960 938507 10008821 0 1333 247 -3349 713
2020 0 5183 5183 564, 975707 1077308f 0 1333 222 -3349 £42
2021
2022
20723
Total 253 127 88,103 347231 297,9%2] 12,366,747] _ 3,270,808 475,861 418,007 ] 128,630 120,045
BIC 1.40
EIRR 0.1
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IN THE REPUBLIC OF NICARAGUA JAPAN ENGINEERING CONSULTANTS CO., LTD.
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