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6.5 Implementation Plan

6.5.1 Executing Agency

The General Division of Planning, Ministry of Transport and Infrastructure (GDP), is the
responsible government agency for the execution of the implementation of the Project. The
Cooperation and Economic Relationship Office, Ministry of Foreign Affairs, is also the
executing agency for supporting the Ministry of Transport and Infrastructure in donor assisted
projects.

6.5.2 Project Packaging

As described in Article 6.4, three work packages result from the economic evaluation, and
cost-effectiveness considerations. Package One contains disaster spots of NIC.1, NIC.3 and
NIIC.26. Package Two contains sites on NIC.3, NIC.5 and NIC.1. Package Three sites are
restricted to NIC.1 and NIC.3.
effectiveness of the constryction works. The relationship of the package groupings and the

The order of implementation is related to the cost

disaster spots are shown in Table 6.5.1.

Table 6.5.1 Package Group and Disaster Spots

NOOLA280
Junquillal
San Nicolas NQ03B400 NO26A160
Package1 San Ramon NOD3B320 San Juan de Dios 12
NOG1A240 Papalon
~ N0O1B230
NOO1B150
NOOIA290 NO03B370 NOOSAQLO0 La Banderita
Package2 El Guayacan Solis 7
NOO3E170
Las Chanillas
NOO1BLI70 N003C230 NOZ6A060
Package3 NOOIBLE20O N0O3C150 N0O26B140 11
Rio Inali NQOQ3C140 NO26A150
Rio Tapacah
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6.5.3 Validity Evaluation to Each Countermeasure

1) Validity of Environmental Issue
Several environmental impacts on NIC.3 have been identified such as the resettlement, the
blockade of stream to the downstream area, etc. However the issues related to the
environment of each disaster spot have been completely settled by appropriate mitigation
measures as the following items. Therefore each countermeasure is valid in relation to the
environment aspects.
o The hotel of “NO03B320 spot” will be safeguarded by constructing a retaining
wall without re-cutting the slope,
e The natural park of “N003C230 spoi” will be protected by planting vegetation
into the cribwork after re-cutting the slope.
e The downstream area of “NOO3E170 spot”, where the mountain stream could be
~ blocked, will be continue to be irrigated through an opening in the dam, and
e The coffec field of “N0O0O3C140 spot” will be safeguarded by constructing a
retaining wall in order to reduce the embankment reach.

2) Validity of the Result of Economic and Financial Analysis
The costs of maintenance of the permanent scheme, which are 2% of capital cost (See Table
6.5.2), will be sufficient to cover the required maintenance works identified in Table 6.5.3.

At the sites listed above where there will be a need for single-lane traffic working during
construction, it is assumed that this will be controlled by temporary traffic signals, or
manually. In both cases, traffic can expect to be delayed, depending on the length of road
affected. This length affects the time taken for vehicles to clear when both directions are
halted, and increases the disbenefit. Even a relatively long section (150m) should clear in 30
seconds. The maximum resultant disbenefits for each of the sires would be less 30
vehicle-hours per day. In monetary values these will always be much less than 1% of the
potential benefits of the works, and the traffic disbenefits can be considered to be negligible.

Hence the economic evaluation is valid.

Table 6.5.2 Annual Maintenance Budget Estimates, 2002 prices

1 12,167
2 66,263
3 175,911
Total 254,340
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"NOO1A290

Table 6.5.3 Validity of Economic and Financial Evaluation

Removal of loose
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on

No economic or
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Depends
rocks, installation durability of the | financial effect
of netting and metal netting
drainage
NOO1A230 Horizontal Traffic control | Monitoring water | Small  economic
drainage —~ one way | quality disbenefit to
working traffic during
during drilling construction
NOO1A240 Removal of loose | None Depends on | No economic or
rocks, installation durability of the | financial effect
of netting metal netting
NOO1A230 Removal of loose | None Depends on | No economic or
rocks, installation durability of the | financial effect
of netting metal netting
NOO1B170 Cutting and | Probable need { Maintenance Small economic
drainage for one-lane | required until | disbenefit to
traffic vegetation traffic during
working matures construction
NOO1B150 Cutting, shotcrete | None” Monitoring water | No economic or
and drainage currents financial effect
NO0O1B120 Cutting and | Probable need | Maintenance of | Small = economic
drainage for one-lane | slope condition disbenefit to
traffic traffic during
working construction
N003B400 Cutting and | Probable need | Regular Small economic
drainage for one-lane | inspection of | disbenefit to
traffic " | slope condition traffic during
working construction
NO03B370 Cutting and | Probable need | Regular Small economic
drainage for one-lane | inspection of ; disbenefit to
traffic slope condition traffic during
working construction
NGO03B320 Retaining  wall | None None No economic or
and fill, plus financial effect
drainage and
re-vegetation
N003C230 Cutting and | Road reduced | Regular Small economic
' ' concrete to one lane maintenance disbenefit to
protection = with required until | traffic during
vegetation, and vegetation construction
lower down matures
embankment plus
drainage
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NOO3E170 Cutting, drainage, | Re-alignment | None
concrete dam and | of road during financial effect
culvert  beneath | construction
road
NO03C150 Cutting and | Road reduced | Regular Small economic
drainage  above | to one lane maintenance disbenefit to
road, required until | traffic during
embankment, vegetation construction
vegetation  and matures
drainage below
N003C140 Cutting with | Road reduced | Regular Small economic
drainage and | to one lane maintenance disbenefit to
horizontal required until | traffic during
drainage  above vegetation construction
road, matures
embankment,
vegetation  and
drainage below
NOO5A010 Cutting and | Road reduced | Regular Small economic
drainage to one lane maintenance  of | disbenefit to
the slope traffic during
construction
NO026A060 Cutting, shotcrete | Probable need | Monitoring water | Small  economic
and drainage for one-lane | movement disbenefit to
traffic traffic during
working and construction
control
N0026B140 Cutting, drainage | Road reduced | Regular Small economic
and  horizontal | to one lane maintenance disbenefit to
drainage required until | traffic during
vegetation construction
matures
N0026B150 Cutting and | Road reduced | None Small economic
drainage, lateral | to one lane disbenefit to
carriageway traffic during
drainage construction
N0026B160 Removal of loose | None Depends on | No economic or
rocks, installation durability of the | financial effect
of netting and metal netting '
drainage '
NIC1 — Junquillal Gabion mat None Periodic No economic or
) Maintenance financial effect
NIC1 - San Nicolas Gabion mat None Periodic No economic or
Maintenance financial effect
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NIC1 - Las Chanillas

xi?é i
No economic or

Concrete Block None Periodic
Maintenance financial effect
NIC1 - San Ramén Gabion mat None Periodic No economic or
Maintenance financial effect
NIC1 - Rio Inali Gabion mat and | None Periodic No economic or
stone masonry Maintenance financial effect
NIC 1 - Rio Tapacali | Gabion mat None Periodic No economic or
Maintenance financial effect
NIC 3 - El Guayacan | New Bridge Temporary Periodic Additional
bridge during | Maintenance construction cost
construction
NIC26 — Papalon Gabion mat and | None Periodic No economic or
riprap with mortar Maintenance financial effect
NIC26 — Solis Gabion mat and | None Periodic No economic or
riprap with mortar Maintenance financial effect
NIC26 - La Banderita | Masonry wall and | None Periodic No economic or
gabion mat Maintenance financial effect
NIC26 - San Juan de | Gabion mat None Periodic No economic or
Dios Maintenance financial effect

The total investment is listed in Table 6.5.4.

Table 6.5.4 Total Investment in Disaster Prevention Measures (US $, 2002 prices)

2002

2003 30,918 0
2004 235,330 O
2005 965,950 0
2006 2,632,236 0
2007 5,383,945 11,451
2008 3,468,608 90,374
2009 O 207,253
2010 0 207,253
2011 0 207,253
2012 O 207,253
2013 O 207,253
2014 0 207,253
2015 0 207,253
2016 0 207,253
2017 2,354,358 207,253
2018 0 207,253
2019 O 207,253
2020 0 207,253
Total 15,071,345 2,588,856
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3) Validity Evaluation of the Countermeasures

The benefits from this investment are due to the prevention of disasters at all 30 sites. The
Internal Rate of Return of this project in avoiding disasters at each of the following sites over
the next 10 years is set out in Table 6.5.5.

Table 6.5.5 Project Internal Rate of Return (FIRR)
in Preventing Disasters on Each Road Link : Full Project Cost in Each Case

Malpaisillo NIC26 27.9
Sebaco to Chagatuiilo NIC3 28.2
ILa Sirena to Condega NIC1 15.5]
Average 23.5

Source : Project Evaluation Spreadsheets

The average EIRR for all the sites is 23.5%. This means that the project rate of return for
the prevention of just one disaster is 23.5%, and the rate of return for preventing more than
disaster will be higher. Therefore, the countermeasures planned through this Study are
highly applicable to preventing the road disasters in Nicaraguoa.

6.5.4 Construction Period of Each Project Packaging

The construction period for each project package was estimated taking account of the work
volume, site condition, weather condition, right-of-way situation, etc. The disaster spots have
been divided into three categories, described as follows.

a) Package 1: Priority Site 1
The disaster spots of Priority Site 1 are composed of NIC.1, NIC.3 and NIC.26. The
main work items are to install gabion mats to prevent scouring of bridge foundations,
to cut the weathered and steep slope surfaces, and to installation drainage and
retaining walls. The detailed works are shown in Table 6.5.6. The estimated
construction period for this package is 2 years.
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Table 6 5 6 Construction Work of Package 1

'NOOIAA280 |Horizontal dramage
Junquillal Gabion mat
San Nicolas  |Gabion mat
Nic.1 San Ramén  |Gabion mat
NO0O1A240 Removal of loose rocks, installation of netting
NO01B230 Removal of loose rocks, installation of netting
NOOIB150 Cutting, shotcrete and drainage
NIC3 NO03B400 Cutting and drainage
NOO3B320 Retaining wall and fill, drainage and re-vegetation
Removal of loose rocks
NO26B160 Installation o(f)?lit;g; aI;d drainage
NIC.26 San Juan de Dios {Gabion mat
Papal6n Gabion mat and riprap with mortar

b) Package 2 : Priority Site 2

The disaster spots of Priority Site 2 are composed of NIC.3, NIC.5 and NIC.26. The
main work items are the construction of a new bridge, to install gabion mats, to cut the
weathered and steep slope surfaces, and to install drainage. The detailed works are
shown in Table 6.5.7. The estimated construction period for this package is 2 years.

Table 6 5. 7 Constructlon Work of Package 2

Removal of loose rocks

NICt N001A290 Installation of netting and drainage

NOO3B370 Cutting and drainage
NIC3 El Guayacdn |New bridge

NOO3EL70 Cutting and drainage, concrete dam and Box culvert
NIC.5 NOO5A010  |Cutting and drainage
NIC.26 La Banderita  |Masonry wall and gabion mat

Solis Gabion mat and riprap with mortar

JICA STUDY TEAM

¢) Package 3 : Priority Site 3

The disaster spots of Priority Site 3 are composed of NIC.1 and NIC.3. The main

work items are to install gabion mats to prevent scouring of bridge foundations, to cut

the weathered and steep slope surfaces, and to install drainage. The detailed works are
shown in Table 6.5.8. The estimated construction period for this package is 2 years.
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Table 6.5.8 Construction Work of Package 3

Las Chanillas Concrete brocks

NOO1B170 Cutting and drainage
NIC.1 NOO1B120  |Cutting and drainage ' 5

Rio Inali Gabion mat and stone masonry
Rio Tapascali  {Gabion mat

Cutting and concrete protect with vegetation,
Lower down embankment with drainage

Cutting and drainage above road, embankment, 3
Vegetation and drainage below

Cutting with drainage and horizontal drainage above
road, embankment, vegetation and drainage below

N026A060 Cutting, shotcrete and drainage
NIC.26 N(O26B140 Cutting, drainage and horizontal drainage 3
NO26A150 Cutting and drainage, lateral carriageway drainage

NO03C230

NIC3 NOO3Ci50

N003C140

6.5.5 Engineering Services

The proposed Engineering Services comprise two main components. The preparatory work
is required to be implemented before the commencement of the project packages, and

includes a detailed design and a tendering for the construction works.  After tendering for
construction, the supervision of construction work will be assigned during construction period.
The total required period of the Engineering Services is 5 years.

6.5.6 Implementation Schedule

The implementation schedule was set up taking account of the construction period estimated
for each project package and for the engineering services. The recommended implementation

schedule is shown in Figure 6.5.1.

THE STUDY PAGE 6-58 :
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

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



ROAD DISASTER PREVENTION PLAN JICA STUDY TEAM

03 2004 2005 2006 2007 2008 .
ID_|Task Name Qra | Orl | Qr3 | Qr1 ] Qir3 | Or1 | Qra | Qw1 | Q3 | O 1 | Qs
1 Basic Design
2 )Full lean Application
3 Detailed Design Package 1
4 Detailed Design Package 2
5 |Detailed Desgn Package 3
€ Preparation Tender Documents 1
7 Preparation Tender Dacumenis 2
B8 |Preparation Tender Documents 2
9 Tender Package 1
W Tender Package 2
11 [Tender Package 3
12  |Works 1 On Site
12 [Works 2 On site
14 |Works 3 Cn Site

Figure 6.5.1 Proposed Implementation Schedule for Disaster Prevention Measures
6.5.7 Investment Programme
The investment programme of the Project has been made on the basis of the implementation
schedule. The cost breakdown set out mn Table 6.5.9 has been allocated to engineering

services and construction works as follows:

Table 6.5.9 Allocation of Costs

Component Allocation

Engineering works Construction works
Design Engineering Services
Construction Supervision Engineering Services
Client Costs Construction Works
Transport of materials Construction works
Contingency ' Construction Works

Table 6.5.10 shows the tentative investment programme for the proposed disaster spots and
structural strengthening projects. Figure 6.5.2 shows the resultant expenditure profile.
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Table 6.53.10 Potential Expenditure Profile for Disaster Prevention Measures

(3US, 2002 prices)
Year Engineering Construction Works Total
Services

2003 30,918 - 30,918
2004 235,330 : - 235,330
2005 293,840 672,110 965,950
2006 . 166,100 2,466,136 | 2,632,236
2007 341,803 5,042,143 5.383,945
2008 220,491 3,248,117 3,468,608
Total 1,288,482 11,428,506 12,716,988 |

Source : Allocation of Capital Costs to Implementation Schedule (Figure 6.5.1)

Expenditure Profile
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= 3000000
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Figure6.5.2 Potential Expenditure Profile for Disaster Prevention Measures
Saource : Table 6.5.10

6.5.8 Financing Arrangements

This report has underlined the importance of disaster prevention measures to Nicaragua. As
a result, it is anticipated that the necessary works can be funded by an International Donor,
and the proposed implementation plan provides for the processing of an appropriate grant
application. Typiéally, in Nicaragua grant aided highway projects are co-financed by the
Government of Nicaragua at an average rate of 10% of the total project cost. It 1s assumed
that this can apply to the capital expenditure of this project, and the Government assumes full
responsibility for the subsequent maintenance of the disaster prevention measures.

It is therefore recommended that MTI makes budget provision for the implementation and

maintenance of this project in accordance with Table 6.5.11 and Figure 6.5.3.
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Table 6.5.11 Proposed MTI Budget Provision for Implementation and Maintenance of

Disaster Prevention Measures (‘000s Cordoba)

Year Capital Maintenance
2003 45 -
2004 : 33 -
2005 1,391 -
2006 : 3,790 -
2007 7,753 165
2008 4,995 1,301
2009 - 2,984
2010 - 2,984
2011 - 2,984
2012 - 2,984

Source : Capital budget 10% of total of Table 6.5.4, Maintenance Budget as Table 6.5.4, both
converted at $1 = 14.4 Cordoba

1 Maintenance
Capital

~ Continuing
|l

Figure 6.5.3 Proposed MTI Budget Provision for Implementation and Maintenance
of Disaster Prevention Measures (Thousands of Cordoba)
Source : Table 6.5.11
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6.6 Recommendation of Maintenance and Operation
6.6.1 Organization of Maintenance Division

1) General

The Division of Road Maintenance (hereinafter referred to as “DRM™), which is one of
General Division of Roads of MTI (hereinafter referred to as “GDR™”), has executed only
minor maintenance works of Nicaraguan Roads. Its contents are mainly the repair work of
carriageway, the cleaning of road side, and the inspection works after getting some
information from other organization, e.g. which is the technical unit for Disaster Relation, and
so on. In order to safeguard and to operate the road disaster, the GDR should clarify the role
and responsibilities of the DRM.

2) Organization of Maintenance Division
As described in the above -mentioned, the DRM is a weak formation to carry out the
maintenance work. The existing organization is composed of two offices, which are the

supervisor office and the administration office.

Therefore the DRM should compose of the pfoposed organization in near future as shown in
Figure 6.6.1. Main contents of the maintenance work are as follows:

- To establish the regional offices at main towns on major roads,

- To carry out the screening and the inspection survey by the regional offices,

- To arrange the survey data, the inventory data and the disaster records by the regional
offices and the DRM,

- To make an annual plan for road disaster prevention spots,

- To make plans for countermeasures,

- To make an annual plan for road disaster prevention budget,

- To make the inspection plans such as emergency, routine and periodic,

- To execute and instruct the inspection, and

- To execute the some part of disaster damages.
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6.6.2 Method of Maintenance Programme

1) Management and Operation System
The general concept of a management and operation system is shown in Figure 6.6.2.

——— Management and Operation System for a Disaster

prevention work
-past disasters records
-road conditions

prevention
-plan of road disaster
prevention budget

Data Collection Data Processin Presentation of
{in MTI) g Information
-prescription of -analys® of collected -inform MTI or
prevention data other agency
-past disaster P -plan of road disaster -inform road users

{

— Execution of Road Prevention

and Restoration Countermeasure

-traffic conditions -securing of budget for L

-as-build drawi execution
St ~decision of ™ | -Emergency Countermeasure
Data Collection procurement -Temporary Contermaesure
(in INETER) -Permanent Countermeasure
-topographical map
-geology data __J
-meteorological data

-disaster record

—..  Management and Operation Systemfor Maintenance

Data Collection Data Processing
-road conditions —de.c1de of —» Road Maintenance
maintenance work
Work
method

Figare 6.6.2 Concept of management and Operation System

At a disaster time, management and operation work are classified into the following five
processes;
- Data collection,
- Data processing,
- Presentation of information,
- Execution of road prevention and restoration countermeasure, and
- Establishment of Database System.
classified

Road restoration countermeasure arc

countermeasure, temporary and permanent countermeasurc. The tasks of the above four

prevention and into emergency

processes are defined as below;
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4 Data Collection
- Prescript of prevention established in the past,

- Disaster prevention countermeasures executed in the past and the as-build drawings,

- Past disaster Records,
- Road and traffic condition, and

- Topographic map, geological data, meteorological data and disaster records from

another agencies (¢.g. INETEL, MARENA).

4 Data Processing
The flow of Data processing is shown in Figure 6.6.3.

Range of Data Processing

Analysis of collected data

-Decision of priority fromthe
result of inspection for F
prescript of prevention and
road condition

Plan of budged
for disaster prevention

countermeasures

Securing of budged for e xecution

v

Inspection and
record for disaster
prevention

Execution disaster prevention countermeasure
-Emergency countermeasure
-Temporary and permanent countermeasur

Figure 6.6.3 Method of Data Processing

4 Disclosure of Information

- Transmission of road close for execution of countermeasures to the related agency

such as the cities, towns, and the local pelice department, and
- Information to the road users about road conditions and road close.

4 Execution of Countermeasures for Prevention and Restoration

- Road disaster prevention and restoration countermeasures are executed by the

examination result of inspection data and so on,

- Road disaster prevention measures are classified into emergency countermeasures,

temporary countermeasures and permanent countermeasure, and

- The as-built drawings are recorded as a database.
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4 Establishment of Database System
Database system is described in Section 6.6.5.

6.6.3  Inspection Plan

1) Type of Inspection
The inspection for maintenance 1s classified into the following types according to the purpose.

- Routine inspection'
- Periodic inspection
- Temporary inspection

4 Routine Inspection
The purpose of routine inspection is the early detection of the transformation. This inspection

is visually done the range that can be checked visually from patrol car.

The routine inspection is usually assumed to be once a week, but it is preferable to increase
and decrease the inspection frequency by the situation of slope and bridge, traffic volume,
social environments etc. The main purpose of the routine inspection is as follows;

- Inspection of smooth flow of traffic,

- Inspection of existence of collapsed rock and debris on road,

- Inspection of situation of road structures, slope, drainage facilities. If the
damages and abnormalities are found, inspect carefully, and record for trace and
reporting, and

- In case of imminent situation, it needs urgent countermeasures.

The inspection and record items of the routine inspection are shown in Table 6.6.1.

4 Periodic Inspection
The periodic inspection is to approach the slope and the bridge etc. by walking, and to inspect
the detail as much as possible.

The periodic inspection is usually assumed to be one time per one year, but it is preferable to
increase and decrease the inspection frequency by the situation of slope and bridge, traffic
volume, social environments etc. The main purpose of the periodic inspection is shown in the
following;
- Inspection of stability of slope, transformation of road facilities, Level of damage
and deterioration
- The situation of the springing water from the slope and the drainage system is
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confirmed by inspecting in the rainy season.
- It should be recorded as a database.
- It is necessary to inspect by a special engineer and the technician.

Table 6.6.1 Inspection and Record Items

‘ On road

-falling and diffusion of rock and debris
Shoulder -presence of crack
-niew progress of crack
Drainage Facility -storage of falling rock and debris
Slope -presence of rock falling, rock collapsing, and land slide

-conceive, crack

-weathering, gully erosion

-spring water, volume of underground water

-transformation, crack and collapsing of cribwork,
retaining wall, and shotcrete

-damage and corrosion of stecl materials

-outflow of backfill

- loosening of net and rope

- withering of vegetation

Bridge -scouring -

-transformation and collapsing of revetment

-outflow of backfill

- fransformation and collapsing of abutment and pier

-change of river channel

-storage of deposit

& Temporary Inspection _ _
A temporary inspection is executed after the heavy rainfall and the earthquake. It is executed
to supplement a routine and periodic inspection if necessary.

As for a temporary inspection, the following two cases are considered. The first case is when
the disaster occurred; the second case 1s to appear symptom of transformation and progress to
disaster. The purpose of inspection is to get information for planning of measurement at the

disaster. The main purpose of the periodic inspection is shown in the following;

- More than one expert should do the detailed inspection emphatically and
multilaterally.

- The sketch, which indicated location, direction, and width of crack, a present
condition photograph, and a crack distribution chart, are created. Moreover,
measurement investigation is performed if needed and a topographical map, a
sectional view, etc. are created.

- Inspection should be done rapidly after a rainstorm, a heavy rain, an earthquake,
etc. because transformation of slope occur easily. The appropriate measures
should be executed if necessary.

- 'When the symptom of the transformation appears, a detailed inspection of partial
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or overall should be executed. Measurement equipment, such as a
surface-of-the-earth extensometer and inclinometer of ground for investigating
are installed for movement of soil sprit and crack progress.

- If the movement is progressing, the movement should be observed continually. k
is assumed to be material of the stability judgment. From the result of materials,
the part with the possibility of the occurrence of the disaster is separately
inspected in detail. Strengthening of the countermeasure and observation is
examined.

- When slope damage, landslide, etc. occur, in order to grasp the present condition,
it bores in order to investigate the section of the movement direction, and slide
surface groundwater, soil condition etc. are investigated.

The flow of the maintenance management is shown in Figure 6.6.4.

N - :
> Study of disaster prevent:onJ

l inspection of disaster prevention |
v
Making of disaster prevertion chart
'L External
# —iﬁ Routine inspection '_-_l information
Normal : .
. Abnormal J
circumstances .
circumstances
X
Routine inspection +
Periodic inspection Organaization of __.l disaster occurrence
disaster prevention

Correspondence

- Temporary inspection J
necessitv

Yes ¢
L Emergency measurement I L Traffic control {4

|

L ¥
- Study of disaster prevention construction

y

rDetai!ed inspection I

Study of maintenance construction

7

Execution of disaster prevention construction

Correspondence
necessity

Execution of maintenance construction

!

{_ Record J

Figure 6.6.4 Flow Chart of Maintenance Management
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6.6.4 Maintenance Plan

1) Important Items
Important items of Maintenance plans except inspection plan are mainly included the repair

and restoration works as follows;

- The secondary disaster prevention gives priority after confirmation of dread of
secondary disaster and work safety,

- Confirmation of detour,

- Confirmation of appropriate scale for repair and rehabilitation,

- The repair and rehabilitation methods are selected in consideration of the
situation of the material arrangement, and .

- In the guess of the transformation and the collapse cause, various inventory are

used.

2) Type of Method of Repair and Rehabilitation
a) Crack and damage on slope
The selection of the method of repair and rehabilitation is shown in Figure 6.6.5.

Top or leg of
stope

Existence of
spring wate

crack and
collapse are

#Wicker work * Horizontal drainage * Counterweight by * Counterweight
*Exclusion of earth * Earth and sand is filled gabion by soil pus
to the crack ’

#Installation of seat

Permanent measures
are necessary

» Yes

A
r l *Permanent measure l l l7

*[nspection continuance

Figure 6.6.5 Method of Repair/ Rehabilitation of Crack and Damage on Slope

THE STUDY PAGE 6-69 .

ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

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



b) Boulder Stone and Unfixed Stone on Slope

The selection of the method of repair and rehabilitation is shown in Figure 6.6.6.

Possibility to
remove

Possibility to keep
spaceforinstallation of
barrier

h 4

*Barrier with gabion

*Prevention net

*Remaoval

Permanent measure
is necessary

Yes

| | *Permanent measurel

I [ I*Inspection continuance I

Figure 6.6.6 Method of Repair/Rehabilitation of Boulder Stone
' and Unfixed Stone on Slope

¢) Defect of Drain and Weathering of Shotcrete

The selection of the method of repair and rehabilitation is shown in Figure 6.6.7.

Possibility of

coflapse

Collapse is partial

Yes

No

3

*Sprayed concrete crib
¥Prevention net

*Removal of mud and
garbage of drain hole

*Concrete crib cast in place
*Prevention net

Permanent measure
is necessary

Yes

No

i | *Permanent measure

| r[*lnspemion continuance] !

Figure 6.6.7 Method of Repair/Rehabilitation of Defect of Drain
and Weathering of Shotcrete
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¢) Slope Damage by Road Surface Water inflow Concentrated to Embankment
The selection of the method of repair and rehabilitation is shown in Figure 6.6.8.

Yes Small collapse
No
A
*Sand bag *Wicker work
*Gabion mat *Sand bag
#Drainage ditch *Removal of outflow soil
*Drainage ditch

Permanent measure

Ll *Embankment I I
is necessary

¥Inspection *Permanent measLre lemprovement of roadsid ditclﬂ j
continuance

Figure 6.6.8 Method of Repair/Rehabilitation of Slope Damage by Road Surface
Water inflow Concentrated to Embankment

d) Slope Slide
The selection of the method of repair and rehabilitation is shown in Figure 6.6.9.

Dangerous spped of sliding
> 2~ 5mm. hour

Yes

L 4

*Excavation ¥No thoroughfare
*Courterweight *Refuge
*Exclusion of surface water

*Exclusion of undergroun water

Petrmanent measure
is necessary

No v

*Inspection continuance *Permanent measure

Figure 6.6.9 Method of Repair/Rehabilitation of Slope Slide
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6.6.5 Database Plan

It is important that the maintenance records, the facility conditions, condition of geological
and weather characteristics are grasped in order to achieve the effective road maintenance.
And several relative data, which are geology, topography and hydrology, should be arranged
to use smoothly. Therefore the various database should be established promptly.

All of the data collected in this Study should be used for near future. The database of road
maintenance in MTI is recommended as shown in Figure 6.6.10. The arranged data are as

follows;

- Basic data (route number, distance, coordinates, type of structure, photographs),

- Survey records (topography, geology, weather, hydrology, traffic volume,
socio-economic index, etc.),

- Facility, road inventory,

- Construction records (as-built drawings, qualities, applied standards, construction
method, etc.),

- Inspection frequency, inspection schedule, and

- Repair/ restoration records and its schedule.

THE STUDY PAGE 6-72
ON VUINERABILITY REDUCTION ORIENTAL CONSULTANTS CQ., LTD.
FOR MAJOR ROADS : in association with

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



JICA STUDY TEAM

ROAD DISASTER PREVENITION PLAN

(012 ‘spacoay uorpadsey ‘a1
uonpapdino) “od4 L) seurrow,] peoy -
BOLIPUO. JILIINAE -
©JE(] UOIIEUEIOJU] PROY]

210 ‘A30[0apAH ‘uoneaop -

asn puwry -

1105 “ Bogoen -

oy famonng ‘Aydedodo -
ee(q snjdeBosn

IdUCHIIUIRIA] PROY J0] WIH)SAG ISeqEIB( JO JUdURTRUBIA (1°9°9 21nS1

SAINSBAULIZIUNO.) JO AUING -
SPICOY Joimoy) AMEng) -
uoppuoy) udrsa( -
sFurmer(y udrsac -

BIR(] PI02aY YoM tolnoax g/ ufiseq

adorg yo ppas safun -
SANIONIS JO JOAST SSSUPUAOE -

sprovay uonzedsuy -
vle(] proooy uonoedsug

1108 *£30[03D jo wie(y Buptog -
el [eaB0[0Ip A “IoUIBo A -
ot -

RIB(] UOTIEIIOJU] JtSey

aseqeln( Juswdeur |y proy

1038ESI(T [RI0IEN
YO, [BUICU Y

{nedeyy) {BOUE JA] Q0UBUDIE ]
1 PURIREL G R T | UORIILSUO)ABISI(] A ﬂ o TeNUETA 0/
wonno g udiseqg
A h
.w& R JuammdAcKdwry U] ] 2ANSEIULDIUNG,) A- k r ; Tenue A SwUUR[]
L] * * I\
j _ _
Y oA J3ue () SAINSESULIIUNO.) JO
‘,_ / JO SRS Y A1ssaoeN

: % -

- [N - SOINSEALIAILLO.) JO
. AT Kuoug -
N -
h S o S
e N . “ +
+ - Ny
uorsadsup, . pT nona dsuy s1potiag
Lousdarug . 1 uot)zedsuy sunnoy ‘ s
b
~ N L

wepg uorpadsuy

4

r. b ﬂ—a::szac.:uummﬁ

{Ente }] 1IsesL( PROY

-73

6

PAGE

THE STUDY

ORIENTAL CONSULTANTS CO.,LTD.

ON VULNERABILITY REDUCTION

FOR MAJOR ROADS

in association with

JAPAN ENGINEERING CONSULTANTS CO.,LTD.

INTHE REPUBLIC OF NICARAGUA






APPENDICES

Appendix 1;: Stability Survey Sheet

Appendix 2: Assessment Item-Score

Appendix 3: Hydrology Data

Appendix 4: Traffic Survey Data

Appendix 5: AHP Dafa

Appendix 6: Countermeasures Selection of Slope
Appendix 7: Cosf-Benefit






Appendix 1
Stability Survey Sheet






ROAD DISASTER PREVENTION PLAN REPORT  APPENDIX JICA STUDY TEAM

— ] — ™
| g -4 —
EEEEE 2
8 8 ‘8 EE 3 = & &
5| =g¥=g 3 R ES
= & = =z
§)502 AXeurmraij
%
o
E Appuengy
o
é g
5
= =z
g
2 -
- 8
g
8
o - o w
§ 2 o & 8
] al 28 @
2] E BEE|gf d
s |afgg 23fjatgE
; |[cfEEl EE|-FFd
E uoREN|EAT [diB4u]
E SpuIny uonenjeay
] — ® w
et I '
@ é < - S
Eg § q w g3 ;“6 :h:
I I
4| S4¢ |LFF £24
{ -alfiuwy)
XX Teak Jo sy noyoadsuy
E
k| B 8 4
H & 5 & 4
=1 £ g &
o anoyg
& o aad wonyenidivary
E B
L
s uoejedieay
snonurue))
= lewg| 2 | 2 i
= SEE| @ k!
@ €2EH £ 2
] > B E @
-4 = 3 Z o
= > el Z
=
:": way] uonoadeuy
[]
=%
j="
72
=
: 8316 a3 JO FWEN]
S
St
[=]
=2
) UOTJEIISE]]) PRy
=
i
o
‘_q- Peoy a1} Jo atueny
<
e
-
=
s g
2 z
(=}
-«
THE STUDY PAGE Al-1
ON VULNERABILITY REDUCTION ORIENTAL CONSULTANTS CO.,LTD.
FOR MAJOR ROADS in association with

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



ROAD DISASTER PREVENTION PLAN REPORT APPENDIX JICA STUDY TEAM

Appendix Al1.2 The Figure of Inspection Points

Koo Ap2P

M/ s
NOD/S A 24

1637
15 El Bosque

El Var.rada:}
{3 : L"S Llanos voo/p/70 ..

QL%MAPA

CHUAPA
Mo/£27 ’

- 1T

The Figure of Inspection Point
LEGEND
inspeciion Seral No  Integrat
Route Nec. tem of site  Evalugtlion Inspection llem Code
NOO1 A 300 M 1 Rockficall & Collapse : A
Nic1=N00O1A=Rock fall 300=No.3C (1) 2 Rock collopsing t B
3 [}] I-s necessary 3 slooe slide i
\ conlermeasure 4 Debrs flow £
5',' Moark Detall 5 Embankment N
- o) : 2002 Inspection site ¢ Wall : G
A :Former Inspection site 7 Scoringfor the Bridge : H
}\” x : The site where have damage History 8 Others t J
z,:; integral Evaluation Comment :
N {1} :1tis necessary to lake measures
sita’s (2)  :Response, making prescriplion of Prevention
: {3)  :Itis no! necessary to take measures . : .
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Appendix 2 Assessment Item- Score
A2.1 Rockfall/ Collapsing
[Factor Al :
Eem Factor Talud de corte Poiencial |Critico
: Clasificacién Naotas |Nota de Evaluacion |Nota de Evaluacion
G1:Talud deteritico en cono Uine oarresponde GT 3
® Topografi |GZ:Huellas de desprendimiento
W a que :Linea de mella {nick line) es clara__[Nc corresponde G1 0
o tiene (Gd:Falda de terraza erosionada. Varios corresponden G2.3 3
Y Tactor del| voladizo, talud que concentra agua, |Corresponde G2.3 2
= colapso huella de fiuic de sedimentos No gorrespende G2,3 0
G4En Ja cresta hay cumbre, voladizo [Gorresponde a G4 (8) {(6)
Suelo que{Suelo que ficilmente se erosiona Notable g
se {(Sueio que pierde resistencia por Algo notable 4 8 8
degrada absorver agua. otros) No corresponde 4] {8) (8)
Calidad |Alta densidad de grietas o capa fragii iNotable i2
Suelo, de roca |Rocas blandas facilmente erosionado [Algo notable i 12 12
Geologia. | erodable 0 {12) an
Estructuraf g
Q
a.
4 _ 14
Na corresponde 0 (14 {14)
Condicién del suelo superficial, roca desprendida [ms't_able 12
|Alge inestable 6
y canto rodado estebic 0 12 12
CondicidnReca desprendida v canto rodado son inestable—algo inestablCorresponde a {12}
de la Hay manantial 8
superficie | Situacién de agua manantial Se rezuma un poca 4
del suelo Na hay O {(8) (8}
Tierra desnuda—vegetacion 5
Estado del cubrimiente del suelo Garmpuesto Lregetasion sstrctura 3
Estructuras 1 (5) (5)
H>30m 18
HZ 30, Pnorma 15
Suelo iZnorma.15 10
e iZnorma, 155 H<30 4]
Farma |Inclinacian(i), Aitura E 50mm TE
Roca 30=H{50m 16
15=H<30m 12 i8 18
H{15m 10 (18 (i8)
Defom_nacuon_ de talud y pendn_inte (ﬁslrda:écaigzrfenz::as Varios corresporiden.alpo claro 12
equenas, Carcavas, socavacian, a erg es enia,
% au:dimiento. hinchar:';entc. arhal c?ﬁda. grieta, grieta Corresponde. No tan ola 8 12 1z
g labierta. defarmacion de phras hechas) No hay 0 an (i 2)
5 Deformacion de talud v pendiente cercanas (caf |Varios corresponden.algo claro 5
8 da de rocas, derrumbe, grieta, hinchamiento, Carresponde. No tan cla 3
otros} No hay 0 (5) 5
Total talud: 62 76
Total de notas (A1) (A1)

Yellow color items indicate the high factor in disaster potaential spots. Therefore, the total score of each item

should be

60 scores over at least.

Red solor tems indicate the much higher in disaster critical spots. Therfore, the total score of each item

should be

70 scores over at [east.
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A2.2 Rock Coliapsing

[Factor Al
Item Factor Glasificacién Nota| Potencial Critico
Tamaho de grieta Grandeﬁ 30
abierts Pegusfio 15 30 30
No existe 0 (30) (30)
rler:omeno. Direccién de grieta P-Eacfa Ia d!recci?n degradable 10
sintoma continua harizontal Hacia la direccién establs 5 10 10
No existe G (1o {19)
Derrumbe peguefio, Existe 7
cafda de rocas No existe 0 (7 )]
Existencia regular. distancia de cadz unpamas de 1m! 15
Exisiencia regular, distancia de cada una menos de 1 11
Roca dura N
irregular 7 15 15
Estado de No existe 0 (5 (15
grieias Existencia reguler, distancia de cadaunamés de Tm| 11
Roca blanda Ex‘.sten:u:ia repular, distancia de cada una menos de 1 7
Irreguiar 4
No existe 0 (1 a1
. .. 1Parte superior es dura/parte inferior es bianda 7
Gompesicién - — - -
! Parte superior es blanda/parte inferior es dura 5
de masa de ~ =
Todo blanda Z
reca Todo dura i (7 )]
Buzamiento guebradizo {dip slepe) i5
Buzamiento {Buzamiento estable 5 15 i5
No existe 0 (15) (i5)
a Voladize 4
]n:r:;i::;t‘: de talud v Vs de 60° >
P Menos de 6O 0 ) &)
Més de 100m. 10
g - 50-100m. 7
Aitura de precipicic 30-50m. ) 18 0
Topografia Menos de 30m. _ 7 2 (10 19
oot eritients g6 forma de sreste, .. .- i @
Pendiente de talud deteritico 3
Pendiente de forma de valle i 4
“iPendiente de forma intermedia de cresta v valle 0 (4) (4
. " Clare 7
Linea de melila .
(Nick fine) irregular 4
_ NG &)
g e i
Después de fluvia se sale agua. 2 4
Agua fredtica, (4) (é)
iuvia Sitic Donde Existe P'en_trc de grietas v.ertl_cales 2
Manantial Limita de estratos horizantaies 1
Casi no se observa 0 (2 {2)
(A} 806 88
Totel (126) (126)

Yellow celor items indicate the high factor in disaster potential spots. Therefore, the total scere of each item
should be 60 scores gver at jeast.

Red coler items indicate the much nigher in disaster critical spots, Therfore, the tetal scere of each item
should be 70 scores over at least.
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A2.3 Slope Shde

[Factor] (A)

ltem

Punto de observacion

Nota Potencial | Crituce

Terreno formado
por deslizamiento
de tierra

Pendiente formada por deslizamiento| rjarg 30

de tierra, Terreno tipo meseta,

Terreno de inclinacion suave, Algo claro 15 30 30
Desorden de curva de nivel, Terreno

fluide hacia el rio, etc. No claro 71 (30) (30)

PR

{Zona de afferacién voicdnica, Sueio solfatdrico

| Direccion deslizable de capa

14

jdireccion estable de capa

Forma de bloques {Estructura de roca
Jintrusiva, de roca de cubierta)

18

" Otros

0y (18) (18)

Geologia, etc.

Estrato mesozoico y paleozdico (esquisto

§ S cristalino, roca sedimentaria) !
£ o ’

‘.§ g g Estrato terciario (roca sedimentaria) 7
%E g Estrato cuaternario (Sedimento_s no 3

5 g solidificados © roca sedimentaria)

w Otros (Roca volcédnica, Roca ignea) o M (7
Manantia |Hay (incluye huella) 100 10 10
i No hay o (10 (10)

(A) 40 58

Total

(65) (63

Yellow coior items indicate the high factor in disaster potential spots. Therefore, the total score of e
should be §0 scores over at least.
Red color items indicate the much higher in disaster critical spots. Therfore, the total score of each

should be 70 scores

over at least.
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AZ.4  Debris Flow

[Factor] (A)

em Factor Clasificacién Meta | Potencial] Critico

Superficie de a cuenca dafiada por (Més de 0.50km- . 10

alud de fango. Superficie que tiene m| Mas de 0.15km? menos de 0.50km’ 8 10 10

Caracteristica|4s de 15 de inclinacién de lecho Menos de 0.15kr 4 {10 (10)
de arroyo Més de 40" 10

Inclinacidn maxima del lecho Més de 30° menos de 40° 5 0 10

Menos de 30° of o (10)
. . Més de Q.20km g

Superficie del %”d'e.”te. 9u€  IMas de 0.08km’ menos de 020K 5 8 8

tiene mas de 30° de inclinacién Menos de D.0Bk > (8) (&
Superficie ocupada por hierbas v [Mds de 0.20kmy g

arbustos (menos de 10m. de Mas de 0.02km” menos de 0.20km’ 4 8 8

Caracteristicalaktura) Menos de 0.02kn7’ i {(8) {8)
de pendiente |Existencia de obra de suelo con |Existe 5

sueios inestables ] (5) (5)
Existencia de grietas y pendiente 5

formada por desplazamiento nuevas 4] (5) (5)

E & B i0

o] ST {13)

Total (A3 38 4B

{56) {58)

Yeilow celor items indicate the high Tactor in disaster potential spots. Thersfore, the total score of each item
should be 60 scores over at least.

Red color items indicate the much higher in disaster critical spots. Therfore, the total score of each item
should be 70 scores over at least.

A2.5 Scouring of Bridge Foundation

{ltems comunes de estribo v pila de pusnte)

item Factar Clasificacidn Nota | Paotencial Critica
Mas de 17100 15
Jnclinacién de leche (es rapidos) Menos de 1/100 mds de 1/250 10 15 i5
Menos de 1/250 1
ttlor Ce Fonsirucc.ioz\ TESINDG ¥ pie O€ PUENLE eAGien Corresaende 20 N
en sitio de maysr impacic de aguas o en sito n 20 20
. it No corresponde
afio2 50 afios 10
Caracter] Edad de puente 30= afie<50 afos 3
sticas de afio{30 afos 0
lecho y Menos de i0m. i3
estructura de |Distancia minima entre pilas Mzs de 10m. menos de 20m.| 1C 13 15 :
pusnte Mas de 20m. G
Mas de 7% 13
Razén de bioqueo por pila Més de 5% menos de 7% 5 15 15
Mencs de 5% 0
Mencs de 3Dom. 10
Espacio libre debajo de viga Mas de I0cm. menos de B0sm. 5 10 1Q
Mds de 60cm, a
Nota { & )| Subtetal (A} (160-0) {A) {100-0)
o (1)
Los desastres ocurren mds
ieide 1 vez por cada 5 ahics 10 ! Total 75 S0
de'{en el rfo 15
“-lLos desastres ocurren més
“jde 1 vez por cada 10 afios 5
- den el rio
10tros 0

Yellow color items indicate the high factor in disaster potential spots. Therefore, the total score of each item
should be 70 scores over at lzast.

Red caoior items indicate the much higher in disaster critical spots. Therfore, the total score of sach item
should be 30 scores over at ieast.
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