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CHAPTER 21 IMPLEMENTATION PLAN

21.1 General

In this Chapter, the implementation plan of the road disaster prevention spots is addressed
taking account of the key aspects which affect implementation. These include; executing
agency, construction period, construction packages, preparatory works, implementation
schedule and investment.

21.2 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.

21.3 Project Packaging

As described in Chapter 20, 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. Pabkage 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 construction works.

The order of implementation is related to the cost
The relationship of the package groupings and the
disaster spots are shown in Table 21.2.1.

Table 21.3.1 Package Group and Disaster Spots
i bl '
NOO1AZBO
Junquillal
San Nicolas N0O3B400 NOZ26A160
Packagei San Ramon N003B320 San juan de Dios 12
NOO1AZ240 Papalon
NO01B230
NO01B150
NOO1AZ90 NOG3B370 NO0KAD10 L.a Banderita
Package2 El Guayacan Solis 7
" NOO3E170
Las Chanillas )
NOGIB170 NO03C230 NOZ26A060
Package3 NOD1B120 NG03C150 N0O26B140 11
Rio Inahl N0O03C140 NO26A150
Rio Tapacal
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21.4  Validity Evaluation to Each Countermeasure
21.4.1 Review to Each Countermeasure

Based on the countermeasures for the disaster critical spots in Part A, each countermeasure
has been studied in detail in Chapter 17.  The detailed study reflected the fact that
conditions such as slope stability and falling rocks at each disaster spot are very different
during the dry the rainy seasons. In addition, the existing geometries of some disaster spots
do not allow sufficient width for falling rocks.

The countermeasures for the disaster prevention spots have been determined by considering
slope condition, importance of the objective road, the socio-economic situation of the
- surrounding area and potential emergencies.

21.4.2 Validity of Environmental Issue

The following environmental impacts on NIC.3 have been identified.

® An impact on the hotel under construction by re-cutting the slope (NOO3B320),

® An impact on the natural park through re-cutting the slope without vegetation
(N0O03C230),

® An impact on the downstream area, where is a rice field, due. to blocking the
mountain stream by constructing the dam (NGO3E170), and |

® An impact on the coffee field through embanking the downside of the slope
(N003C140).

However the above-mention issues have been reviewed in consideration of the following
countermeasures.
® The hotel of “N003B320 spot™ will be safeguarded by constructing a retaining wall
without re-cutting the slope,
® The natural park of “N003C230 spot” will be protected by planting vegetation into
the cribwork after re-cutting the slope,
® 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
® The coffee field of “NO03C140 spot” will be safeguarded by constructing a retaining
* wall in order to reduce the embankment reach.

Thus, the issues related to the environment of each disaster spot have been completely settled
by appropriate mitigation measures. Therefore each countermeasure is valid in relation to the

environment aspects.
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21.4.3 Validity of the Result of Economic and Financial Analysis

The construction costs, including measures to compensate for environmental impacts, have
been included in the economic evaluation (Chapter 20). Table 21.4.2 lists the additional
factors which have an economic and financial impact for each of the recommended

counfermeasures.
Most of the schemes will require some maintenance. The costs of maintenance of the
permanent schemes were included in the economic evaluation at 2% of capital cost (Table

20.1.4). The resultant maintenance cost requirements are summarised in Table 21.4.1.

| Table 21.4.1 Annual Maintenance Budget Estimates (US$, 2002 prices)

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

Source : 2% of capital costs of permanent works

The sum total in Table 21.4.1 should be safeguarded for maintenance, to be deployed after the
capital works have been undertaken. This sum is accounted for in the economic evaluation
and hence the economic evaluation is valid. In addition, the sum in Table 21.4.1 will be

sufficient to cover the required maintenance works identified in Table 21.4.2.

NOOIA290 . Rémoval of loose rocks " | Nome o hDependsonw T

No economic or
installation of netting and durability of the financiat effect
drainage metal netting

NOO1A280 Horizontal drainage Traffic control- | Monitoring water Small economic
one way quality disbenefit to traffic
working during during constriction
drilling

N0O01A240 Removal of loose rocks, None Depends on No economic or

installation of netting durability of the financiat effect
metal netting
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None

NO01A230 Removal of loose rocks, Depends on No economic or
' installation of netting darability of the financial effect
. metal netting
NOO1IB170 Cutting and drainage Probable need | Maintenance Small economic
for one-lane required until disbenefit to traffic
traffic working | vegetation matures | during construction
NO01B150 Cutting, shotcrete and None Monitoring water No economic or
drainage currents financial effect
NOO1B120 Cutting and drainage Probable need | Maintenance of Small econormnic
for one-lane slope condition disbenefit to traffic
traffic working during construction
NOO3B40C Cutting and drainage Probable need | Regular inspection | Small economic
for one-lane of slope condition | disbenefit to traffic
traffic working during construction
N00O3B370 Cutting and drainage Probable need | Regular inspection | Small economic
for one-lane of slope condition | disbenefit to traffic
traffic working during construction
N0O3B320 Retaining wall and fill, plus | None None No econornic or
drainage and re-vegetation financial effect
NO003C230 Cutting and concrete Road reduced | Regular Small economic
protection with vegetation, | to one lane maintenance disbenefit to traffic
and lower down required until during construction
embankment plus drainage vegetation matures
NOO3E170 Cutting, drainage, concrete | Re-alignment None No economic or
dam and culvert beneath of road during financial effect
road construction
N0O03C150 Cutting and drainage above | Road reduced | Regular Small economic
road, embankment, to one lane maintenance disbenefit to traffic
vegetation and drainage required until during construction
below vegetation matures
NOO3C140 Cutting with drainage and Road reduced | Regular Small economic
horizontal drainage above to one lane maintenance disbenefit to traffic
road, embankment, required until during construction
vegetation and drainage vegetation matures
below
NOO5A010 Cutting and drainage Road redoced | Regular Small economic
to one lane maintenance of the | disbenefit to traffic
slope during construction
N0026A060 Cutting, shotcrete and Probable neced i Monitoring water Sniall economic
drainage for one-lane moverment dishenefit to traffic
traffic working during construction
and control
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N0026B140

1

Cutting, drainage and Road reduced Small economic
horizontal drainage to one lane maintenance disbenefit to traffic
required until 't during construction
_ vegetation matures ‘
N0026B150 Cutting and drainage, lateral ; Road reduced | None Small economic
carriageway drainage to one lane disbenefit to traffic
during construction
N0026B160 Removal of loose rocks, None Depends on No economic or
installation of netting and durability of the financial effect
drainage metal netting
NIC.1- Gabion mat None Periodic No economic or
Junquillal Maintenance financial effect
NIC.1- Gabion mat None Periodic No economic or
San Nicolas Maintenance financial effect
NIC.1- Concrete Block None Periodic No economic or
Las Chanillas Maintenance financial effect
NIC.1- Gabion mat None Periodic No economic or
San Ramon Maintenance financial effect
NIC.1- Gabion mat and stone None Periodic No economic or
Rio Inali MAasonry Maintenance financial effect
NIC.1- (Gabion mat None Periodic No economic or
Rio Tapacali Maintenance financial effect
NIC.3~ New Bridge Temporary Periodic Additional
El Guayacin | bridge during Maintenance construction cos{
construction
NIC.26- Gabion mat and riprap with | None Periodic No economic or
Papalén mortar Maintenance financial effect
NIC.26- Gabion mat and riprap with | None Periodic No economic or
Solis mortar Maintenance financial effect
NIC.26- Masonry wall and gabion None Periodic No economic or
La Banderita mat Maintenance financial effect
NIC.26-San Gabion mat None Periodic No economic or
Juan de Dios Maintenance financial effect

Source : Consultant’s evaluation

- At the spots 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.
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21.4.4 Vélidity Evaluation of the Countermeasures

As above-mentioned, the countermeasures are have been validated from the results of the .
environmental impacts and the economic analyses. Furthermore, almost all of the construction
materials and the construction machines are readily available in Nicaragua. The proposed
total investment in the disaster prevention schemes has been evaluated below (as opposed to
the individual scheme evaluations reported in Chapter 20). The total investment is listed in

Table 21.4.3. |

Table 21.4.3 Total Investment in Disaster Prevention Measures (US $, 2002 prices)

L L i

2002

2003 30,918

2004 235,330

2005 965,950

2006 2,632,236

2007 5,383,045 11,451
2008 3,468,608 90,374
2009 0 207,253
2010 0 207,253
2011 0 207,253
2012 0 207,253
2013 0 207,253
2014 0 207,253
2015 0 207,253
2016 0 207,253
2017 2,354,358 207 253
2018 0 207,253
2019 0 207,253
2020 0 207,253
Total 15,071,345 2,588,856

Source : Tables 18.6.1, 18.6.2, 18.6.3, 18.6.4, 18.6.5, 18.6.6, 18.6.7, 20.1.3, 21.8.1

The benefits from this investment are due to the prevention of disasters at all 30 spots. 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 21.4.4.

Table 21.4.4 Project Internal Rate of Return (EIRR) in Preventing Disasters
on Each Road Link : Full Project Cost in Each Case

38

Malpaisillo NIC.26 27.9
Sebaco to Chagatuillo NIC.3 28.2
La Sirena to Condega NIC.1 15.5
Average 23.5

Source : Project Evaluation Spreadsheets
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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 Nicaragua.

215 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,

€ 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 21.5.1. The estimated construction period for this
package is 2 years.

Table 21.5.1 Construction Work of Package 1
T

1

001AA280 |Horizontal drainage
Junquillal Gabion mat

San Nicolas Gabion mat

Nic.1 San Ramén  !Gabion mat 7
' NOO1A240 Removal of loose rocks, installation of netting
N0O01B230 Removal of loose rocks, installation of netting
NOO1B150 Cutting, shotcrete and drainage

NOO3B400 Cutting and drainage

NO03B320 Retaining wall and fill, drainage and re-vegetation

Removal of loose rocks,

NO26B160 Installation of netting and drainage

NIC.26 San Juan de Dios |Gabion mat 3

NIC.3

Papalon Gabion mat and riprap with mortar

€ 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 21.5.2. The estimated construction period for this package is 2 years.
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Table 21.5.2 Construction Work of Package 2

L

Removal of loose rocks,
NICl NO01A290 Installation of netting and drainage 1
NOO3B370 Cutting and drainage
NIC.3 El Guayacdn |New bridge 3
NOO3EL70 Cutting and drainage, concrete dam and Box culvert
NIC.5 NOOSA010  |Cutting and drainage ' 1
NIC.26 1a Bam-:lerita Masonry wall anc? gabion. mat 2
Solis Gabion mat and riprap with mortar

& 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 21.5.3. The estimated construction period for this package is 2 years.

Table 21.5.3 Construction Work of Package 3

Las Chanillas . ;Concrete brocks
N0O01B170 = |Cutting and drainage
NIC.1 N0OO1B120 Cutting and drainage ]
Rio Inali Gabion mat and stone masonry
Rio Tapascali  |Gabion mat

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

Cuiting 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 NO26B140  Cutting, drainage and horizontal drainage 3
NO26A150 Cutting and drainage, lateral carriageway drainage

N003C230

NIC.3 NO03C150

NOG3C140

21.6 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.
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21.7 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 21.7.1.

b3 2004
aQirs | Qr1 [ air3

2005
ar1 | qir3

2006
ot | Q3

2007
Q1 | Qs

2008
Q1 | o3

| @~ O, | & B N S

Task Name
Basic Design

Full loan Application

Defailed Design Package 1

Detailed Design Package 2

Detailed Desgn Package 3

Preparation Tender Documents 1

Preparation Tender Documents 2

Preparation Tender Documenis 3

Tender Package 1

-
o

Tender Package 2
Tender Package 3

-
ey

=y
(5]

Works 1 On Site

-
[

Works 2 On site

-
N

Works 3 On Site

Figure 21.7.1 Proposed Implementation Schedule for Disaster Prevention Measures

21.8 Investment Programme

The investment programme of the Project has been made on the basis of the implementation
schedule.. The cost breakdown set out in Table 21.8.1 has been allocated to engineering
services and construction works as follows;

Table 21.8.1 Allocation of Costs
Allocation

Component

Engineering works

Construction works

Design

Engineering Services

Construction Supervision

Engineering Services

Client Costs Construction Works
Transport of materials Construction works
Contingency Construction Works

Table 21.8.2 shows the tentative investment programme for the proposed disaster spots and

structural strengthening projects.

Figure 21.8.2 shows the resultant expenditure profile.
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Table 21.8.2 Potential Expenditure Profile for Disaster Prevention Measures

(SUS, 2002 prices)
Year Engineering Services Construction Works Total
2003 30,918 - 30,918
2004 235330 - 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 (Table 20.3.3) to Implementation Schedule (Figure 21.7.1)
Expenditure Profile

6000000 —

5000000

4000000

% 3000000 Construction Works
v 1 Engineering Senices
2000000
1000000 -
0 : T - T ] T T — —
2003 2004 2005 2006 2007 2008

Source : Table 21 8.2

Figure 21.8.1 Potential Expehditure Profile for Disaster Prevention Measures

21.9 FinancingArran'gements

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. Typically, 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.

Tt is 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 MTT makes budget provision for the implementation and

maintenance of this project in accordance with Table 21.9.1 and Figure 21.9.1.
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Table 21.9.1 Proposed MTI Budget Provision for Implementation and
Maintenance of Disaster Prevention Measures (‘000s Cordoba)

Year Capital Maintenance
2003 45 -
2004 339 .
2005 ' 1,391 -
2006 3,790 _
2007 ' 7,753 165
2008 4,995 1,301
2009 - 2,984
2010 - 2,084
2011 - 2,984
2012 - 2,084

Source : Capital budget 10% of total of Table 21.8.1, Maintenance Budget as Table 21.4.1, both
_converted at $1 = 14.4 Cordoba

- | gMaintenance
@ Capital

| Continuing

|

Source : Table 21.9.1
Figure 21.9.1 Proposed MTI Budget Provision for Implementation and
Maintenance of Disaster Preveéntion Measures (‘000s Cordoba)

THE STUDY PAGE 21-11
ON VULNERARBILITY REDUCTION ORIENTAL CONSULTANTS CO., LTD.
FOR MAJOR ROADS in association with

TN THIE REPIIRT I OF NTCARAGI A JAPAN ENGINEERING CONSULTANTS CO., LTD.






o CHAPTER 22
MANAGEMENT SYSTEM AND OPERATION







JICA STUDY TEAM

FINAL REPORT

CHAPTER 22 MAINTENANCE AND OPERATIONS SYSTEM
22.1 General

Management and operation work differs in times of disaster and in routine/periodic
maintenance. Therefore, these are examined as two separate items.

22.2 Method for Establishing Maintenance Program
22.2.1 General Flow of Maintenance and Operations System

Taking into consideration the present status of road maintenance in MTI, an overall concept
for a system of road maintenance and operations is proposed as shown in Figure 22.1.1.

—— Management and Operation System for a Disaster

-traffic conditions
-as-build drawing

-securing of budget for
execution

Data Collection Data Processin Presentation of
(I MTD) & Tnformation
-prescription of -analysis of collected -inform MTT or
prevention data other agency
-past disaster g -plan ofroad disaster -inform road users
prevention work prevention I
-past disasters records -plan of road disaster E o0 of Road Preventi
. it : xecution of Roa vention _
road conditions prevention budget and Restoration Countermeasure

-Emergency Countermeasure
-Temporary Contermaesure

-decision of

Data Collection
{in INETER)

-topographical map
~geology data
-meteorological data
~disaster record

procurement

-Permanent Countermeasure

Data Collection

Data Processing

-road conditions

~decide of

—  Managenent and Operation System for Maintenance

r

maintenance work
method

Road Maintenance
Work

Figure22.2.1 Concept of Maintenance and Operations System

In a disaster, management and operations work can be classified into the following four

types:
® Data collection

THE STUDY PAGE 22-1 '
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 JICA STUDYTEAM

@ Data processing
® Presentation of information
® Exccution of road disaster prevention and road restoration countermeasures

Road disaster prevention and restoration countermeasures are classified into emergency,
temporary, and permanent countermeasures. The tasks composing the above four work
types are described below.

1) Data Collection
® Past disaster prevention methodologies and at-built drawings

Records of past disasters

Road and traffic conditions

Data from other agencies (especially INETEL and MARENA)
Topographical maps, geological data, meteorological data, disaster records

2) Data Processing

Range of Data Processing

Analysis of collected data

-Decision of prierity fromthe L‘
result of inspection for
prescript of prevention and
road condition

Plan of budged Inspection and
for disaster prevention record for d'IS aster
counterimeasures prevention
Securing of budged for execution

L
Execution disaster prevention countenmeasure
-Emergency countermeasure
-Temporary and permanent counttermeasur

Figure 22.2.2 Method of Data Processing

3) Presentation of Information
@ Transmit information on execution of countermeasures (e.g., route closure) o
related agencies such as cities, towns, and the local police department.
® Inform road wusers of road conditions and route closures resulting from.
countermeasure execution.
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4) Execution of Road Disaster Prevention and Road Restoration Countermeasures
® Road disaster prevention and road restoration countermeasures are executed based
on the results from the data processing stage. |
® Road disaster prevention and road restoration countermeasures are classified into
emergency , temporary, and permanent countermeasures.
® As-built drawings are stored in a database.

22.3 Organization of Maintenance Division

1) Present Status of General Division of Roads

The General Division of Roads (GDR) is comprised of five departments: 1) Department of
Road Construction, 2) Department of Road Maintenance, 3) Department of Road
Management, 4) WB Affairs Department, and 5) IDB Affairs Department. Although the
Department of Road Maintenance (DORM) is in charge of all aspects of maintenance work, '
most of the work carried out consists of road surface restoration.

As for when there is damage to road structure, road users and/or local authorities report
directly to a Disaster Prevention Technical Unit that comes directly under the MTI, which
then reports to the Minister. However, together with many other outstanding issues, GDR
receives information too late under this system, resulting in materials and manpower to deal
with a disaster being slow and behind schedule. Moreover, as for road inspections in local
‘areas, road inspectors have to be dispatched from the head office, who then return to said
office to study the field results and draw up the appropriate response. Given this background,
there is insufficient planning overall, an insufficient budget, and a lack of technical
capability in the GDR to deal with road disasters. Furthermore, problems continue to pile up
as a result of this sitnation.

2) The Role of GDR

In order to firmly carry out road disaster prevention, it is important for the DORM to plan
on how to acquire the necessary information and technologies, to draw up annunal plans
indicating locations requiring road disaster prevention, to secure a sufficient budget, to plan
inspections, to store data, etc., and to report regularly to the GDR.

3) The Role of Local Offices

In order to realize effective road inspections and maintenance, it is proposed that
consideration be given to having the responsibility for this work be moved from the head
office to the local offices to rednce costs, as well as establishing local offices. The role of
local offices is to carry out inspections for their respective jurisdictions, to compile data
from their fieldwork, to keep records of disasters, to keep ihe head office well informed, etc.
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In order for the above to be executed without fail, the four personnel described below
should be assigned to local offices for road disaster prevention purposes. However, other
road maintenance experts can also be assigned to these offices.
¢ Director: 1 (engineer)
e Engineer: 1 (1o establish and confirm locations requiring disaster prevention
measures)
# Technicians: 2 (to transport inspection tools and assist the engineer)

- Further, it is recommended that local offices be established in the following major cities:

Managua, L.eon, Matagalpa, Ocotal, Granada, and Juigalpa.

4) The Role of the General Division of Pianning
The role of the General Division of Planning is to secure the budget for road disaster

prevention, establish an investment plan for this, and to carry out the said plan.

The organizational chart and role of the DORM in MTI to be involved with future road
prevention countermeasures is as shown in Figure 22.3.1.
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22.4 Inspection and Maintenance Work Methods

22.4.1 General

When maintenance work is carried out, it is necessary to consider the road facilities (e.g.,
slopes and bridges), social impacts, etc. of each road. For example, the status of slope and
bridge facilities of a road section would be assessed via on-site inspection and maintenance
work executed based on the information obtained. Note that it is necessary to always
maintain road facilities in good condition to prevent disasters from happening beforehand.
In addition road facilities, such as slopes and bridges become more vulnerable as they age
and are more likely to fail or sustain damage when being used.

Finally, it is important to understand that insufficient maintenance not only affects road
facilities such as slopes and bridges, which in turn can affect the flow of road traffic, but can
also threaten life and property should they collapse, resulting in large costs being incurred

for restoration, ete.
22.4.2 Types of Maintenance Inspection

Maintenance inspection consists of the following types:
® Routine inspection
. @ Periodic inspection
® Urgent inspection

Below, the purpose of each of these types of inspection is explained.

1)  Routine Inspection
The purpose of routine inspection is to detect at an early stage minor damage and the
potential for such damage to become more severe. Routine inspection consists of a visual
check from a patrol car. Routine inspection is assumed to be once per week, but it is
appropriate to increase or decrcase inspection frequency depending on the status of road
facilitics (e.g., slopes, bridges, traffic volume, social environment). The main work items in
a routine inspection are as follows: '
- @ Confirmation of smooth traffic flows
® Checking for rock and/or debris on roads.
® [Inspection of the status of road structures, slopes, and drainage facilities. If damage
and/or abnormalities are detected, execution of more detailed inspection and
recording and reporting of results.
® In case of emergency, execution of urgent countermeasures.
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The potential defects for each inspection item in a routine inspection are shown in
Table22.4.1.

Table 22.4.1 Inspection and Record Items

Carriageway -existence of rock and debris

Shoulder -cracking
-additional new cracking

Drainage Facility .| -existence of rock and debris

Slope : -rock falling or collapsing and land slides

-conceive, cracking

-weathering, gully erosion

-existence of seepage or underground water

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

-damage and corrosion to steel materials

-outflow of backfill

- loosening of net and rope

- withering of vegetation

Bridge -SCouring

-transformation and collapsing of revetment

-outflow of backdfill

- transformation and collapsing of abutment and pier

-change in river channel

-river deposits

2) Periodic Inspection
The purpose of periodic inspection is to inspect defects or potential defects of slopes,
bridges, etc. close up and in detail. Periodic inspection is assumed to be once per year, but it
is appropriate to increase or decrease inspection frequency depending on the status of road
facilities (e.g., slopes, bridges, traffic volume, social environment). The main work items in
a periodic inspection are as follows:
® Inspection of slope stability, démage to road facilities, level of damage and/or
deterioration
® Check for seepage water from slopes and inspection of drainage system during
rainy season to confirm functionality.
® Recording of results in a database.
® Decision on whether or not it is necessary to have further inspection by an engineer,

technician, or specialist.

3) Urgent Inspection ‘
The purpose of urgent inspection is to check for damage that poses a danger to road users
and the surrounding community after the a natural disaster, such as a hurricane or
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earthquake, or when existing damage threatens to become a danger. It is executed usually as
a supplement to a routine or periodic inspection. The main work items in an urgent

inspection are described below.

More than one expert should do thorough detailed inspectiohs simultaneously.
Sketches indicating the locations, direction, and widths of cracks, together with
present condition photographs and crack distribution charts, should be drawn up.
Moreover, measurements should be performed if needed and topographical maps,
cross-section sketches, etc. drawn up.

Urgent inspections should be carried out rapidly after a disaster such as a rainstorm,
hurricane, earthquake, etc., since road facilities such as slopes can be easily
damaged in such circumstances. Should damage be detected, appropriate measures
should be carried out.

When symptoms of deformation appear, a partial or full detailed inspection of the
object facility should be executed. Measurement equipment, such as an
extensometer and inclinometer to check for soil movements and the progress of
cracking, should be used.

If soil movement is ongoing, it should be carefully monitored. It 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, landslides, etc. occur, boring should be carried out in order to
ascertain present conditions. That is, boring should provide data to investigate the
direction of soil movement, the existence of slide surface groundwater, soil

composition, etc.

The workflow for maintenance management is as shown in Figure 22.2.1.

4)

Inspection System

As described above, by executing inspections that are purpose oriented, it is possible to
avoid a road disaster from occurring. For this reason, the following inspection team system

is recommended:

® Total no. of members per inspection team: 3
® No. of engineers: 1 (to establish and confirm locations requiring disaster prevention
measures)
® No. of technicians: 2 (to transport inspection equipment and assist engineer) .
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rll Study of disaster prevention i

I Inspection of disaster preventionJ

I Making of disaster prevention chart J
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Figure 22.2.1 Flow Chart for Maintenance Management

Study of maintenance construction
¥
Execution of disaster prevention construction

Execution of maintenanee construction

I

JL Record I

22.4.3 Methods of Repair/ Rehabilitation

1) Priority Work Items
Priority work items for repair and rehabilitation are listed below.
® The secondary disaster prevention gives priority after confirmation of dread of
secondary disaster and work safety. '
@ Confirmation of detour road.

Confirmation of appropriate amount of repair and rehabilitation work.
® Seclection of appropriate repair and rehabilitation methods taking into consideration
availability of materials.
@® In determining the cause of road facility deformation or collapse, various inventory
| data are used.

2) Types of Repair and Rehabilitation Methods
a) Cracking on Slopes
The selection of the method of repair and rehabilitation is as shown in Figure 22.4.2.
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Top or leg of

slope
Top
crack and Existence of Existence of
coliapse are soring water spring wate
Yes
] v .
*Wicker work * Horizontal drainage * Counterweight by - * Gounterweight
*Exclusion of earth * Earth and sand is filled gabion by soil pus
to the crack
*nstallation of seat

Permanent measures
are necessary

» Yes

h

h 4

[ ] *Pertnanent measure | l [

Figure 22.4.2 Method of Repair/ Rehabilitation of Crack and Damage on Slope

*¥Inspection continuance | l

b) Boulder Stone and Loose Stones on Slopes
The selection of the method of repair and rehabilitation is shown in Figure 22.4.3.

Yes

Possibility 1o
remove

Possibility to keep
spaceforinstaliation of
barrier

Ne

r

y

*Prevention net *Barrier with gabion *Removal

Permanent measure
is necessary

L I*Permanent measure' J I #Inspection continuancel ’

Figure 22.4.3 Method of Repair/ Rehabilitation of Boulder Stone
and Unfixed Stone on Slope
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c) Defect in Drainage Facility and Weathering of Shotcrete
The selection of the method of repair and rehabilitation is shown in Figure 22.4.4.

Possibility of
collapse

Collapse is partial

A

*Sprayed concrete crib
*Prevertion net

*Removal of mud and
garbage of drain hole

*Concrete crib cast in place
#Prevention net

Permanent measure
is necessary

Yes

h

] l l*lnspection cehtinuance L l

L ‘ *Permanent measure

Figure 22.4.4 Method of Repair/ Rehabilitation of Defects in Drainage
Facility and Weathering of Shotcrete

d) Slope Damage from Road Surface Water Inflows
The selection of the method of repair and rehabilitation is shown in Figure 22.4.5.

Yes

Small collapse

Mo

h 4

*Sand bag
*Gabion mat
*Drainage ditch

Wicker work
*Sand bag
*Removal of outflow soil

*Drainage ditch

Permanent measure
is necessary

| | *Embarkment | |

FInspection
continuance

#Permanent measure

[ 7 #Ilmprovement of roadsid ditch L I

Figure 22.4.5 Method of Repair/ Rehabilitation of Slope Damage from Road Surface

Water Inflows
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€) Landslide
The selection of the method of repair and rehabilitation is shown in Figure 22.4.6.

Dangerous spped of sliding
> 2~5mm., hour

A A
*Excavation *No thoroughfare
*Counterweight *Refuge
*Exclusion of surface water

#Exclusion of undergroun water

Permanent measure
is necessary

A 4

*Inspection continuance *Parmanent measure

Figure 22.4.6 Method of Repair/ Rehabilitation of Damage from Landslides

22.5 Procurement

The main types of equipment and materials for disaster prevention countermeasures that
could be procured in Nicaragua were examined in Chapter 7. Chapter 18 described the
actual quantities of materials and the equipment needed for the different countermeasures.
As for the selection of the type of maintenance work method, this was described in the
preceding sections of this chapter (special materials werenot considered). Based on the
above work, the Study team was able to confirm that all of the materials for the
countermeasures could be procured in Niéaragua. As for equipment, everything could be

procured except for a shotcrete machine.

(Note that when material is obtained from quarry sites, it is necessary to observe the Law

No387 concerning mining).

As for contractual matters when the countermeasure are execated, two cases are considered.
The first case is contracting with a private company and the second case with COERCO
(or a public entity)}. The selection of the contract type is to be decided by MTI and will
depend on the amount of construction work required.
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22.6

Plan of Database System

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 22.6.1. 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 Bridge Managcment System (BMS), which was donated to the General Direction of
Roads by DANIDA in October 2001, is operated and managed efficiently now. Therefore, in
the future, this plan of database system should be managed in cooperation with BMS.
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CHAPTER 23 CONCLUSION AND RECOMMENDATION

The feasibility study proved that project spots of Package 1, 2 and 3 are technically,
environmentally and economically feasible. The information and data surveyed in this Study
can be finally concluded as follows.

23.1 Early execution of the disaster prevention spots
The identified disaster prevention spots are highly critical. Therefore, the disaster. prevention
work should be executed as early as possible in order to protect the safety of road users and

the stability of traffic movement and the economy.

Therefore, the priority order of the project package should be considered as grouped in the
following Table 23.1.1.
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Table 23.1.1 Priority Order of Project Packages

NOO1AA280 Horizontal drainage
Junquillal Gabion mat
San Nicol4s Gabion mat _
Nic.1 San Ramén__ |Gabion mat 7
NOO1A240 Removal of loose rocks, installation of netting
NO01B230 Removal of loose rocks, installation of netting
1 1 NOO1B150 Cutting, shotcrete and drainage
NIC.3 NOO3B400 Cutting and drainage ’
NOO3B320 Retaining wall and fiil, drainage and re-vegetation
Removal of loose rocks,
NO26B160 Instaliation of netting and drainage
NIC.26 . - 3
San Juan de Dios |Gabion mat
Papalon Gabion mat and riprap with mortar
NICT NOO1A290 Removal of loose rocks, 1
Installation of netiing and drainage
NOO3B370 Cutting and drainage
NIiC.3 El Guayacin New bridee 3
2 2 Cutting and drainage,
NOO3E170 Conucrete dam and Box culvert
NIC.5 NOO5A010 Cutting and drainage 1
NIC.26 La Banderita Masonry wall and gabion mat 2
Solis Gabion mat and riprap with mortar
Las Chanillas Concrete brocks
NOO1B170 Chutiing and drainage
NIC.1 NOO1B120 Cuiting and drainage 5
Rio Inali Gabion mat and stone masonry
Rio Tapascali  iGabion mat
NOO3C230 Cutting and concreie protect with vegetation,
Lower down embankment with drainage
3 3 NOO3C150 Cutting and drainage above road, embankment,
NIC.3 Vegetation and drainage below 3
Cutting with drainage
NOO3C140 . |and horizontal drainage above road,
embankment, vegetation and drainage below
NO26A060 Cutting, shotcrete and drainage
NIC.26 N0O26B140 Cutting, drainage and horizontal drainage 3
NO26A150 Cutting and drainage, lateral carriageway drainage
Total Disaster Prevention Sites 30
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23.2 Recommendation

In order to execute the projects, the MTI has been recommended to take the following actions.

® Execution of Screening, Emergency/ Routine/ Periodic Inspection Survey,

Approximately 80 over disaster potential spots were identified by the inspection
survey on the objective six (6) roads, which are NIC.1, NIC.3, NIC.5, NIC.15,
NIC.24 and NIC.26, in this Study. The screening and inspection surveys should be
carried out for not only the objective roads but also other major roads and the

rural roads.

® Understanding Manuals and Standard Drawings,

The manuals are composed of five (5) parts as below.

An Inspection Manual,

A Planning Manual,

A Design/ Execution Works Manual,

A Maintenance Manual, and

A Design Standards/ Standard Drawings.

Each manual is applicable to conditions on Nicaraguan roads, and users must

Y V V V¥V VY

understand the contents of all 5 manuals.

@ Strengthening of Maintenance Division in MTI,

The Direction of Road Maintenance is organized in General Division of Roads of

MTI. However, its main work is only minor maintenance works of road surfaces

on major roads. Almost all of major maintenance works are carried out by

donations from the foreign counties. .

In order to build up a strong maintenance organization, the following actions are

recommended.

» Clarification of roles and responsibilities in the range of Direction and
Division with a role in road maintenance,

> Establishment/ management of Database for the maintenance work, and

> Reorganization of reporting and liaison lines.

® Establishment of Regional Offices, and
In order to get information of disaster quickly, regional offices should be

established at main towns on major roads. The roles of regional offices will be to
carry out screening, and other inspection surveys for emergency, routine and
periodic maintenance. Data collected from inspection surveys should be analysed
in regional offices and be reported to the main maintenance division in MTI. Thus
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main maintenance division in MTIL Thus the regional offices should take

responsibility for major roads in their local areas.

® Secure the Special Budget for Road Disasters

A special budget for roads disaster should be established to a safeguard against
possible loss. MTI should take on great responsibility for the management and
control of major and rural roads in Nicaragua. If traffic accidents occur within
MTT’s responsibility, it is likely to be a result of very bad carriageway surfaces,
very dangerous slope surfaces, very risky bridge condition, etc.

Therefore, in order to safeguard road safety and economic developiment to the
road users, MTI should itself secure a special budget for road disasters.
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Appendix A1.2 The Figure of Inspection Points
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Appendix A2

Type of Countermeasures (Chapter 7)

A2.1 Type of Countermeasures in the Case of
Road Damage |

A2.2 Type of Countermeasures against
Slope Failure |

A2.3 Type of Counfermeasures against

Bridge Foundoﬁon Scouring
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