


Foreign Currency Exchange Rates Applied in the Study

Currency Exchange Rate/USD

Honduran Lempiras (Lps) 14.87

Japanese Yen (JPY) 107.9

(Rate as of the end of June 2000)







- i -

TABLE OF CONTENTS

PREFACE

LETTER OF TRANSMITTAL

ABBREVIATIONS

GLOSSARY

CHAPTER 1 INTRODUCTION

1.1 BACKGROUND OF THE STUDY .................................................................................................1

1.2 OBJECTIVES OF THE STUDY .....................................................................................................1

1.3 STUDY AREA...........................................................................................................................1

1.4 STUDY ORGANIZATION............................................................................................................3

1.5 SCHEDULE OF THE STUDY .......................................................................................................4

1.6 CONTENTS OF THE REPORT......................................................................................................4

CHAPTER 2 EXISTING CONDITIONS

2.1 NATURAL CONDITIONS............................................................................................................5
2.1.1 TOPOGRAPHY AND GEOLOGY .......................................................................................5
2.1.2 HYDROLOGY .................................................................................................................5

2.2 SOCIOECONOMIC CONDITIONS ................................................................................................9
2.2.1 POPULATION..................................................................................................................9
2.2.2 ECONOMY ...................................................................................................................11
2.2.3 DEVELOPING COMMUNITY..........................................................................................12

2.3 WATER SUPPLY SERVICE .......................................................................................................13
2.3.1 SERVICE AREA AND SUPPLY METHODS .......................................................................13
2.3.2 SERVED POPULATION ..................................................................................................13
2.3.3 CONSUMPTION ............................................................................................................13
2.3.4 WATER UTILIZATION...................................................................................................15

2.4 WATER SUPPLY SYSTEM OPERATED BY SANAA ..................................................................18
2.4.1 BACKGROUND.............................................................................................................18
2.4.2 OUTLINE OF THE EXISTING SYSTEM............................................................................20
2.4.3 WATER SOURCES AND CONDUCTION FACILITIES ........................................................22
2.4.4 WATER TREATMENT PLANT ........................................................................................25
2.4.5 TRANSMISSION AND DISTRIBUTION SYSTEM...............................................................31
2.4.6 WATER SUPPLY BY TANK LORRY ................................................................................36
2.4.7 ON-GOING PROJECTS ..................................................................................................36
2.4.8 EXISTING PROBLEMS ..................................................................................................37

2.5 SANITARY SYSTEM ................................................................................................................37
2.5.1 OUTLINE .....................................................................................................................37
2.5.2 PRESENT SEWER SYSTEM............................................................................................38
2.5.3 PRESENT PROBLEMS ...................................................................................................38

2.6 RELEVANT LAWS AND REGULATIONS ....................................................................................41
2.6.1 GENERAL ....................................................................................................................41
2.6.2 FRAME LAW FOR WATER SUPPLY AND SEWERAGE SECTOR ........................................41
2.6.3 GENERAL LAW OF WATER...........................................................................................42

2.7 ORGANIZATION OF SANAA ..................................................................................................43
2.7.1 OBJECTIVES AND COMPETENCE OF SANAA...............................................................43
2.7.2 ORGANIZATION STRUCTURE .......................................................................................43
2.7.3 NUMBER OF PERSONNEL .............................................................................................46



- ii -

2.8 FINANCIAL PERFORMANCE OF SANAA ................................................................................46
2.8.1 FINANCIAL CONDITIONS OF SANAA..........................................................................46
2.8.2 FINANCIAL CONDITIONS OF SANAA METROPOLITAN DIVISION ................................48
2.8.3 TARIFF ........................................................................................................................49

2.9 INSTITUTIONAL ISSUES..........................................................................................................50
2.9.1 OUTLINE .....................................................................................................................50
2.9.2 TARIFF PROBLEM ........................................................................................................50
2.9.3 LABOR UNION PROBLEM ............................................................................................51
2.9.4 WATER SOURCE PROTECTION PROBLEM .....................................................................51

CHAPTER 3 PLANNING BASIS

3.1 GENERAL ..............................................................................................................................53

3.2 POPULATION PROJECTION......................................................................................................53
3.2.1 BASE DATA .................................................................................................................53
3.2.2 PRESENT POPULATION.................................................................................................53
3.2.3 PROJECTION OF TOTAL POPULATION ...........................................................................54
3.2.4 POPULATION PROJECTION FOR EACH NEIGHBORHOOD ...............................................55

3.3 URBAN AREA ........................................................................................................................57

3.4 WATER DEMAND FORECAST .................................................................................................63
3.4.1 GENERAL ....................................................................................................................63
3.4.2 WATER SUPPLY POLICIES ............................................................................................63
3.4.3 SERVICE AREA AND SERVICE POPULATION .................................................................65
3.4.4 UNIT WATER DEMAND FOR DOMESTIC USE................................................................67
3.4.5 RESULT OF WATER DEMAND FORECAST .....................................................................67

3.5 REQUIRED FLOW RATE..........................................................................................................68
3.5.1 INTRODUCTION ...........................................................................................................68
3.5.2 REQUIRED PRODUCTION RATE ....................................................................................70
3.5.3 REQUIRED INTAKE RATE .............................................................................................71

CHAPTER 4 SELECTION OF MASTER PLAN PROJECTS

4.1 GENERAL PRINCIPLES ...........................................................................................................73

4.2 WATER PRODUCTION RATE OF EXISTING SYSTEM.................................................................73
4.2.1 PICACHO SUBSYSTEM .................................................................................................74
4.2.2 LOS LAURELES SUBSYSTEM........................................................................................74
4.2.3 CONCEPCION SUBSYSTEM...........................................................................................74
4.2.4 MIRAFLORES SUBSYSTEM...........................................................................................75
4.2.5 EXISTING PRODUCTION RATE .....................................................................................75

4.3 CANDIDATE PROJECTS...........................................................................................................75
4.3.1 LOS LAURELES RESERVOIR DREDGING PROJECT ........................................................76
4.3.2 LOS LAURELES II PROJECT .........................................................................................76
4.3.3 QUIEBRA MONTES PROJECT........................................................................................78
4.3.4 SABACUANTE PROJECT ...............................................................................................78
4.3.5 TATUMBLA PROJECT ...................................................................................................79
4.3.6 WATER LEAKAGE REDUCTION PROJECT .....................................................................79

4.4 SELECTION OF MASTER PLAN PROJECTS ...............................................................................80
4.4.1 COST BENEFIT ANALYSIS............................................................................................80
4.4.2 WATER SUPPLY CAPACITY BUILD-UP ..........................................................................80
4.4.3 MEASURES FOR WATER LEAKAGE CONTROL..............................................................80

CHAPTER 5 PROPOSED MASTER PLAN

5.1 INTRODUCTION......................................................................................................................81



- iii -

5.2 FACILITY PLANNING OF LOS LAURELES II PROJECT .............................................................81
5.2.1 GENERAL ....................................................................................................................81
5.2.2 WATER SOURCE DEVELOPMENT .................................................................................81
5.2.3 WATER SUPPLY FACILITIES .........................................................................................88

5.3 FACILITY PLANNING OF QUIEBRA MONTES PROJECT............................................................89
5.3.1 GENERAL ....................................................................................................................89
5.3.2 OPTIMIZATION OF WATER TREATMENT OF THE WHOLE SYSTEM ................................90
5.3.3 WATER SOURCE ..........................................................................................................95
5.3.4 CONDUCTION ..............................................................................................................95
5.3.5 WATER TREATMENT....................................................................................................96
5.3.6 FACILITIES FOR JOINT OPERATION WITH LOS LAURELES WTP .................................105
5.3.7 TRANSMISSION..........................................................................................................105
5.3.8 DISTRIBUTION...........................................................................................................116
5.3.9 TANK LORRIES..........................................................................................................120

5.4 FACILITY PLANNING OF LEAKAGE CONTROL PROJECT .......................................................122
5.4.1 GENERAL ..................................................................................................................122
5.4.2 STRENGTHENING OF LEAKAGE REPAIRING CAPACITY...............................................122
5.4.3 WATER QUANTITY MEASUREMENT ..........................................................................122

5.5 SUMMARY OF FACILITY PLANNING .....................................................................................123

5.6 OPERATION AND MAINTENANCE PLAN................................................................................123
5.6.1 DAM..........................................................................................................................123
5.6.2 WATER SUPPLY FACILITIES .......................................................................................126

5.7 ORGANIZATION PLAN ..........................................................................................................128
5.7.1 PROPOSED ORGANIZATION STRUCTURE ....................................................................128
5.7.2 STRENGTHENING OF KEY FUNCTIONS .......................................................................128
5.7.3 REQUIRED PERSONNEL .............................................................................................130

5.8 COST ESTIMATE...................................................................................................................132
5.8.1 CONSTRUCTION COSTS .............................................................................................132
5.8.2 OPERATION AND MAINTENANCE COSTS....................................................................133

5.9 IMPLEMENTATION PROGRAM ...............................................................................................133

5.10 FINANCIAL PLAN.................................................................................................................135
5.10.1BASIC POLICIES.........................................................................................................135
5.10.2PLANNING PROCEDURES ...........................................................................................136
5.10.3FINANCIAL COSTS .....................................................................................................136
5.10.4STUDY ON TARIFF LEVEL..........................................................................................137
5.10.5PROPOSED FINANCIAL PLAN .....................................................................................138

5.11 SELECTION OF PRIORITY PROJECT.......................................................................................140
5.11.1SELECTION CRITERIA ................................................................................................140
5.11.2CONCLUSION.............................................................................................................140

CHAPTER 6 EVALUATION OF THE PROPOSED MASTER PLAN

6.1 GENERAL ............................................................................................................................141

6.2 ECONOMIC ASPECT .............................................................................................................142
6.2.1 ECONOMIC BENEFIT..................................................................................................142
6.2.2 ECONOMIC COSTS .....................................................................................................143
6.2.3 RESULTS OF ECONOMIC EVALUATION .......................................................................143

6.3 FINANCIAL ASPECT .............................................................................................................145

6.4 MANAGERIAL ASPECT.........................................................................................................145

6.5 TECHNICAL ASPECT ............................................................................................................146

6.6 ENVIRONMENTAL AND SOCIAL ASPECT...............................................................................147
6.6.1 ENVIRONMENTAL ASPECT.........................................................................................147
6.6.2 SOCIAL ASPECT ........................................................................................................148

6.7 REQUIREMENTS FOR THE REALIZATION OF THE MASTER PLAN ...........................................148



- iv -

CHAPTER 7 FEASIBILITY STUDY FOR THE PRIORITY PROJECTS

7.1 FACILITY PLANNING............................................................................................................149
7.1.1 GENERAL ..................................................................................................................149
7.1.2 LOS LAURELES II DAM CONSTRUCTION ...................................................................149
7.1.3 SEDIMENT EXCAVATION ............................................................................................155

7.2 OPERATION AND MAINTENANCE .........................................................................................155
7.2.1 OPERATION PLAN ......................................................................................................155
7.2.2 MAINTENANCE PLAN ................................................................................................158

7.3 PROJECT COST ESTIMATE ....................................................................................................160
7.3.1 COST CONSTITUENTS ................................................................................................160
7.3.2 COMPONENT OF DIRECT CONSTRUCTION COST ........................................................160
7.3.3 COST ESTIMATE METHOD .........................................................................................160

7.4 PROJECT IMPLEMENTATION PROGRAM ................................................................................161
7.4.1 IMPLEMENTATION PROGRAM.....................................................................................161
7.4.2 WORKS REQUIRED FOR PROJECT IMPLEMENTATION..................................................161

7.5 PROPOSED FINANCIAL ARRANGEMENT ...............................................................................164
7.5.1 PROJECT COST AND LOAN AMOUNT .........................................................................164
7.5.2 DISBURSEMENT SCHEDULE .......................................................................................164

CHAPTER 8 PROJECT EVALUATION

8.1 EFFECTS OF PROJECT...........................................................................................................167

8.2 ECONOMIC FEASIBILITY ......................................................................................................167
8.2.1 GENERAL ..................................................................................................................167
8.2.2 ECONOMIC BENEFIT..................................................................................................167
8.2.3 ECONOMIC COSTS .....................................................................................................168
8.2.4 RESULT OF ECONOMIC EVALUATION .........................................................................168

8.3 FINANCIAL FEASIBILITY ......................................................................................................170
8.3.1 GENERAL ..................................................................................................................170
8.3.2 FINANCIAL COSTS .....................................................................................................170
8.3.3 REVENUE ..................................................................................................................170
8.3.4 RESULT OF FINANCIAL EVALUATION .........................................................................171

8.4 TECHNICAL FEASIBILITY .....................................................................................................171
8.4.1 DAM CONSTRUCTION................................................................................................171
8.4.2 OPERATION ...............................................................................................................171

8.5 ENVIRONMENT IMPACT ASSESSMENT..................................................................................172
8.5.1 ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES .........................................172
8.5.2 PRECIOUS FLORA AND FAUNA ..................................................................................172

8.6 SOCIAL IMPACT ASSESSMENT..............................................................................................173
8.6.1 RELOCATION OF PEOPLE ...........................................................................................173
8.6.2 WATER USE REGULATION .........................................................................................173
8.6.3 CIUDAD MATEO PROJECT..........................................................................................173

CHAPTER 9 RECOMMENDATION

9.1 INTRODUCTION....................................................................................................................175

9.2 RECOMMENDATION TO THE STATE GOVERNMENT AND THE MUNICIPALITY ........................175
9.2.1 INSTITUTIONAL SUPPORTS ........................................................................................175
9.2.2 FINANCIAL SUPPORT .................................................................................................177

9.3 RECOMMENDATION TO SANAA..........................................................................................178



- v -

LIST OF TABLES

CHAPTER 2 EXISTING CONDITIONS

Table 2.1 Classification of Neighborhood by SANAA ......................................................... 11

Table 2.2 Breakdown of Present Population by Social Class ................................................ 11

Table 2.3 National Gross Domestic Product ......................................................................... 11

Table 2.4 External Debts ....................................................................................................... 11

Table 2.5 Labor Force by Sector in Honduras.......................................................................12

Table 2.6 Labor Force by Sector in Tegucigalpa ...................................................................12

Table 2.7 Consumer Price Index ...........................................................................................12

Table 2.8 Present Service Population by Supply Method in 2000.........................................13

Table 2.9 Accounted-for Water Rate for Measured and Non-measured Customers..............13

Table 2.10 Existing Average Monthly Water Consumption by Water Use..............................15

Table 2.11 Availability of Collected Samples .........................................................................15

Table 2.12 Domestic Service Duration and Possession of Storage Tank.................................16

Table 2.13 Drinking Water Source and Bottle Water Expense ................................................16

Table 2.14 Evaluation of Water Pressure.................................................................................16

Table 2.15 Evaluation of Color of Water.................................................................................17

Table 2.16 Evaluation of Taste of Water..................................................................................17

Table 2.17 Non-domestic Service Duration and Possession of Storage Tank .........................17

Table 2.18 Evaluation of Water Pressure and Quality .............................................................18

Table 2.19 Evaluation of Water Quantity and Quality.............................................................18

Table 2.20 Demand and Production in 1990 ...........................................................................19

Table 2.21 Water Sources Used by SANAA ...........................................................................22

Table 2.22 Present Yield Capacity for the Driest Month in 10 Years ......................................22

Table 2.23 Existing Conduction Facilities...............................................................................25

Table 2.24 Design Water Treatment Capacity .........................................................................25

Table 2.25 Example of Water Quality Analysis ......................................................................28

Table 2.26 Existing Pumping Stations for Transmission.........................................................31

Table 2.27 List of Existing Distribution Reservoirs ................................................................35

Table 2.28 Actual Accounted-for Water and Production.........................................................34

Table 2.29 Water Sales Records of Los Filtros Water Filling Station .....................................36

Table 2.30 Profit and Loss Statements of SANAA .................................................................46

Table 2.31 Balance Sheets of SANAA....................................................................................47

Table 2.32 P/L of SANAA Metropolitan Division in 1999.....................................................48

Table 2.33 Balance Sheets of SANAA Metropolitan Division in 1999 ..................................49

Table 2.34 Current Tariff of SANAA Metropolitan Division..................................................50

CHAPTER 3 PLANNING BASIS

Table 3.1 Average Household Size from 1997 to 1999 .........................................................54

Table 3.2 Previous Projections of Urban Population in Tegucigalpa ....................................54

Table 3.3 Projection of Total Urban Population in Tegucigalpa............................................55

Table 3.4 Concept of Annual Population Growth .................................................................55

Table 3.5 Planned Neighborhood and Planned Extension of Neighborhood.........................56

Table 3.6 Result of Population Projection (4 Sheets) ............................................................58

Table 3.7 Result of Service Population Projection ................................................................65

Table 3.8 SANAA Design Standards of Unit Water Demand ...............................................67

Table 3.9 Adopted Unit Water Demand ................................................................................67

Table 3.10 Result of Water Demand Forecast .........................................................................69



- vi -

Table 3.11 Comparison of Water Demands in 2000 and 2015 ................................................68

Table 3.12 Estimated Required Production Rate.....................................................................71

Table 3.13 Estimated Required Intake Rate ............................................................................71

CHAPTER 4 SELECTION OF MASTER PLAN PROJECTS

Table 4.1 Yield Capacity after On-going Projects .................................................................73

Table 4.2 Design Capacity of Picacho Subsystem.................................................................74

Table 4.3 Design Capacity of Los Laureles Subsystem.........................................................74

Table 4.4 Design Capacity of Concepcion Subsystem ..........................................................74

Table 4.5 Design Capacity of Miraflores Subsystem ............................................................75

Table 4.6 Existing Available Water Production Rate.............................................................75

Table 4.7 Cost of Los Laureles Reservoir Dredging Project .................................................76

Table 4.8 Cost of Los Laureles II Project..............................................................................78

Table 4.9 Required Cost for Quiebra Montes Project............................................................78

Table 4.10 Required Cost for Sabacuante Project ...................................................................79

Table 4.11 Required Cost for Tatumbla Project ......................................................................79

Table 4.12 Required Cost for Water Leakage Reduction Project ............................................80

Table 4.13 Result of Cost Benefit Analysis.............................................................................80

Table 4.14 Water Supply Capacity Build-up ...........................................................................80

CHAPTER 5 PROPOSED MASTER PLAN

Table 5.1 Required Water Production for Los Laureles Subsystem ......................................89

Table 5.2 Existing Yield Capacity and Conduction and Treatment Capacities .....................90

Table 5.3 Required Construction Cost for Each Alternative .................................................92

Table 5.4 Required Construction Cost for Each Alternative .................................................93

Table 5.5 Cost Comparison of Alternatives...........................................................................94

Table 5.6 Planning Bases of Quiebra Montes and Los Laureles Subsystems........................94

Table 5.7 Production Rate of Each Subsystem......................................................................94

Table 5.8 Proposed Conduction Facility................................................................................95

Table 5.9  Adopted Design Criteria for Major Facilities .......................................................96

Table 5.10 Design Water Quality.............................................................................................96

Table 5.11 Specifications of Major Facilities of Quiebra Montes WTP................................105

Table 5.12 Result of Reorganization of Transmission System ..............................................106

Table 5.13 Operation Conditions for Network Analysis (Quiebra Montes
Subsystem) ..........................................................................................................108

Table 5.14 Operation Conditions for Network Analysis (Los Laureles Subsystem) .............108

Table 5.15 Operation Conditions for Network Analysis (Concepcion Subsystem)...............109

Table 5.16 Operation Conditions for Network Analysis (Picacho Subsystem) .....................109

Table 5.17 Design Criteria for Transmission Network Analysis ........................................... 114

Table 5.18 Facility Plan for Reorganization of Transmission Lines...................................... 115

Table 5.19 Facility Plan for Reorganization of Transmission Pumping Stations .................. 114

Table 5.20 Result of Reorganization of Distribution Areas................................................... 117

Table 5.21 Proposed Distribution Reservoirs Installation ..................................................... 119

Table 5.22 Results of Distribution Network Analysis (Estiquirin)........................................ 119

Table 5.23 Required Reinforcement Work for Entire Distribution System........................... 119

Table 5.24 Required Work for Expansion of Distribution Area ............................................120

Table 5.25 Summary of Expansion and Reinforcement of Distribution Network.................120

Table 5.26 Expansion of Water Filling Stations and Tank Lorries ........................................120

Table 5.27 Proposed Leakage Repair Capacity Strengthening..............................................122

Table 5.28 Required Devices for Water Quantity Measurement ...........................................122

Table 5.29 Summary of Facility Planning for Master Plan Projects......................................123



- vii -

Table 5.30 Major Check Items for Operation and Maintenance Works ................................127

Table 5.31 Required Personnel for Operation of Proposed Projects .....................................127

Table 5.32 Preliminary Implementation Schedule for Commercial System..........................130

Table 5.33 Required Staff for Operation and Maintenance ...................................................131

Table 5.34 Required Number of Staff for Metropolitan Division..........................................132

Table 5.35 Estimated Construction Costs of the Master Plan................................................133

Table 5.36 Estimated Operation and Maintenance Costs ......................................................133

Table 5.37 Implementation Schedule ....................................................................................134

Table 5.38 Existing Tariff Level............................................................................................137

Table 5.39 Domestic Tariff Level based on Affordability and Willingness to Pay ...............138

Table 5.40 Cash Flow Statements of Proposed Financial Plan..............................................139

Table 5.41 Results of Sensitivity Analysis of FIRR..............................................................140

Table 5.42 Selection of Priority Projects ...............................................................................140

CHAPTER 6 EVALUATION OF THE PROPOSED MASTER PLAN

Table 6.1 Estimated Willingness to Pay of the Domestic Users ..........................................142

Table 6.2 EIRR of Master Plan............................................................................................144

Table 6.3 Results of Sensitivity Analysis of EIRR..............................................................143

Table 6.4 Number of Service Users per One Staff ..............................................................146

Table 6.5 Comparison of Staff Requirement .......................................................................146

CHAPTER 7 FEASIBILITY STUDY FOR THE PRIORITY PROJECTS

Table 7.1 Result of Cost Estimate of Los Laureles II Project..............................................162

Table 7.2 Project Cost .........................................................................................................164

Table 7.3 Disbursement Schedule of Los Laureles II Project..............................................165

Table 7.4 Operation and Maintenance Cost.........................................................................164

CHAPTER 8 PROJECT EVALUATION

Table 8.1 EIRR of Los Laureles II Project ..........................................................................169

Table 8.2 Results of Sensitivity Analysis of EIRR..............................................................170

Table 8.3 Results of Sensitivity Analysis of FIRR..............................................................171

Table 8.4 Environmental Impacts and Mitigation Measures ...............................................172



- viii -

LIST OF FIGURES

CHAPTER 1 INTRODUCTION

Figure 1.1 Study Area ...............................................................................................................2

Figure 1.2 Study Organization ..................................................................................................3

Figure 1.3 Study Schedule ........................................................................................................4

CHAPTER 2 EXISTING CONDITIONS

Figure 2.1 Geological Map .......................................................................................................6

Figure 2.2 Isohyetal Map ..........................................................................................................7

Figure 2.3 Hydrogeological Map ..............................................................................................8

Figure 2.4 Surface Water Resource Potential..........................................................................10

Figure 2.5 Existing Water Supply Service Area......................................................................14

Figure 2.6 General Layout of Existing Water Supply System ................................................21

Figure 2.7 Existing Picacho Conduction Lines.......................................................................23

Figure 2.8 Existing Los Laureles and Concepcion Conduction Lines ....................................24

Figure 2.9 General Layout of Existing Picacho WTP.............................................................26

Figure 2.10 General Layout of Existing Concepcion WTP ......................................................27

Figure 2.11 Process Flow Sheet of Picacho WTP.....................................................................29

Figure 2.12 Process Flow Sheet of Los Laureles and Concepcion WTPs ................................30

Figure 2.13 Existing Transmission Lines and Distribution Reservoirs.....................................32

Figure 2.14 Flow Diagram of Existing Transmission System...................................................33

Figure 2.15 General Layout of Existing Sewerage System.......................................................39

Figure 2.16 Flow Diagram of Existing Sewerage System ........................................................40

Figure 2.17 Existing Organization Chart of SANAA ...............................................................44

Figure 2.18 Existing Organization Chart of SANAA Metropolitan Division ...........................45

CHAPTER 3 PLANNING BASIS

Figure 3.1 Trend of Total Urban Population in Tegucigalpa...................................................55

Figure 3.2 Urbanization Limit of Tegucigalpa........................................................................62

Figure 3.3 Existing Urban Area of Tegucigalpa......................................................................64

Figure 3.4 Planned Water Supply Service Area in 2015.........................................................66

Figure 3.5 Definition of Various Planning Bases....................................................................70

Figure 3.6 Required Intake Rate .............................................................................................71

CHAPTER 4 SELECTION OF MASTER PLAN PROJECTS

Figure 4.1 Location of Candidate Project Sites.......................................................................77

CHAPTER 5 PROPOSED MASTER PLAN

Figure 5.1 Typical Section of Los Laureles II Dam................................................................83

Figure 5.2 Profile of Los Laureles II Dam..............................................................................84

Figure 5.3 Water Level - Volume Relationship of Los Laureles II Reservoir .........................85

Figure 5.4 Plan of Existing Los Laureles Reservoir ...............................................................86

Figure 5.5 Proposed Location of Sediment Excavation ..........................................................87

Figure 5.6 Candidate Sites for Quiebra Montes WTP ............................................................91

Figure 5.7 Plan of Quiebra Montes Dam ................................................................................97

Figure 5.8 Profile of Quiebra Montes Dam.............................................................................99

Figure 5.9 Water Level - Volume Relationship of Quiebra Montes Reservoir......................101

Figure 5.10 Process Flow Sheet of Quiebra Montes WTP .....................................................102

Figure 5.11 Layout of Quiebra Montes WTP .........................................................................103



- ix -

Figure 5.12 Hydraulic Profile of Quiebra Montes WTP.........................................................104

Figure 5.13 General Map of Proposed Transmission System in 2015 ....................................107

Figure 5.14 Flow Diagram of Quiebra Montes Transmission System in 2015 ....................... 110

Figure 5.15 Flow Diagram of Los Laureles Transmission System in 2015 ............................ 111

Figure 5.16 Flow Diagram of Concepcion Transmission System in 2015.............................. 112

Figure 5.17 Flow Diagram of Picacho Transmission System in 2015 .................................... 113

Figure 5.18 Proposed Distribution Areas in 2015................................................................... 118

Figure 5.19 Location of Proposed Water Filling Stations in 2015 ..........................................121

Figure 5.20 Proposed Facilities in the Master Plan Projects...................................................124

Figure 5.21 Proposed Organization Chart of SANAA Metropolitan Division .......................129

Figure 5.22 Required Production Rate and Water Supply Balance.........................................134

CHAPTER 7 FEASIBILITY STUDY FOR THE PRIORITY PROJECTS

Figure 7.1 Profile and Standard Section of Los Laureles II Dam .........................................150

Figure 7.2 Plan of Los Laureles II Dam................................................................................151

Figure 7.3 H-V Relationship of Los Laureles II Reservoir ...................................................152

Figure 7.4 Sediment Distribution in Los Laureles Reservoir................................................156

Figure 7.5 Location of Sediment Excavation........................................................................157

Figure 7.6 Result of Water Quality Simulation for Ciudad Mateo Project ...........................159

Figure 7.7 Construction Schedule of Los Laureles II Project ...............................................163

CHAPTER 8 PROJECT EVALUATION

Figure 8.1 Explanation of Achievement Ratio......................................................................168



ABBREVIATIONS

CNSSP : National Supervising Commission for the Public Services

COHDEFOR : Honduran Forestry Development Corporation

CPI : Consumer Price Index

DCI : Ductile Cast Iron

DGEC : General Directorate of Statistics and Census

EIA : Environmental Impact Assessment

EIRR : Economic Internal Rate of Return

EL : Elevation

EPHPM : Permanent Multiple Questionnaire Survey of Families

FIRR : Financial Internal Rate of Return

FNUAP : United Nations Population Fund

F/S : Feasibility Study

GDP : Gross Domestic Product

HH : Household

HWL : High Water Level

IDB : Inter-American Development Bank

IMF : International Monetary Fund

JICA : Japan International Cooperation Agency

LWL : Low Water Level

M/P : Master Plan

NPV : Net Present Value

OCC : Opportunity Cost of Capital

P/L : Profit and Loss Statement

PVC : Polyvinyl Chloride

SANAA : National Service Authority for Water Supply and Sewerage

SECPLAN : Ministry of Planning, Coordination and Budget (current SETCO: Ministry of
Technique and International Cooperation)

SERNA : Ministry of Natural Resources and Environment

SOPTRAVI : Ministry of Public Works, Transportation and Housing

USAID : United States Agency for International Development

WTP : Water Treatment Plant

JPY : Japanese Yen

kW/h : kilowatt per hour

Lps : Lempiras

l/c/d : liter per capita per day

l/s : liter per second

mg/l : milligram per liter

m3/d : cubic meter per day

N/100 mL : number per 100 milliliter

NTU : nephelometric turbidity unit

Pt-Co unit : Platinum-Cobalt unit

USD : United States Dollar



GLOSSARY

99 % reliable yield capacity : A yield capacity of a water source during the driest month in
10 years.  It means available yield in 119 months during
120 months, which is equivalent to 99.17 % (= 119/120)
reliable in terms of duration.

Accounted-for water : Distributed water which generates revenue.

Unaccounted-for water : Distributed water which does not generate revenue.
Unaccounted-for water may include physical loss, water use
for fire fighting, and non-measured water due to malfunction
and insensibility of micrometers.

Willingness to pay : An amount which a respondent of the questionnaire survey
accepts to pay for the project(s) or service(s) specified in the
questionnaires.

Opportunity cost of capital : Lost profitability of alternative investments which should be
given up because of investments to the proposed projects.
Theoretically the opportunity cost of capital equals to the
marginal productivity of capital in a country, however,
practically it is difficult to calculate it.  If the economic
internal rate of return of the proposed projects becomes
lower than the opportunity cost of capital, the proposed
projects are not feasible from the economic viewpoint.

Net present value : Difference between present value of benefits and present
value of costs.  Present value of benefits (or costs) is given
as follows.

( )
( )

PV
Bt or Ct

r t
t

n

=
+=

∑
1 1001 /

where, PV: present value,
n:  evaluation period of the project
Bt: benefits in the year t,
Ct: costs in the year t
r : discount rate (%)

Economic internal rate of return : A discount rate with which the net present value of economic
benefits and economic costs of the project becomes zero.

Financial internal rate of return : A discount rate with which the net present value of financial
revenue and financial costs of the project becomes zero.

Standard conversion factor : A factor to convert domestic market price of non-tradable
goods to international market price.  The standard
conversion factor is approximated based on trade statistics
such as amount of import and export goods and import and
export taxes.
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