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K.3

K.3.1

Selection of a First Priority City

Qutcome of the Evaluation

The outcome of the cvaluation is analyzed for the following 3 cases, where respective
cases assume different point weighting.

Case-1 | Point weighting is as decided in the Progress Re'po'rl U2 Needs for formulating M/P
(50 points), Economic benefil expected (20 points), Social welfare contribution (20
points), and Capability to implement refative projects (10 points).

Case-2 | 4 principal evaluation iterns receive equal weighting i.e.,: Needs for formulating M/P
{25 points}), Economic benefil expecied (25 points), Soclal welfare contribution (25
points}, and Capability to imptement relative projects (25 points).

Case-3 | Without welghting on principal evaluation items, ali "detailed evaluation elements’
receive same weighting.

a. Case-1

Result of the Case-1 analysis is shown in Table 25 and Figure 1. As is shown in the table,
Granada has 71.9 points, Chinandega 60.9 points, and Leon 56.3 points.

b. Case-2

Result of the Case-2 analysis is shown in Tablc 26 and Figure 2. As is shown in the table,
Granada has 65.7 points, Leon 59.0 points, and Chinandega 55.3 points.

Cc. Case-3

As is shown in the table 27, even when weighting on 4 principal evaluation items is
climinated and detailed evaluation items receive same weighting, Granada has 82 points,

Chinandega 71 points, and Leon 64 points and thereby Granada gains the highest points
in all three cases.

With above evaluation analyses results, Team proposes that Granada should be selected
as the first priority city of the Study.
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Table K-25: Quicome of Evaluation (Case - 1)

Detaited Evaluation Elenents Results of Evaluation
. Leon | Chinandega | Granada
a, Needs in Formulating M/P .
1. Urgent Needs in Improvement of USE
1.1 Contamination of drinking water 1 1 2
1.2 Contamination of surlace water 2 2 2
i“ 1.3 Contamination of ground water 2 2 2
- 1.4 Tnundation ' 1 2 1
1.5 Public nuisance (offensive odor, 1¢.) 2 2 2
1.6 Adversg impacts on fishery and agriculture 1 I 1
1.7 Acsthetic degradation 2 2 2
1.8 Averse immpacts on tourism 1 1 ]
1.9 Adverse impacts on fauna/flora 0 0 2
1.10 Needs expressed by citizen 1 1 I
2. Absence of Plans
2.1 City development M/P 0 2 2
2.2 Water supply system plan 0 0 0
2.3 Sewerage system improvenment plan 0 0 o
- 2.4 Industrial wastewater management plan 1 2 2
2.5 Storm water management plan 2 2 2
2.6 Municipal SWM plan i 1 0
2.7 Industrial SWM plan 2 2 2
2.8 Mcdical SWM plan 2 1 2
3. Problems cansed by Absence of the Plans
g 3.1 Absence of Industrial wastewater management plan 1 2 2
o 3.2 Absence of storm water management plan 1 2 1
3.3 Absence of municipal SWM plan 2 2 2
3.4 Absence of Industrial SWM plan 2 2 2
- 3.5 Absence of medical SWM plan 2 1 2
4. Planning deficiency
4.1 Planning capability of municipatity(l} i ) 2
4.2 Planning capability of municipality(2) 0 2 1
4.3 Externa! suppodis in planning(l) ] 1 2
4.4 External supports in planning(2) 0 1 2
sub-tolal 31 37 42
50 weighicd point 287 343 389
b. Economic Benefits Expected
1. Economic Benefits expected on USE Sectors
1.1 Prevention of drinking waler contamination {municipa! tevel) 1 1 2
1.2 Prevention of drinking water contamination (regional level) 0 0 2
1.3 Prevention of surface water contamination 1 1 2
1.4 Prevention of ground water contaminalion 2 2 ?
;, 1.5 Prevention of inundation 1 2 1
1.6 Prevention of public nuisance 2 2 2
2. Economic Benefits expected on Other than USE Scclors
2.1 Prevention of adverse impacts on fishery and agriculture 2 2 2
2.2 Prevention of acsthetic degradation 2 2 2
2.3 Prevention of adverse impacts on lourism i 0 2
2.4 Prevention of adverse impacts on fauna/floa 0 0 2
sub-{olal 12 12 19
20 weighted point 12 i2 19
c. Social Wellare Contribution
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Detailed Evaluation Elements Results of Evalualion
Leon | Chinandega | Granada

1.Contribution to Social Equily
1.1 Coverage rate of waicr supply system
1.2 Coverape rate of sqwer system
1.3 Coverage rate of toilet
1.4 Coverage rate of refuse collection service
1.5 Coverage rate of pluvial drainage
1.6 Amount of forcign aid per citizen
1.7 Amount of subsidy from central government per cilizen
1.8 Expenditure for water supply system improvement (per citizen)
1.9 Expenditure for scwerage system improvement per citizen
1.10 Expenditure for SWM per citizen
1.11 GRDP
1.12 Uncmployment raic
2. Contribution to the Improvement of Health Indicators
- 2.1 Matermal death rate
2.2 Neonatal death rate
- 2.3 Morbidity rate of major epidemic discases
2.4 Mortality rate of major epidemic discascs
2.5 Heahh damage by poor USE facilities
sub-total
20 weighted point
d. Capability to lplement Relative Projects
1. Financial Capability of Executing Body and Citizen
1.1 Financiat capability of municipality
1.2 Financial capability of citizen(1)
1.3 Financial capabitity of citizen(2)
2. Administrative Implementation Capability
2.1 Administrative capabitity of municipa? staffs
2.2 Preparedness to reccive foreign/domestic supports
sub-total
10 weighted point
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Grand Total 64 711 - 82
30,20,20,10 weighted point 56.3 609 . 719
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Principal Evaluation Hems Leon | Chinandega | Granada
a. Needs in Fornmlating M/P 28.7 341 389
b. Economic Benelils Expected 12 12 19
c. Social Wellare Contribution 7.6 10.6 10
d. Capability to linplement Relative Projects 8 4 9
Total 56.3 60.9 71.9
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Figure K-1: Qutcome of Evaluation (Case - 1)
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Table K-26: Qutcome of Evaluation (Case - 2)

Detailed Evaluation Elements | Resulis of Evaluation
Leon | Chinandega | Granada
a. Needs in Formlating M/P
1. Urgent Needs in Iniprovement of USE
L1 Contamination of drinking waler i 1 2
1.2 Contamination of surface water 2 2 2
1.3 Contamination of ground water 2 2 2 @
1.4 Inundation 1 2 1 R
1.5 Public miisance (offensive odor, ctc.) 2 2 2
1.6 Adverse impacts on fishery and agriculture 1 1 1
1.7 Acsthetic degradation 2 2 2
1.8 Averse impacts on tourism 1 1 1
1.9 Adverse impacts on fauna/tlora 0 0 2
1.10 Needs expressed by citizen | 1 1
2. Absence of Plans
2.3 City development M/P 0 2 2
2.2 Water supply sysiecm plan 0 0 0
2.3 Sewerage systcm improvement plan 0 0 0
2.4 Industrial wastewater management plan 1 2 2
2.5 Storm water management plan 2 2 2
2.6 Municipal SWM plan b } 0
2.7 Industrial SWM plan 2 2 2
2.8 Medical SWM plan 2 3 2
3. Problems caused by Absence of the Plans
3.1 Absence of Industrial wastewater management plan 1 2 2
3.2 Absence of storm water management plan 1 2 1
3.3 Absence of municipal SWM plan 2 2 2
3.4 Abscnce of Industrial SWM plan 2 2 2
3.5 Absence of medical SWM plan 2 1 2
4. Planning deficicncy
4.1 Planning capability of municipality(1) 1 0 2
4.2 Planning capability of municipality(2) 0 2 ]
4.3 External supports in planning{l) 1 1 2
4.4 External supports in planning(2) 0 1 2
sub-totat 31 37 42
25 weighted point 14.4 17.1 194
b. Fconomic Benefits Expected
1. Economic Benchits expected on USE Sectors
1.1 Prevention of drinking water contamination (municipal fevel) 1 1 2
1.2 Prevention of drinking water contamination (regional level) 0 0 2
1.3 Prevention of surface waler contamination 1 1 2
1.4 Prevention of ground water contamination 2 2 2
1.5 Prevention of inundation 1 2 7 5
1.6 Prevention of public nuisance 2 2 2
2, Economic Benefits expected on Other than USE Sectors
2.1 Prevention of adverse impacts on fishery and agriculture 2 2 2
2.2 Prevenlion of acsihetic degradation 2 2 2
2.3 Prevention of adverse impacts on tourism i 0 2
2.4 Prevention of adverse impacts on fauna/flora 0 0 2
sub-fotal 12 12 19
25 weighted point 15 15 23.8
¢. Secial Wellare Contribution
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"

Detailed Evaluation Elements Results of Evaluation |

| Lcon | Chinandega | Granada

1.Contribution to Social E(‘ﬁxily

1.2 Coverage fate of sewer sysiem
1.3 Coverage rate of toilet -
1.4 Coverage ratc of refuse collection scrvice
i.5 Coverage rate of pluvial drainage
1.6 Amount of forcign aid per citizen
1.7 Amount of subsidy from central govemment pee citizen
1.8 Expendilure for water supply system improvanent (per citizen)
1.9 Bxpenditure for sewerage sysien improvement per citizen
1.10 Expenditure for SWM per cilizen
1.11 GRDP
1.12 Unemployment rate
2, Contribution to the Improvement of Heaith Indicators
2.} Maternal death rate
2.2 Neonatal death rale
2.3 Morbidily rate of major cpidemic discases
2.4 Mortality rate of major cpidemic discascs
2.5 Health damage by poor USE facililics
sub-total
235 weighted poinl
d. Capability to Implement Relative Projects
1. Financial Capability of Executing Body and Citizen
1.1 Financial capability of municipality
1.2 Financial capability of citizen(1)
1.3 Financial capability of citizen{2)
2. Administrative Implementation Capabilily
2.1 Administrative capability of municipal staffs 2
2.2 Preparedness to receive forcign/domestic supports 2
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25 weighted point 2
Grand Total 64 71 32
25 weighted point 59 55.3 65.7
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Principal Evaluation [tems Leon | Chinandega | Granada
a. Needs in Formutfating M/P 4.4 17.1 19.4
|b. Econemic Benefits Expected i5 15 - 238
¢. Social Welfare Contribution 9.6 13.2 12.5
d. Capability to Implement Relative Projects 20 10 10
Total 59 553 63,7
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Figure K-2: Qutcome of Evaluation (Case - 2)
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Table K-27: Outcome of Evaluation (Case - 3)

Detailed Evalnation Llements Results of Evaluation
L Leon} Chinandega | Granada
a. Needs in Formulating M/P
¥, Urgent Needs in Improvement of USE
1.1 Contamination of drinking water 1 1 2
1.2 Contamination of surface water 2 2 2
Q 1.3 Contamination of ground watet 2 2 2
= 1.4 Inundation : ‘ 1 2 1
1.5 Public nuisance {offensive odor, ¢ic.} 2 2 2
1.6 Adverse impacts on fishery and agriculiurg 1 ] 1
1.7 Aesthetic degradation 2 2 2
1.8 Averse inipacts on tourisn 1 | !
1.9 Adverse impacls on fauna/flora 0 0 y)
1.10 Needs expressed by citizen } 1 1
2. Absence of Plans .
2.1 City development M/P 0 2 2
2.2 Water supply sysiem plan 0 0 0
2.3 Sewerage system improvement plan 0 0 0
2.4 Industrial wastewater management plan i 2 2
2.5 Storm water management plan 2 2 2
2.6 Municipal SWM plan 1 1 0
2.7 Industrial SWM plan 2 2 2
2.8 Medical SWM plan 2 1 2
3. Problems caused by Absence of the Plans
! 3.1 Absence of Industrial wastewater management plan 1 2 2
- 3.2 Absence of storm waler management plan i 2 1
3.3 Absence of municipal SWM plan 2 2 2
3.4 Absence of Industrial SWM plan 2 2 2
3.5 Absence of medical SWM plan 2 1 2
4. Planning deficicncy
4.1 Planning capability of municipality(1) 1 0 2
1.2 Planning capabitity of municipality(2) 0 2 1
4.3 External supports in planning(1) 1 1 2
4.4 External supports in planning(2) 0 1 2
sub-folal 31 37 42
b. Economic Benefits Expected
1. Economic Benefits expected on USE Seclors
1.1 Preveniion of drinking water confamination {municipal level) 1 1 2
1.2 Prevention of drinking water conlamination (regional level) 0 0 2
"1.3 Prevention of surface water contamination i 1 P
1.4 Prevention of ground water contamination 2 2 2
1.3 Prevention of inundation 1 2 1
g 1.6 Prevention of public nuisance 2 2 2
2. Economic Benefits expected on Other than USE Scctors
2.1 Preveation of adverse impacis on fishery and agriculiure 2 2 2
2.2 Prevention of acsthetic degradation 2 2 2
2.3 Prevention of adverse impacts on tourism 1 0 2
2.4 Preveation of adverse impacts on fauna/flora 0 0 2
sub-total i2 12 19
¢. Social Welfare Contribution
1.Contribution {o Social Equity
1.1 Coverage rate of water supply system 0 2 i
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Detaited Evaluation Blements Results of Evaluation
Leon| Chinandega | Granada

1.2 Coveragg rate of sewer system
1.3 Coverage rate of toilct
| 1.4 Coverage ratc of refuse collection s¢rvice
| 1.5 Coverage rate of pluvial dralnage
1.6 Amount of forcign aid per ¢itizen
1.7 Amount of subsidy from central government per citizen
1.8 Expenditure for walcr supply system improvement (per citizen)
1.9 Expendilure for sewerage sysicm improvemcnt per gitizen
1.10 Expenditure for SWM per citizen
1.11 GRDP
1.12 Uncmployment rate
2. Conlribution to the lmprovement of Health Indicators
2.1 Maternal death rate
2.2 Neonatal death rate
2.3 Morbidity rate of major cpidemic diseases
2.4 Montality rate of major cpidemic diseascs
2.5 Health damage by poor USE facilitics
sub-total
{d. Capability to Implemeni Relative Projects
1. Financial Capability of Executing Body and Citizen
1.1 Financial capability of municipality
1.2 Financial capability of citizen{1)
1.3 Financia! capability of citizen(2) 2 1
2. Administrative Implementation Capability
2.1 Administrative capability of municipal staifs
2.2 Preparedncss o reecive for¢ign/domestic supports
sub-lotal
Grand Total 6
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Principal Evatuation Itcms Leon | Chinandega | Granada
a. Needs in Formulating MAP . 31 37 12
[b. Economic Benefits Expected 12f 12 19
¢. Social Welfare Contribution 13 13 17
d. Capability to Implement Relfative Projects 8 4 4
Total 04 H 82
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K.3.2 Requirements for the Selected First Priority City

Aiming to select a city which is in the utmost needs of formulating an USE M/P, Team
proposed that Granada be the FPC. Granada being the FPC means that the city, in
comparison to other 2 cilies, requires the most cooperation by the Team in formulating
plans, improving administration and consolidating the implementation capacity.

Meanwhile, it is anticipated and worried that a M/P to be formutated with many efforts
may noi be substantiated through relative projects, possibly due to lack of the
implementation capacity of the FPC. Therefore, Team requires that Granada should

improve its capability along with the “joint study” in the course of proceeding (he works
for M/P and F/S formulation.

Whereas, although it is strongly anticipated that present final disposal of municipal SW
might be polluting the environment and causing serious USE problems, Granada
proposes only one candidate site for new landfill. It is envisaged that this site is not
suitable as the new landfill because the distance from the city center to the site is
considerably long and may require huge initial investment for the improvement of the
access road and which will lead to higher disposal cost in future. In this connection,

Team requires that Granada should soon propose ather alternative sites that could
alteviate future financial burden of SW collection services.

K-34



ANNEX L

M/P and Conceptual M/Ps






The Study on the Improverent of Urban Savitation Environiment JICA Stucly Tear

of Principal Citics in ihe Republic of Nicavogra - ... KOKUSALKOGYO CO., LTO.
Contents
Page:
L MIP and Conceptual M/Ps L1
LU USE Master Plan for Granada ... e e I.-1
L.1.1 Planning Frameworks foran USE M/ ... L-1
L.1.1.1 Goals, Targets and Strategy..........coocoviiiiiniciie e L-1
L.1.1.2 Forecast of Future USE Services Demands...............ooeiiiiinnn, L-10
L.1.1.3 Othier Pre-Conditions. ..ot et 1.-20
L.1.2 Water Supply Management ... L-28
L2 0 Future Water UsC. o cssrssnsrn s e L-28
L.1.2.2 Selection of an Optimum Technical System.........c.ocooviivvnncniiviiens L-28
L.1.2.3 Institutional Requirements ... L-31
L.1.2.4 The Water Supply Management Master Plan...................... U .
L.1.2.5 Conceptual Design and Cost ESUmation..........cc.ocociviinicii 1.-34
L. 1.3 DWW Matagement.......c..ooviiieeiiririieier e rersssie e e ae s seeeieeesiasnieea L-37
L.1.3.1 Definition of Area by Method of Treatment/Disposal ... L-38
L.1.3.2 Future DWW Amount and Quality..........cooooiiir 1.-45
L.1.3.3 Selection of an Optimum Technical System.............cc.co v, L-47
L.1.3.4 Institutional Requirements ............cocvvvereererevvieennen. ORI L-59
L.1.3.5 The DWWM Master Plan............cooooimiirc i L-60
L.1.3.6 Conceptua! Design and Cost ESHMAtION..............cooovoeeiverreeree e, L-63
L.1.4 Industrial Wastewater Management. ...........oocovererenrceinmieenineronaneconniens e L-70
L.1.4.1 Major Findings of the Industrial Waste Survey...............ccoin. L-70
L..1.4.2 General Recommendations ...t L-71
L.1.5 Storm Water Management.............c.cooovinininienien i L-73
£.1.5.1 Identification of Inundation Causation . ..........cceee e e L-73
£..1.5.2 Recommendations to Mitigate the Damage ..., L-76
L.1.5.3 Planning Process for the Improvement .............ccccoriiie i L-77
L.1.5.4 Institutional requir€ments .........cc.ocvverrivmieeiere i rrecriciin e s L-79
L.1.6 Municipal Solid Waste management ..............ccocoooirinierincnieine e e e L-80
1..1.6.1 Site Selection for Municipal SW Final Disposal Site.............cc.cooovinnn, L-80
L.1.6.2 Future Waste Amount and Composition ..............ccocvierrcoiciinnnie s L-96
L.1.6.3 Selection of an Optimum Technical System.................coooo v, L-104
L.1.6.3.1 Policy for Selection of an Optimum Technical System ....................... L-104
L.1.6.3.2 Preconditions for Selection of Subsystems................................ L-105
L..1.6.3.3 ldentification of Potential Subsystem for Granada ............................ L-105
L.1.6.3.4 Screening of Potential SUBSYSIEMS........cc.ccovieiierieieeciinierec e, L-106
L.1.6.3.5 Candidate Technical Systems ... L-132
L.1.6.3.6 Selection of an Optimum Technical SYStem ...........ccccocoviviiieiiereennnn, L-133
L.1.6.4 Institutional Requirements .............c.ccooieneiinii i, L-136
L.1.6.5 The Municipal SWM Master Plan................., L-137
L..1.6.6 Conceptual Design and Cost Estimalion................ooooniii. L-139
L.1.6.6.1 Design Conditions............ccoovovveirieiiereee et L-139
1..1.6.6.2 Storage and Discharge System ..., L-140
L.1.6.6.3 Collection and Transportation System ..............ooocovririiciececas L-140
L.1.6.6.4 Final Disposal SyStem ........ccoccocviiiiminiiiiiiecir e e L-142
L.1.6.6.5 Maintenance of Vehicle and Equipment................................... L-148



The Study on the Improvenient of Urban Sanitation Evwvironment JICA Study Yeanm

_of Principal Cities in the Republic of Nicaragua . - KOKUSAIKOGYO CO., LTD.
L. 1.7 Industrial Solid Waste Management. ... L-150
L.1.7.1 Major Findings of the Indusirial Waste Survey.........cociinniininnn, 1.-150
L..1.7.2 General Recommendations on Technical System....o.cooooooiiviiiie L-151
1..1.7.3 Recommendations on Institutional System ..., L-162
L.1.8 Medical Waste MAaAZEMCNL.........cocoviveeee e oo eeee e eneee e eeeens [.-163
L..1.8.1 Future Medical Solid Waste/Wastewater Amount .............cccooooeeivivnennn e, .-163
L..1.8.2 Major Findings of the Medical Waste Survey..........coceeeeeiiiiicieeen, L-166
1..1.8.3 General Recommendations for the hmprovement of Medical Waste
MaANAEEIMENL......ciitiiei i es st s e et L-169
LL9Evaluation of the USE M/P ..., L-170
L.1.9.1 Technical Evaltuation ........cooo i L-170
L.1.9.2 Social Evaluation............ccoiierie it L-171
£.1.9.3 Environmental Evaluation................cccoeiniiie e, L-171
L.1.9.4 Financial Evaluation.............c.cocoviiioii e L-172
L.1.9.5 Economic Bvaluation. ... e L-182
L.1.9.6 Total EVAMAHON .. ....c.ciiiieiiiee ettt e L-190
L.1.10 Implementation Tlan..........cocoiiiiviiinne e L-191
1.2 USE Conceptual Master Planfor Leon ..., L-192
1..2.1 Planning Frameworks forand ISEM/P............., e 12192
L.2.1.1 Goals, Targets and SHategy........cccoiirnieeeeiii it ceee e L-192
1..2.1.2 Forecast of Future USE Services Demand ..o, coere L2014
1..2.1.3 Economic and Financial Conditions in the Region.....ccooceiiiii L-207
.22 Water Supply Management .......co..coviiieiee i et L-208
L22 Y Future Water Use ... et L-208
L.2.2.2 Selection of an Optimum Technical System........... et evimeas L-209
L.2.2.3 Institutional Requirements ...................cooiieriiiiciieec e L-213
L23 DWW Management. ... ..o i e cere e eer e ees e e e e srane e L-214
L.2.3.1 Definition of Area by Method of Treatment!D:sposai ............................... L-215
1..2.3.2 Future DWW Amount and Quality..................occoiviiiieeieee e, L-217
L.2.3.3 Selection of an Optimum Technical System............c.ooooovveeiirieerceee e, L-219
L.2.3 .4 Institutional Requirements ................cocoeiiiin i L-226
L.2.4 Industrial Wastewater Management........................coos et e £-228
L.2.4.1 Major Findings of the Industrial Waste Survey....................... AORTORUR 1.-228
L..2.4.2 General Recommendations for the Improvement of the Industnal
Wastewater MAanagement ... ..o e es e aee e L-229
1.2.5 Storm Water Management..............cooiiiiii et L-231
L.2.5.1 Identification of Inundation causation .....................ccocoeovvevesieeeeeee L-231
L.2.5.2 Recommendations to Mitigate the Damage ................ocoveoooiecvereeen. L-234
L.2.5.3 Planning Process for the Improvement ..................ocooovveivnoeoeee L-235
L.2.5.4 Institutional ReqUIreMeNnts ...........coooveveir oo L-238
L..2.6 Municipal Solid Waste Management..............c......ocooivieeiiiooioeooe ] L.-239
1..2.6.1 Future Waste Amount and Composition ................occ.ooceivevneonesrreenrenns L-239
L..2.6.2 Selection of and Optimum Technical System....................cooovveiei. L-242
L.2.6.2.1 Policy for Selection of an Optimum Technical System ....................... L-242
L.2.6.2.2 Preconditions for Selection of Subsystems....................coviiiiinn, L-243
L.2.6.2.3 Screening of Potential Subsystems...................cooooiiiii L-244
1..2.6.2.4 Candidate Technical Systems ..., 1.-246
L.2.6.3 Institutional Requirements ...............occoevivviriirieieeeeeee oo, 1.-247
L.2.7 Industrial Solid Waste Management...................ocoooiiieiiie e, 1.-248



The Study on the Iaprovement of Urban Sanitation Environment JICA Study Tean

of Principal Cities n the Republic of Nicaragua . _KOKUSAI KOGYO €O, L.1D.
1..2.7.1 Major Findings of the Industrial Waste Survey......o .1.-248
L.2.7.2 Industrial Solid Waste Management ... 1.-248
1.2.7.2.1 General Recommendations . ......o.cooooviviiiniiveeien e [.-248
1..2.8 Medical Waste Management...........oooiin v e e 1.-259
1..2.8.1 Future Medical Solid Waste/Wastewater Amount..........oooooeiein .-259
1..2.8.2 Major Findings of the Medical Waste Survey.......ovn e .-262
L.2.8.3 General Recommendations for the Improvement of Medical Waste
MANAECINENE. ... e e e e L.-265
L3 USE Conceptual M/P for Chinandega...........coooririiriiececenie it L-267
L.3.1 Planning Frameworks for and USEM/P ... L-267
L.3.1.1 Goals, Targets and Strategy.........c.oo oo L-267
L.3.1.2 Forecast of Future USE Services Demand ............ccocooeriererivviceiniarnnonns L-276
L.3.1.3 Economic and Financial Conditions in the Region..............cocooi L-282
L.3.2 Water Supply Management ...........c.o.ooivoiiivierienins e esessssees e e cnenies 1.-283
L.3.2.1.1 Future Water Use.........ooi e 1.-283
L.3.2.2 Selection of an Optimum Technical System.........c..ocooo L-283
1..3.2.3 Institutional Requirements ... L-288
L33 DWW Management...........ooooi e e L-288
L.3.3.1 Definition of Area by Method of Treatment/Disposal ..., L-288
L..3.3.2 Future DWW Amount and Quality....................coviiiic L-291
L.3.3.3 Selection of an Optimum Technical System................ccoovivrnrecencnenns L-293
L.3.3.4 Institutional ReqUIrements ... e L-301
L.3.4 Industrial Wastewater Management......... O U URSURTPOPSPTON L-303
1..3.4.1 Major Findings of the Industrial Waste SUIVEY............ccivceroerierenerrcnnen L.-303
L.3.4.2 Genera! Recommendations for the Improvement of the Industrial '
Wastewater MANAZEMENT ......c..cc.oiiievieeeiesieeieeere e eeeeremsene e e cereniees £-304
L..3.5 Storm Water Management.............coeoovieiiiieinniens s eenie e e e ee e e L-306
L.3.5.1 lentification of Inundation causation ... L-306
1..3.5.2 Recommendations to Mitigate the Damage ..o L-309
L.3.5.3 Planning Process for the Improvement ........ ettt erter e e eee e ee e e e eaneas L-310
L.3.5.4 Institutional Requirements............ U e e L-313
L..3.6 Municipal Solid Waste Management..............co.coooooer oo enn s L-314
1..3.6.1 Future Waste Amount and Composition ...............coovviirinicrenenineeeene L-314
L.3.6.2 Selection of and Optimum Technical System................cooiniii [.-318
1..3.6.2.1 Policy for Selection of an Optimum Technical System...................... L-318
1..3.6.2.2 Preconditions for Selection of Subsystems................cccovieeieiriienne, 1-318
~ 1.3.6.2.3 Identification of Potential Subsystem for Chinandega .........c............. L-319
L.3.6.2.4 Candidate Technical Systems ..., L-322
L.3.6.3 Institutional Requirements ... e, L-322
L.3.7 Industrial Solid Waste Management....................cci L-323
L.3.7.1 Major Findings of the Industrial Waste SUIvey ........o.oocovrvciiriccnncnns L-323

L..3.7.2 General Recommendations for the Industrial Solid Waste Management L-324

L.3.7.2.1 General Recommendations ...........cccocvieiiieiioiiereereemresceeesceeesiae e, 1.-324
L.3.8 Medical Waste Management...............c.ocooviuioirieiveerererieeee e caees e e L-336
L.3.8.1 Future Medical Solid Waste/Wastewater Amount ............cccoceeevveeereenc, L-336
L.3.8.2 Major Findings of the Medical Waste Survey ..., L-339
L.3.8.3 General Recommendations for the Improvement of Medical Waste
MBNAERIMEIT . ... o it ie et et e e e e e e .-342

iid



The Study on the improvement of Urban Sanitation Envivenment JICA Study Team
of Prineipal Cities in the Republic of Nicaragua __KOKUSAIKOGYO CO., LTD.

List of Tables

Page:
Table L-1: Target Figures of Technical System in Granada ..., 1.-2
Table L-2: Strategies for the Realization of USE Master Plan ..., L3
Table L-3: Poputation FOrecast ... ..o L-10
Table L-4: Population and Population Density by Zone (1995, 2000, 2005 and 2010)........ L-11
Table E.-5: Forecast of Future Water Supply Demand ... L.-15
Table L-6: Present Domestic Wastewater Treatment / Disposal System ..o, L-16
Table 1.-7: Forecast of Future DWWM Service Demand..........cocoooerieienieneicnicecncnn. L-18
Table L-8: Future Demand on MSWin Granada............cooviiiicinininvc e L-19
Table L-9: Future Medical Sotid Waste Generation Amount in the Medicat Institutions
(Whole Institutions) in Granada............ccooe e I.-19
Table L-10: Future Medical Wastewater Generation Amount in the Medical Institutions
(Whole institutions) in Granada ..o, [.-20
Table L-11: Major Economic and Financial Indicators ..., L-20
Table L-12: Personnel Costs.......ooooviiivininrecincnininenie BRSSP URUURRTTOPR PPN L-21
Table 1.-13: Future Water Use........ccooiiiiinicccn s ST TP UIU ROV TSROt 1.-28
Table L-14: Existing and Future Wells Capacity and Instaltation Plan _...................... 1.-29
Table L-15: Construction Plan of Transmission and Distribution System..................... L-30
Table L-16: Construction Plan of Storage System by INAA’s Pre F/S............. L-31
Table L-17: Proposed Storage System Construction Plan ... L-31
Table L.-18: Outline of Water Supply System Master Plan................iiiinnnn L-33
Table L-19: Phased Tmplementation Plan...........nii, L-34
Table L-20: Construction COst ..ot ersnes L-36
Table L-21: Operation and Maintenance Cost in 2010..........ooooiomiincicnincnirnee, L-36
Table L-22: Qutline of Master plan on DWWM ... L-37
Table L-23: Population and Population Density of Projected Area...............ccoovieve, L-43
Table L-24: Forecast of Future Sewage Amount.........cooooveiiiicniieon s L-45
Table 1.-25: Comparison of Sewage Quality................ SO U SO SU USROS L-45
Table L-26: Comparison of Water Pollution Loading Ratio..................c.c...... SRR 1-46
Table L-27: Pollution Loading Ratio for M/, L-46
Table L-28: Future Sewage Quality ..ot e e L-46
Table L-29; Forecast of On-site System Treatment AMOURE. ...........cocc.ooovveivienieiirierennn.s 147
Table L-30: On-site System Components....... SOURRORUS e ety et ee e e L-49
Table L-31: Comparison of Applicable Technical System.........c..coeovveeiiveiceierreonenns L-55
Table L-32: Forecast of Sludge Generation Amount from On-site System...................... L-56
Table L-33: Qutline of DWWM Master PIan ............covoveioiien e L-61
Table 1.-34; Implementation Program of the Master Plan ... L-62
Table L-35: Outline of Main Sewer ... e e L-63
Table 1.-36: Qutline of PUmp SEALON .........ocoviiiiiiri et L-65
Table L-37: Forecast of Future Sewage AmMOunt ... L-65
Table L-38: Treatment Capacity by INAA'S F/S e, L-66
Table 1.-39: Construction and Installation Plan of Sewage Treatment Plant ...................... L-67
Table 1.-40: Construction Cost of Off-site Sewer System ..o L-68
Table L.-41: Annual Operation and Maintenance Cost in 2010...............oooveeeveeeeercee, L-68
Table 1.-42: Construction Cost of On-site Collective System..................cocoevvivveceecnnn, L-70
Table L-43: Annual Operation and Maintenance Cost in 2010..................c..coiini L-70
Table L-44: Waste Generation Amount in Granada(1996) ..o e L-70

iv



The Study on the Improvement of Urban Sanitarion Envivonrent
of Principal Cities in the Republic of Nicaragna

JICA Study Team
 KOKUSAIKOGYO GO, LTD.

Table L-45; Inundation Prone Arca Classification ..., 1.-73
Table 1.-46: Tnundation CAusation ... e L-74
Table L.-47: Recommendation for Short Term Improvement ... L-76
Table L-48: Protected Areas Legally Establishied around Granada City ... .-86
Table 1.-49: Protected Areas Legally Established around Granada City ..o, L-90
Table L-50; Forecast on Wasle Generation Ralio for Granada ... 1.-99
Table L-51: Forecast on the Number of Generation Sources in Granada ..........ccococvvveenes £-99
Table L-52: Forecast on Waste Amount Genesation in Granada.................ccccoiinininnn, L-99
Table L-53: Forecast on Composition of MSW in Granada..........cccoooceiviinii e L-10%
Table L-54: Future Waste Stream in Granada in Year 2005 and 2010 1.-103
Table 1.-55: Potential Subsystems of SWM for Granada ..........co.cooevvrvererieriensiesnenene, L-106
Table L-56: Summary of ColleCtion SYSIEMS ............coooeiiieierin oo enresre s L-115
Table L-57: Comparison of Waste Composition...........c.coovieeinii L-122
Table L-58: Outline of Sanitary landfill Development and Operation ................................ L-129
Table 1-59: Environment Standards for Each Sanitary Landfill Development and

Operation Level ... e L-130
Table L-60: Candidate SWM’s Technical Systems ........................................................... L-132
Table L-61: Collection Cost Comparison by Vehicle TYPe .......oveversivveereeeeniesceeeicans L-133
Table L-62: SWM’s Technical Systems in 2010 ... L-135
Table L-63: Outline of M/P for Municipal SWM in Granada . ..............ccccovoieiniirinrceens L-137
Table L-64: Cost 0f ColeCtion SErviCe.........cooooviviiioiecieiatieee et e e e seens L-142
Table L-65: Construction Cost of Landfill ..o L-147
Table L-66: Equipment and O&M cost of Landfill ... 1.-14%9
Table L-67: Relations of 24 Industrial Waste Classification and Hazardous Waste .._....... L-156
Table L-68: Potentiality of Hazardous Waste Generation Industrial Category ................. L-157
Table L-69: Forecast of Generation Ratio of Medical Sofid Waste Management in the

Medical Institutions With Beds for lnpatienls(Hospita! Class) in Granada... L-164

Table L-70:

Forecast of Medical Wastewater Generation Amount in Medical
IS UIOTIS .. oottt e e eee e s e eeee st se e s b biab s eesansansanesnenr msenrnnrens L-164

Table L-71; Forecast of Generation ratio of Medical Solld Waste Management in the

Medical Institutions without Beds for lnpatlents(CfS P/M and

Laboratory Class) in Granada...............coccooooooooieeecc e L-165
Table 1.-72: Forecast of Generation of Médical Wastewater Management in the Medical

Institutions without inpatient beds(C/S, P/M, Laboratory class) in Granada.L-165
Table L-73: Distribution of Medical Institutions in Granada.................ccovreeoeierirn e, L-166
Table 1.-74: Medical Waste Separation at Generation Source and Internal Collection and

Haulage in Granada............c.oo. oo et L-167
Table L-75: Security of Storage place before Collection at 5 Typical Medical

Institutions in Granada ... L-167
Table L-76: Incineration Method in Granada ..., L-168
Table L-77: Present Medical Wastewater Management in Granada...................c........... L-168
Table L-78:; INvestment CosES......c..cocceiiieiiiieesieieeees e et ae et en e L-173
Table L-79: Annual Costs (1995, 2001~2005, 2006~2080} ..., L-174
Table L-80: Waste Collection Volume in 1995 and Average Waste Collection Volume

for 2001 ~2005, and 2006~2010............cooooiiiiiinee e L-175
Table L-81: Unit cost in 1995, 2001~2005 , and 2006~2010 ..........cccccooiiiiniiniiiciins L-175
Table L-82: Fees for Water Supply and Wastewater Management Services.................... L-176
Table 1.-83: Revenues of Water Supply and Wastewater Management Services

(Proposed and Existing Systems) ............coovviniiiein e L-176

v



The Study on the Improvement of Urbay Sanitation Environment JICA Study Team

_of Principal Citics in the Regublic of Nicaragua o KOKUsA KOGig_QOJﬁL_'I’__D
Table L.-84: Revenues and Expenditures of Proposed Systems.........ccocoovceveeeeioveerenene, 1.-177
Table [.-85: Revenues and Expenditures of Proposed and Existing Systems..................... L-177
‘Table L.-86: Actual Annual costs in 1995 and Average Costs in 2001 ~2005 and _
200020100ttt L-178
Table L-87: Waste Collection Volume in 1995 and Average Waste Collection Volume
in 2001~2005 and 2006~2010................... e et L-178
Table L-88: Disposal Cost in 1995, 2001~2005, 2006~2010............cccrevvemrvreverrrernne. L-178
Tabte £.-89: Municipal SWM Collection Fee and Collection Ratio ............c..ocooveceriinene, L-179
Table L-90: SWM REVENUC ..ottt et L-179
Table L-91: Fee Collection Income and Municipat Share in the Cotlection Expenses........ L-180
Table L.-92: Sensitivity Analysis of the FIRR of INAA ..., L-180
Table 1.-93: Sensitivity Analysis of the FIRR of Municipal SWM.........c.c..coooveiiinrivenn. L-181
Table L-94: Share of Residents, Companies and Businesses........co.coovveeevvicvees e, L-181
Table L-95: POS Results and Present Fee ... L-182
Table 1.-96: Conversion Factors for M/P Economic Evaluation...............ooooereeeeroierenn, L-184
Table L-97: Water Supply M/P Expected Benefits...........ccoooioii i, .L-185
Table L-98: Implementation Program of the Master Plan......................cooovoivir e, L-191
Table L-99: Target Figures of Technical System mleon ..., L-193
Table L-100: Strategies for the Realization of USE Master Plan ..o, L-194
Table L-101: Population FOTECASt........civiviiirieiieriicreeeee e sttt e ees e L-202
Table L-102: Forecast of Future Water Supply Demand ..., L-203
Table L-103: Present Domestic Wastewater Treatment / Disposal System ....................... L-204
Table L-104: Forecast of Future DWWM Service Demand................ocooooiiviiinn. L-205
Table 1.-105: Future Demand 00 MSW i LeOn ........oocoovveovoeeveee oo L-206
Table L.-106: Future Medical Sotid Waste Generation Amount in the Medical Institutions
(Whole institutions) 1 Leon ... ..., L-207
Table L-107: Future Medical Wastewater Generation Amount in the Medical Institutions
{Whote institutions) in Leon ..., L-207
Table L-108: Major Economic and Financial Indicators ..., 1-208
Table L-109: Future Water Use................. et rentaneten st rec s e er s e m e e aessesere s neaearosesasstanias 1-209
Table L-110: Existing and Future Wells Capaclly and Installation Plan...........cc.co............ L-210
Table L-111: Construction Plan of Transmission and Distribution System ...................... L-211
Table L-112; Construction Plan of Storage System by INAA’s Pre F/S..........ccoooovn0. . L-213
Table L-113: Qutline of Master plan on DWWM.._._........oooiiiioseeee ) L-214
Table L-114; Forecast of Future Sewage Amount...........o.oocoiovvvvreveeeeeeeeseeeeeoee L-217
Table L-115: Comparison of Sewage Quality..............ccoooooeeioiiiee . s L-217
Table L-116: Comparison of Water Pollution Loading Ratio..................................... L-218
Table L-117; Pollution Loading Ratio for M/P ..o 1.-218
Table L-118: Future Sewage Qualily .............ocooooiiioiiereoeeeeeeeeeeeeceee oo L-218
Table L.-119: Forecast of On-site System Treatment Amount. ..o ..L-219
Table L-120: On-site System COMPONENtS ..o L-221
Table L-121: Comparison of Applicable Technical System..............ocovirvomioiie L-225
Table L-122: Forecast of Sludge Generation Amount from On-site System.................... 1.-226 .
Table L-123: Waste Generation Amount in Leon{1996)............ccoovivoomrreee L-228
Table L-124: Inundation Prone Area Classification ..o L-231
Table L-125: Inundation Causation. ...........oocviieiieieee e eeeeeeeoeo L-232
Table L-126; Recommendation for Short Term ¥mprovement ..o L-234
Table L-127: Forecast on Waste Generation Ratio for Leon ...............coooooiiioo L.-239

vi



The Study on the Improvement of Urban Senitation Environment
of Principal Cities in the Republic of Nicaragua

JICA Snedy Team
__KOKUSAI KOGYO GO, LTO.

Table 1.-128: Forecast on the Number of Generation Sourcesin keon........ooooove 1.-239
Table L-129: Forecast on Waste Amount Generation in L.eon ..., 1.-240
Tabte L-130: Forecast on Comgposition of MSW in L.eon ... L.-240
Table 1.-131: Future Waste Stream of Leon in Year 2005 and 2010t e 1241
Table 1.-132: Potential Subsystems of SWM for Leon............c.oooviiiiiiininn, L-243
Table L-133: Comparison of Waste Composition...........ccciciiinnnees L-245
Table 1.-134: Candidate SWM’s Technical SYSIEMS ......co.iveivieieeieesiresser e esenens L.-246
Table 1.-135: Relations of 24 Industcial Waste Classification and Hazardous Waste ......... 1.-253
Table 1.-136: Potentiality of Hazardous Waste Generation Industriat Category ............... L-254

Table L-137:

Table 1.-138

Table 1.-139:

Tabte L-140:

Table L-141;
Table 1.-142:

Table [.-143:

Table L-144:
Table 1.-145;
Table L-146:
Table L-147:
Table L-148:
Table L-149:
Table L-150:
Table L-151;
Table L-152:
Table L-153:

Table L-154:

Table L-155

Table L-156:

Table L-157
Table L-158

Table L-159;
Table 1.-160:
Table L-161:
Table L-162:
Tabte L-163:
Table L-164:
Table L-165:
Table L-166:
Table L-167:

Forecast of Generation Ratio of Medical Sotid Waste Management in the
Medical Institutions With Beds for lnpatlenls(}lospual Class) in Leon. ... L-260

: Forecast of Medical Wastewater Generation Amount in Medical

INSHEMIONS . .o..ei et OO PR PSRN L-260
Yorecast of Generation ratio of Medical Solid Waste Management in the

Medical Institutions without Beds for Inpauems(C/S PiMand

Laboratory Class) in Leon ... L-261
Forecast of Generation of Medical Wastewater Management in the Medical

Iastitutions without inpatient beds{C/S, P/M, Laboratory class) in Leon... L-261
Distribution of Medical Institutions in Leon....... . e eeeabestrseresbebeee et aeraneeian 1.-262
Medical Wasle Separation at generation Source and Internal Collection and

Haulage in Leon. ... s L-263
Security of Storage Place before Collection at § typical Medlcal

IRsttUtIONS N LeON ..ot e e e e L-263
Incineration Method in Leon.. ..ot L-264
Present Medical Wastewater Management in LeOn ............co.ovv.ooerrooreeeenen, L-264
Target Figures of Technical System in Chinandega ..., L-268
Strategies for the Realization of USE Master Plan ... L-269

Population FOTeCast...........cccoocvivivier it L-277

Forecast of Future Water Supply Demand ................c.coiiviniiicinen L-278
Present Domestic Wastewater Treatment / Disposal System ...........c...ocoo... L-279
Forecast of Future DWWM Service Demand ..............ccoooovevieeieiienicneieenns L-280
Future Demand on MSW in Chinandega............c.coooooiiviinnnn L-281
Future Medical Solid Waste Generation Amount in the Medical Institutions
{Whole institutions) in Chinandega......................cococoooeneer.. et 1.-281
Future Medical Wastewater Generation Amount in the Medical Institutions
{Whole institutions) in Chinandega.......................cooeiiii e 1.-282
: Major Economic and Financial Indicators .........c..ce.ov.eoerreeenecniccciecennns L-282
Future Water USE .........cvicier oo 1.-283
: Existing and Future Wells Capacity and Instaltation Plan__..........oooei 1.-284
- Construction Plan of Transmission and Distribution System........_............ L-287
Consfruction Plan of Storage System by INAA’s Pre F/S ... L-287
Proposed Storage System Construction Plan...............oo L.-288
Qutline of Master plan on DWWM ... L-289
Forecast of Future Sewage Amount.............cooooiiniiin e L-291
Comparisen of Sewage Quality ... L-292
Comparison of Water Pollution Loading Ratio....................oooniinnn L-292
Pollution Loading Ratio for M/P ... s 1.-293
Future Sewage Qualily ... e L-293
Forecast of On-site System Treatment Amount..................coooooiiiireiniae 1.-293

vi



The Study on the Improvenment of Urban Sanitation Emvironment
of Principal Cities in the Republic of Nicavagua

JICA Study Team
_ KOKUSAI KOGYO €O, LTD.

Table 1.-168;
Table 1.-169:
Table L-170:

Table 1.-171

Fable 1.-172:
Table L-173:
Table L-174:
Table L-175:
Table L-176:
Table L-177: F

Table L-178

Tabte L-179:
Table 1.-180:
Table L-181:
Table 1.-182;
Table [-183:
Table L.-184:
Table 1.-185:

Table L-186:

Table L-187:

Table 1.-188

Table L-189:
Table L-190:

Table L-191

Table 1L.-192:
Table 1.-193:

On-site System ComponCS........coiiii e e [.-296
Comparison of Applicable Technical System..........coovvivininicn 1.-300

Forecast of Sludge Generation Amount from QOn-site System...................... 1.-301
. Waste Generation Amount in Chinandega{1990)..........cccoininiininins L-303
Inundation Prone Area Classification ..., L-306
Inundation Causation.........c..c.e..... eertrearesenaeeieastrtetesterresenesrees tearanssneenrres L-307
Recommendation for Short Term Improvement ........coooviiimviinnn. L-309
Forecast on Waste Geéneration Ratio for Chinandega ... L-314
Forecast on the Number of Generation Sources in Chinandega .................. L-315
Forecast on Waste Amount Generation in Chinandega........................e L-315
: Forecast on Composition of MSW in Chinandega ..o, L-316

Future Waste Stream of Chinandega in Year 2005 and 2010........... ... L-316
Potential Subsystems of SWM for Chinandega...........cooooooeiinii L-319
Comparison of Waste Composition.............covviievnnineennnn 1.-321
Candidate SWM's Technical Systems.......ccocoovencniiiini e, 1.-322
Relations of 24 Industrial Waste Classification and Hazardous Waste ......... L-329
Potentiatity of Hazardous Waste Generation Industrial Category ............... L-330
Future Demand on Medical Solid Waste Management in the 6 Typical

Medical Institutions in Chinandega...........oco v ivev i L-337
Forecast of Medical Wastewater Generation Amount in the Medical

IRSHIUTIONS. ...t et st reereereeen s L-337
Forecast of Generatlon ratio of Medical Sclid Waste Management in the

Medical Institutions without Beds for Inpatients{(C/S, P/M and

Laboratory Class) in Chinandega..............ccc i, 1.-338

: Forecast of Generation of Medical Wastewater Management in the Medical

Institutions without inpatient beds(C/S, P/M, Laboratory class} in

Chinandega........ e e vaesivseeniee et e e e en e e s et e e e et b b e b aa e e L-338
Distribution of Medical lnstltutlons in Chinandega.........cccooviiciiniciinnnns L-339
Waste separation at generation source of and Internal Collection and '

Haulage at 6 typical medica! Institutions in Chinandega..............co.cocco...... L-340

. Security of Storage Place before collection at 6 Typical Medical -

Tnstitutions in ChINANAERA........c..covriirieiie et L-340
Conditions of Incineration in Chinandega................ccceeiniin L-341
Present medical Wastewater Management in Chinandega...................... L-34)

Vil




The Study on th

of Paincipal Cities in the Republic of Nicaragua

¢ Improvement of Urban Sanitation Fnvironment JICA Stiicy Feom

KOKUSAI KGGYO GO, LTD.

List of Figures

Page:
Figure L-1: Zone Distribution of the Urbanized Area..........ooocoviinii e L-12
Figure L-2: Population Density by Zone (2010) ... L-13
Figure 1.-3: Forecast of Future Water Supply Population..............ccocooooiinniiiee 1.-15
Figure L-4: Forecast of Future DWWM Service Population..........ccocooen L-18
Figure L-5: Proposed Zoning PIan ... L-27
Figure L-6: Present Water Transmission and Distribution Network. ..o L-35
Figure L-7: Future Water Transmission and Distribution Network ... L-35
Figure L-8: Service Projected Area. ..ot e L-39
Figure L-9: Reviewed Sewer System Area Map........ooo i L-41
Figure L-10: On-site System Projected Area.............coooiiiiicn e L-44
Figure L-11; Sample Figure of Toilet... ... e rees e L-50
Figure L-12: Sample Figure of Vault Toilet ... L-51
Figure L-13: Sample Figure of Septic Tank and Simple Jokaso ... v L-51
Figure L-14: Sample Figure of Combined Jokaso.................coi e, 1.-53
Figure L-15: Localization of Major Facitities for Sewer System ......................................... I.-57
Figure L-16: Concept of On-site SYSIem...c..ococoooieieeisieee i encee e 1.-58
Figure L-17: Sewer NetworK ...t et e, L-64
Figure L-18: Construction and Installation Plan of Sewage Treatment Plant...................... L-68
Figure L-19: Flow Sheet of On-site Treatment Facility.............cocooiiiiiiiiiiie L-69
Figure L-20: Wastewater Generation Amount...........c.ococooiiiiiiiiin e L-71
Figure L-21: Inundation Prone Areas in Granada.............coooiieiiiniicccnee e, L-75
Figure L-22: Flow of Planning Process of Flood Defense Plan .............c.occoeevevieecvrenicnnencn. L-77
Figure 1.-23: Location of Candidate Sites............cccoeiinii e, L-82
Figure L-24: Waste Stream Model............. e L-101
Figure 1.-25: Future Waste Stream of Granada in 2005 L-103
Figure L.-26: Future Waste Stream of Granada in 2010 ..., L-104
Figure L-27: Landfill Stucture ..ot e L-125

Figure L-28: Hlustration of Prospective Sanitary Landfill Development and Operation
Lavel 2, 3 and 4 e L-127
Figure L-29: Solid Waste Generation AmoOUunt ... e L-150
Figure L-30: Concept of Manifest System................... L-153
Figure L-31: Reduction of COD Discharge from Pulp and Paper Industry in Japan ......... L-159
Figure L-32: Industrial Waste Treatment/Disposal FIow ...........c.ccooviviiciinininnnn, L-160
Figure L-33: Structure of Strictly Controfled Landfill ... 1.-161
Figure L-34: Structure of Controlled Landfill. ... L-162
Figure L-35: Structure of Inert Landfill.............. L.-162
Figure L-36: Forecast of Future Water Supply Population ...............ocooooe oo, 1.-203
Figure £.-37: Forecast of Future DWWM Service Demand ... L.-206
Figure L-38: Present and Future Transmission SYSem. ...........c..coocoouovoivrieeces oo, L-212
Figure L-39: Wastewater Generation AMOUN............coooioiiiiiiii e 1.-229
Figure L-40; Inundation Prone Area in Leon..............cooiiiiniieice L-233
Figure L-41: Flow of Planning Process of Flood Defease Plan............................... 1.-236
Figure 1.-42: Future Waste Stream of Leonin 2005 ... .-241
Figure L.-43: Future Waste Stream of Leonin 2010 ... L-242
Figure L-44; Solid Waste Generation AmoOunt ..............ococeviiiiiiee e 1.-248
Figure L-45: Concept of Manifest System............. L-250

X



The Study on the Improvement of Uybon Senitation nvivennient
of Principal Cities in the Republie of Nicaragua

HCA Study Team
KOKUSAI KOGYO CO., . LTO.

Figure L-46:
Figure 1.-47:
Figure 1.-48:
Figure 1.-49:
Figure L-50:
Figure L-51;
Figure 1.-52:
Figure L-53:
Figure L-54:
Figure £.-55:
Figure L-56:
Figure 1.-57;
Figure L-58:
Figure L-59:
Figure L-60:
Figure L-61:

Figure L-62:

Figure L-63:
Figure L-64:
Figure L-65:

Reduction of COD Discharge from Pulp and Paper Industry in Japan ... L-255
Industrial Waste Treatment/Disposal Flow ... 1.-256
Structure of Strictly Controlled Landfill.............ooco 1.-257
Structure of Controlled Landfill... ... L.-258
Structure of Inert Landfilk.............coo L-258
Forecast of I'uture Water Supply Population ... L-278
Forecast of Future DWWM Service Demand ... L2281
Present and Future Transmission System..........ccoovviniiiinnninn e 1-286
Wastewater Generation AMOUNt............cccoieciinn i e L-304
Inundation Prone Area in Chinandega..........c..cocooovciiiiinn, L-308
Flow of Planning Process of Flood Defense Plan ..., L-311
Future Waste Stream of Chinandega in 2005 ... L-317
Future Waste Stream of Leonin 2010 ... L-317
Solid Waste Generation AMOUNT ..o e 1.-324
Concept of Manifest SYStem. ..o e L-326
Reduction of COD Discharge from Pulp and Paper Industry in Japan ......... L-332
Industrial Waste Treatment/Disposal Flow ... L-333
Structure of Stricily Controlied Landfill...............ocoooiiiinin L-334
Structure of Controlled Landfill..............cooooiiii L-335
Structure of Inert Landfill ... L-335



The Study on the Improvement of Urban Sanitation Envivenment JICA Stiedy Fear
of Principal Cities in the Republic of Nicowagia ... KOKUSA) KOGYO CO., L¥D.

L M/P and Conceptual M/Ps

L4 USE Master Plan for Granada

L.1.1 Planning Frameworks for an USE M/P

L.1.1.1 Goals, Targets and Strategy

a. Goals

The principal goal of the Master Plan for Granada is to improve the
Urban Sanitation Envirenment (USE) of the Granada City till the
target year 2010 where people and major cconomic activities of the Region 1V are

centered.

Through the improvement of USE in Granada City, the Plan aims to:
¢ promote the Citizens’ \\’ellQbeing;
+ support Sustainable Development of the City; and

+ contribute to the Growth of the Regional Economies.

The goals in practice of the Master Plan are as follows:
1. Improvement of public health in the city;
2. Reduction of health hazards in and around the city;

3. Protection of natural resources and environment (e.g., underground water
resources, Lake Nicaragua’s water resources and ecology, etc.);

4. Encouragement of cilizens’ environmental consciousness;

5. Increased provision of USE services (i.e., water supply, sewer, SW collection,
etc.) in affordable and appropriate levels;

6. Establishment of self-sustainable management systems on USE services;

7. [Establishment of a Beneficiary-Pay-Principles (BPP) under which services
recipients pay for the USE services;

B. Development and promotion of community participation in USE systems;

9. Employment of satisfactory measures for protection of environment/human
health in the operation and maintenance of USE facilities;

10. Prevention of poltlution by industrial wastewater and solid waste;
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1. Establishment of appropriate fegislation, regulations and guidelines on USE
through modifications and revisions of the existing ones; and

12. Establishment of a coordination mechanism for the city with national institutions

for USE management.

b, Targets

Target years are, in accordance with the S/W of the Study, set up as follows:

Master Plan:

Feasibility Study:

Year 2010

Year 2005

In order to achieve the principal goals, target figures in 3 major sectors comprising USE
are set up as indicated in the Table below.

Table L-1: Targel Figures of Technical System in Granada

Present(1995/96) F/S(2005) M/P(2010)
Water supply cov;'cragc 8.7% ¥85 % *35%
Domestic wastcwater syslem
Off-sitec sewer system 21.9% 38% 55%
On-site system 1.6 % 10% 17 %
Soak sysiem 315% 24 % 13%
Latrine onty system 28.1% 22% 15%
No system 10.9% 6% 0%
Municipatl SWM
Coverage rafe (1o waste amount) 82.0'%. 90 % 100 %
Coverage rate (lo population) 63.0% 89 % 100 %

Note:  * The INAA established a target water supply coverage rate of urhan population as 85% for the country.
The above-mentioned larget figure is set up in accordance with the INAA’s target. Consequently, the
coverage rates of the year 2005 and 2010 is lower than 89.7%, the rate of 1995/19%6. However, the
supplicd population in 2003 will be about 1.6 times more than that in 1995/1996 and that in 2010 will be

about 1.8 times.

<. Strategies

Strategic actions to reach the goals and targets should, in practice, be deployed in a
stepwise manner toward the target year 2010. Therefore, it is recommended herewith
to divide the period to the target year 2010 into 3 phases.
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Table L.-2: Strategies for the Realization of USE Master Plan

Classification
Phase

Technical Aspects

Institutionat Aspects

Phase 1

(1998 - 2000)
Preparation for
Priority
Projects
Implementation

Water Supply System

« The water supply system should be
consolidated to maintain target coverage of
85% for the incecasing population.

Domestic Wastewaler System

o [nordct foexcecute the priority projects (F/S
projects), the required funds shall be
securcd and the detailed design of the
projects shall be conducted.

o Asfor sgwer area, conneclion {o sewer
shoutd be promoted and systein
improvenient necessary for maintaining
the present sewer coverage (21.9%) should
be provided.

As for the non-sewer arca, in order to
prepare for *model communitics integrated
USE improvement” projects, public
cducation prograin should be deployed to
encourage citizens' environmental
CONSCIoUSNEsS,

Stormwater Managcmclil

¢ Technical guidelines necessary for storm
water management should be prepared.

» Basic investigation (¢.g., topographic
survey) for inundation prong area should be
conducted for planning the improvement
and recruiting necessary funds.

o Rain drainage in urban fringe areas (UFA)
should be improved through PECM.

Municipal SWM

+ In order to execute the priosity projects (F/S
projects), the required funds shall be
securcd and the detailed design of the
projects shall be conducted. Then,
construction of the facilitics and
procurement of vehicles and equipment
shall be done.

» Technically satisfactory Ievel of sanitary
landfill operation should be maintained in
the present landfitl uatil its closuie, in
order to reduce the pollution impacts to the
eaviconment. Meanwhile, illegal dumping
should be reduced through improved
collection services.

Industrial Waste Management

+ Based on the “polluter pays principle”,
industries should be instructed to
implement appropriate on-siic
managemicnt of their solid/liquid wastes
and residual water.

Common Aspecis

» Regutations of wastewater discharge into
scwer/public waler body should be legally
and praclically enforced.

¢ The municipality should provide nonms
and guidelines regarding USE to the
citizens, from which citizens should casily
understand appropriate sanilary practices
and civil procedures,

» Urban developiucnt plan of the city (at least
including the fand use regulations) should
be prepared. Meanwhile, a cadastre of real

. property and public scrvices should be
cstablished.

Domestic Wastewater System

¢ Guidclines for appropriatlc on-silc DWWM
shovld be elaborated.

+ INAA, MINSA and the municipality
should coordinate to cstablish a steering
commitiee for “Special Program for Model
Comimunity Integeated USE Improvement
Preject” (PECM) necessary for introducing
on-sitc DWW treatment systein and to seck
forcign and domestic granis for such
projects. '

Stormwater Management

» Authoritative competency for slorm water
management (planning, maintenance and
-repair) should be reviewed respectively for
nacro- and micro- drainage.

s INAA, MINSA and the municipality
should coordinale to establish a steering
commiftec for PECM necessary for
improving rain drainage in UFA and to
seck foreign and domicstic grants for such
projecis.

Municipal SWM

+ Regutations on urban cleansing should be
‘established to clarify municipality’s powees
(inctuding placing penaltics) and dutics as
well as citizen’s rights and dutics.

» The municipality should improve _
collection of municipal taxes and charges
for the scrvices.

Industrial Waste Management

» Wasic classification suited for Nicaraguan
authoritics’ present IWM should be
established. Management of hazardous
waste should be prioritized,
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Mc{hcal Waste M 1nagcmcnl

¢ Appropriate on-site management (e.g.,
scparation of hazardousfinfectious medical
waste from other waste) in institwions
should be promoted.

+ Inventory of factorics and their waste
generation should be wade for identifying
ISW and [WW.

» With rcgard (0 ISWM and IWWM
authoritics shou'd be cmipowered to
conduct administrative measures such as
monitoring, supervision and guidance.

Medical Waste Management

+ Classification of medical waste should be
cstablished, Code of practice for respective
medical wasle categorics should be
formulated.

Phasc 2 Water Supply System Common Aspects

(2001 - 2008) o The water sapply system shonld be ¢ The norms and guidetings regarding USE
Priority consolidal;d to maintain target coverageof | provided by'lhc municipality shouldlbc
Projects 85% for the increasing population, dcmenstm_lcd through public education
Implementation | Domestic Wastewater System programs in order for the citizeas to

» Facilities and equipment provided in
Phasc-1 should be operated and maintained
‘appropriately.

» In order to prepare for M/P projects,
designs'and funds recruiiment for the
projects should be prepared. Then,
facitities construction should be
implemented.

» Sewer provision should be improved to
attain the target coverage of 38%.

+ In (he non-sewer area citizens’
participation in the “model communities
intcgrated USE improvement™ projects
should be substantiated in order to sustain
the projects in affordable and appropriate
levels. Mcanwhile coverage rate of on-site
system should be raised to 10%.

Stormwater Management

» Drainage should be improved in
accordance with Flood Dainage Area
Improvement Plan.

¢ Integrated Arroyo Managemend Plan
(comprising: land use regulation;
catchment conservation with reforestation;
and drainage channgl improvement)
should be formulated.

» Rain drainage in UFA should be further
improved through PECM.

Municipal SWM

« Facilitics and vehicles aoquired in Phase-1
should be appropriatcly operated and
maintained.

¢ Technically satisfactory level of sanitary
landfill operation should be maintained in
the new fandfitl. Meanwhile, illepal
dumping should be further reduced
through improved collection services.

practice appropriatc sanifation measures
and civil procedures.

* The urban development plan should be pul

in practice 1o guide and to restrict the Jand
 use, in order to maintain a preferable urban

environment (¢.g., protect potable watcr
sources in southern part of the city, regulate
industrial activities and NIMBY facitities
in designated areas).

» The cadastrc of real property and public
services, perhaps applying crossed
subsidics; should be utitized for
eslabhshmg the management system on

~USE services and also promoting a
Beneficiary-Pay Principles for the scivices.
Domestic Wastewater System

» PECM steering committee should funhcr
seek foreign and domestic grants for
constnicting on-site DWW (reatment
projecis.

Stormwater Management

« Respective institutional system (e.g. funds,
design guidelines) for macro- and micro-
drainage should be established.

+ PECM stcering committee should further
seck foreign and domestic grants for
constructing rain drainage facilitics.

Municipal SWM

o Authorities should encourage recycling
activitics by wastc gencrators and private
recyclers. However, the administrative
supporl should be such a manner with teast
financial burden en auvthoritics.

Industrial Waste Management

» Legistative framework (o obligate
appropriate IWM (¢.g., manifest system)
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!ndustriaT\VasIc Managcmcn(

o On-site ISWM and 1'\VWM shiould be
fusther strengthened.

+ Treatment/disposal by private scclors,
maindy for hazardous waste, should be
implemented.

Medical Waste Management

» Appropriate on-site management {¢.g.,
scparation of hazardous/infectious mcdical
waste from other waste) in inslitutions
should be obligated.

o Treatment/disposal of hazardous/infectious
medical waste should be implemented by
private sectors.

should b established.

» With regard to IS\WM and WM,
authorilics should practice administrative
measures {¢.g., monitoring, supcrvision
and guidance) and apply penattics (if
necessany) against itlegal measures by
industrics,

¢ Formufation of commercial mechanism for
appropriate treatment/disposal should be
promoted.

Medical Waste Management

» Codc of Practice on medical waste
nanagement should be enforced.

Phase 3

(2006 - 2010)
M/P Projects
Implementation

Waler Supply System

¢ The watcr supply system should be
consolidated to maintain target coverage of
85% for the increasing population.

Domestic Wastewater System

» The M/P projecls should be reexamined
and implenenled, with reference to the
outcome of the ‘priority projects (F/S
projects).

e As for scwer arca, the off-site system
should be consolidated to maintain target
coverage of 55% of the population.

+ As for no sewer area, the en-site system
should be consolidated to maintain target
coverage of 17% of the population.

s As for area served with “modcl
communities integrated USE
improvement” projects, self-help of
communities should be cmployed in
operation and maintenance of the facilitics.

Stormwater Management

¢ Reforestation, drainage improvement
works, ¢te. should be implemented in
accordance with Integraied Arroyo
Management Plan.

» Rain drainage facilities in UFA should be
further constructed through PECM.

Municipal SWM

» The M/P projects should be recxamined
and implemented, with refecence to the
outoome of the priority projecis (F/S
projects).

« Satisfactory municipal SWM both
technically and environmentally shoutd be
continued. In maintaining 100% waste
collection rate, illegal dumping should be
eradicated.

Industrial Waste Management

Common Aspcects

» Public education prograins related with the
norms and guidelines regarding USE
provided by the municipality should be
deployed widely.

» The urban development plan shonld be put
in practice to restrict the land wse, in order
to mainlain a prefcrable urban
eavironment. Meanwhile the plan should
scrve for ptanning USE services
corresponding to the urban expansion and
the population increase therein.

Domestic Wastewater System

» PECM slcering committee shonld raise
funds for constructing on-sitc DWW
treatment projects, from watsr and
wastewater charges collecled.

Stormwater Management

¢ PECM steering commitice should raisc
funds for constructing eain drainage
facilities, from automebile taxcs cte,

Municipal SWM

+ Introduction of scparate collection system
should be examined in order to prometc
waste minimization and resource recovery
from waste.

Industrial Waste Management

» Auihorilics should premote intreduction of
“cleaner production” mainly for factorics
that gencrate hazardous waste.

Medical Waste Management

» Appropriatc control, treatment and
disposal of medical waste should be
enforced in line with the Cede of Practice
for Medical Waste Managenwent.
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oy

s Industries should 1ake initiatives for
introducing “waste minimization and
cleancr production” technologics for their
production.

Medical Waste Management

» Appropriate collection, 1reatment and
disposal should be practiced for all medical
waste (including havardous and infectious
ones).

d. Strategic Management
4.1 General Directions in the Management
d.1.1  The Municipality as the Citizens Main Support

The municipality should manage and coordinate all the services and public needs for the

USE in the municipal territory. In order to reach this goal, the municipality shoutd be
able to:

¢ Provide norms and directives to the population with respect to the location,
sanitary structures and civil procedures to live and work under satisfactory
environmental and sanitary conditions;

» Provide services of their own competence, and coordinate and promote other
institutions’ services for the citizens.

The main rational measures by the municipality should be:

¢ Anurban development plan or, at least, zoning and regulations for urban land use;

* A regulation for construction/extension/rehabilitation of residential and non-
residential buildings and/or other installations;

¢ A cadastre for real property and public services to be offered for the citizens;

« Regulations for the municipality responsible services such as waste collection and
disposal, public areas cleaning and micro-drainage.

d.1.2 * Legal Improvement

The Constitution of the Republic establishes the principle of Municipal Autonomy,
which is explicit in the Law of Municipalities No. 40-88, article 2, 6, 7, 9 and 10 {(which
refers sanitary and environmental issues). This municipal competence is also declared in
the Environmental Eaw No. 217-96, article 16 and 129.

Municipal Ordinance (MO) are the documents dictated by the Municipal Council after
accepting the Mayor’s request (Law No. 40-88, article 28 and 34), which will empower
the municipal government to administrative measures and necessary sanctions for the

municipal government in order to execute municipality’s functions and demand citizens
burden sharing.

d.1.3 Organizational Improvement

The Annex N presents organizational structures and respective functions recommended
to the municipality, which are compatible with the needs to develop a Master Plan. It
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secommends a transition from the actual organization to the proposed one. The
transition phase should be assisted by an experl in organization and methods, and should
personnel.

d.1.4 Municipal Personnel Training

The training should be done step\vise in order to obtain results (i.e., operational
instruction; training; and professional formation) immediately. Furthermore such
training should be selective in accordance with the necessity of reaching the targets.

It is recommended that it should be programmed and evaluated by an experi, with a
priority on training of:

¢ Department chiefs;

e all the personne} of the sections very linked to what proposed in the M/P (c.g.,
assistance to the cadastre on real property),

o chiefs of the sections and sectors in “Waste Collection and Public Cleaning”, and
“Vehicles and Equipment”;

» chiefs of “Administration” and “Finances” sections; and

chiefs of “Fee Collection” and “Audit” sectors.

It is very important that the directors and chiefs be selected according to their formation
and personal aptitudes which should make a perfect match to their attributions in their
operational branches and divisions. '

8.1.5 Coordination with the National Entities that Provides Public Services in
the Municipal Territory

The municipality should coordinate and offer to the citizen instructions {concerning
services of municipal competence and other entities” competence), in the pursue to make
the instructions simple and to have a quick access to services. In such a way the citizens
‘will have the opportunity to obtain the required information in just one place.

The instructions should be simple, specific and prompt documents (i.e., which should
be an casy-to-understand transfation of the regulations, technical and administrative
norms). It should be presented in words, drawings and other basic forms that makes
them easier to understand for the common citizens. They do not require legislative
approval to be emitted, but they should be prepared by the entity that offers such
services.

The municipality should try to coordinate with the national entities in order to develop
intersectorial projects, in such a manner the municipality could always remain expected
to request beiter services by the institutions. Along with MINSA, the municipality
should intensify its pro-active mobilization of the communities involved in the sanitation
projects. In agreement with MCT, the municipality should begin joint works to clean
and protect the dry ditches and streams (arroyos). The municipalily at the same time
should prevent the illegal disposal of solid waste in such places. On the other hand,
INAA and MINSA should control the liquid waste disposal. The municipality should
correspond to MARENA to classify the urban ditches and to define responsibilities for
their maintenance and protection. Meanwhile, MARENA should supply the instructions
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regarding industrial waste and “infectious” medical waste to the municipality {and also
1o those interested in).

The Municipal Council and INIFOM should unite together in order to support the
municipality’s plans firmly and to request cooperation from national entities. Assistance
by INIFOM is considered as a fundamental requirement for the success of the Master
Plan, specially in view of institutional improvement and municipal personnel training.

d.1.6 New Services by INAA

With regard to on-site scwage treatment/disposal systems, INAA (through an
agreement with the municipality) should extend its services, including the construction
and operation/maintenance of the on-site collective systems, as well as the removal of
sludge from individual/collective septic tanks.

d.2  Management on Constructions and Urban Development
d.2.1 Residential Constructions

The municipatity should establish the Permission System which comprises: permission
for construction; and permission for the use of consiructed residences (which should
include the real property cadastre, so that it proceeds to receive all the public services
available in the micro-region, and the services should be paid for).

Issues of the construction penmts will indicate the services demand in the future {in the
medium term). Meanwhile issues of penmts for use of constsucted residences will
indicate the immediate demand of the services and the polennal incomes corresponding
to that.

The municipatity should supply, to those interested to construct, the Instructions and
orientations, in order for that the constructions fulfill the sanitary requirements and
others requirements without bearing needless costs: Meanwhile the municipatity should
maintain the design submitted in files. Once the construction works are concluded, the
municipality should inspect whether it is constructed as proposed in the design, and then
the use permission is granted. This should be informed immediately to the other public
services suppliers. The immediate transmission of such information should be through
the data processing network among the municipality and the services suppliers in order
for that those service suppliers should also fulfill their duties and rights.

The permission process should be simple and at a low cost in order to make it feasible,
Some models of low-cost housing should be designed, pre-approved and permitted by
the municipality. Furthermore such low-cost housing should be offered by the
municipality to low income citizens, however, the inspection and register in cadastre
should not be exempted once the work has finished.

Similar procedures should also be applied to: renovations of existing residence for other
use purposes; and reforms with extension of constructed one.

The municipality, by the Municipal Ordinance, should also establish the obligation of
connection to the sewer (of off-site or on-site system) from all residential buildings
where such sewer exists in the adjacent street or neighboring property.
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d.2,2 Non-Residential Constructions

For buildings of non-residential vse, the pre-approved designs and pemmits (as
mentioned above) should not be applicable. The construction permission for non-
residential buitding should establish the obligation to observe the Decree 33-95, in order
to permit to connect them to the existing sewer system.

d.3  Management of Wastewater in Non-Sewer Aveas.

The municipality should establish, by Municipat Ordinance, the obligatory nature of
citizens to make an appropriate disposal of their wastewater. For such purpose, viable
alternatives and a reasonable assistance will be offered, before applying sanclions as
they are established in the Ordinance.

In the micro-regions where sewer system would not be feasible, on-site treatment
(preferably a collective system) should be adopted. However for the time being, it
shoutd be tolerated with the more primitive solutions of current practices, but with an
appropriate sanitary control.

The municipality should coordinate a Special Program for Model Community Integrated
USE Improvement Project (PECM) to be developed by INAA and MINSA, with initial
funds from a Rotating Fund which will be maintained and will support the continuity of
PECM through the payments of the services for the system construction, connection 1o
the houses, operation and maintenance of the system. These payments will be facititated
and could be reduced through the beneficiary citizens’ burden sharing by participation,
which should be stimulated by a community mobilization.

The municipality should also establish the obligatory nature and tolerance for those who
operate commercial and industrial establishments. To the existing  industrial
establishments, it will be demanded to cedify that they have complied with the ordinance
of article 72 of the Decree 33-95 and the Gradual Decontamination Plan accepted by
MARENA or INAA.

d.4  Urban Cleaning Management

The municipalily, by Municipal Ordinance, should regulate whatever regarding the
Urban Cleaning (e.g., the waste collection as an result of the citizen behavior, provision
of norms for the cleaning services, etc.). One clear issue is that the feasible level of the
cleaning service is defined by the citizens’ behavior and the financial capacity of the
society 1o sustain it. The cleaning is shared by the municipality and the citizen, but the
latter should support the cleaning service and should operate one parl in order to reduce
the costs incurred therein.

Meanwhile, the municipality should establish a tariff plan {that should be socially viable)
so that everybody pays for the service a compatible amount of money according to their
income. It is recommended that the total amount collected should not be less than 50%
of the costs; as it is established in the Municipal Tax Plan (Decree No. 455-89, article
40). It is desired that the percentage be gradually increased up to 100% according to the
stepwise improvement in providing regular and frequent services.

The urban cleaning services should be previously planned in a “permanent” nature or in
the long term, or they should be programmed for the short term. On such basis, the
services should be controlled and then their results and costs be evaluated.
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The “privatization” of the services, in other words, the contract or cession to a third
party, will not be prudent whenever the municipality does not have structure nor capable
personnel to make or hire the planning of services. Only when the municipality has such
structure and capable personnel, parameters for control arc established and the control
of results and costs are effectively exccuted.

L.1.4.2 Forecast of Future USE Services Demands

a, Projected Service Area

During the discussion of the Inception Report (IC/R), the Nicaraguan side requested to
expand the boundary of the Study Area (1995). The Team agrees to expand the present
Study Area up to the urban limits by the target year 2010, provided that the counterpart
supplies the team with relevant information, e.g. boundaries, population estimates, for
the projection of the outcome of the USE improvement plan in 2010,

Based on the above discussion, the counterpart from the Municipal Government of
Granada {(MGG) presented a map showing the boundary for urban expansion in
Granada. Using the digital planimeter and based on the map, the coverage of the urban
expansion program for 2010 was calculated at 14.30 km? by the Team. This area shall be

defined as the projected service area in Granada for the selected years 1995, 2000, 2005,
and 2010.

Accordmgly, the main ob]ectwe of this section is lo provide relevant fundamental data
for future USE service demands to forecast urban growth, water supply, DWW,
municipal and medical solid waste conditions within the projected service area.

b. Population Forecast @
b.l  Population

The population estimates established in the Interim Report (1) shall be used to forecast
USE service demands and to formulate the USE M/P for Granada. The study shali use
the 1995 population census data of INEC, the latest INAA population projection, and
shall consider the future expansion of urbanized areas in Granada.

Accordingly, the population of the service area for 2005 and 2010, the respective target
years of the feasibility study and master plan, is estimated at approximately 115 thousand
and 135 thousand, respectively. The average annual population growth rate in the
projected service area for the pericd 1995-2010 is estimated at about 4.3%.

The following table shows the population forecast by selected years {1995, 2000, 2005

and 2010).
Table L-3: Poputation Forecast
“Year 1995 2000 2005 2010 !,

Urban {Service Area) 74,783 97,078 114,760 136,106

Rural 25,213 29,229 33,070 36,512

| City Total 96,996 128,307 147,830 171,618

Serwce Area (km ) 14.30

Source: 1955 statistical census data of INEC

2000, 2005 and 2010, projected urban population provided by INAA
2000, 2005 and 2010, projected rural population estimated by Team
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b.2  Population Density by Zones

Qccupying 2.7% of the municipality, the population density of the projected service area
in Granada was cstimated at 50 personsfha in 1995, and is expected to reach 95
persons/ha by 2010.

Zones were distributed according the zone distribution for sewerage system plan made
by INAA.

The population density by zones is shown in Table L-4 below and zone distribution is
illustrated in Figure L-1.

Table L-4: Popu!ation and Population Density by Zone (1995, 2000, 2005 and

2010)

No. | Zono . 1995 ‘ .2000 ‘ : lzoos ' ‘2010 .

Poputation | Density | Population | Density Population | Density | Population Density
Al 717] 6,718 865 | = 7,546 97.1 8476 % 1093 9,521 122.5
A2 455 4,302 105.5 5,176 138 5578 | 1226 6,012 132.1
A3 689F 6,698 972 1,536 109.4. 8,480 123.1 9,511 138.5
A4 97y 1617 | 1667 1,689 174.1 1,765 - | 1820 1,84 190.1
Bl 84.5] 8,405 995 | 9639 14,1 11,053 { 1308 12,675 150.0
B2 4621 5,085 110.1 8,205 134.3 7,572 163.9 9,240 | 2000
Ct 3271 4,997 152.8 5,466 167.2 5,979 182.8 6,540 200.0
C2 3071 3,992 130.0 4,608 150.1 5319 . | 1733 6,140 200.0
C3 6681 7,789 1166 8,471 126.8 9,213 137.9 10,020 150.0
Cs 252 2,146 38.7 2,814 1163 3,691 152.5 4840 | 2000
cs 26| 2,720 120.4 2,841 125.7 2,968 1313 3,100 137.2
c6 10.6 798 75.3 877 82.7 964 90.9 1,060 | 100.0
c1 | 604 869 144 | 1,899 314 4,147 68.7 9,060 | 1500
El | 1203} 7860 65.3 8,208 68.2 8,572 713 8,952 74.4
g2 | 358F 6,676 186.5 6,973 1948 7,283 2034 7,606 212.5
Fl 113.4 611 5.4 1,228 108 2,466 2017 4,955 437
G(*} | 5800] (% **) 15902 | 274 21,234 36.6 24,000 14
Total |1,430.0] 71,783 502 | 97078 679 | 114,760 203 | 135,106 94.5

Source: INAA

Note : (*) Fuoture expansion
(**) No dala

According to the population forecast, £2, B2, Cl, C2, and C4 will be the most densely
populated zones in Granada, and G zone shall be the least densely populated. G zone is
presently considered as the area to be subjected to future expansion. Figure L-2
classifies population density by zone (2010).

L-11




The Study an the Improvement of Urban Sanitation Environment JICA Study Feam
___KOKUSAI KOGYO €O, LTD..

7

ad

N

Ve

1000 = 809 ¢ ' 2tm
bt rarr et et  § — i
Japan Interpati rati
Figure Zone Distribution of the apa rrational Cooperation Agency

(JICAY.
KOKUSAI XOGYO CO., LTD.
Figure L-1: Zone Distribution of the Urbanized Area

Urbanized Area

L-12



The Study on the Improvement of Urban Sanitation Fuvironmein JICA Study Team
_of Principal Cities in the Republic of Nicarogee_____ KOKUSAIKOGY0CO, 13D

U

B igh Density Up to 200 piha

Medium Density  Upto 100 pfha

Ml Wedium High Density Up to 150 p/ha Low Density Less Than 99 piha
1000 m 800 (] 1 2km
= "R e~ 5~ pu- 11 Ep— m— p————an
Figure Population Density Japan International Cooperation Agency
(ICA)
by Zone (2010) _
KOKUSAI KOGYO CO., LTD.

Figure L-2: Population Density by Zone (2010)

L-13



HOA Siudy Heam

. KOKUSAI KOGYO CO., LTD.

The Srde on the baprovement of Urbon Sameattiog v iponesonl

of Principad Cities in ihe Republic of Necaragna

800 S
LIPRRFTILFE LTTSPEIY]

OO0 m

Japan International Cooperation Agency

KOKUSAI KOGYO CO, LTD.

(ICA)

w
=
b
¢
=
L
=
2
=
—
2
a
@
=
G
N

@
&
tom

<

T
L]

B
£
2~

£
(=3

=

Figure

Figure |.-1: Zone Distribution of the Urbanized Area

L-12



The Stuche on the Improvenent of Urbent Sanitation Fouvivesinent
of Principal Criies i the Reptebdic of Nrearagnun

| ( ' o |

I L G R D U, b
EZEl  High Density Up to 200 pina £ Mediun Density  Up o 100 pha
Bl 2edium High Density Up 1o 150 pha [ 1 towCensily Less Than 99 pfha
1000 - Lo D 1 2 hm
Hlml\dlmlml_*'._f'_ I Tt { N o 7}5
- - . Japs matinnal ¢ sration Agency
Figure Population Density Bapan International Cooperation Agency

(MCA)
by Zowne (2010} b
KOKUSAT KOGYO O, T,

Figure L-2: Population Density by Zone (2010)

[.-13

SO Stedv Do
KOKUSAI KOGYO_CO., LT0D)



2he Sty oir the Improvement of Urban Sanitation Environment JICA Study Fean
_of Principal Cities in the Reprblic of Nicaragra _KORUSAIKOGYO GO, LYD.

b.3 Conclusion and Recommmendations

Population and other relevant factors provide the basis for the planning of USE
improvement in Granada. It must be recognized, however, that future government

programs and land use conditions in the projected service areas for USE may influence
population growth.

Future land use and zoning plans in the urban area of Granada forecast that migration
shall move toward the intermediate and outer areas as opposed to the central urban area
(consolidated zone} in the past. Nevertheless, development plans and environmental
programs will be implemented in phases to accommodate unexpected changes in
population, land use, and government policies.

Urban environmental problems are outcomes of a deteriorating ambient environment
and the inability of public infrastructure to meet the demands imposed by the growing
population. These problems include poor housing conditions, watercourses polluted by
domestic and industrial wastes, hazardous and toxic wastes from indusiries, hospitals
and households, and flooding during the rainy season.

Granada is not in a posilion to respond to eavironimental challenges facing the
municipality due to economic instability. Although the municipal government is
economically poor, there is a high level of public consciousness of environmental issues
in Granada and a willingness on the part of municipal government to take action. Onthe
other hand, urban development plan reflects the principtes that the government alone
cannot deliver sustainable development and USE improvement. It requires the
cooperation of businesses and the public.

c. Water Supply

Future water supply demand for the Study is forecast in compliance with the INAA’s
Pre-feasibility study' and based on the following conditions. The resulls are shown in
Table L-5 and Figure L-3.

¢ Water supply coverage in years 2005 and 2010 are 85% of total population in the
urban areas in respective year,

+ Water consumption ratio is 160 Vperson/day;

o Water supply ratio for no water supply system non covered area is 30
I/person/day; and

+ Commercial, institutional, and industrial water use are 8%, 8% and 2% to the total
water consumption of served population respectively.

! Estudio de Priorizacion de Inversiones en el Sector de Agua Potable y Alcantaillade Sanitario Marzo
1996, INAA, ITS, Lotti, Lamsa
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19938 2000 2005 2010

Urban Poputation TR 9708 114,760] 135,106
Service Coverage (%) 89.7 85 85 85
Served Population 64,4110 82,516 91,546 114,255
No Scrved Populalion 1372 14,562 17,214 20,851

Served Population 13,203 15,607 18,28 lA

No Served population - 437 516 626
Daily Demand Commercial - 1,056 1,249 1,462
(m’/day) Tnstitwtional - 1,056 1,249 1,462

Industrics - 264 312 366

Total 9,464 16,016 18,933 22,197

150,000 T e
| b 135,106
1 : 114,255
] A S
2 r —a— Urban
SO0 - e o ;"’:W?‘_CT_SPPP‘)J
0 i
1995 2000 2005 2010
Year
Figure L-3: Forecast of Future Water Supply Population

d. Domestic Wastewater

d.1  Definition of DWWM System

Domestic wastewater mainly comprises from night soil and DWW generated from
households. Systems for DWWM in Granada comprise:

e system of joint treatment/disposal for aightsoil and DWW e.g., sewer system and
septic tank;

o system of without treatment but disposal through infiltration e.g., soak pit;

o system of nightsoil only disposat through infiltration e.g,, latrine; and

[.-15
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¢ 10 system.

Tabte I.-6 shaws prevalence of the respective systems in the city.

Table L-6: Present Domestic Wastewater Treatment / Disposal Syétem

Unit : poputation

Treatment & Disposal System Disposal Systen: {without tr¢atment)
. - No System
Sewer System Seplic Tank Soak Pit Latrine
N‘gﬁ;é;‘ Y isq0s719%) | L1226 %) | 269171075 %) ; 7,850 /(10.9 %)
Night Soil - . 20,188 / (28.1 %) .

In view of the present system, definitions of respective DWWM systems listed below
are clanfted as follows:

d.2

Sewer System:

Nightsoil and DWW generated through citizens’ household activities are collected
in a large scale through sewers and treated at off-site {i.c., sewage treatment plant).

On-site System:

Nightsoil and DWW generated through citizens’ household activities are collected
in a small scale (only one to a couple of decade households) through channels (open

or closed) and treated locally in the vicinity of generation sources (e.g., septic tank,
community coliective system, etc.).

Soak System:

Nightsoil and DWW (or only nightsoil) generated through citizens’ household
activities are individually disposed in a wet system through infiltration locally in the
vicinity of generation sources.

Latrine System:

Only nightsoil generated through citizens’ household activities are individually
disposed in a dry system through infiltration locally in the vicinity of generation
sources.

No System:

There is no system to treat nor dispose nightsoity DWW generated through citizens’
household activities.

Forecast of Future DWWM Service Demand

As indicated in Table L-6, present sewer coverage in Granada ranges only about 20% of
the urban population, and septic tank (i.e., on-site system) coverage is minimal. Soak pit
{sumidero), which avoids treatment and directly disposes the nightsoil and DWW for
infiltration and therefore being potentially an underground water contamination source,
covers about 38% of the total urban population today. In recent years, many of newly
constructed soak pit receives only nightsoil in @ wet system in order to prolong its
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service life, and therefore DWW are discharged to roadside and/or rivers without any
treatment,

To the current total urban population, about 60% are subject to sewer, septic tank
(on-site) or soak systems. About 30% are subject to tatrine system, which only disposes
nightsoil. About 10 % are subject to no-system.

Therefore, unireated DWW are discharged here and there along the roads and rivers.
Consequently it accelerates deterioration of USE in the city.

In view of the present situation of USE, followings are raised as target figures:

o coverage of nightsoil disposal systems in water supply areas and 0o water supply
areas in the target year 2010; and

o DWW treatment systems (sewer and/or on-sile systems) coverage is 85% of waler
supply population in the target year 2010

Future USE service demand is estimated for the years 2005 and 2010 based on the
following conditions, which is shown in Table 1.-7 and Figure L-4.

o Water supply coverage is 85% (i.¢., 114,255 persons) of total urban population in
the year 2010; and

o Sewer coverage is 65% of the urban population served with water supply in the
year 2010.

The population covered by the on-site domestic wastewater treatment system from 1995
to 2000 are the residents from the high income bracket who install septic tanks at their
own expenses. Supposing that, as a result of the increase in off-site sewerage system,
these domestic wastewater treated in the septic tank is discharged into off-site sewerage

system, the service population of the on-site {reatment system (i.e., septic tank only)
will be zero in 2003,
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Table L-7: Forecast of Future DWWM Service Demand

1995 2000 2005 2010
Ursban Population o . 71,7583 97,078 114,760 135,106
Water Served Population 64411 82,516 97,546 114,255%
Scwer System Area
Served Area (kim') 20 20 37 5.6
Served Population 15,706 21,260 44,125 74,266 @
Service Coverage (%) 21.9 219 385 551 5
Treatment Amount (daily average, m*/day) 2,592 3,402 8,150 11,883
Non Sewer Sysiem Arca
On-site System Population 1,122 1,553 11,555 23,110
(Night Soil + Sullage
Treatment ) Service Coverage (%) 1.6 16 10.1 17.1
Soak System Population 26917 36,356 273117 16,879
(Night Soil + Sultage [ -
Disposal System ) Service Coverage (%5) 315 375 242 12.5
Latrine System Population 20,158 27,298 24,991 20,851
(Night Soil Disposal
System ) Service Coverage {%) 283 281 218 15.4
Population 7,850 10,611 6,277 0
No System _ :
Service Coverage (%) 10.9 10.9 5.5 ]
140,000 ®
1200004 ————
100000 4 mNo system
.§ 80,000 - B Latrine System
2 BSocak Sysem
‘;_3' 60,000 m On-site System
40,000 | Sewer{oft-site)
26,000 1,1
1]
19495 2000 2005 2010
Year
Figure L-4: Forecast of Future DWWM Service Population !

e. Municipat Solid Waste

The future demand on Municipal Solid Waste Management is alinost determined by the
future population. The demand on collecting and disposing waste will rapidly increase

2 INAA Region IV, 28 Febv'97
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with the steep increase of population in urbanized cities in developing countries. This

can be applicd to Granada Cily.

The items concerning to the future demand on the MSWM in Granada are shown in the

following table.

Table L-8: Future Demand on MSW in Granada

1996 2000 2005 1010
Population in the study arca 76,250 97,073 114,760 135,106
Waste gencration amount (ton/day} 571 76.6 913 123.0
Waste discharge amount (fon/day) 432 595 8.0 101.6
Waste eollection amonnt (to/day) 354 488 702 101.6
Final disposal amount (ton/day) 36.9 50.2 725 104.1
Coverage rate (lo waste amount) (%) 820 82 90 100
Coverage rate (to population) (%) 63.0 63 89 100
Served population 48,037 61,159 101,843 135,106
Non served population 28213 35919 12,917 0
Lengih of sweeping served road (km) 35 35 35 35

f. Medical Solid Waste

.1 Medical Solid Waste

The estimation of the future medical solid waste in Leon is summarized in Table L-9,
which is obtained through extrapolation of the Team’s survey as summarized in Table

L-69 and Table L-71.

Table L-9: Future ‘Medica! Solid Waste Generation Amount in the Medical
Institutions (Whole Institutions) in Granada

Htem 1996 2000 2005 2010
Population in the Study Area 76,250 97,078 114,760 | 135,106
Basic data Inpatients beds growth rate 1.000 1.273 1.505 1.772
Number of beds for inpaticnts 175 223 263 318
Risk *? 48.0 61.1 722 85.1
Risky Hazardous*’ 1.6 20 2.4 28
Waste*'
(ke/day) Special** 0.6 08 1.0 1.1
Subtotal 50.2 63.9 75.6 89.0
Common** 49.1 62.5 73.9 86.9
Grand total 993 1264 149.5 1759
Note: ¥ Study team’s prepared category

*2 Waste with infection (sharps, blood, blood sustained and eic.), infected waste
from laboratorics, waste from infectious discase patients and wastewater cic.
#1  Chemical waste (medicines, drugs, etc ), radioactive waste ¢l
#  Ash from incincrator, sludge etc.
¥ Office waste, kilchen waste, packing waste, bulky waste, garden waste, domestic

wastewaler ¢tc.
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Medical Wastewater in the Whole Institutions

The estimation of the future medical wastewater generation amount is summarized as
shown in Table L-10, which is obtained through extrapolation of the Team’s survey.

Table L-10: Fulure Medical Wastewater Generation Amount in the Medical

Institutions(Whole institutions} in Granada

Category Ttem 1996 2000 2005 2010
Population population in the study arca 76,250 97,078 | 114,760} 135,106
growth rate of population 1.000 1.273 1.505 1.772
Water Water Consumplion 98.0 124.7 1475 174.7
(ton/day) Wastewater Generalion 78.4 998 1180 1398

L.1.1.3 Other Pre-Conditions

a.

Economic and Financial Conditions in the Region

The Gross Regional Domestic Product (GRDP) of Granada in 1995 was
calculated based on the data of INSSBI on the number of people insured (adjusted
by regional ratio of participation) and the average salary by industry and region.
After 2001, it is assumed 1o grow in proportion to the national Gross Domestic
Product (GDP).

The municipa! budget of Granada is assumed to increase in proportion to the
GRDP growth. '

The family income in 1995 was calculated based on the data of the Ministry of
Labor (MITRAB) on the number of employees by income. After 2010, this is
eslimated to increase in proportion to per capita GRDP multiplied by average

family size, which is assumed to slightly increase from 5.674 in 1995 to 5.81 after
2000. .

In proportion to the overall budget of the INAA financial plan, the budget of
INAA Region 1V is assumed to remain as it was in 1995,

The major economic and financial indicators are summarized in the following table.

. Table L-11. Major Economic and Financia! indicators

1985 2000 2005 . 2010
GRDP C3 million /year 247.0 325.7 4157} 500.9
Municipal ;
Budgel C$1,000/year 13,616 17,857 22,918 27617
Family lncome | O month/househol 1,275 1,273 1,375 1,407
INAA Region
IV Budget C$1,000/year 8,026 10,883 12,375 14,184

Note *. Because the increase in the number of households from 1995 fo 2000 is
eslimated to be slightly higher than the growth in GRDP, the family income in
2000 is forecast to slighily decrease.,

L-20



The Study on the Improvement of Urban Sanitation Envirenment JICA Study Team
_of Principal Cities in the > Republic of Nicaragua KOKUSAI KOGYO GO, LTD.

b. Condilions for Cost Xstimation
o All prices are expressed in terms of the market price levels as of September 1997,

¢ The exchange rate of US$ 1.0 = C$ 9.6 = J¥ 120 as of the September 1997 was
used.

Personnel Cost

* The personnel cost for the waterworks and wastewater management projecls is
assumed to be US$ 7,693/personvyear {C$ 5,480/person/month), as is shown in
the INAA F/S.

o The personnel cost and unit rate of works of the Granada SWM section is as
shown in the following table.

Table L-12: Personnel Costis

Unit: C$

SWM services Personne} Description Daily Wage

Driver 117
Collection
Worker 78
Supervisor 83
Streef sweeping
Sweeper 18
Supervisor 233
Disposal Driver _ 117
Worker 78
¢ Future Land Use Proposal

Due to the absence of a land use or zoning plan for the urbanized area in Granada, a
tentative zoning plan is proposed for USE improvement and is detailed in the subsequent
sections.

To achieve the targets of the M/P for Granada a future final disposal site was proposed
Granada currently has no large scale disposal site. The only disposal site functioning in
the city is located in the southern section of “La Joya™ where abundant groundwater
reserves are found. Urbanization in this section has led to a dramatic increase in the SW
volume and soil contamination, posing a serious threat to the future utilization of
groundwater resources and USE conditions in Granada. Also, the inefliciency of the
municipality in carrying out management functions and the lack of equipment to handle
the present generation volume of domestic and industrial wastes result in the frequent
and direct discharge of these wastes into the “arroyos” (streams) and public areas. Many
watercourses in Granada urban and its surrounding areas are, therefore, seriously
polluted.

Consequently, a new disposal site is proposed in the north where groundwater resources
are of poor quality, very salty, and unsuitable for drinking and lrngalmn Therefore, this
area, which is also close to the existing sewage treatment plant, is considered by the
municipality of Granada (MGG) as a suitable focation for the final disposal site.
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A city cannot finther its own growth without service facililics, e.g. sewage (reatment
plant and final disposal site, and well planned city facilities are csseutial for USE
improvement in the city of Granada.

Immediate policy measures and actions described hereafter are required 1o mitigate
adverse environmemtal impacts and rehabilitate degraded natural resources, 1o avoid the
possible decline in future USE conditions. These measures and actions represent the
first step towards a comprehensive response strategy for USE improvement. These will,
however, require more efforts from the MGG and the residents, hence success in this
endeavor shall fully depend on government and public cooperation.

As the main agency responsible for the implementation and enforcement of land use
regulations and zoning ordinances, MGG shall strictly enforce these actions and

measures and make the final zoning plan, to properly instigate urbanization and create a
good urban environment.

el Integrated City Planning and Environment

Based on the review of the current state of the Granada City planning system, planning

and developments, e.g., urbanization, should be in harmony with environmental
conditions.

It is undeniable that urban environmental problems due to urbanization are becoming
more complex, and that efficient and effective urban services are required more than
ever.

To realize the general plan formulated by the Municipal Govemment of Granada (MGG)
for proper urbanization and the creation of a sound human settlement, all measures such
as land use, land management, zoning, building control, subdivision control and the likes
should be mobilized, in addition to direct investments in infrastructure and site
development, with due consideration of USE.

These urban development and management measures have not been well
institutionalized and are, therefore, not effectively enforced at present. Even the existing
measures of the available regulating’ plan seems not to have been utilized and
synchronized for urban development control and management.

To realize the plan, the extension of guidance, direction and supervision of urban
devetopment activities including infrastructure and urban facilities development projects
atone would not be sufficient. The updated city regulating plan stiputates that urban
development activities must be in compliance with the general plan. However,
infrastructure projects, for instance, were mostly found to be arbitrary, unsystematic,
and even without any basis. This may be partially attributed to the vagueness of the
general guidelines of MGG and the absence of institutional bases for the examination of
the implementation plan of urban projects.

The absence of practical measures for the enforcement of land use plans and of the basis
for the implementation of urban development also exacerbate the condition.

To facilitate the development of city planning measures and the expansion of urban
coverage, the administrative sector for city planning and development must be
restructured as stated below.
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The MGG central city planning oflice shall be responsible for the implementation and
enforcement of regulations.

The main responsibilities of the central planning oftice are to guide, supervise and assist
local devetopers and the public in the conduct of city planning and development works.
It is also responsible of the following for integrated planning and developrient:

» Formulation/legalization of plans

¢ Monitor and control uiban developiment
e Facilitate and implement/enforce urban development

Accordingly, being the only central agency technically competent in city planning and
development, MGG must aggressively conduct the following:

« Examination and approval of plans formulated by local agencies mainly based on
national standards for the improvement of urban eavironment and services,
financial and economic viability, etc.

» Examination and authorization of urban development projects.
¢ Guidance in the formulation and implementation of plans.

« Implementation of projects of regional importance or beyond the capacity of local
agencies and others.

¢.2  Required Technical Competence of MGG

To cope with the shift in its duties, from making general plans to the extension of
guidance, supetvision and assistance in city planning and development programs, MGG
must equip itself with knowledge of the management and coordination of city
development programs, and insight to properly guide, supervise and assist the public in
coping with various urban problems.

This means MGG must keep on technically improving itself, conducting research studies
not only for the preparation of general or specific plans but also, more intensively, for
obtaining knowledge and information leading to policy-making to alleviate urban
problems and USE problems.

The studies for the development and improvement of the functions of MGG must be
conducted continually. The Team is only to assist MGG take a initiating step for the
study to be conducted by MGG for the urban development of the city.

¢.3  Regulations on Land Use and Zoning

: § At present, there are land use regulations for the Historic Center and obsofete land use

) regulations for the rest of Granada. Land use should be regulated under zoning
regulations which are usually determined by a regional or municipal agency. These
should be strictly enforced with regard to the conduct of any kind of development
project and all proposals should be subject to their stipulations. It is necessary to
formulate a urban development master plan and zoning ordinances so as to encourage
desirable developments and restrict objectionable ones. Not only do zoning regulations
regulate the trend of urban development, they also plan the development of town or
setttement areas in different places.
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Zoning protects residential arcas from the harmfut effects of shum and industry that
ensures from it, Tt prevents over-crowding of buildings and tand, thus facilitating the
provision and continued adequacy of water, sewcrage, transportation and other
facilities.

Allocation of tand for community facilities and services and all future land use shall be
governed by zoning plans under a urban development master plan to be prepared by
MGG. Zoning regulations and their administration are the major tools in carrying out the
land use program of the master plan.

¢4 USE Improvement and Urbanization

The environment is an important physical factor directly relevant to land use activities.
The present final disposal site (“La Joya™) is located in the southern part of the city
where groundwater reserves are abundant. This location is a serious threat to the future
water supply of Granada, therefore, the removal of this site is an urgent concern.
However, because no city can exist without ils service utilities, e.g. sewage treatment
plant and SW disposal site, the relocation of the site to the area next to the existing
sewage treatment plant, where groundwater resources are of poor quality, was
proposed. This proposal was also made in view of USE improvement in Granada.

According to past data on urban development in Granada, the present trend indicates
growth around the consolidated urban area. At present, growth is slow. Gradual
development is, however, observable in Villa Tepetate Sur, in the northeastern sector,
regardless of the presence of an existing sewage treatment plant and groundwater
conditions. At the same time, various construction projects are also carried out within
and around the city periphery. These prajects do not abide by any guidelines and
regulations to control urban growth, land use, etc.

Residential and commercial activities have to be established in favorable environmental
conditions. Therefore, urbanization for the development of residential and commercial
zones shall be restricted to the vicinity of the service facility zone. A greenbelt should be
created to serve as a transition zone between the urbanized area and the city service
facilities. The greenbelt zone shall act as a major environmental conservation area.

Furthér industrialization within the urban area, particularly in the consolidated urban
area and the suburbs, intensify environmental problems. Therefore, economic bases
shoutd be constructed away from urbanized areas, such as in rural areas,

¢.5  Proposed Zoning Plan

Presently, there are no concrete plans, neither on the part of the central government nor
the MGG for the proper use of lands in Granada and around Lake Nicaragua. The

arrangement of such a plan at the earliest possible moment is desirable for USE
improvement.

Land use planning should be established upon consideration of predictions of present
and future land use demands and environmenial conditions. However, with insufficient
data, it is difficult to propose terms that would adequately serve as a foundation for the
plan. The basic concept and the proposed zoning plan currently established are shown in
Figure L-5 and summarized below:
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o« Urban Zone

The present development trends suggest the urbanization of the peripheries of Granada
within the next twenty years, Routes Granada-Masaya, heading northwest to Managua,
and Granada-Nandaime towards the southwest and southern sections of the city, are
likely to be urbanized. Given this assumption, it is urgently necessary to construct basic
infrastructure to ensure the suitable management of the urban environment, including
the quality of its water supply. Accordingly, the removal of the existing SW disposal site
from its present location is of utmost urgency to counter-act soil contamination and the
contamination of the groundwater sesources of the cily.

+ Industrial Zone

Industries in Granada concentrate in the consolidated urban arca, mostly along the
“arroyos” (streams), which are a main environmental concem in the area.

Policies concerning the relocation of pollution-intensive industries and the banning of
new industrial expansions from urban areas to designated areas must be enforced, as
well as policies encouraging industrial development in rural areas. These policies must
allow the planning and provision of centralized waste treatment facilities to service
newly industrialized zones.

Industsial locations are likely to be established along the main roads and power lines for
accessibility and economic convenience, but should be distanced from urban areas as
stated above.

« Greenbelt and City Service Facility Zone

A greenbelt shall be created around the INAA existing sewage treatment plant and the
proposed final disposal site as a borderline for urbanization and the transition zone
between urbanized areas and city service facilities. This zone shall promote
environmental conservation.

This greenbelt must extend up to areas along the coastal fringe of Lake Nicaragua
restricted for development, for additional protection and the preservation of the lake and
its shore from harmful uses.

The creation of a greenbelt and conservation areas would not only provide sources of
recreation, but would also contribute to the alleviation of social and environmental
problems.

s Conservation Zone

The northeastern conservation zone (wetlands) greatly contributes to the removal of
pollutants entering the lake. This role of the northeastein swamp is not considered
universal, although it is definite that it purifies the water to a certain extent. The
destruction of the wetlands, therefore, would most likely pollute the lake. Consequently,
it is desirable to conserve the wetlands and prohibit any development which would
deteriorate the zone’s functions and reduce its significance.

o Tourism and Recreational Zone

The southeastern area shall be designated as a recreational zone where no settlements
are to be developed. Although it is not internationally renowned, the southeastern zone
is already recognized locally as a famous resorl area. Therefore, with the establishment
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of proper facilitics, the development of this area as a unique recreational center may be
expecied. However, in order to harmoniously conduct tourism and recreational zone
development with water quality conservation, it is necessary to designate the water
bodies and shore of the lake for public use, to assign environmental monitoring expeits,
eslablish sewage treatment plants and waste disposal sites as forms of environmental
canservation techniques, and to establish the necessary basic facilities.

¢  Forest Zone

Forests resources effectively retain stormwater, purifying the pollutants in stormwater.
Forests by rivers and lakes effectively prevent soil, sand and potlutant inflow from the
banks. Given these conditions, it is very important to conserve forest resources, not only
for lake water quality maintenance but also to preserve the scenery and an amenable
environment. As shown in Figure L-5, the decrease in forest zones is remarkable,
particularly in cultivated and pasture areas, Accordingly, reforestation is most desirable.

e Agricultural Zone

Urban growth results in the remarkable decline in agricultural lands. It is, therefore,
important to conserve good agricultural Yands, e.g. particularly the highly productive
farmlands of the northwestern zone, because they are not only important sources of food
but also provide the urban eavironment with open spaces.

L-26



The Study on the Improvenient of Urban Saniiation Envirensient JICA Study Team

_of Principal Cities in the Republic of Nicaragea

_KOKUSAI KOGYG CO., LTD.

o
=~

7 .
AN

AN . Lake Nicaragua

0 N
= } —
Legend ) - Tourism and Recreational
_ {IITN city Service Facitity Zone  EZ72 Zone
[iziii] Consolidated Urban Zone Tl :Bi%?jls Tmng;:;g :nd == Forest Zone
27774 Future Urban Expansion T
i Exp (53] Oreen Bel [iI71] OpenAsea
PR Landil Zone Conservation Zone (] Agricutiural Zone
DN ettans) -

Figure L-5: Proposed Zoning Plan
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