In the first stcp, on the assumption the! sewerage/sanilation projects in cach Region are
implemented indcpendently, a preliminary analysis examincd the following parameters for
the sewcrage/sanitation projects of cach Region :

Level of pollutant load reduction,

Investment efficiency,

Willingness to pay,

Contribution to drinking watcr source protection,

Availability of wastewater treatment plant sites.

In the second step, Priority Regions were selected from the alternatives through an overall
evaluation which examined the alternatives with respect to the parameters sclected in the
preliminary analysis and other factors.

4.3.2 Preliminary Analysis

‘The principal data for sewerage/sanitation projects in each Region is summarized in Table 4-
12.

Results of the preliminary analysis arc described below and summarized in Table 4-13.
a} Pollutant Loads Reduction
The total BOD, load generation in the M/P Arca in 2015 is cstimated to be 194.6 t/day, of

which 143.3 t/day, (or 74%) and 51.3 t/day, (or 26%) will bc generated in the Motagua
River Basin and the Lake Amatitlan Basin respectively.

4-12
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All Regions: Fig. 4-4 shows higher pollutant load reduction is expected in Centeal, East 1,
and North 1 Regions, where pollutant load generation is also high. Through implementing
schemes in these Regions pollutant load reductions are estimated to be 30%, 14%, and 11%
of the total generated pollutant load, and 37%, 18%, and 13% of the overall poliutant load
reduclion, respectively.

Motagua River Basin: Fig. 4-5 shows pollutant loads removed by implementation in Central
and East 1 Regions are high compared with other Regions and are estimated to be 41% and
19% in the Motagua River Basin, and implemcntatidn of priority project in these Regions
will achieve reductions of 51% and 24% of the overall pollutant load reduction for
implementing all schemes in alt the basin, respectively. -

Lake Amatitlan_Basin: Fig. 4-5 shows pollutant foad reduction achieved by implementing
schemes in South 3 and South 1 Regions are high compared with South 1 Region, and are
estimated to contnibute 29% and 28% of the total removable pollutant load, and
implementation of priority project in these Regions can achieve reductions of 36% and 35%
of the total removable pollutant load in the basin, respectively.

b} Investment Efficiency

Two indices expressing investment efficiencies are compared for the sewerage/sanitation
project of each Region. The results are shown in Table 4-13. For both indices, a lower
value indicates a higher investment efficiency. [t should be noted that Central and North 2
Regions, have relatively high investment efficiencics.

¢)  Ease of Service Chayge Collection

The average level for “Willingness to Pay” for sewerage/sanitation services found from the
survey by the JICA Study Team was 13.3 Q/ouschold/month. From a comparison of the
estimated average Willingness to Pay in each Region with the overall average, consumers in
South 2 and South 3 were willing to pay more for the services.

d) Contribution to Drinking Water Source Protection
In case of surface watcer, East 1 Region followed by South 3 Region is given high priority.

While, in the case of groundwater, South 3 Region is the highest priority followed by
- Central and North 1 Regions. '
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¢)  Availability of Wastewater Treatment Plant Sites

The sclected wastewater treatiment plant sites were examined and ranked, taking into account
requited land area, present land use, number of land owners, and level of land acquisition
cost.

North 1 Region was ranked A, South 3 Region C, while other Regions were ranked B.

4.3.3 Selection of Alternatives for Priority Regions

From the results of the preceding preliminary analysis the three combinations of Regions
shown in Table 4-14 have been selected for further evaluation to select the Priority Regions.

Table 4-14 Selected Alternative Combinations of Regions

Alicmative Regions
B-1 Central + South 1
B-2 Central + South 2
B-3 Central + South 3

Source : Study Team
The rcasons for sclecting the altematives are:
- For parameters a), b}, and d) in the preliminary analysis Central Region is
identified as being the highcst piiority Region
- Taking into account the importance of Government policy with respeet to
protection of Lake Amatillan, the possible Regions to be combined with Central
Region should be situated within the Lake Amatitlan (Pacific Drainage) Basin.

4.3.4 Priority Regions

In order to finalize sclection of the Priosity Regions, each of the three combination of
Regions sclected from the preliminary study, namely Central Region with South 1, South 2
or South 3, has been further evaluated to asscss the investment cfficicncy, water qﬂalily
improvement, and other non-quantifiable factors such as the level of likely public profile of
the project to promote the government's cfforts in cnvironmental protection, impact of
implementation of sewcrage.

The cvaluation led to the following conclusions that Alterpative 3 {Central + South 3

Regions) is recommended as the Priorily Regions in the Wastcwatcr.Managcmcnt Master
Plan. '

4-18



The reasons ase :

a) Alternative 3 would contribute significantly to improving the water quality of Lake
Amatillan and will have high public appeal and demonstrate the governments
cagerness for environmental improvement.

b) Alternative 3 covers many municipatities and- has a high population thus, the
provision of scwerage/sanitation would have a significant impact on the largest
number of residents who would as a result better understand and appreciate the
public administration's efforts for cnvironmental protection.

4.4 Development Plan of Priority Regions

4.4.1 Implementation Schedule

It is assumed that the construction program to build the sewerage / sanitation system will
start in 1999 for the priority Regions of Central and South 3. The whole program period is
divided into three conseculive stages; the first slage program being from 1999 to 2001, the
second stage from 2002 to 2006, and the third stage from 2007 to 2011. The schedule is
summarized in Fig. 4-6. Fig. 4-7 shows the stages for increasing the treatment capacity for
plants in Central and South 3 Regions. This phasing, with its inherent flexibility, will
peimit periodic re-evaluation as required,

4.4,2 Staged Implementation

a)  First Stage Construction Program {1999 to 2001)

The components of the first stage construction program are summarized in Table 4-15.

Table 4-15 Proposed First Stage Construction Program

Component Facilities Cenlral Region South 3 Region
1. Sewerape Syslem _
Main Collector Sewers 3,000 mm dia, x 10.1 km 300 to 1,500 mm dia. x 15.5 km
Branch & Lateral Sewers —— Reticulations to Main Collecior
Sewers
Wastewaler Treatment Planis Land Acquisition Land Acquisition
" Common Facilities Common Facilities
" Primary Trealmenl, 15 frains  |Secondacy Treatmen), 3 trains
2. Sanitation System '
Branch and Lateral Sewers Approximately 56 km Approximalely 10km
Community Treatment Planis Land Acquisition for 35 plants {Land Acquisition for 3 planis
Construction of 35 planis Construction of 3 plants

Source : Study Team
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Fig. 4 - 7
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b)

‘The components fo be built are summarized in ‘Fable 4-16.

Second Stage Construction Program (2002 to 2006)

‘Table 4-16 Proposed Second Stage Construction Program

Componend Facilities

Central Region

South 3 Region

rSewerage System
Main Colector Sewers
Branch & Lateral Sewers

Waslewaler Treatient Plant

"

Connection 1o Main Collectoq
Sewers
Pamary Treatment 3 trains
Secondary Treatment 10 {rains

200 10 1,500 mm dia. x 21.48 km
Reticulations to Main  Collectod
Sewers

Primary Treatment 1 train

2. Sanilalion System
Branch and Lateral Sewers
Community Treatment Plants

n

Approximately 56 km
Land Acquisition for 35 plants
Consiruction of 35 plants

Secondacy Treatment 1 train

Source : Study Team

¢)  Third Stage Construction Program (From 2007 to 2011)

The wastcwater syslem components to be provided under this stage are summarized in Table

4-17.

Table 4-17 Proposed Third Stage Construction Program

Component Facililies

Central Region

South 3 Repion

1, Sewerape Syslem
Main Colleclor Sewers
Branch & Lateral Sewers

Wastewater Treatmeni Plant

"

Sewers
Primary Trealment 2 irains
Secondary Trealment 10 trains

Reticulations to Main Collecior

Reticulations (o Main Coliector
Sewers _

Primary Treatment 2 frains
Secondary Treatment 2 lrains

2. Sanitation System
Branch and Lateral Sewers
Communily Treatment Planis

Approximately 65 km
Land Acquisition for 40 plants
Construction of 40 planis

Source : Study Team




4.4.3 Investment Program

Table 4-18 shows the construction cost for cach period. Operation and maintcnance costs by,
stage are also summarized in Table 4-19.

Table 4-18 Constraction Costs by Stage
{ Units: Million Quetzal)

Components First Stage | Sccond Stage| Third Stage Total
(1999 - 2001} | (2002 - 2006) | (2007 - 2011)

1. Sewcrage System
Central Region 11623 154.0 149.2 465.5
South 3 Region 103.5 97.7 113.6 314.8
Sub-Total 265.8 251.7 262.8 780.3

2. Sanitation System
Central Region 30.1 301 34.7 94.9
South 3 Region 3.8 0.0 0.0 3.8
Sub-total 339 301 34.7 98.7
3. Grand Total 299.7 281.8 297.5 879.0

Note : Costs arc as of September 1995
Source : Study Team

Table 4-19 Annual O/M Costs by Region

{Units: Thousand Quetzal
Cential Region South 3 Region '

Year | Sewerage | Sanitation | Total | Sewerage | Sanitation Total | Grand Tolal
2002 3,136 151 | 3,887 9956 79 1,075 4,962
2003 3,850 200 | 4,050 1,113 79 1,192 5,242
2004 3,969 266 | 4,235 1,241 79 1,320 5,555
2005 4,088 333 | 4,421 1,372 79 1,451 5,872
2006 4,212 399 | 4,611 1,506 79 1,585 6,196
2007 5,158 462 15620 | 1,749 79 1,828 [ 7,448
2008 5,282 528 5810 1,909 79 1,988 7,798
2009 5,404 587 5,991 | 2,104 79 2,183 8,174
2010 5,527 653 | 6,180 2,270 | 79 2,349 8,529
2011 5,660 724 | 6,384 2,441 19 2,520 8,904
2012 6,536 716 | 1,312 2,728 79 |. 2,807 10,119
2013 6,582 818 | 7,400 2,182 79 2,861 10,261
2014 6,628 849 | 7,477 2,806 79 2,885 10,362
2015 6,668 880 | 7,548 2,856 19 2,935 10,483
2016 6,672 897 | 7,569 2,859 79 2,938 10,507
2017 6,674 903 | 2,577 2,859 19 2,938 10,515
2018 6,675 908 | 7,583 2,859 79 2,938 10,521

Note : Costs are as of Scptember 1995
Source : Study Team



4.5 EVALUATION OF PROJECTS IN PRIORITY REGIONS
4.5.1 Technica! Evaluation

The technical soundness of Lhe proposcd wastewater management facilities is examined with
respect to the foltowing points of view;

- Appropriate technology level,

- Likely casc of projcct implementation given the locat technical level,

- Soundness of operation and maintenance required to run the proposcd system,

It can be cvaluated that the proposed facilities are technically sound with respect to the points
above. The reasons are described in the followings for each of the system components.

a) Wastewater Collection Facilities

The proposed wastewater collection system is a gravity system, which requires no
mechanical and electrical equipment and no power supply. The Operation and Maintenance
is casy and low cost.

Large collector sewers bigger than 1,500 mm diameter, and manholes (vcﬂical shafts), will
be constiucted by tunneling.

The existing collcctors in the Central Region were constructed by the tunncling method.
EMPAGUA has experience and confidence in tunnel construction.

b} Wastewater Treatment Facilities

The proposed wastewater treatment process applicd to scwerage and sanitation systems,
which are trickling filter and septic tank with adsorption well / anacrobic filter respectively,
are easy to constiuct with locally available materials, and do not require impoited mechanical
and clectrical cquipment. The O/M of the proposed systems is casy, and low cost, and there
is local practical experience and knowledge accumulated from the existing facilities.

¢)  Sludge Treatment Facility : _
The sludge treatment process proposcd consists of anaerobic digesters, without covers or
heating, and sludge drying beds. This process is being used in existing facilitics, and
operational experience and knowledge has been accumulated.  The OM of the process is
casy and low in cost. '



4.5.2 Financia} Evaluation
a) Charges for Sewage Services

The rate of sewage service is estimated on the basis of water charge consumed as surcharge.
According to the present tariff, the rate is 20% of specific charge portion of potable water
consumed. Based on the BMPAGUA’s tariff expected to be effective in January 1995,
scwage service charge for domestic users is calculated at QO.16/m’. For typical business
users such as commercial and industrial establishments, sewage scrvice charges were
calculated as Q0.40/m® and QO0.50/m’, respectively.

According to the results of the “Public Attitude Survey” conducied by the Study Team, the
average monthly price that a houschold could pay for sewage scrvice is calculated at Q13.3
on average. The unit price that a household could pay for sewage scrvice is calculated at
Q0.49/m” on average.

Applying this average unit price instead of the charge under the present tariff (Q0. 16/m*), the
revenue would be around three (3) times larger than that at present. Under the tariff revised
in January 1995, an average sewage service charge is estimated at around Q10 per
conneclion per month, according to the analysis of EMPAGUA’s income statements in
1994, Increasc of service charges is indispensable for implemcentation of the proposed
project, and the alternatives of service charges are sct up as follows (Table 4-20):

Table 4-20 Average Sewcrage Service Charges for Financial Evaluation

Avcrage Service Charges | Regions Revenue for the Proposcd Project,
with the Project Q/connection/month
Charge [ Centrat 10
(Q20 / connection/month) South 3 20
Charge Il - Cenlral : 20
(Q30 / connection/month) South 3 30

_ In Central Region, service charge collected at present (QLO/connection/month) is uscd for
maintenance of the existing sewer system. Thercfore, this charge will not contribute to the
revenue of the Proposed Project. -

425



b) Financial Evaluation

Financial analysis was conducted to examine the financial viability of the proposed project
in the Priority Regions.

Table 4-21 summarizes the results of the analysis for three casces set forth. As shown in the
table, the proposed project would be viable if Case 3 could be applied, in which, the sewage
service Charge 1, based on willingness-to-pay, was applied to the beneficiaries in the
service areas and 40% of the investment cost was subsidized by the governments or
coniributed by beneficiaries.

Table 4-21 Summary of the Results of Financia) Analysis

Case Charge - Contribution FIRR |- Remarks
1 Chargc I nil -1.1%
2 Charge Il nil 4.1%
3 Charge Il 40% of Total IBRD (7.2%)
Investment Cost 8.4% IDB(8.1%)

Notc: Evaluation Period is 30 years from the completion of construction work.
Source : Study Team '

The cash balance of project management was examined for the sound management of
proposed project for Case 3 under the following financial conditions.
(1) Long-term foreign loan: interest sate of 8.1% per annum and repayment period of
20 ycars including grace period of 5 ycars, '
(2) Short-term loan: interest rate of 10% per annum for working fund, in casc of
covering short-time financial shortage.

it becomes clear that for the underiaker EMPAGUA to  accomplish the sound management
of the proposed project for Case 3, 66% of the intercst of the long-term loan has to be
subsidized by the governments.

¢) Household Budget of Domestic Users

Table 4-22 shows the level of sewage scrvice charges as a percentage of houschold income
by income class. Those percentages are still small when compared with the referential figure
of 3%. Howcver, it can be said that the tanff structure would be more burdensome for low
and middle income houscholds than for high income houscholds.



Table 4-22 Level of Sewage Service Charge as Percentage of Household

Income

Itcm Low Income | Middle Income High Income
Monthly Income (Quetzal} Less than 2,000 2,001 t0 5,000 | More than 5,001
Water Consumption (m’/month) 23 25 43
Sewage Service Charge

Present Tariff 3.68 4.00 6.40

Charges based on Charge 11*1 11.04 12.00 19.20
Percentage of Income

Present Tariff Morc than 0.18% 0.08% 10 0.20% | Less than 0.13%

Charges based on Chasge 11*1 More than 0.55% 0.24% 10 0.60% | Less than 0.38%

Referential Rate*2 Maximum 3% Maximum 3% Maximuem 3%

Note:  *1 Charge ll, i.e., three times of the present tariff,

*2 Low Cost Sanitalion, Wosld Bank Economic Development Institute

Source: Study Team

4.5.3 Economic Evaluation

a) Basic Conditions and Assuinptions

In estimating coonomic cost and benefit, cconomic values are converted or quantified from

the financial costs under the following conditions

1) Opportunity cost of capital : 10%
2) Standard conversion factor (SCE) : 90% of financial values

3) No land acquisition costs but negative bencefits duc to loss of agricultural production

in WWTP sites.

4) Economic life of the project : 30 years after the completion of construction works

b) Economic Benefits

The following important and tangible benefits are quantified.

Positive Benefits

1) Decrease of waterborne diseases

- reduction of number of deaths

- reduction of number of inpatients

- reduction of number of outpalients
2) Reduction of future purification cost for water supply

Negative Benefits

3) Loss of agricultural production at WWTP sites

4.27




¢) Economic Evaluation

Table 4-23 shows net present value (NPV), benefit-cost ratio (B/C) and economic internal
rate of return (EIRR). EIRR of 7.9% is lower than the opporlunity cost of capital (10%) and
B/C was below 1.0, Thus, the proposed project might not be feasible, from the economic
point of view.

Table 4-23 Summary of the Results of Economic Analysis

Item Proposed Project in Remarks
o Priority Regions
Net Present Value (NPV) | - 102.1 Million Quetzal

Benefit Cost Ratio (B/C) 0.79
Economic Intemnal Rate of Opportunity Cost of Capitat is 10%
Retumn (EIRR) 7.9% '

Souree : Study Team

However,; EIRR of the sewerage projects scarcely exceed the opportunily cost of capital, in
general. The calculated indices seems (0 be high, as compared with the same kind of
projects in other areas. Moreover, this kind of project would rather be considered in terms
of fulfilling basic human needs with regard to environmental conditions. From this context,
the proposed project would rather be recommendable, even from the coonomic point of

view.
4.6 ORGANIZATIONAL REFORM
4.6.1 Organizational Arrangement

Given that the proposed project will be implemented in phases and that the scale is not
sizable compared with the present water supply operation, complete departmentation by
product is not recommended from the initiation of the project.

Instead, in order to minimize difficulties of personnel recruitment and administrative
expenscs, it is desirable to cstablish the Wastewater Management Project Scction at an early
stage. Thercby organizational arrangement will aim at mobilization of the existing water
supply functions. | '



At a later stage, the Waslewater Management Project Section should assume responsibility
for operation and maintenance of the newly constructed treatment facilities. Also the exisling
wastewater related units such as Scwerage Construclion and Supervision Scction, and
Sewerage Maintenance Section, should be integrated into the Wastewater Management
Division.

Fig. 4-8 illustrates the aforementioned evolution of the wastewater management unit in
- accordance with the schedule of the proposed project.  Number of staff are also shown for

cach unit.
4.6.2 Required Functions

The functions considered necessary for the proposed wastewater management project can be
either (i) performed by the proposed wastewater management unit, (ii) entrusted to existing water
supply related units or (iii) contracted out to external suppliers. Fig. 4-8 shows the Proposed
Waslewater Management Unit during construction (1998-~2001) and afterwards (from 2002).
Table 4-24 summarizes an alternative allocation of these functions to each section from the year
2002. The wastewater management units shown in Fig. 4-8, and Table 4-24 are defined to cover
the smallest number of these dissimilar functions.

Table 4-24 Functions of Wastewater Management Division

Section Funtion (Area to Be Covered)
Administrative Seclion * finance and accounting
* procureraent and inventory control
* communily parlicipation
s o e COOTAINAtON and public relations
O/M Section * operation and maintenance
N s o PRODHOTING
| Planning Section " *..planning 3“.‘.?'...‘135‘3“ ...........................................
Constmcllon Seciion B * construclion management
Other units of EMPAGUA or +legal adminisfralion
outsourcing * loan administration
* recruitment and evaluation
* lraining
* customer services

Source ; Study Team
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5 FIRST STAGE PROJECT

5.1 TOPOGRAPHIC, GEOTECHNIC AND ENVIRONMENT SURVEYS

To supplement the information available for the Priority Regions, namely Central Region
and South 3 Region, topographic, geotcchnical and chvironment surveys were conducted.
Based on the tesults of these surveys, preliminary engineering design of the |
sewerage/sanitation system for Central and South 3 Region were made and #t become
apparent that the scale of total investment costs makes it difficult to jmplement both Central
and South 3 Regions in the First Stage. Therefore, it became necessary to sclect cither onc of
the regions for implementation in the first stage. Two alternatives namely, Altemnative 1:
Ceniral Region and Alternative 2: South 3 Region are evaluated to select the first stage
project.

5.2 FUNDAMENTALS OF ALTERNATIVES

Table 5-1 summarizcs basic parameters for each alternative, namely Alternative 1 - Central
Region, and Altemative 2 - South 3 Region.



Table 5-1  Fundamentals of Alternatives for Feasibility Study _
1ITEM CENTRAL SOUTH 3
_ REGION REGION.
1 FUNDAMENTALS _
1.1 CONSTYRUCT [ON PERIOD 1999 ~ 2001 1999 ~ 2001
S EERAGE
1.2.1 Served Arca, ha 4,605 896
1.2. 2 Served Population (As of 2002) 533,200 53,200
T ARG
1.3.1 Served Arca, ha 283 .42
1.3.2 Served Population 33,900 2,900
2 FACILITY DESIGN
2.1  SEWER '
2.1.1 Collection System Combined Separate
5 ST AR TR AT ENT AN
2.2,1 Treatment Capacity, m3/d {daily maximum) 196,000 36,000
2.2.2 Raw Wastewater Quality
a) BOD, mg/L 280 280
b) SS, mg/L 280 280
|2.2.3 Treatment Level Primary Secondary
2.2.4 Trcatment Process Primary Trickling Filter
Sedimentation Process
2.2.5 Final Effluent Quality
a} BOD, mg/L 182 56
b} §S, mg/LL 126 56
2.2.6 Receiving Water Body Las Vacas River | Villalobos River
e S e (Pinula River) |
2.3  SANITATION SYSTEM
2.3.1 Number of Colonics 20 3
2.3.2 Treatment Method Septic tank with upflow anacrobic
filter or with soil absorption well
2.3.3 Raw Wastewater Quality :
a) BOD, mg/t. 330 330
b) SS, mg/L 330 330
2.3.4 Final Effluent Quality
a) BOD, mg/. 83 83
b) SS, mg/L 83 83

Source : Study Team
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5.3 PRELIMINARY DESIGN
5.3.1 Wastewater Collection System
a) Main Collector Design

Routes of Main collectors for Central and South 3 Regions, namely Las Vacas Main
Collector and Pinuta Main Cellector, are cstablished bascd on field investigations including
longitudinal surveys, and cross-sectional surveys for river-crossings.

1)  Las Vacas Main Collector (Central Region)

Fig. 5-1 and Fig. 5-2 show the route and longitudinal profile of Las Vacas Main Collector,
respectively, Total length is 11 km, and its diameter is 3,000 mm. Most of the collector will
be constructed by tunneling method except between Santafaz and Chinautla River, where
there is a section with about 170 m drop in level. River crossings at Chinautla River, Tzalja
River, ele, are selected to bc"pipc-bridgc method in order to reach the wastewater frcatment
plant site by gravily at an altitude around 1,220 m above mean sea level.

The summary of main collectors for Central Region is shown in Table 5-2.

2} Pinula Main Collector (South 3 Region)

Fig. 5-3 and Fig. 5-4 show the route and longitudinal profile of Pinula Main Collector
respectively. - Construction will be by tunneling with a diameter of 1,500 mm and length of
about 5.5 km. Open-cut method (1,200 mm diameter) will be used for about 1,150 m, to

reach the proposcd South 3 Wastewater Treatment Plant site at an aliitude of 1,270m above
mean sea level. ' '

The summary of main collectors for South 3 Region is shown in Table 5-3.
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Table 5-2 Sunimary of Main Cellectors for Central Region

Ref. | Diameter, | Length, m Construction Mcthod ' Remarks
‘No. | mm - '
50 3,000 1,250 Tunnel © Soft
51 3,000 150 Tunnel Soft
52| 3,000 1,390 Tunnel Soft
53| 3,000 1,100 Tunnel Soft
54 3,000 1,340 Tunnel Soft
55-1 3,000 1,650 Tunnel Soft
‘552 3,000 20 Pipe Bridge o
56-1 3,000 970 _ Tunnel ' Hard
621 3,000 20 ' Pipe Bridge
56-3 3,000 530 Tunnel ' Hard
56-4| 3,000 20 Pipe Bridge .
57-1 3,000 1,670 Tunnel Hard
57-2| 3,000 20 Pipc Bridge
5731 3,000 910 Tunnel Hard
Total 11,040

Note : Total length of main collectors arc based on the results of longitudinal surveys
conducted in this Study. Note that the lengths reported in Table 4-1 arc based on
topographical map of scale 1 : 15,000 and enlarged map of scale 1 : 50,000.
Therefore, the lengths are different. :

Source : Study Team

‘Table 5-3  Summary of Main Collectors for South 3 Region

Ref. | Diameter, | Length, m Construction Mcthod Remarks
No. mm
1 300 1,730 Open-cut
2-1 500 230 Open-cut
2-2| 1,500 1,490 Tunnel Soft
3-1 1,500 260 Tunnel Soft
32 600 610 Open-cut
33 1,500 630 Tunnel
3-4 600 440 Open-cut
S-1 1,500 630 Tunncl Seft
5-2 700 200 Open-cul
5-3 700 70 Pipe bridge
5-4 1,500 760 Tunnel Soft
15 1,500 660 Tunnel - Soft
16 1,500 2,010 Tunnel Soft
17-1 1,500 1,060 Tunnel Soft
172 1,200 1,150 Open-cut
4-1 400 1,510 Open-cut '
42 1,500 760 Tunnel Soft
4-3 400 50 Pipc-Bridge
4-4 1,500 130 Tunnel Soft
7 400 500 Open cut
8 500 810 ~ Open-cut
9 1,500 1,630 Tunnel Soft
Total 17,320

Note : Total length of main collectors are based on the results of longitudinal surveys
conducted in this Study. Note that the lengths reported in Table 4-1 are based on
topographical map of scale 1 : 15,000 and enlarged map of scale 1 : 50,000.
Therefore, the lengths are different. '

Source : Study Team



5.3.2  Wastewater Treatment Plant

a) Proposecd Treatment Process Flow

The trealment process flows for Central and South 3 Regions for the First Stage arc as
shown in Fig. 5-5 and Fig. 5-6. The treatment process flow proposed in Master Plan was
modified, for the Feasibility Study of First Stage Project.

b)  Water Quality

"Table 5-4 shows the effluent qualitics expected in cach Région.

Table 5-4  ‘Treated Water Quality in the First Stage

Region Trcatment Parameter Concenlration, {mg/L)
Level Influent Efftucnt
Cenlral Primary BODs 280 182
Region SS 280 126
South 3 Secondary BODs 280 56
Region SS 280 56

Source : Study Team

¢} Outline of Treatment Facilities
Table 5-5 shows the outline of facilities.
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5.3.3 Sanitation System

a} Collection System

A Conventional Gravity system is proposed for collecling and transporting the wastewater to
the community sanitation treatment facility. The total length of sewer required in each
scttlement to be covered in first stage s 65.2 km and 9.2 km for Central Region and South
3 Region, respectively.

b) Sanitation Treatment System

The sanitation treatment system consist of treatment and effluent disposal system.

Community treatment plants for various settlements in Central Region and South 3 Region
are described in Table 5-6. According to the soil percolation test conducted at five locations
showed that soil is predominantly clay/clayey silt. However for settlement Final and El Pilar,
where Pinula river is used for water supply intake downstrcam, septic tank effluent is
proposed to be disposed by means of soil absorption system.

Septage destudged from thesc communily plants is proposed to be trcated at the sludge
treatment facitity of the wastewater treatment plant to be constructed in the respective region.
The total annual quantity of scptage to be desludged from cach sctilement is 1,356 and
116m*/year in Central Region and South 3 Region respectively.



Table §-6  Details of Community Treatment Plant
S. No.| Name of Setilement | Zone Daily Maximum| Septic Tank Upﬂow Filter
Flowrate m3/d | (LxWxD)m (LxWxD) m
Central Region
1 |Final 14 90 17.0x8.5x2.0 -
2 |El Pilar 14 270 28.0x14.5x2.0 -
3 |El Cambary 14 60 13.0x7.0x2.0]  5.5x7.0x1.2
4 _|Campo Seco 16 220 25.5x13.0x2.0| 10.5x13.0x1.2
5 |Finca El Carmen 6 180 23.5x11.5x2.01 10.0x11.5x1.2
6 |Modmo San Antonio 6 180 23.5x11.5x2.0| 10.0x11.5x1.2
7 |Jocotales 6 470 |37.5x19.0x2.0| 15.5x19.0x1.2
3 |Quintanal 6 670 45.0x22.5x2.0| 18.5x22.5x1.2
9 |Santa Faz 6 110 18.5%9.0x2.0| _ 7.5x9.0x1.2
10 |El Tuerto 1 90 17.0x8.5x2.0| . 6.5x8.5x1.2
11 |Colinas I yII 1 170 22.0x11.5x2.0 9.5x11.5x1.2
12 [Bethania Secl 1 260 28.0x14.0x2.0| 11.5x14.0x1.2
13 |Bethania Sec i 7 360 33.0x16.5x2.0) 13.5x16.5x1.2
14 |Seis de Octubre 7 270 28.0x14.5x2.0} 11.5x14.5x1.2
15 |Joyal 7 450 36.5x18.5x2.0| 15.0x18.5x1.2
16 lloyall 7 450 36.5x18.5x2.0| 15.0x18.5x1.2
17 |Joyalll 7 450 30.5x18.5x2.0| 15.0x18.5x1.2
18 |LaloyalV 7 270 28.0x14.5x2.0| 11.5x14.5x1.2
19 |Colonia Argucta 2 360 33.0x16.5x2.0] 13.5x16.5x1.2
20 lIncienso 3 760 47.5x24.0x2.01 20.0x24.0x1.2
South 3 Region
1 |Loma Blanca 12 170 22.0x11.5x2.0 9.5x11.5x1.2
2 |Loma Blanca Il 12 180 23.5x11.5x2.0| 10.0x11.5x1.2
3 |Plaza de Toros 13 180 23.5x11.5x2.0] 10.0x11.5x1.2

Note 1. Bethania 111 and 1V arc considered as one community and is mentioned as

Bethania 11,

Note 2. Dimensions of septic tank and upflow filter are cffective dimensions.
Note 3. LxWxD = Length x Width x Depth

Souree : Study Team
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5.4 COST ESTIMATION
5.4.1 Total Invesiment Coslt

The total investment cost of sewerage and sanitation system were updated as of Febivary
1996.

Summary of total investment cost for Central region and South 3 region is shown in Table
5-7. Direct construction cost of each system, sewerage and sanitation systems arc shown in

Table 5-8.

“Table 5.7 Summary of Tofal Investiment Cost (Unit: Million Quetzal)

ftem Central South 3 Total
1 Direct Construction 379.5 173.8 553.3
2 Land Acquisition 29.2 18.1 47.3
3 Engincering Fee 22.8 13.9 360.7
4  Administration Fee 11.4 5.2 166
5 Physical Contingency 38.¢6 174 554
Total 480.9 2284 709.3

Note : Cost is as of February 1996
Source : Study Team

Table 5-8 Summary of Direct Construction Cost  (Unit: Million Quelzal)

Item Central South 3 Total
1 Sewcrage System 3315 168.0 499.5
(1) Sewer Pipeline 221.1 78.2 299.3
(2) WWTP 110.4 89.8 200.2
2 Sanitation System 48.0 5.8 538
{1} Sewer Pipeline 333 4.5 37.8
{2} Community Plant 14.7 1.3 16.0
Total 379.5 173.8 553.3

Note : Cost is as of Febuary 1996
Source : Study Team

5.4.2 Operation and Maintenance Costs

The summary of required annual O/M costs for sewerage and sanitation system are shown
in the Table 5-9 and 5-10 respectively.
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Table 5-9 Summary of Required Annual O/M Cost for Sewerage System

(Unit : Thousand Quetzalfycar)

Item Central South 3
1 |Wastcwater Treatment Plant

-1{ Personnel Cost 740 377
-Z) Transportation Cost of sludge 735 ~ 871 64 ~ 150
-3| Repair Costs (0.5% of C/C) 552 449
Sub-Total 2,027 ~2,163 890 ~976

2 |Sewer Pipeline :
-1jPersonnel Cost 132 346
-2{ Repair Costs (0.5% of C/C) 1,106 391
Sub-Total 1,238 137
Total O/M Cost 3,265 ~ 3,401 1,627 ~ 1,713

Note : Cost is as of February 1996
Source : Study Team

Table 5-10 Summary of Required Annual O/M Cost for Sanitation System

(Unit : Thousand Quelzalfyear)

Item Central South 3
1 | Wastewater Treatment Plant
-1|Personnel Cost 66 33
-2 Transportation Cost of sludge 3~43 1~4
-3 Repair Costs (0.5% of C/C) 73 6
Sub-Total 148 ~182 40 ~ 43
2 |Sewer Pipeline
-1l Personnel Cost 60 33
-2 Repair Costs (0.5% of C/C) 167 23
Sub-Total 233 56
Total O/M Cost 381 ~415

96 ~ 99

Note : Cost is as of February 1996
Source : Study Team
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5.5 EVALUATION OF ALTERNATIVES

To select the most feasible allernative, financial and cconomic cvaluation are made and
factors which arc not quantifiable are compared. Table 5-11 shows the summary of the
results of these evaluations.

5.5.1 VFinancial Evaluation

As shown in Table 5-11 , FIRRs of the alternative 1 (the project in Central Region) are
calculated at -1.7%, 3.5% and 7.1% for thice sewage service charge options; Charge I
{Q20/connection/month), Charge I (Q30/connection/month), and Charge I
{Q40/connection/month), respectively. Only FIRR 7.1% under Charge 111 is closc (o the
rates of IBRD (7.72%) and IDB (8.1%) which were applied in the foregoing projects of
EMPAGUA. In the casc of Charge II, some supporting countermeasurcs such as grant
would be necessary for EMPAGUA to manage the project financially sound, because FIRR
is less than the interest rates of the financial sources.

FIRRs of the alternative 2 (the project in South 3 Region) are negative for all sewage service
charge options. Therefore, even if a low interest foreign loan was applied to the proposed
project, it could be difficult to manage the project financially sound without any government
financial support.

Therefore, an appropriate financial conditions for sound management of the alternatives are
studied under the following integrated cases sct forth, taking into account of loan sources,
sewage scrvice charges, and financial sources,

a) Loan Sources
1)  Loan 1: interest ratc of 8.1% per annum and repayment period of 20 years
including grace period of 5 years.
2)  Loan_2: interest rate of 2.5% per annum and repayment period of 30 years
including grace period of 10 ycears.

b} Charge Oplions _
Sewage service charge options are set out at 20, 30 and 40/conncclion/month as
described above. However, it should be noted that some portion of scrvice charges
collected from Central Region; Q1G/conncclion/month, will be used not for the
proposed project but for the maintenance of existing scwer pipe networks,
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¢} Financial Sources
i)  100% capital covercd by loans
i)  90% by loans and 10% by grant
fii) 80% by loans and 20% by grant
iv)  70% by loans and 30% by grant

The following financial conditions are indispensable to manage the project soundly in
Central and South 3 Regions, respectivcly.

For Central Region (alternative 1)
(i) foan for 70% of the total investment cost from the loan 2
(i} grant for 30% of the total investment cost
(iii) subsidy to cover 20% of the loan interesl, and
(iv) application of Charge II

For South 3 Region (alternative 2)
(i) loan for 70% of the total investment cost from the loan 2
(i) grant for 30% of the total investment cost
(iii) subsidy to cover 20% of the loan intercst, and
{iv) application of Charge II1

5.5.2 Economic Evalualion

The economic evaluation for respective projects is examined in economic efficieney through
factors of net present valuc (NPV), benefit-cost satio (B/C) and cconomic internal rate of
return (BEIRR). The results of these factors are shown in Table 5-11.

EIRR and B/C of the project in Central Region is calculated at 0.5% and 0.27 respectively.
The values indicate that the project is not feasible from the economic point of vicw,

EIRR and B/C of the project in South 3 Region is calculated at 5.4% and 0.58 respectively.

The project in South 3 Region has higher economic cfficicncy than that in Central Region, as

far as judging from the cconomic point of view. The economic efficicney for the project in
" South 3 is further ¢xamincd by a sensitivity test,

The sensitivity test is carricd out only on the variation of the total costs and benefits, without
any examination on the variation of the major input. The test is made for variation of 5% and
10% of the cost and benefit with regard to EIRR of the project in South 3 Region. The
results arc shown in the following Table 5-12.
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Table §-12  Results of Sensitivity Test on EIRR for South 3 Regien Project

Cost Increasc _ Benefit Decrcase
0% 5% 10%
0% 5.4% 5.0% - 4.6%
5% 5.0% 4.7% 4.3%
10% ' 4.7% 4.3% 3.9%

Source ; Study Team

The results indicate that EIRRs of the project in South 3 Region keeps more than 4% éxcept
the case of 10% increase of cost and 10% dccreasc of benefit. Although, EIRRs arc lower
than the opportunily cost of capital of 10%. The project in South 3 Region could be viable
from the economic view, considering the EIRR values for sewage projects.

5.5.3 Other Factors
Unguantifiable factors, are also considered for sclection of First Stage Projccf.

The factors are: _
- Contribution to the protection of potential water resources
- Benefit to the downstream population
- Public appeal
- Rase of implementation

Bascd on the discussion shown in Ttem 3 ef Table 5-11, as a first stage project South 3
Region is favored in all aspecls. '



5.6 SEL-EC’I‘ED ALTERNATIYE FOR THE FIRST STAGE PROJECT

Altemative 2 : South 3 Region is sclected as First Stage Project becausce it is
economically superior and other factors are also favorable. The only drawback of

Altemative 2 is financial.

Considcring the financial limitations, Sanitation System in the Alternative 2 is transfeored to
the subsequent stage for the following reasons:

- investment efficiency,

- priority of EMPAGUA / on-going projects, and

- existing density of houses (shows potential growth).

Table 5 -13 shows the facilities for the First Stage Project. Layout Plan of Wastewaler
Treatment Plant for the First Stage Project is as shown in Fig. 5-7.

It is necessary lo devise a feasible financial plan. It should be noted that the evaluations are
made on the condition that each alternative are paid by the users in the respective region. In
other words, it is based on ‘Polluters_Pay Principle’. Water supply resources of South 3
Region is being used by the population in Central and other Regions. Therefore, water
supply uscrs in Central Region arc also the beneficiaries of the First Stage Project in
South 3 Region and it is justifiable that part of the financial burden be borne by the water
supply users in Central Region. Complementing the ‘Polluters Pay Principle” with
‘Beneficiarics Pay Prnciple’, feasible financial plan is prepared and is swmmarized in
Section 5.7.1. | "



Table 5-13 Selected Alternative for the First Stage Project

ITEM SOUTH 3 REGION

FUNDAMENTALS
_ CONSTRUCTION PERIOD

L1999 ~ 2001

"SEWERAGE
Served Ares, ha 896

“Served Population (Asof 2002) | 33,200
FACILITY DESIGN
SEWER
Collection system : Separate
Main Collector :
a) diameter and Length . 1,500 num x 10.0 km  (Tunnel, soft )

1,200 mm x 1.2 km (Open Cut, soft )
300~700mm x 6.0 km (Opén Cul, soft )
400~700mm x 0.12 km (Pipe Bridge, 2

o Locations )
b) Total Length 172,32 km

BN N i =

— ot
DD =

a) diameter and Length 200mm x 86.1 km (Open cut, soft}

2.2  WASTEWATER TREATMENT PLANT :
2.2.1 Treatment Capacity, m3/d (daily 36,000
2.2.2 Raw Wastewater Qualily

a} BOD, mg/l. 280

) b} 88, mg/L ‘ 280

T T e P L, B Sty ——
2.2.4 Treatmen Process =~ . Trickling Filter Process

a) BOD, mg/l. 56
e D)SSmL .
S Reesiving Watsr Bady Viiisiohss e s Rives
3 COSTS
3.1 Total Investment Cost, million Quetzal 221.3

327 Total O/M Cost, miliion Quetzalfyear (for 1.63
the year 2002) .

Note: Al cosfs are in 1996 Prices (February 1996)
Source : Study Team
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5.7 IMPLEMENTATION PROGRAM
5.7.1 Financial Plan
a) Firance and Sewage Service Charge

The financial evaluation of the project in South 3 Region conducted in the previous section
as an individual and indcpendent management scheime indicated that the project can not be
managed soundly without any government support.

H(_)wever, as it is advised by the Steering Commiltee, the governments of both the central
and local autonomous can not afford to offer subsidy for the project. Thus, the following
financial sources are considered, to prepare a financial plan to implement the project ; (i)
loans from foreign financial sources and (ii) self fund which is saved through surcharge on
other EMPAGUA’s scivice territory.

The latter financial sources for the project in South 3 Region could be provided from other
"EMPAGUA’s service territory, such as Central Region, as discussed in Section 5.6 of this

report.

Following terms of loans are set up to prepare financial plans :

1} Financial Source A (Long-term Loan} |
The credit ceiling is 75% of the total investment cost and an interest during
construction period can be added on the ceiling. Interest rate is 2.5% (2.1%
applicd to consultant fee). A repayment period is 30 years including 10 years of
grace period.

2} Financial Source B (Long-term Loan)
The credit ceiling is 90% of the total investment cost, which can include a local
portion as well as a foreign portion. Interest ratc is 8.1%. A repayment period is
20 years including S years of grace period.

3) . Financial Source C (Short-term Loan)
[n addition to the above long-term loan, to cover financial shortage on operation,
10% of intercst ratc loan limited within onc-year is also applicd as working fund.

The following financial plans arc provided for the implemicntation of the proposed project, in

which the financial source A is considered as the main source, taking account of difficulty of
financial viability.
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Plan1: Seventy five percent (75%) of the total investment cost is financed
by the financial sourcc A and the rest (25%) is raised by
EMPAGUA’s fund saved through surcharge on Central Region.

The average sewage service charge will be increased from the
current average charge of Q10/conncction/month to
Q21/comncetion/month. The  net mark-up  chaige  of
Q11/connection/month will be contributed to implement the First
Stage Project in South 3 Region through saving as a Fund during
four years from 1998 to 2001 before the implementation of the
project.

After starting the operation as well, some amount of supposition
fund is transferred through surcharge on bencficiary in Central
Region. The surcharge rate is kept at the same level continuously
cven after slarting the operation.

Plan 2: Seventy five percent (75%) of the total investment cost is financed
by the financial source A. The rest of 25% is raised by both the
financial source B and EMPAGUA’s fund saved thiough surcharge
on Central Region. In this case, the fund saved by EMPAGUA
through the mark-up of charge of Q3/connection/month during 1998
to 2001 is not sufficient to caver the rest of 25%. The remainder will
be financed by the financial source B.

Derivative Plan 1: This is a Derivalive of Plan 1, in which construction of sub-main
and lateral sewer system is extended for two more years, such that
net mark-up of sewage service charge could be redueced to
Q7/conncction/month.

The financially practicable conditions for cach plan arc enumerated in Table 5-14, The
nominat FIRRs of the financial alternative plans were calculated at 8.0%, 3.2% and 5.8%
respectively. '



Tabte 5-14 Financially Feasible Conditions for Proposed Preoject
' ' {Unit: Million Quetzal)

Item Plan 1 Plan 2 Derivative of Plan 1

Financial | Financial Source A 1733 735 733
Sources Financial Source B - 26.5

Fund Saved by EMPAGUA*1 52.0 25.5 52.0

Revenue of Scwage Services 131.0 93.6 106.2
Total * Domestic | 105.4 5.3 4.0
Revenue *2 * Indusirial 25.6 183 22.2

Transfer from General Account 611.7 276.1 371.0
Average Service Charge (Q/connection/Month) 21.0 i 15.0 I 17.0
Nominal FIRR *3 8.0% | 3.2%] 5.8%

Note: *1  Average service charge in this {2ble has to be applied 1o Ceniral Reglon area afier the year 1998.

*2  Accomulation for the cconomic life of the sewerage facilities.

*3  Anintemal rate of relum of tolal revenue from sewage trealment services including transfer from
EMPAGUA’s general accounts against the total amount from lpans.

The average sewage service charge (Q21/connection/month) of Plan 1 looks high compared
to the present average charge of Q10/connection/month. On the other hand, the average
sewage service charge (Q15/connection/month} of Plan 2 looks reasonable when compared
to that of Plan 1. In Plan 2, however, the undertaker has to get loans from two foreign -
financial sourccs. - It might often be intricate for a debtor because of complicate procedurcs

and communication among agencies concerned.

Sewage service charge is calculated at Q17/conncction/month for Derivative Plan 1. This is
only Q2 higher than that of Plan 2, ‘This ratc sounds reasonable. Moreover, the undertaker
could rcly on a single foreign financial source, so it could promote the implementation
without intricate- pracedures. The nominal FIRR of the financial alternative plans is
calculated al 5.8%.

Table 5-15 shows the level of sewage service charges as a percentage of household income
by income class. Hence, cach famify is assumed ta consume the aforcsaid volume of water.



_ Table 5-15 Level of Sewage Service Charge as Percentage of Ilouschold

Income

Item {.ow Income Middle Income High Income
Monthly Income (Quetzal) Less than 2,000 2,001 to 5,000 Moce than 5,001
Water Consumption {m’/monsh) 23 25 43
Sewage Service Charge

Present Tanff *1 3.68 4.00 6.40

Cherges based on Derivative of Plan 172 6.26 6.80 10.88
Percentage of Iicome

Prescnt Tariff *3 More than 0.18% 0.08% 10 0.20% Less than 0.13%

Charges based o Perivative of Plan 1%2
Relzrential Rate *3

More than 0.31%

Maximum 3%

0.14% 10 0.34%
Maximum 3%

less than 0.22%
Maxinum 3%

Note:

*1 The presen! tariff, evised in January 1995,

+2 Charge based on the derivative financial plan of Plan 1, i.e,, Q1'/connection/month on averzge.
This average charge corresponds 10 Q0.27/m?, which is 1.7 tinies of present unit charge of Q0.16/
m’,

*3  Low Cost Sanitation, World Bank Economic Development Institute
the derivative financial

When  the charges based on of Plan 1,

Q1 7/conncction/month on average, were reflected in the sewage service tariff, the charges

plan i.e.,
will increase to less than 0.22% of houschold income for high income class; 0.14% lo
0.34% for middle income class: and more than 0.31% for low income class. For low
income households, the tariff structure still seems to be more burdensome. However, those

percentages as a whole look reasonably small.

The mark-up of the average sewage service charge from Q10 to Q17 is considered 10 have
the same effect that the present 20% surcharge rate is raised to 34%. Moreover, once the
incremental charge is examined from the total incrcasc of the water and sewage services, the
increasce rate results in only 12%.- ‘This would look not so hcavy for the beneficiarics in the
seivice areas.

b) Economic Efficiency

As described in Scction 5.6, implementation of sanitation system is not included in the
proposed First Stage Project, thus, EIRR of the First Stage Project (only sewerage) in South
3 Region was re-calculated at 5.7% (increased from 5.4%).

5.7.2 Censtruction Program

a) Implementation Schedule

The development plan of the project is scheduled as follows based on Derivative Plan 1.
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Detailed design and construction periods for the first stage is estimated to be six (6) years
from 1998 to 2003.

[First Stage] 1998 :  Detailed Design Period
1999 ~2003 :  Construciion Period
2002 ¢ Commissioning

b) Construction Works for Each Year
Facilities to be constructed from the year 1998 to 2003 arc shown in Table 5-16.

Table 5-16 Implementation Ratio/Volume of Construction Works

Sewer Pipeline

Scrial No Year Trunk Sewer . |Branch Sewer; WWTP
dia 1500 mm | dia 300 ~1200 | dia 200 mm
i 1998
2 1999 3,340 m one-third 20,000 m one-third
3 2000 3,340 m one-third 20,000 m one-third
4 2001 3,340 m onc-third 20,000 m one-third
5 2002 13,000 m
6 2003 13,000 m

Source : Study Team
¢) Disbursement Schedule

The proposed disbursement schedule of the project cost in the first stage is shown in Table
5-17. Payments for Land acquircment of WWTP will be in ycar 1999 and 2000.

5§.7.3 Organizational Plan

Table 5-18 shows the staff scparation of Wastewater Management Division by person-year
concept. The staff of Administrative Section and Division Head are divided pro rata to the
number of non administeative staff working for various scwerage projects. “Other projects™
include all other projecis than the First Stage Project of the Proposed Project, such as
existing sewerage /sanitation works and preparation for other works in later stages.
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Table §-18 Person-Year Required for First Stage Project in 2002

Required for First ~ Required for Total Staff
Stage Project Other Projects Required
Division Head 0.07 093 1
Administrative Section
Section head 0.07 0.93 1
Assistant section head 0.07 0.93 1
Secretary 0.14 1.86 2
JUnskilled worker | - 0214 .1.86 2
Foiii . B g = -3
O/M Section
Seciion head 0 1 1
Assistant section head 9, 1 1
Clerk 0 2 2
Civil or sanitary engincer 1 0 i
Technical Staff 2 11 13
Secretary _ 1 1 2
Unskilled worker 15 85 100
T TR T T8 e
Planning Section
Section head 0 1 1
Civil or sanitary engineer 0 1 1
Assistant engineer 1 2 2
* Drafls person {Assist.engineer) 0 1 1
Secretary 0 1 1
Unskilled worker 0 2 ‘ 2
g % 8
Construction Scclion
Section head 0 1 1
Assistant Section Head 0 1 1
General affair staff 0 3 3
Clerk 0 4 4
Secretary 0 ] 1
Technician 0 4 4
Specialized worker 0 5 S
Chief worker 0 10 10
Operative worker 0 L0202
Total 0 131 131
Grand Total 19.5 246.5 266

Source : Study Team
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5.8 ENVIRONMENTAL IMPACT ASSESSMENT
5.8.1 Legal Framework

Environmental Impact Assessment is carried out to satisfy the requirements of the Law for
the Protection and Improvement of the Environment (‘Ley 68-86°) since EIA must be
“approved prior 1o project  implementation by National Environment Commission
(CONAMA). At the Master Plan slage, an IEE was carricd out and the TOR for EIA was
approved by CONAMA. The Municipal Water Supply Public Corporation (EMPAGUA) will
be the implementing organization for the First Stage Project.

5.8.2 Pfoposed Project Versus No Action

Table 5-19 shows thc Project Summary. The exisling environmental conditions arc
worsening and action on systematic management of wastewater disposal is long overduc.
The Proposed Project is part of the sustainable solution to the worsening problems due to
indiscriminate disposal of wastewater in the Guatemala Metropolitan Arca. Table 5-20
shows the comparison of the benefits of the Proposed Project versus if no action is taken.
From the table, it is clear that the advantages outweigh the disadvantages.



Table 5-19 Project Sumniary

Item

Content

Name of Project

First Stage Project on the Improvement of Waslewater Management in
the Guatemala Melcopolilan Area

Background

Most of the wastewater from Guatemala Metcopolitan Area is being
discharged without treatment to valleys/rivers and Lake Amatitlan, thus
polluting water supply sources (surface water and groundwater) and
living environment. To improve the wastewater management a Master
Plan has been prepared to the year 2015, Feasibilily Study is conducted
to select the First Stage Project,

Objective

To construct and operate
a) sewage collection facilities (main collectors and manholes), and

b) wastewater treatment plant for the South 3 Region with a lreatment
capacily sufficient until the year 2008

Location

Areas in the Municipalities of Guatemala, Santa Catarina Pinula, Villa
Canales and San Miguel Petapa (Fig. 5-8)

Implementing
Organization

Guatemala Water Supply Public Corporation {(EMPAGUA)

Beneficial
Population

Direct beneficiaries are the 53,200 people who will be connected 1o the

WWTP at the commencement of WWTP (2002). Improvement of living

environment and reduction of water-borne diseases in the sewer served

area is expected.

Indirect beneficiaries are ;

a) population depending on the groundwater resources of Ojo de Agua
and surrounding area

b) population using Pinula River waler for washing and irrigation

c} population downstream of Michatoya River

Type of Plan

Feasibility Study

Target Area

- 1,500mm x 10.0km {tunne! in sofl)

- 1,200mm x 1.2km (open-cul in soft)

- 300~700mm x 6.0km (open-cut in sofl)

- 400~700mm x 0.12km (pipe-bridge, 2 locations)
Total length - 17.32km

a} Colleclors

about 30ha
b} Area of
WWTP year 2002 -53,200 persons, commercial
¢) Served eslablishments and industries
Population year 2008 - 133,300 persons, commercial
eslablishmenls and indusiries
year 2001 - 896ha
d} Area of
treatment .
districl year 2002 - 5,8%0m fd {daily maximum)
¢) Quantity of year 2008 - 34 750m°/d (daily maximum)
Wastewater

Sewage Collection
Method

Separale-sewer Syslem

Trealment and
Disposal Method

Wastewater a) Treatment Process  High-rate trickling filter with intermediate
Treatment Plant clarifier

(WWTP) b} Trealmeni Capacily 36,000m’/d (daily maximum)

Waslewater Sludge | a) Treatment Process  Drying-bed

b} Disposal Method Sanitary landfill of the Municipalitly of

Gualemala

Receiving Water

Treated effluent will be discharged to Pinula River which confluence
with Vitlalobos River about 1 km downstream. Villalobos River
discharges to Lake Amatitlan at about 7.7 km downstream. Michatoya
River, which is the only exit of Lake Amatitlan, confluences with many
rivers and finally discharges to Pacific Ocean 81 km downstream.
Effluent qualily : BOD - 56 mg/L and SS - 56 mg/l.

Source : Study Team
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Table 5-20 Comparison of Proposced Project Yersus No Action

Ttem With Project No Aclion
1. - Improvement of living . - Indiscriminate disposal of
Sewerage service | cnvironment of 896 haand for | wastewater without treatment and
with treatment 53,200 persons, commnicrcial worsening living environment
' establishments and industries | - Increase in water-bome diseases
- Reductions of watcr-borne -- Additional pollutant load to rivers
discases and groundwater, thus
- Pollutant load reduction to rivers | accelerating the pollution of
and groundwater of existing water supply sources.

3,010 kg BOD/ and
3,010 kg SS/d.

2. - Employment opportunities in - No opportunily.
Construction of construction sector - Strain on existing infrastructure.
Collector and - '
WWTP - ' -
3. - New employment opportunities | - No opportunity and no skills.
Operation and and acquiring of WWTP
Management of operation skills, which are
WWTP essential for sewerage
development in Guatemala
- Slight impairment of living - No impairment.

environment around WWTP

Source : Study Team
5.8.3 Significant Environmental Impacts and Mitigation Measures

Table 5-21 shows the summary of significant environmental impacts and mitigation
measures required . Fig. 5-8 shows the major environmental changes due to the proposed
project,

Table 5-22 shows the mitigation measures to be taken at each stage showing the organization.
responsible for it.

5.8.4 Monitoring and Contingency Plans

In addition to the water and shudge quality moniloring of WWTP to be conducted by
EMPAGUA for operation of WWTP, monitoring the cffects of the Project is neccssary for
planning in the future, They arc : :

a)  South 3 wastewater treatment plant cffluent

b}  Dricd studge from South 3 WWTP

c)  Pinula River and Villalobos River near the confluence of those rivers.

d)  Lake Amatitlan and Michatoya River



Table 5.21 Summary of Significant Envirenmental Impacts

Project Activity Description of Impact | Category Impact Action
a) Pre-construction Stape {immedlate impaets)
1.1 Land Procurement | 1-1.1 Failure in Social Serious | Ensure procurement.
for WWTP procurement
1-2 Public Relations | 1-1.2 Peblic opposition Social Moderate | Implement public education
on the 10le of sewerage
b) Construction Stage (immediate or short-term impacts) .
2-1 Excavation of 2-1.1 Wash-away of Physical Moderate | Provide adequate drainage and
Tunnels excavated soil retention pond for soil stock-
, piles.
2-1.2 Possibility of Social Positive | Inform Depariment of
finding historical Meonuments for rescue of those
evidences tems
underground
2-1.3 Noise, dust and Social Moderate | Take proper construction
accidents during proceduses 1o reduce them.
transporation Request public understanding
_ with shorl-term disturbances,
2-2 Cut and Fill 2-2.1 Muddy water and Physical Moderate | Take proper construction
Operation for silting of Pinula procedutes {o avold wash-away
River of malerial. |
WWTP 2-2.2 Disturbance lo Physical Minor ] Landscapc WWP site.
Construction ~ vegelation
2-3 Construction 2-3.1 Strain on Physical Minor | Provide waste disposal
Aclivity infrastructure due facifities for temporary
to labor influx. shelters for labor,
¢} Operatlon Stage (long-terin impact)
3-1 Elimination of § 3-1.1 Legal awthorily is Revise laws and regulalions
Raw Wastewater neccessary for Physical Serious
Discharges implementation
(connection to
sewerage system) |
3-2 WWTP Discharge | 3-2.1 New point source Implement monitoring
10 Receiving from WWTP Physical Minor
Waler
3-2.2 Erosion of river Physical Moderate | Build suitable outfall
bed
3-3 WWTP Operation| 3-3.1 Fly and odor Piant trees and plants. _
problem Social Moderate | Follow pood house-keeping
3-4 Disposal of 3-4.1 Contamination of Accept only non-toxic
shidge soil and waler. Physical Serious  § waslewater.
Monitor wastewaler and
sludge.
3.5 Stability of Cut § 3-5.1 Failure of slopes Provide stable slope and
and Fill Stopes Physical Serious | maintain,
3-6 Ability to 3-6.1 Failuse of sewerage Design structures to withstand
withstand system due 10 Physical Serious | earthquakes
| carthquake earthquake o
3-7 Public Relations | 3-7.1 Public opposition Public education and conduct
or indifference 1o | Seoclal Sericus | public / children visiis 1o
Sewerage WWTP

LN—O(Q‘ : Impacl are classified as Serious, Moderate and Minor of which only secious impact will endanger the
Project implementation o ils sustainability. '

Source : Study Team
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It is desirable that these kind of monitoring be conducted by CONAMA. Frequency of
monitoring may be three to four times a year, Analytical and measurement paramcters shall

include flowrate, organic matter, nulrients and heavy metals.

At this stage, it is nol convenient, nor necessary, lo prepare detailed contingency plans.

These have to be done during the final design stage and can be focused in the following

aspecls:

1) Plan in case of accidents during tunneling.

2) Plan in case the tunnels fail / during maintenance

3) Plan in case the wastewater trcatment plant stops operation.

Table 5-22 Mitigation Managemenl

Mitigation Measure

Responsible Organization(s)

Public liaison/children Education

Monitoring

a) Before Detailed Design
- Arrangements for fand procurement EMPAGUA
Publicily and public education campaigns EMPAGUA and INFOM
- Revision of laws and regulations for EMPAGUA| Government of Guatemala
| __to provide sewerage service (INFOM / EMPAGUA)
b) During Detailed Design
- Construction methods EMPAGUA
- Design criteria for structurcs {approved by CONAMA)
- Design criteria for slopes (cut/fill)
- WWTP O/M Manual
- Landscape Design
¢) During Construction
- Construction method EMPAGUA (supervision)
- Provision of shelters/facilities EMPAGUA/Municipalities
d) During Operation
- WWTP Operation EMPAGUA

EMPAGUA, Municipalitics and
Ministry of Education
CONAMA

Source : Study Team
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6 CONCLUSION AND RECOMMENDATIONS

6.1 CONCLUSION

The Project in South 3 Region is identified and is proposcd as the First Stage Project
through the Study on the Improvcmcnt of Wastewater Managemcnt in Guatemala
Metropolitan Area.

Discussion in the preceding sections showed that the First Stage Project in the South 3
Region is financially feasible provided that a Wastewater Management Fund is established to
cover the local portion required for implementation.

Generally, sewerage projects are implemented with subsidies from the Central Government
or local government because initial investment required is high. However, in this case the
possibility of obtaining subsidy is rather limited and the only way of gencrating capital for
investment will be to obtain forcign with a low interest rate and good terms loan and to
establish the Wastewater Management Fund from the mark-up of sewerage service charges
in the existing scwer-served areas in Central Region.

It is concluded that the proposed First Stage Project in South 3 Region is the most feasible
alternative in the process of improving the wastewater management in the Guatemala
Metropolitan Area. ‘The proposed mitigation management and monitoring plan described in
EIA should be carefully examined and implemented. '

6.2 RECOMMENDATIONS

To implement the proposed First Stage Project and Wastewater Management Master Plan
smoothly the following measures are recommended.

a) First Stage Project

1) Fstablishment of Wastewater Management Fund
- Take necessary actions to establish Wastewater Management Fund for
implementation of First Stage Projcct, such as 1o obtain approval from
municipalities for increasing sewcrage scrvice charge.
- A suitable tariff structurc shall be introduced and the billing and colicction
system shall be improved to ensure the accumulation of Wastewater
Management Fund '



2)

3)

b)

1)

2)

3)

4)

S : S v
Procurement of Land for WWTP
- Takc'ncccssary actions to procure land for the proposed South 3 WWTP site.
Altemative sites for WWTP are very limited due to mountainous topography and
utmost importance should be given for this.
Strengthening of Legal Powers of EMPAGUA
- Entrust EMPAGUA with wastewater management in the First Stage Project Arca
and in the long-térm to the entire Study Arca (not only within the municipality of
" Guatemala),
- Set standards for accepling or rcfusmg mduslnai wastewaler
- Require that all desludging be controlled by EMPAGUA. Private desludging
operators shall report to EMPAGUA and the sludge shall be brought to the
. wastewater treatment plants.,

Wastewaler Management Masteér Plan

Sanitation Facility Management
New facilities to be constructed by EMPAGUA will be managed by it,

- Bring the management of existing small-scalc scwage treatment plants under
EMPAGUA’s management as a prerequisite for their rehabilitation,

- Disposal of scptage from private desludging shall be at the wastewater treatment
plants and shall be applicd over the entite Area In order to appeal to the public.

Sewerage Facility Management _

- Information and Records of the existing sewer network are in disorder.
Confirmation and arrangement of this data is urgently required. Systematic record
keeping for all sewerage facilitics should be established.

Effluent Standards

- Current cffluent standards shall be improved and enforced. In the long-term
cffluent standards shall be sct based on water qualily standards for public water
bodies.

Ground Water Protection
Currently there are no laws governing the disposal of wastewater underground.
Underground disposal of wastewater is practiced extensively including the
disposal of industrial wastewaler. Regulations concerning the underground
disposal of wastewater shall be prepared and inplemented to protect ground
waler sources.
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