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a2  NOM-083-ECOL-1996

. . - Necessity of Consideration/
o Issues slaled in the norm Site conditions counter-melgsu:es counleimeasuias
=5 General aspects
The minimum dislance of The distance to the No need. Counlermeasures arc
3,000m should be secured nearest airport is about UNACCessary.
from aa airport whede turbine | 10k,
| cngine airplanes are operated.
The minimum distance of The distance o the No need. Counlermicasures are
1,500m shoutd be secured nearest airporl is about uUnNCCessary.
from an airport where 10km.
reciprocating engine airplanes
are operated.
The right of way of highways, | Autopistafo Texcoeo { Neccssary. U-turn pait is to be
railroads, main and secondary | runs about 1.0km widenzd to avoid
roads must be respected. south of the site. It will adverse influence on
be used for waste traffic on the
transportation. autopista, when waste
transporlation trucks
come into and go out
of the access road.
ey Sites should not be located in | Thesiteisnot ina No nced. Counlermeasures ace
§ natural protected areas. natural protecied arca. UNNRecessary.
"The right of way of federal An gas pipe line is laid | No nced. A map (Figure H-20)
public works should be in the ground at the shows the location of
respected, such as ol and gas | south-west of Ihe site. pipe installment.
pipchines, electiic power However, it is out of
pylons, waler pipes, efc. the site.
"The minimum distance of The nearest residential | No need. Counicrineasures are
1,500m shouvld be secured area is 2.2km away UONECTSSATY.
from an edge of a residential from the west border
area. of ihe site.
Hydrological aspects
The site must be outside of a The site is not located | No need. Countermeasures are
flood plain with retura pertods | in such a flood plain. UONRCCessary.
of 100 years,
‘The municipal solid waste -| The groundwater level | No need. Countermeasures are
final disposal site will not be is aboul 0.7m from the UANCCEsSary.
located at swamps, sally surface, and the water
marshes and similar places. has salinity, Bul the
sile is oot
I swamp/marsh,
The minimum distance of The site is next to No need. Counlermeasures arc
1,000m should be secured *Dren Texcoco Norte? UnNRECessary.
from surface water bodies which is a sewer of
which have capacitics for the | municipal waste water.
10 year return period rainfall. | So this is not surface
water body.

In this section, the site conditions are screened according to cach of the requirements
stated in the NOM-083-ECOL by examining countermeasures which are nceded for

the site condilions to meet with the requirements (See Table H-52).

Table H-52: Consideration of NOM-083-ECOL
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Issues stated in the norm

Site condilions

Necessity of
counler-measures

Consideration/
countermeasures

éeolog?cal aspecis

The site must be located at a

No [ault is observed in

No nced.

Countermeasures are

minimum distance of 60 the site and with in 60 UNASCessary.

meters away form active faults, | from the site.

‘Fhe site must be located The site’s subsoil is Necessary. Landfil slope is to be
outside of arcas wilh unstable | highly compressible inclined properly to
banks where soil movements clay as Elapa V. avoid faiure.

_may happen. '

The zones, whete scrious Necessary. Impermieable liner is
settlements may happen, which to be installed 1o
lead to land fractures and aveid water-bearing
increase risk of water-bearing strata poliution.
strata potution, must be

avaided. - 3

Hydrogeological aspecls

Infittration rate to a water- The groundwater level | Necessary. Landhifl bottom
bearing siratum must be kess is aboul 0.7m under {impesmeable) liner
than 3x10" sec’!. the surface, bul the will be installed o

water can not be used avoid seepage of
for potable water due leachate to the

_ to its high salinity. surcoundings.

The minimum distance, from | There are about 30 Necessary. Well casings are

the site to water extraction
wells for domestic, industrial,
itrigation and livestock
farming use that are shill
operaling or abandoned, must
be 500m.

wells which were used
for salt making in the
site.

needed to be
removed, then sealed
properly.

a. Access

Since it is necessary for waste transportation trucks (70m’ truck trailers) to vse part of
the ‘Autopista Mexico Texcoco’ to reach the site, a certain agreement with an
authority which is in charge of the autopista may be needed. Technically, the U-turn
part should be widened enough for the trucks to go through easily, then to avoid
adverse influence on traffic.

Waste transportation trucks will come from the autopista. There are two roads
connecting the siie (o the autopista. One is running along the west border of the site,
and its lenglh from the site to the autopista is about 1.5km. The other runs along the
cast border, and the length Lo the aulopista is about 0.6km. Both of roads do not have
cnough width of about 4m for the waste transportation trucks. Therefore, whichever
road is used as an access road, expansion work is necessary,

There are some buildings of CNA at the entrance of the former road, and a gas
pipeline (Sce Figure H-20) is faid around the south-west corner of the site. On the
other hand, only a gate and a small building to watch the gate exist at the entrance of
the latter road. Consequently, it is recommended (o use the laller road as an access
road from the autopista to the site in order to avoid adverse influence on the buildings
and the gas pipeline on the former load and make costs of the access road
construction cheaper. ' '
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ad  Physical Impact of Proposed Landfill Development

In the same way as the Etapa [V tand{ill site, this candidate sitc for a new landfill is
located on a highly compressible clay layer of the ex-Texcoco area. Thercfore,
influence on a canal flowing along the site, influence on the impermeable liner and
influence on stability of the landfill slope arc examined on the basis of a geological
survey conducled during the 2nd study work in Mexico.

a.d.l  Geological Survey
i Objectives of the Survey

The objectives of the geological survey is to acquire soil data of the site in order to
examinc the technical feasibility of New Landfill Development,

ii. Survey Items

The survey was carricd out at Bordo Ponicnte Etapa V. The number of borings and
survey items are shown in Table H-53.

Table H-53: Work Quantity of Soil Survey at Etapa V

Survey ltems Survey Contents
Boring 0 to 40 m deep: 4 bore holes
0 1o 60 m deep: 1 bore hole
Soil tests liquid limit, plastic limit, unit welght, consolidation, grain size, waler
content, tri-axial compression

fil, Results of the Survey

The groundwaler levels are shown in Table H-54, and the soil characters acquired by
the survey are summarized in Table H-55.

Table H-54: Groundwater level of Etapa V

Site Bore hole number Groundwater level (m}
SM-1 0.35
Etapa Vv
SM-4 2.30
SM-5 0.80

i-72
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iv. Findings

The surface stratum at the site is occupied with 45m thick clayey lacusirine deposit,
which is divided into theee layers by two sandy layers tocated at 32m and 37m in
depth respectively. Almost all N values of the stratum show 0, zero. A stable layer of
which N vatue shows more than 50 exists below the depth of 45m, The lacustrine
deposit shows considerably high natural water contents of from 130 to 450% and low
unit weight of about 1.20 ton/m”. Therefore, it is judged that the lacustrine is
considerably soft clay according to the soif surveys result

a.1.2  Landfill Development Influence on Dren Texcoco Norte

Examination of influcnce on the canal, Dren Texcoco Norte, which is flowing the
south side of the site, caused by the New Landfill Development was carcicd out by
using soil data acquired through the soil survey. Conditions sct for estimation of
subsoil setitement and the results of the examination arc presented below.

i. Cenditions for Estimation of Influence

Data on soil layers al SM-1 bore hole are employed for the estimation. The lacustsine
layer is subdivided into 8 layers as shown in Table H-56. The waste load is assumed
to be the one when the landfill becomes 24m high and the unit weight of waste after
initial compression at the landfill is assumed to be 0.8 ton/m>. And (wo cases are sel
depending on whether buoyancy caused by the groundwater is considered or not. Case
1 ignores such buoyancy, on the other hand, Case 2 takes buoyancy into
consideration.

Table H-56: Subsoil Conditions

Layer Thickness of fayer (m) | Unit weight {ton/m")
1 50 1.14
2 5.0 1.23
3 5.0 1.25
4 50 1.17
5 5.0 1.25
[ 6 6.8 1.25
7 0.7 1.60
8 4.1 1.24

Note: The water level is assumed al Om deplh, becavse the
groundwaler level al SM-1 was 0.35.

ii. Resulls of the Fstimation

'The results are schematized in Figure H-21.  The result of Case 1, without
consideration of the buoyancy, is that the final subsoil settlement {theoretical
maximum) will be 13.82 m in the land(ill center which may cause Smm scitlement at
the 100m off-sct drainage canal. Meanwhile, the final subsoil settlement {theoretical
maximum) of Casc 2, with consideration of the buoyancy, will be 9.35m in the
tandfill center which may cause 2mm subsidence at the 100 off-set drainage canal.

The duration of scitleiment was also estimated. The result shows that it will take 3 1o 4
years to rcach 60% settlement (See Table H-57). Therefore, it is recommended that
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enough interval should be secured before waste placement on a next lift, i.c., allcinate
usc of Elapa IV and V is recommended.

Table H-57: Duration of Settlement

Consolidation (%) | 10 20 30 40 50 60 70 80 oG 100

Duration (days) | 19|74 | 186 }38a | 726 |1378 | 2667 | 5072 | 9879 |-

Settlement (m) 138 276 |a14 |552 {691 |829 |967 | 11.05] 1244|1382

{See Data L of Data Book)

iii. Inflzence en the Canal (Dren Texceco Norie)

The results show that the maximum subsoil seltlement will be 13.82m and the
minimum one be 9.35m. However, this estimation assumnes that water confained in
the subsoil is drained duc to the waste load pressure under the theoretically most
favorable condition without any impedance. Therefore, the actual subsoil sctilement
should be fairly smaller than the estimated oncs as mentioned in the Vertical
Expansion Plan. In conclusion, the estimalion shows only Sinm subsidence of the
drainage canal under the theoretical maximum subsoil sctiiement caused by the
New Landfill Development. So, it can be said that the New Landfifl Development
will not pose a serious problem on the drainage canal structure.

a.1.3 Landfill Development Influence on the Impermeable Liner

Figure H-22 schematizes the subsoil settlement. The part of liner under the first lift’s
slope will undergo the largest lensile stress. The tensile siress can be expressed as
1.1% in clongation terms (48.26m/48im=1.0054, i.e., 0.54% of stretch, taking into
consideration the stretch of two-dimension, 48.26%/48°=1.011, i.c., 1.1% of strcich,
see Fipure 11-22). This would be absorbed in the tensile performance of the
impermcable liner.
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Figure H-21: Subsoil Setllement
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Figure H-22: Subsoil Settlement and Liner
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a.l.4  Influence on Stability of Landfill Stope

The soil data presented in Table H-55 are employed in the Bishop Method for
calculating the slope stability. The minimum factor of 0 to 8m elevation with a slope
of 1 in 4 shows 0.920 which mcans that slope failure could occur as the minimum
factor is less than 1.0. Although a slope failure has not happened in the existing
landfill of Etapa 1V of which slope is 1 in 4, a gentler slopec of 1 in 6 is
recommendable for the first Lift of 0 to Sm elevation as the minimum safcty factor of

%ﬁ« the slope exceeds 1.0.
On the other band, minimum factors of other slopes exceed 1.0, therefore, the vertical
expansion is viable from a viewpoint of landfill slope stability.
Table H-58: Resuit of Slope Stabitity Calculation (Etapa V)
I Coordinates of the Radius of . .
Landiill Mimimum Rolational Slope the Resist Stip
Stope Height Safety Rotational Moment Moment
Faclor X Y Stip {m) {lon-m}) i {ton-m)
1 O to8m (1.4) 0.920 1500 15.00 29.91 1,668.55 1,812.72
1 0 to 8m (1.6} _ 1.044 2500 25.00 4155 | 3,632.08 3,478.33
2 8lo 16m 1.089 140.00 22.00 39.70 4,826.92 4,433.46
3 16 t024m 1.302 270.00 25.00 48.34 9,234.27 7,093.06
a.5  Waste Disposal Amouat
Waste amount (o be disposed of in Etapa V is shown with that of Flapa IV in the
% section of the ‘Vertical Expansion Plan of Etapa IV’ {(Sce Table 11-31).

b. Examination of Techrical Alternatives

The items (intermediate cover, final cover, leachate disposal, and Yandlill gas
disposal) examined in the Vertical Expansion Plan of Etapa 1V can be applicd 1o this
New Landfill Devclopment. In addition to them, landfilt bottom liner configurations
was examined in view of the requirement about infillration rate to a water-bearing
stratum.

Landfill Bottom Lineyr

The ground water (salty water) tevel in the site is as high as that in Etapa IV. 0.35 to
2.30m of water levels were observed in the geological survey conducted during the
2nd study work in Mexico. The NOM-083-ECOL requires that infiltration rate to a
water-bearing stratum should be less than 3x10"%cc. Although, whether the stratum
containing saily water is a waler-bearing stratum is disputable, the stratum is regarded
as a water-bearing one. Because the existing landfill of Etapa 1V, has an impermcable
liner to avoid to mix leachate with such groundwater. Therefore, this new landfill site
should also have an impermeable liner to get consensus.

Figure H-23 shows recommended liner configuration, which is the same conliguration
as that of Etapa IV. It is so simple that mis-installation would be minimum.

-7
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Tepetate (siity ctay)

HDPE tmm

Criginal ground (clay)

Figure H-23: Landiill Bottom Liner Configuration

C. Conceptual Design and Cost Estimates

e

Oulline of the conceptual design for the Verlical Expansion Plan is presented below.

Table H-59: Outline of the Conceptuat Design for A New Landfill Development

liems

Facililies

Area

Site arca: 256h3
Filling arca: 194 ha

Landlil capacity

29,032,000;113(23,2 26,000t0n) is available for waste disposal.

Access

Access road; 605m
Ring road: 5,950m
al O efevation
outer road: 5,950m
inner road: 19,155m
at 8m elevation
outer road: 4,878m
inner road: 11,743m
at 16m elevation
ouler road: 3,554m
inner road: 3,991m

Wasle transport control
faciiities

gate: 1 {existing)

weighbridge: 2

tire washing pit: 1

site office: 1

garage: I

car park:1

parking area for heavy equipnieat and/or storage yard: i

Leachate management

fcachate exlraction wells

concrele pipes with 600mm diameter: 15 nos.
Leachate exiraction and spray pumps: 15 nos.
Eeachate collection lines

at Om elevation: 25,105m

at 8m elevation: 16,621m

at 16m elevalion: 7,545m
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ltems Facilities

Landfill gas management Gas extraction wells

concrete pipes with 600mm diameter: 116nos.
Gas extraction pipes - PVC200

at Om ¢levation: 118 nos.

at Sm elevation: 91 nos.

at 16m elevation: 55 nos.
Surface water management | Daily/intermediate soil cover: 30cm (Compost is 2lso usable.)
Monitoring Maonitoring items:

F -sefitement of the landfill
' -lcachate quality
-landfill gas quality
-groundwater
-surface water
Monitoring lacilitics
-menitosing wells: 4 nos.
Aesthetic design Mobile screen
Dailyfintermediate soil cover: 30cm (Composl is also usable.)
Closure and post-closure Final scil cover: 60cm
_| Gicening by seeding the final cover with grass
Landfill equipment Bulldozers (300hp classy: 4 nos.
Sprinkler trucks (15,000%iter class): 2 nos.
Excavators (83hp class): 2 nos.
c.l Key Design Data
Key data for landlfilt design are the same as those of Etapa IV.
e * bulk density of waste after compaction in landfill:  800kg/m®
+ operalion schedule of tandhill: 24 hours/day,
365 days/ycar
* life year of trucks and heavy equipment: 7 years
* life year of building and civil works: 30 years
* cxchange rate: US$ 1.00 = 9.1pesos
* daily (intermediate}) soil cover: 30cm
* final landfill elevation: 2dm

.2 Landfill Capacity

Capacily of the planed landfill is 30,242, 000 m>. Of the capacity, 29,032,000 m’ will
be occupicd with waste and 1,210,000 "’ with soil (See Table H-61 and Figure H-
24).

All the waste disposed of in 2002, 2003 and 2004, and part of waste in 2007 are to be
placed in the lift of 0-8m clevation. The rest of waste in 2007 and all waste in 2008
are to be disposed of in the lifl of 8- 16m elevation. The remaining capacily of the
tandfill after 2010 will be 7,598,000 m’ for waste disposal, i.c., 6,078,000 ton of
waste (See Tablc H-60).

It should be noted that the calculation of landfill capacily does not take the settlement
of subsoil and wasltc into account.
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Table H-60: Waste Disposal Amount in Etapa V

~ Unit: 1,000m’
Erevation _éa;;é;; 7 Waste disposal amount Rga";;g’t:g
2002 | 2003 | 2004 | 2007 | 2008 | Total
08m| 114720] 4511 4366] 4231 1612] | 14,720 0
8-16m] 9,220 2563 4,151 6,714 2,506
16-24m| 5,092 5,092
Total 20,022] 4511 a368] 4231 4175] 4,151 21,434 7.598

Table H-61: Landfiil Capacity of Etapa V

Height Tolal volume Wasla volumme Soil volume
(m) (1,000m°%) (1,000m?) {1,000m?

0 0 0 ]|
1 2,012 1,932 30|
2 3,996 3,836 160}

3 5,952 5,714 238

4 7,881 7,566 315

5 9,784 9,393 391

6 11,660 11,194 466

7 13,508 12,969 540

8 15,333 14,720 613

9| 16,509 15,935 664

10 17,846 17,132 714

i1 19,074 18,314 763

12 20,284 19,473 811

13 21,474 20,615 859

14 22,647 21,741 906

15 23,801 22,845 952

16 24,937 23,940 997

17 25,652 24,626 1,026

18 26,351 25,297 1,054

19 27,036 25,955 1,081

20 27,705 26,597 1,108
I 28,361 27,227 1,134
- 22 29,002 27,842 1,160
23 29,629 28,444 1,185

24 30,242 29,032 1,210
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Figure H-24: Height - Volume Curve (Etapa V}

¢.3  Site Preparation

When the site is prepared for landfill, it is important to propertly scai the salt making
wells on the sile in order to avoid potential risk of leachate to deeply infiltrate into the
stratum under the landfill. Bentonite or other equivatent materials will be used to scal
them.

c.4 Access
i. Access to the Site

An access (oad of 605m will be constructed from the Autopista to the site. The road
has dimensions of:

* Carriage width: 20.0m

« Sidewalk width: 4.0m a1 both sides

¢ Shoulder width; }.0m at both sides

¢ Pavement: asphall t =10cm, gravel t =40cm
if. Access in the Site

A ring road will be constructed along the filling arca at Om clevation. The road
functions as a main road in the site, and connects the access road to inner roads. Also
the ring road will be utilized as a maintenance and monitoring road. In order to access
to wasle unloading arecas, innce roads in the filling arca at Om clevation will be
conslructed.
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At 8m and 16m clevation, inner roads and outer roads cstablish a network to secare
accessibility to waste unloading areas,

Dimensions of the ring road:

* Carriage width: 20.0m

* Sidewalk width: 4.0m at both sides

* Shoulder width: 1.0m at both sides

* Pavement: asphalt t =10cm, gravel t =40cm

Dimension of the inner and outer road:

* Carriage width: 2.0m
* Shoulder width: 0.5 m at both sides
* Pavement: volcanic porous rocks or cquivalent material, { =30cm

5 Landfill Layout

The land{ill has facilities 10 operate sound wasle disposal management. The facilitics
proposed are:

* agale.

* weighbridges (2) and a control room.

* atire washing pit.

* asite office.

* agarage.

* acar patk.

* a parking arca for hcavy equipment and/or a storage yard.

Layout of the landfill are shown in ¥Figure 11-25, and waste transport control facilities
arc prescated in Figure H-26.
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Figure H-25:
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Figure H-26: Plan of Waste Transport Control Facilities
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c.6 Lcachate, landfill Gas and Surface Water Management

Management of lcachate, landfill gas and surfacc water is to take the same manner as
that of Etapa IV (Refer these sections in the Vertical Expaunsion Plan of Etapa 1V).

15 submergible pumps will be installed in order to spray cstimated 196,000m/ycar of
leachate.

c.7  Monitoring

Monitoring should be conducted in order:

* to know condition of waste decomposition.
* to know cnvironmental guatity.
s o reflect data monitored to futuce landfill plans.

i. Monitoring of Waste Decompeosition

Monitoring the settlement of the landfill is important in this site. Setitement wilt be
caused by decomposition of waste and subsidence of the subseil. Data obtained by
this monitoring can be uscful for the future fandfill operation and land use after
closure.

In addition to the monitoring of secltlement, it is recommendable to monitor leachate
and landfill gas quality which can show Lhe progress of waste decomposition. The
recommended monitoring program is shown in Table H-62.

ii. Monitoring of Envirenmental Quality

This monitoring will be conducted in view of envitonmental protection. it is
recommended to monitor the quality of:

* proundwater at upstream and downstream of the site.
*» surface waler of drainage canals around the site at upstream and downstream.

In order to get samples of groundwater, four monitoring wells with 40m in depth are
to be installed around the tandfill because direction of the groundwater under the site
is indefinite. The recommended monitoring program is presented in Table H-62.

ii. Recording of Monitoring Data

Data obtained should be rccorded in a proper manner, €.g., use of an uniform style of
recording sheet, and appropriate dale keeping during operation and after closure.
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Table H-62: Recommended Monitoring Program

Subject ] Monitoring ilem | Frequency (pet year)

Setilement _Elevation of lifi(s) 1

Temperalurg 2

CH4 2

Landfill gas GO, 2

N, 2

0, 2

Monitoring item Frequency (per year)
Leachate | Groundwater Surface water

Temperature 2 1 1
Color 2 1 1
pH 2 1 1
BOD, 2 1 1
COoD 2 1 1
T-N 2 1 1
T-P 2 1 1
Cr 2 1 1
CN i 1 1
Cd 1 1 1
Cu i 1 1
Pb 1 1 1
| Cr{vh 1 1 1
| Hg 1 1 1
As 1 1 1

c.8  Aesthetic Design Consideration, Closure and Post-closure Care

The same manner as Etapa 1V will be taken, such as mobile screens, daily soil cover,
final cover, etc. What should be noted for the design of Etapa V is that 70m width of
buffer zone is to be sccured in order to mitigate harmful effects of landfilling on the
surroundings.

c.9 Landfill Equipment and Operation

‘The same cquipment and the same manaer of operation as Etapa 1V will be employed
in Etapa V. The equipment will be used alternately in Etapa 1V and Etapa V.

c.10  Sequence of BP-Y Construclion

In view of current problems related with leachate in the BP-1V, improvement in
design and construction sequence should be claborated for the BP-V projecl.  The
bottom impermeabilization should be a hotlistic: i.e., it should be continuous from onc
cell to another and to the roads bottom as wetl and its outer anchorage should be in
such an elevation that the leachate generated from the buried wastes should always be
contained in the holistic bottom impermeabilization.

ln order to attain a holistic impermeability and to carry out efficient landfilling
operation and leachate management for the BP-V project, the following components
should be carried out in an appropriate sequential manaer:

a. Sile preparaiion work
b. Impcrmeabilization

H-86
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Leachate colicction and drainage line along outer road slope botlom
Inner road on impermeabilization

Leachate collection and drainage line on the inner road siope bottom
East-west inner roads and leachate drainage ling

Construction of leachate suction pit with veriical pump-up shaft
Off-limits marking around suction pits

Landfilling operation (0.0 meter to 8.0 mcter elevation)

Approach road (from 0.0 meter to 8.0 meter elevation) construction
Expansion of vestical shaft and landfilling of off-limits marking arca
Leachate pump-up and spray {and/or impound} at 8.0 meter elevation

Outer road and leachate drainage line along it (8.0 meter elevation)
Inner road (8.0 meter clevation) construction

Inner road as leachate collection and drainage line (8.0 meter elevation)
East-wesl inner roads and leachate drainage line

Extension of vertical pump-up shaft (8.0 meter elevation)

Off-limits marking around vertical shafts (8.0 meter elevation)
Landfilling operation (8.0 meter to 16.0 meter elevation)

Approach road (from 8.0 meler to 16.0 meter elevation) construction
Expansion of vertical shaft and landfilling of off-limits marking arca
Leachate pump-up and spray (and/or impound) at 16.0 meter clevation

Outer road and leachate drainage line along it (16.0 meter elevation)
Inner road (16.0 meter elevation) constraction

Inner road as leachate collection and drainage line (16.0 meter elevation)
East-west inner roads and leachate drainage line

Extension of vertical pump-up shaft (16.0 meler elevation)

Off-limits marking atound vertical shafts {16.0 mcter ¢levation)
Landfilling operation (16.0 meter ta 24.0 mcier elevation)

Approach road (from 16.0 mcter to 24.0 meter elevation) construction
Expansion of vertical shaft and landfilling of off-limits marking arca
Leachate pump-up and spray (and/or impound) at 24.0 meter elevation.

a. Site Preparation Earthwork

Meanwhile, the formation level of the ouler road should be determined so thal the
outer road is passable in all weather condition, in addition to what mentioned
above (i.e., the anchorage level should be high enough for containing the leachale
inside the cells even if when its generation fluctuates wilh precipitation ctc.).

-In this context, it is recommendcd that when the cclls’  bottom

impermeabilization is assumed to be placed on the 0.0 meter elevation, the outer
anchorage of the impermeabilizaiion should be on about 1.50 meter clevation.

Therefore, the site preparation carthwork should take place before
impermeabilization work, in which the cells’ bottom should be smoothly leveled
as the 0.0 meter elevation, and the embankment for the ouler road be formed with
the dimensions of: top widlh about 30 mcter on the LSO meter elevation, with
1:2.0 stope.
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b. Impermeabilization

The impermeable liner should be anchored at about 4.0 meter off-set from the
inner top cdge of the outer road embankment with sufficient anchorage length
and depth and should be extended from the anchorage point to: 4.0 meter widlh
flal cmbankment top, its inner slope, and toward the cell area. For the liner
protection, tepetate should be placed on the road part (50 c¢m thick in avoiding
possible damage by traffic), the inner slope (30 cm thick) and the cell area (50 cm
thick).

¢. Outer Road Construction

‘The embankmenl of the outer road has the top width about 30 meter consisting of
20 mceter road width and 5 meter width sidewalk on both sides. The 20 meter
road should be an asphalt pavement on a crushed stone road base layer. All
inner edge of the inner sidewalk should receive asphalt bituminous treatment
in order to comply satisfactory impcrmeabilization for the containment of
leachate inside the cclls and 1o protect the bottom of landfilt slope from possible
rainwater erosion in a long period of landfill service life.

¢.1 Lecachate Collection and Drainage Lines Along Quter Road Slope
Bofiem

It is recommended that the leachate collection and drainage lines should form a
holistic net. Therefore, as the outer ring of the leachate drainage net, the inncr
slope and bottom of the outer road should receive gabion of porous volcanic
rocks (30 cm thick).

d. Inner Road on Impermeabitization

‘The initial inncr road should be extended from the south end outer road on the E-
coordinate: E-120.00 (which is 120 meter west offset from the east end outer
road) northward, in order 1o enclose the first cell with four roads (1.0 km east end
oul road, 120 meter south ¢nd road from E-0.00 to E120.00, 1.0 km initial inner
road on E-120.00, and 120 meter north end road from E-0.00 to E-120.00).

The second innet road, with the same manner for the initial inner road, should be
constructed on the E coordinate E-240.00 northward from the south end outer
toad. The third should be on E-360.00 and the fousth on E-480.00 elc.
Consequently, total 15 south-north inner roads in total will be constructed.

The 2nd celi ts cnclosed with the 1st and 2nd inner roads, the 3rd cell with the
2nd and 3rd innet roads.

Dimensions of the inner road should be: 10 meter width on the road top at 1.0
mcler elevation and 1:2.0 slopes on both sides.

e. Leachate Collection and Drainage Lines on the Inner Road Slope

Porous volcanic rocks with a scctional dimension of about 2.0 meter width by
50 cmy height should be provided as a leachate drainage line along the inner road
slope. The leachate drainage line should always be allocated at the weslern
slope of inner roads, since the eastern slope first receive the wastes o be
disposed of and the inner road should be indispensable for cons[ructmg the
teachate suction pits and vertical pump-up shafts.
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Conscquently 15 south-north leachate drainage lines in total on the inner road
weslern slope bottom will be constructed.

f. East-West Inner Roads and Leachate Drainage Line

With an objective of approprialely integratling the outer ring leachate draining
line and 15 south-north leachate drainage lincs on the inner road western slope
bottom, it is proposed to provide two (2) numbers of cast-west leachate draining
lines with an interval of 350 melers.

In this context, two (2) numbers of cast-west inner roads with an interval of 350
meters should be constructed. The east-west leachate drainage line should be
allocated at the northern stope of the roads, since the southern slope first receive
the wastes to be disposed of and the inner road is utilized for constructing the
leachate suction pits and verlical pump-up shalls.

By allocaling two east-west inner roads, the 1st Cell is divided into three cells of:
IA, 1B and 1C from south to nosth. In the same manner, the 2nd Cell is divided
into: 2A, 2B and 2C.

g. Construction of Leachate Suction Pit with Vertical Yump-Up Shaft

As the BP-V site is also located on a flat plain area, the leachate collection
system can nol employ gravily draining to a freatment {e.g., cvaporation
lagoon/regulation pond, biological or physical-chemical treatment). Therefore,
it is recommended 1o install suction pits (with veitical pump-up shaft) on porous
volcanic leachate draining lines on 0.5 meter clevation with an appropriate
interval with cach other.  The interval of suction pits are recommended to be, as
the vertical shafts for pumping up leachate can also be utilized as biogas removal
facilities (i.c., chimneys).

.~
§

The suction pits with verticat shafts should be constructed prior to the landfilling
operation nearby.  The verlical shaft, in the initial instance, should be
constructed up to such an elevation (e.g. aboul up to 3.0 meter elevation) that the
works can be easily carried oul with an access from the inncr road elevation.

h, Off.limits Marking around Suction Pit

In order 1o avoid damage to the suction pits and half-extended vertical shafts by
traiters and landfill machinery, off-limits marking with temporary poles and
colorful plastic tape fencing should be provided encircling the suction pits with a
sufficient radius distance.

i. Landfilling Operation (0.0 to 8.0 meter clevation)

% The landfilling operation in the BP-V should be started from the LA cell to
northward, then the 1B and EC cells.

When the 1A cell is landfilled, the arca enclosed with four {4} roads shoutd be
landfilled northward from the south end outer road. Embankment shaping and
soil cover operations should also be proceeded northward from the south end
outer road.

When the 1B ccll staris to be landfilled:

-89
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+ the 110 meter section of the cast-west inner road between 1A and 1B cells

should also be landfilled al the same time except the “off-limits marking arca”
around the suction pits.

When the 1C cell staris to be landfitled,
* the 110 meter seclions on notth end outer roads

should also be landfilled, except the “off-limits marking area” around the suction
pits, in order to form final shaping of northern slope from the northern outer road
0 8.0 meter clevation.

When the 2A cell staris to be landfilled notthward,
¢+ the 350 meter section of the south-north inner road between 1A and 2A cells

should also be landfitled at the samc time except the “off-limits marking area”
around the suction pits.

When the 2B cell starts to be tandfilled northward:

s the 110 mieter seclion of the east-west inner road between 2A and 2B cells.
* the 350 meter section of the south-north inner road between 1B and 2B cells.

should also be landfilled at the same time except the “off-limits marking area”
around the suction pils. '

When the 2C cell starts to be landfilted northward:

* the 110 meter section of the northern outer road.
* the 350 meter section of the south-north tnner roads.

should also be {andfilled at the same time cxcept the “oft-limits marking area”
around the suction pits.

The same manner of landfitling operation should be repeated for the other cells as
well.

J. Approach Read to 8.0 Meter Elevation

An approach road (ramp) to the 8.0 meles elevation should be planned prior lo
any work (o be implemented from the 8.0 meter elevation.

As the teailers pass the weighbridge located in the entrance of the BP-V site, the
ramp is rccommended to be located at the No. 1A Cell.  The slope will have (o
be aboul 5.0% (8.0 meter lift on 160 meter approach) considering the
trafficability in all weather condition.

The width of this ramp (5% slope) should be wide enough only to have one-way
teaffic of trailers. When the landfilling operation of 8.0 to 16.0 meter elevation
takes place, traffic volume on the ramp becomes large, then at that time, this
ramp (5% slope) should be cxclusively used as ascending ramp and another
descending ramp (c.g. 10 to 15% slope) will have (o be provided at an
appropriate location by that time.

k. Expansion of Vertical Shaft and Landfilling of Off-limits Marking Area
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Works of vertical shafts expansion should be started, when landfilling {up to 8.0
mcter clevation) operation nearby finishes,

This time, access for the works of “vertical shaft cxtension” and “off-limits
marking area landfilling” should be fromn 8.0 meter elevation. These lwo lypes
of works should alternately be raised by a few meters height, so that the vertical
shafl expansion works can be casily and properly implemented.

I. Leachate Pump-Up and Spray (and/or Impouad) on 8.0 Mcter Elevation

When the off-limits marking area around vertical shaft is filted and fiat 8.0 meter
clevation areas arc formed, leachate should be pumiped up and sprayed (and/or
impounded) at the flat arca to be evaporated or re-infiltrated to the landfill.

m. Roads on 8.0 Meter Elevation

When the BP-V landfill is going to be raiscd above 8.0 meter clevation, the outer
ring roads on 8.0 mcter elevation should be maintained as “monitoring and
maintcnance” roads.  In response {0 this concept, coordinates of the outer roads
on 8.0 meter elevation should be determined.

After the landfill is raised from 8.0 to 16.0 meter elevation, inner roads on 8.0
meter etevation should be utilized as leachate drainage lines. Therefore, when
the landfill is raised to 8.0 meter elevalion, the inner roads should be constructed
with volcanic porous rocks, which are estimated to be cheap as a road
construction material, and it will later work as French drain of leachate. The
volcanic porous rocks should be laid thick cnough to attain trafficability of
trailers on 8.0 meter elevation roads, since they lie on highly compressible buried
wasles. ’

The inner roads on 8.0 meter elevation should be constiucted just a little off-set
from the verlical shafls, as the roads should later function as leachate drainage
lincs, the drainage lines of volcanic porous rocks on 8.0 meter elevation should
be connected to the vertical shafts nearby.,

n. Landfilling Sequence of 8.0 to 16.0 Meter Elevation

In general, it might be recommendable that the second level landfitling should be
started from the cenlral pait to outer arca considering to promote slable
settlement and consolidation and further to reduce the small possibility of slope
failure on 0.0-8.0 meter landfills by spending more time to allow consolidation of
ground under slopes.

Meanwhile, when expecting better trafficability on 16.0 meler clevation roads in

“the fulure, the cell which receives an approach ramp from 8.0 meter to 16 meter

clevation should be initially constructed in order to allow longer time for stable
seltlement and consaolidation of the cell.

Therefore, it is recommended that the landfilling of 8.0-16.0 meter should start
from the cell that will tater receive the approach ramp (8.0 to 16.0 meter), which
will be about 100 meter offset from the ascending ramp of 0.0 to 8.0 meter.

H-9}
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Figure H-27: Plan of First Lift (Om elevation)
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<.

1

Cost Estimates

Two cases arc set for operation of the Etapa V landfill as in the case of the Etapa 1V
landfill. Cost estimates are also carricd out in Case 1 and Case 2 respectively.

* Case 1: Investment and operalion by the DGSU.
» Casc 2: Investment by the DGSU and contracling out opcration.

Casel

Construction

Construction costs of US$ 32,101,000 until 2010 was estimated as shown in Table H-
63. Table H-64 cxplains conslruction costs untit closure of the landfill.

Table H-63: Construction Costs for A New Landfili Development until 2010

Unil construction costs per ton of wasle g-16m 16-24m
(US$ficn) 2.0682 0.6088
Costs for landfill conslruction (USS 1,600)
Waste amount Design and Initial Construction while
Year (1000ton) supervision] construction operation Total
0-16m[8-16m| Tolal 0-8m 8-16m
1959-
2000 ) 4t 41
2000 - 204 204
2001 - 162 4,068 4,230
2002 3,609 3,609 7,464 0 7.464
2003 3,493 3,493 7,224 0 7,224
2004 3,385 3,385 7,001 0 7,001
2007 1,289 2,051] 3,340 2,666 1,249 3,915
2008 3321 3,321 ] 0 2,022 2,022
Tolal |11,776] 5,372] 17,148 407 4,068 24,355 3,271 32,101

Table H-64: Construction Costs

for A New Landfill Development until Closure

Exchange rale, $1.00= 9.1 Pesos
Amount
Descriplion Quantity Unit Unitrate | Currency Dormestic Foreign
B (ih. Peso) | {th. US$)| (th. US$)
[
i Site preparation
i.1_|site clearing 2,116,000] m” 5] peso 10530 1,163
1.2 liemoval of salt making 40] nos 10,000 peso 400 44
well
2 Access _
2.1 _ Jaccess road 605 m 3,820| peso 2,311 254
22 |bidge 1] unit | 3,220000f peso 3.220 354
23 Joate 1| unit Use of the existing gate
2.4 |lockout post 1] unit Use of the existing gate ]
3 Recepbionarea
3.1 |weighbndge 2| unit 100,000  US$ 200
3.2 |tire washing pit 1] wnit 20.500]  peso 21 2
3.3  |sile office H unit 750,000] peso 750 &2
3.4 lgarage 1 450,000]  peso 450) 49
A5 |waler tank | unit 50,000 peso 50 5
3.6 [carpark 2700 m 150  peso 513 56
3.7 |storage yard 3310 120]  psso 401 44
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Exchanga rale, $1.00= 9.1 Pesos
Amount
Descaption Quantity Unit Unit rate | Currency Domestic Foreign
fth. Peso} | (th. USS)| {ih. USS)

4 Fence 6630] m 30]  peso 198 22 |
sub-fotal ﬁ«J 2.075 200

i Miscellaneous{*2} 0] % I 208 Y

Direct cost 2,283 220

General expenses and overhead 301 % 685 66

Total construction cost _ 2,968 2568

Design and supervision(*1) 10 % e 297 29

Sub-total cost 3,265 a5

Physical contingency ] 19 % 27 32

VA 5] % 150 47

Total cost (inc. conti. & laxg L 4,082 394

Total cost (domestic +foreign) 4,476

5 0-8 Etevation

51 [ringroad 5,950 m 4,000] peso 23,800, 2,615

52 [inner road 19,155 m 650  peso 10,535 1,158

53 {leachate collection {along 5950 m 210] peso 1,250 137

| |ring roaq)

54 |teachate collection (along 19,155 m 300 peso 6747 632
inney 10ad)

55 |gas extraction (along ring 118] nos 2001  peso 24 3
road)

56 [leachale & gas exiraction 131] nos 8,000 peso 1.048 1S
well

5.7 |bottom linec B

a |HOPE {Imm} 2,025,600 m2 1.70 uss ‘ 3,444

| b [HOPE (Immj) installation | 2,025,600 m2 3} peso 8,077 668

¢ |protective sod (inc. 1,012,808f m3 3¢ peso 30,384 3,339
instattation)
% 5.8 |cover soil (0.3m) 581,175] m° 22| peso 12,766 1,405
o 59 |pump (50mm, H-30m)

5.10 |eleclric work 1 undt | 1,000000] peso 1,000 110 ]
sub-tolal 10,182 3,444
Miscellanecus 10 % 1,618 344

[ Direct cosl 11,200 3,788

General expenses and overhead 30 % 3,260 1,136

Total construclion costs 14,560 4,924

Physical contingency 104 % 1,456 492

livA 15 % 2,184 739

Total cost {inc. conli. & tax) 18,200] 6,155

Total cost {domestics foreign} N 24,355

{Unit cost, $/200 of waste) 11,776 thion 2.0682

G 8-16 Elevation a

6.1 |outer road 4,878 m 5§50 peso 2,683 295

6.2 |inner road 11,743 m 550 peso 6,459 710

6.3 |leachate collection {along 4,878 m 210 peso 1.024 i13
outet foad)

6.4 Heachale coliection (along 11,743 m 300] peso 3523 387
inner road)

6.5 |gas exiraction {along ring 96| nos 2001 peso 19 2
f0ad) R

% 6.6 |leachale & gas extrachion g1 mos 8,000[ peso 728 80
well

6.7 {cover soil {0.3m) 282,750 m° 22]  peso B,421 925

____|sublotat 2512 Y
Misceffaneous 0] % 251 0

Direct cost 2,763 4

General expenses and overhead 30 % 829 0

Total construction costs R o 3,592 0

Physical contingency 10 % 359 0

VA 15 % 539 0

Tolal cost (inc. conti. & lax) 4,490/ 0

Total cost (Jomestictforeign) 4,490

{Unit cost, $/1on of wasle) 7.375 th.ton _} 06088

H-99



The Study on Solid Waste Management

JICA

KOKUSAM KOGYO CO., LT0.

Exchanga rate, $1.00= 9.1 Pesos
Amount
Desceiption Quantity | Onit Unitrate | Currency Domeshic Foreign
(th. Peso} | {th. US$}] {th. USS)
7 16-24 Etevation
7.¥  Jouter read 3854 m 550]  peso 2,120 233
7.2 linner rcad 3,991 m 550 peso 2,195 241
7.3 lleachata collection (along 3854 m 210 peso 809 &9
____louter road) L '
7.4 [|leachale collection {along 3,991 m 300 peso 1,197 132
inner read)
7.5 |gas exiraction {along ring 76 nos x| peso 15 2
0ad) o
7.6 |leachale & gas exlraction 551 oS 8,000 peso 440 48
well
7.7 |cover soil (0.3m) 216,632 m3 22| peso 4,766 524
sub-total B 1,269 0
Miscellanecus 10 % 127 L
[ Direct cost 1,396 G
General expenses and overhead] 3N % 419 _0
Totat construction costs 1.815 ¢
Physical contingency 0] % 182 0
VA i5 % 272 L]
Total cost {inc. conti. & tax} 2,269 L
Totat cost {domeslic foseign) 2,269
{Unit cosl $ton of waste) 4,074 th.ton 0.5569
3 final cover {1=0.6) 968,625] m3 22 peso 21,310 2,342
sub-folal 2,342 ¢
Miscellaneous 19] % 234 0
Direcl cost 2,576 0
General expenses and overhead 0] % 773 G
Tolal eonstruction costs 3.349 G
Physical contingency 10] % | 335 0
VA 15] % 502 C
Tolal cost (inc. conti. & tax) 4,186 0
Tolal cost (domestic+foreign) 4,185
{Unit cost, $1on of wasta) thton ___
Total constroction cost {exc. conti. & tax} 26,284 5,210
Phiysical eontingency 10] % 2,628 521
IVA 5] % 3,943 782
Tolat construchion cost (nc. conti.& lax} 32.85% 6,513
Tolal construction cost {domestic +foreign) 38,358 ]
Design and supesvision {exc. conti.& 1ax) 297 29
Physical contingency 0] % 30 3
VA 15 % 45 4
Design and supenvision {inc. conti.& tax) 372 35
Pesign and supenvision {domestic+loreign) N 408
| Total cost (in. conti. & tax) 33,227 6.549]
Total cost (domestic foreign) %8776
{Unit cosl, $1on of waste} 23,323 th.ton 1.7054

Notes: (1) 10% of design and supervision will be used for basic design, 50% for delailed design and 40% for

SUPSHVISION.

{*2} The cost inciudes a cerlain countermeasure for protection of fauna in the sile.
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Landfill Equipment

Table H-65 shows costs for procurement of the landfill equipment in Case 1. The
disbursement is to be required in 2007. The cquipment will also be used in Etapa 1V.

Table H-65: Costs for Landfill Equipment {Case 1)

Exchange ra'e, $1.00= 9.1 Pesos |
Description Quantity | Unit : Amoun!
, % Unitrate | Currency {US$ 1,000)
‘ 1 Bulidozer {300hp) 4] nos | 400,000] USS 1,600
2 Excavalor (85hp) 2]l nos | 110,000] USS 220
3 Sprinkler ruck {15000%re) 2] nos | 100,000 USS 200
sub-1o1al 2,020
spare paris 10 % . 202
Equipment cost (exc. conli.& lax) | 2,222
Physical conlingency 10| % 222
WA 15] % 333
Equipment cost {inc. conti.& lax) 2,777
Design and supervision (exc. conti. & tax) 5] % AL
 Physical contingency 10] % 11
IVA 5] % 17
Design and supervision {inc. conli.& tax) 139
Tolal cost (inc. tax&conti.) 2,916
£ Operation and Maintenance
oo

0&M costs for landfilling require the same amount of expenditure for thal in Etapa
1V, i.e., US$ 707,000 /ycar (Sce Table H-43).

As to teachate disposal, initial installment of pumps is to be carried out in 2004. After
the initial installment, replacement of the pumps will be requircd every two years.

Table H-66: Initial Installment Costs for Leachate Disposal Pumps (Elapa V)

Exchange rate, $1.00= 9.1 Pesos
Description Guantity Unit Unitrate | Currency (Ugl;c:fa (;1(;0)
] Pump {50mm, 3.7kw} 150 unit 5.000 Uss 75
Physical centingency 0] % 8
IVA 15| % 11
Tolal 94

Pump's lifetime is expecled to be 2 years.

Table H-67: Replacement Costs for Leachate Disposal Pumps (Etlapa V)

Exchange rate, $1.00= 9.1 Pesos

Paseription Quantity | Unit ot Armount
Unitrate | Cunrency {USS 1,000)
1 Pump (50mm, 3.7kw} 15] unit 3,000] US$ 45
Physical contingency 0] % 5
IVA 15 % 7
Tolal 57

Pump's lifelime is expecled 1o be 2 yeass.
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Tabte H-68: Operaticn Costs for Leachate Disposal Pumps

Exchange rate, $1.00= 9.1 Pesos ]
Description Quantity | Uit | o crency e Amount ]
B | y {1,000 peso) | (USS$ 1,000}
! Electricity consumption| 121,500 kWh 033 peso 101 i
VA 15] % 15 2
Total 13
Land Rental Fee
US$ 231,600 will be disbursed annually {Sce Table H-69).
Table H-69: Land Rental Fee (Etapa V)
Exchanga rate, $1.00= 9.1 Pesos
Description Quantity | Unit . Amount
Unitrate | Currency {+,000 poso) | (USS 1.000)
H Land rental fee 256] ha 8,200]peso 2,099 231
ii. Case 2
Conslriiction

Costs of construction is the same as those of Case 1, i.e., US$ 32,101,000 vatit 2010
(Sce Table H-63).

Landfill Equipment

Costs for the landfill cquipment in Case 2 is the same as those in Case 2 of the
Vertical Expansion Plan, i.e., US$ 901,000 /year (See Table H-47).

Operation and Maintenance

O&M costs for landfilling is the same as those in Case 2 of the Vertical Expansion
Plan, i.c., US$ 598,000/year {See Table H-49). Operation costs for leachate disposal
is the same amount of those for Case 1 (Sce Table H-606, Table H-67 and Table H-68).

Land Rental Fee
Land rental fee is the same as those of Casc § (Sec Table H-69).
iii. Summary

Table H-70 and Table H-71 summarize the costs for the New Landfill Development
(Etapa V). The costs estimated for Case 1 was US$ 41,205,000, while Case 2 was
US$ 42,249,000.
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Table H-70: Summary of Costs for A New Landfili Development (Case1)
unit: US$ 1,000

Year B/D D/ [Con. (Ini)| Con{Rec)| Equip. | 0&M |Landfee| Tolal
1999 41 41
2000 204 | 204
2001 162 4,068 231 4,461
2002 7,464 707 231 8,402
o 2003 1,224 707 231 8,162
} ) 2004 7,001 801 231 8,033
| 2005 | 13 23% 244
2006 70 231 301
2007 139 3,915 2,777 720 239 7,782
2308 2,022 77 2314 3,030
2009 13 231 214
2310 70 231 301
Total 41 505 4,068 27,626 2,717 3,878 2,310 41,205
B/D:; Basic design for construction and equipment.
D/D: Detailed design for construction and equipment. The amount complies ¢osls for

supervision as well.
Cen. {ini);  initial invesiment ¢cost for construclion
Con(Rec):  Recumrent cost for construction
Equip.: Landfill equipment
O&M: Operalion and mainienance
Land fee:  Land rental fee

Table H-71: Summary of Costs for A New Landfill Development {Case 2)

unit; USS 1,000
Year B/o0 D/D  |Con. (Ini.)] Con(Rec)| Equip. D&M |landfee| Total
1999 4% 41
2000 204 ] 204
| 2001 162 4,068 231 4,461
2002 7,464 901 598 231 9,194
2003 7,224 901 598 231 8,954
2004 7,001 201 692 231 8,825
2005 | 33 231 244
2006 70 231 301
2007 | 3,915 90t 611 231 5,658]
2008 2,022 801 668 231 3,822
2009 13 231 244
2010 70 231 301
Total 41 366 4,068 27,626 4,505 3,333 2310, 42,249
B8/D: Basic design for construction.
D/D: Detailed design for construction. The amount complies costs for supervision as well.

Con. ({Inij:  Initial investment cosl for consiruction
Con(Rec): Recumenl cost for constiuction
Fauip.: Landiill equipment

O8M: QOperation and mainlenance
Landfee:  Landrenfal fee
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H.2.3 Cost of Priority Projects

Table H-72: Cost of Priority Projects, Case of Direct Operation by DGSU

(Case 1}
. Linit : US$ 1,000
1999 | 2000 | 2001 § 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | Tota
B/D 3] o of o 0 0 0 0 o 0 0 0 a3
D/D & SN of =208 o 0 0 0 h 0 0 0 0 o| s
> [Construction o| 7.902] 2,184 0 0 o| 1883 1874 0 o| 1.773] 1.528] 17.124
2 [Eavprrent 1 o 277 ol o 0 o o 0 0 ) 0 o] 2777
i (0 [Cordract out 0 0 0 0 0 0 0 0 0 0 ol of ¢
& fj Direct of o 28] 1] 2] 1| 28| s8] 29| 1| ras| st 495
Land foe ol ol azs| a2s] 4o5] a2s|  azs|  a2s|  a2s]  a2s|  ams|  a2s|  a.250]
Yotal a3l10,077] 33v7| s3s| 44s] sas] 3,088 3,117 4gs] s38] 2928 2771| 28677
/D 41 0 0 o 0 0 0 0 0 0 0 0 41
D/D & SN ol 20| 182 0 0 0 0 ol 139 0 ) o] 508
o Jconstruction ol o ao6s| 7.464] 7.224] 7.001 0 o] 3915] 2022 0 o] 31,69
% Equipment 0 0 0 0 ) 0 0 of 2777 0 0 o] 2777
iu g Contract oul 0 0 0 0 0 0 0 0 0 0 0 0 0
o hy o Ibirect of o ol 707} 707l em] i3] 70| 720] 777l 3] 70| 3s7s
Land fee of  of 23] 2a1| 28| =] ess| 23] a2 2| 23] 2] 2310
Total a1} 2z04] aa461] 8a02| s162] so33| =2a4] a01| 7782] 3080 224] s01| 41205
Landfill Totaf 74| 11,181] 7,778] 8938 8608 8569 3,280 3418 8225] 3566 2,170 3,072 69,662
8/0 s0f 0 0 o| 0 0 o 0 0 0 0 0 50
PiP 0] 10 of o 0 0 0 0 0 0 0 0 20
o [DD&SN of 1w o] =z 0 0 0 13 2 0 o] 344
% |censtruction of o] 2s76] ss1| st 0 0 0 0 0 0 0 3,47§1
g [Equipment of o 2s48] s20 0 o 0 0 o] 2441 520 o| s020
S [0 |contract out 0 0 0 0 ¢ 0 0 0 0 ¢ 0 0 0
f‘, Direct of o ol os2] s20f 820l 20| 20| s20] 20| s20] 820 7222
IEr}dree of o] =33 =] a3 =] 3] es|  m| @] a3 a3 aso
Total 60] 17a| s5.056] 1,299] 1.437] ss3| ss3| s3] ase| 3298] 1,373] 853 17,473
Total 134) 11,3581 12.834| 10,737} 10,045) 9422 4,133 4.271] 9,091 6862 4543 3925 87,
Initial Investment
8P Etapa-iV 33| 10,97 11,010
BP Etapa-V 41l 204 4,230 4,475
Composting " 60| 174] 5023 1109 584 6,951
Tolal 134)14,3550 9,253 1,104 584 22,430

/0 : Basic design, D/D :Detaited design, SV :Supervision, P/P : Filot project, 083 : Operation and maintenance
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Tabte H-73: Cost of Priorily Projects, Case of Contract-Out {Case 2)

%

H.3.1.1

H.3.1 Alternatives

The Sanitary Landfill (SL)

Unit : US$ 1,000
1939 [ 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | Tota
B/D S ol o o 0 0 0 o 0 0 0 X
DD & SNV o] 208 of o 0 of o 0 of o 0 o 293
> [Construction o| 7,902] 2,164 0 0 o] 1833 1.874f o o| 1.773] 1.528] 17,124
g Equipment of o o o 0 of o o o o 0 0 0
= i [0 [contract out of o tasel o 0 o| 1.409] 1489 o| o] 1499 1.409] 7295
k24 & [ [orea of o & wn| Tasl w2 a2 | a2 ) eso
Land fee ol  of 425 azs| aes|  aesl ass|  42s]  a2s| azs|  axs]|  a2s] a2s0
Total 33| 8200] 4,100] sas] aas] s36) 3828 2909] a4s] s3] 3.718] 3.563] 20,850
B/ 1 sl o of o 0 o o 0 0 0 0 0 41|
D0 & SNV o| 204 162 0 0 0 o 0 0 0 0 ol ass
- |Construction ol o a4.ces| 7.464| 7.224] 7,00 0 of 3915 202 0 o| 31,694
8 |Equipment o o 0 of o ) o 0 0 o o 0 0
G g Contract out ol o o] 1.499] 1.499] 1.499 o o] 1,490] 1,409 0 o] 7.495
& |y lbirect of o o] o of o9 i3] 70| i3] 70| 1} 70| 343
Land fee ol o] 2] =] 28] 23| zai| 23] am) esi|  2a 2m| z2at0
Tolal at| 201 a461] s199| seza| ses| 2aa] s01] sess| 3e22] 2saf  308f 42,249
Landfilt Tolat 74| 6.404] 8570 9.730 9400, 9,361 4072] 4210 6104 4358 3952 3864 72109
B0 o] o of o 0 o o 0 0 0 0 0 50
ejp | 10 of o 0 o o 0 0 0 0 o 20
o [DD& SV o] 1] el a3 33 0 o of 13 2 ¢ o 3
_ % [Construction 0 0] 2378] 551] 551 0 0 0 0 0 0 0] 3.478
35% 8 [Equpment ol o 4250 177 o ) o 0 of 1.182] 177 ol 2746
8 [0 [contact out ol o o 1051 1186l 1.188] 1.188] 1.986] 1.186] 1,186] 1.188] 1.188] 10,539
fy |Diroct of o of 101| 1za| v2a| s2s] w2a]  v2e]  wa| 24 szaf 1008
Land fee o ol Tl a] ml @l ms| sl sl ms| a3 as]  madf
Total so| 17a] 3.7s8] 1,946] 1927] 1,333] 1,343 1.383] 1.356] 2487] 1520 4,343 18,600
Total 134 8,578] 12,326] 11,676] 11,327| 10,704 5,415] 5553 7,450 6845 5462 5207 90,709
Inftial investment
BP Efapa-iV 33| 8,200 8,233
BP Etapa-V 41 204 2,230 4,475
Composting 60 174; 3,725 761 584 5,304}
Total 134 8578 7,955 761 o 18,013
8/D : Basic design, D,D :Detailed design, S/V :Supernvision, PiP ; Pilol project, O&M : Operation and rmaintenance
H.3 Institutional Plan

The situation to locate the SL in the lake Texcoco area is sensitive and is subject to
restriclions and audils by federal entities and by the GDF, and occasionally by
authorilies from the state of Mexico. The use of the land owned by the National Water
Commission {CNA) was authorized under the commitment of the GDI o carry oul
work, monitoring and maintenance tasks in the fong term. The alternation in the vscs
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of Etapas 1V and V would be a technical decision made according to the features of
the soil.

For such reason, the DGSU will have a continuous prescice at the site. Therefore, it
would not be very interested to give concession of the construction of infrastructure,
operation and maintenance of SL to a privale enterprise, and conlracting oul such
scivices would be convenicnt,

On the other hand, these conditions suggest that the concessions arc not so allraclive
to private enterprises as the referced contracts.

The institutional alternatives induce the analysis of three options:
* SL.I - Direct administeation and operatien by the GDF through the DGSU.
* SI.2 - Dirvect administration by DGSU, and operation through cantracts.

* SL.3 - To creale a parastatal entity (0 manage and operate the SL; either
directly or not.

To be noticed that the investment in the sanitary landfills will be on the part of the
GDF in any alternative chosen, and be carried out in Phase 1. Besides, the setection of
the alternative of operation of the SL will be effeclive as of year 2002 (Table 8-39).

H.3.1.2 The Composting Plant (CP)

H.3.2

The composting plant is a preduction unit of a scarcely attractive industry due o the
ditficulty to scll the product or unless the potential consumers are correctly oriented
and convinced of the need for compost.

As long as it is indusiry, the CP is part of a waste flow, but it is also clear that it is not
a simplc urban cleaning activity.

There is a lack of financial and administrative autonomy for a public seclor eantity to
manage and direct a self-sustainable industrial enterprise. Meanwhile, it should be
considered that the economic sclf-sustainabilily of the compost industry depends on
the purchase of the product by the GDF.,

The investment on the CP will be carried out by the GDF in Phase 1. However, ils
opcration and commercializalion of the compost product will be analyzed and chosen
from one of the following options, with ifs operation beginning as of year 2002 (Table
H-74):

Al. Direct operation by DGSU.
A2. Operation contracted out by DGSU.
B. Parastatal,

C. Concession.

Evaluation of the Alternatives

It could be said in advance that the supcriorily of a parastatal entity is nol that much in
the case of the management of a SL, where there exists no commercial or industrial
activity, and the high, intrinsic indirccl costs are not diluted in such a smatll body.
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Mecanwhile, this superiority would become unquestionable in casc that the same
parasiatal entity is granted the SL and the CP.

Yet the operational costs of the option SLI are slightly more advantageous than those
of the S1.2 option, it is noticed that the former might bring aboul the syndication of
the workers of Scecion 1, which in turn would aftect the continuity of the final
disposal process with an eventual tabor sirike.

For the compost indusiry, the option C.- cencession would be favorable for the
development of the technology of production and usc of compost, since the
commercialization of the product would determine the survival of the enterprise.

T
e

i
s

&

To make this private entity more appealing, the GDF would guarantee the
consumption of a certain amount of the product.

In vicw of a possibility that private entities do not show interest in the composting
plant, the alternative B.- parastatal appears to be better than the Al - direct
administration by the GDF from the industrial aspect of this enterprise for the
following reasons:

* capacily to set its own entreprencurial policy and the prices for the private
market.
* free management of the revenues generated by ils economic aclivity.
* own propeity which would be allowed for financial transactions.
* administrative authority and the obligatory internal control and auditing, which
leads to a correct assessment of ils performance.
5 ¢ its own identity and minor political interference.
* competilion to fix the salaries and fringe benefils, as well as to enter coliective
and individual contracts that will regulate the labor relations of the entity with
its workers (Art. 63 and 64 of the Organic Law).

The autonomy degree of a parastatal entity in the Federal District has improved
considerably due to the Organic Law for Public Administration for the Federal
District, particularly in regard to the administsation of staff and salaries, which are
very sensitive items that are mentioned in this Study.

Another critical item is the acquisition of goods and the contracting of scrvices. In
this regard, the same code for the dircet administration is kept, but the existence of
internal control and external surveillance, as well as their higher ranked than a
Direction allow the parastatal entilies to manage this critical topic with more
autonomy,

The intrinsic cost of a parastatal administcation is high, due to the fact that ils
autonomy requires internal and external surveillance bodics, a board of dircctors,
accounting systems, juridical consulling and management of human, financial and
malerial resources sintilar to those in a Secrelariat (which dilutes its costs among
several bodies). However, costs can be cut down with greater productivity of the
resources applied due to its autonomy and the minor political interference, Therefore,
the advantages of a parastatal enlity increasc proportionally with the resources
involved, the commercial relations and its productive activilies.
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‘FThe appropriate parastatal modality would be a decentralized hody (DC), since the
land would be owned by the GDF only and the main purpose for it would be
rendering a public scrvice instead of making profits.

Table H-74: Oplions for the Operation of CP and SL

Phase § Phase 2 Phase 3 2011-
(1939 - 2001) _ _{2002-2004) {2005-2010)
Invesiment by DGSU Al Direct operation by DGSU, or ALA2, BorC. ALAZ,Bor C
E{; A2. Opcration contracted out by DGSU.
a 1 Priority Financing || Analysis of four options:
2 A, Status quo (DGSUY, either Al or
g A2,
2 8. Parastatal and
£ C. Concession
8 and prepare Bor C if this optioas is
chosen.
— || Investment by BGSU SL.1. Dircet eperation by DGSU, o1 SLL, 81201 SE3. | SL1,SL2 or S1.3.
@ 81.2. Operation contracted out by DGSU.
§ 1%, Priorily Financing || Analysis of thiee options:
O Status quo (DGSU), cither SLT or
© 512 and
i.% SL3. Parastala)
and prepare SL3 if this option is chosen.
Note:  This table shows the alternatives proposed by the HCA team, which will be further analyzed by the
GDFE.
H.3.3 Conclusion
The GDF has financial resources to invest in both SL and CP, taking in consideration
the short term to the depletion of the SL/Etapa IV. The GDF thus may choose direct
administration or parasiatal form - for this last oplion, a decentralized organism laking
over the SL and the CP would be the most suitable; however, the probable span of
time and political dilficulties to allain the legal acts, the budgetary and administrative
fesources required to constitute a parastatal seem to indicate divect administration as
the most opportunc form to manage the SL and the CP.
The weak points of the direct administration would be attenuated through contracting
out infrastruciure works and operation and maintenance services. In the course of
time, it will be possible to evolve to better alternatives, previously evaluated as
anticipated in Tablc G-24 of the Master Plan,
H.4 Public Education Plan
H.4.1 Introduction

The Public Educalion Program presented in item G.2.4.2 provides for the puidelines
and steps to develop this important component in the process for the implementation
of the Master Plan, up 1o the year 2010. The said proposal oullines the objectives,
componeats, phases, executing unit and programs for the Masler Plan as a whole.
Table H-75 summarizes the Public Education Program to be imiplemented in the
1999-2010 period.
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Table H-75: Public Education Program

Phase 1 Phase?2 _Phase3 | Phase 4
[ 1995-2001 _ 2002-2004 2005-2010 7 2011

* Creation of the Executing | * Intensive education * Conlinualion of the * Iinal
body within the GDF for the separation at training program asscssment

* Preparation of the the sonn‘:e oflorgamc * Conlinualion of the (2011
educational programs with and 1 ‘,C)CIab N di progiam for the * Readjustment of
the parlicipation of material, accor mifl“) scparalion at the the Public
delegations the plan establishe source (system Education

v loformation (o the * Staff training working in the Program
community * Fostering the school delegations)

Continuation of the
nhaintenance stage of
other educational
projects

cducation

Scnsitization and tatks

Education for the
separation at the
source of recyclable
materials within the fntcrmediate
delegations cvaluation (2005)

Starting the educational
program for the separation
at the source within the
subsystem

Starting the training

L ) o i fe
program for the personnel Intermediate

readjustment of the
Promotion of the progiam
environmental education in

elementary schools

H.4.2 Education Plan for Priority Projects

Next, the educational activities to be developed are oullined to facilitale the
implemcntation of the projects whose feasibility studies were conducted during Phase
1l of the Study.

a. Priority Projects

The selection of the Priority Projects that are planned to be implemeated in the short
term (Phase 1: from 1999 to 2001) are shown in the Master Plan. Conscquently,
during the second study work in Mexico, the feasibility studies of the three priority
projects were conducted: Composting Plant, Etapa IV and Etapa V of Bordo Poniente
sanitary fandfills, -

The feasibility of the composting plant rclics mainly on the separalion of organic
material at the source. Likewise, the separation of recyclable matcrials at the source
wilt bring a longer useful life span of the sanitary landfill. In this separation of
materials, communily participation -specially from children-  will provide
sustainabilily to the process. Besides, training of the personnel involved in the three
projects will atso be required.

b. Specific Education Plan for Priority Projects

Within the Public Fducation Program shown in the previous items, the component of
the Public Education Plan that facilitates the implementation of the three priority
projects is shown next. Therefore, such plan witl have to cncompass three main
clements:

¢ Separalion at the souice.
* Personnel teaining.
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¢ Piomotion to the school ¢ducation.

Table H-76 shows the cducational plan for the priority projects during the period
1999-2010.
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H.4.3

C. Communication

Public education and the promotion of the cducational program must be a continuous
process. An efteclive educational and promotion program must be outlined taking into
consideration the communily needs. A significant amount of time and energy could be
saved by analyzing public cducalion aclivities that have been developed in other
communitics and learning from their success, such as the Solid Waste Scparation
Program implemented and exccuted by the DGSU.

Those in charge of making decisions can review the educational activities and
materials utilized in other programs to sensitize the public in general. The techniques
uscd in these campaigns 10 promote an idea or 3 new behavior can be modified to
express an idea for the management of solid wastes.

'The DI has several channels of communication such as the following:

* Cenltral mass media such as newspapers, radio broadcasting and TV channels.

* Direct instruments such as posterss, brochures, strip caitloons, exposilions,
picture shows and explanatory vidcos.

* Talks in schools and neighborhood associations.

* DBill contests.

Another important communication channel is represented by the associations of
residents of the 16 delegations, since they can lake the message to the neighbors in all
the districts of the city.

Particulars t0 be Considered in the Educational Process

Some general elements to develop the Public Educational Program arc preseated next,
specially for the project of separation of wasles at the source.

a. Phases for the Education
It is divided basically into four stages of progressive and accumulative development:

* Sensitization phase.

* Information phase.

* Education phase.

* Monitoring, follow-up and assessment phase.

The common denominator of these phases is communication,
b. Target Population (“Public”)

Yet all the population in the DF is the final educational objeclive, the proposcd
activities are aimed al different population groups (“public”), according to the plan
schedule: These groups are the following:

* Usecrs in the subsystem: population who is rendered the collection service in the
subsystem.

* Uscrs in the delegations: population who is rendered the collection service in
1he delegations.

* Market users: population of fradesmen in the Centeal de Abasto and markets in
the DF.
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H.5

H.5.1

* Waorkers: population of workers of the GDF and private cntities involved in
dutics of public parks, separate collection, composting plants and sanitary
landfill.

* School poputation: children that go to clementary schools in the DF.

Financing Plan

Initially in this sub-seclion, the analysis and the work deliverables thercwith are
focused entirely on the assessment of the finance needs associated with the possible
institutional alternatives and funding sources, and fiscal impacts on DGSU. This
brings aboul the sequential discussions on and possible prioritization of the
implenientation altcrnatives under the binding conditions of coherent conslraints of
macro-disequilibrium that Mexico currently faces and corresponding fiscal positions
of the GDF.

Guiding Principles for Analysis of Finance Needs Assessment

In tine with the instilutional framework, and the comments from DGSU as well, the
indicative fund nceds and the associated financing plans in cach of the possible
combination of project components and finance sources (Options) are provided
herewith.

a. Configuration
A.  Analytical Dimensions

A-1.  Overall Project Cost structure
A-2, Tinancing Requirements and Financing Plan
A-3. Cash Flow Structure

B. Variables and Varialions included in Analytical Framework
B-1. Implementation Framework (Cases) and Project Components in concern

Case 1:  All thiee components, vis-&-vis, Final Disposal Sites (FDSs,
Gtapa IV and Etapa V) and Compost Plant being internalized
wilhin DGSU

Case 2: FDSs and Composting Plant are constructed by DGSU and
Operated on Contract-Out basis by the private scclor business
undertaking

With the forcgoing in view:

. B-2. Institutional Framework by Implementation Framework and Project
Components

Alternative 1: FDSs and Compost Plant in Case 1
Alternative 2: FDSs and Compost Plant in Case 1 and Case 2, in that order
Alternative 3: FDSs and Compost Plant in Case 2 and Case I, in that order

Alternative 4: FDSs and Compost Plant in Casc 2
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B-3. Financing Sources
Category 1. Own Fund (Equity) Only
Category 2.  Liquily-Loan Mix
Sub-C 1. World Bank-type (intcrest capitalized)
Sub-C 2. OECF-type (interest not capitalized)
C. Evaluation Criteria
C-1. Ability to Pay (Aggregate Project Costs)

C-2. Affordability - Annual Cash Qutlays within DGSU over the
period

b. Schematic Framework - Combination of Variables and Variation
In view of the foregoing, the schematic framework for the analysis in concern will be

summarized as follows.

Table H-77: Institulional Framework {Cases)

Compost Piant
Case 1 Case 2
Final Disposat | Case 1 Alternative 1 Alternative 2
Sites Case 2 Alternative 3 Alternative 4

Table H-78: Funding Source

External Fund: Equity-Loan mix
Hﬁ Own Fund Worid Bank-lype : téECF-type
Alternative 1 Option 1 Option 5 Option 9
Alternative 2 Option 2 Option 6 Option 10
Alternative 3 Option 3 Option 7 Option 11
Alternative 4 Option 4 Option 8 Option 12
C. Operational Presuniptions

In procecding with the analysis of finance needs as spelled out above, presumptions in
projecl operation arc reiterated somewhat in detait are set forth herewith,

c.i Finance Needs for FDSs and Composting Plant (Case 1)

DGSU will be in a position to finance the cosis of eslablishment, initial investment,
and operation and maiatenance {O/M) either in the form of cash or cash-in-kind,

c.2  Finance Needs for ¥DSs and Composting Plant (Case 2)

DGSU will, in liew of operation and maintenance of management and facilities,
assuine the confract to cover the operation costs accrued under the management of
private firms, while presumably keeping a rate of relurn covenant that ensures the
cerlain rate of profil to the firm.
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¢.3 Expedicnt Borrowing of External Fund for Initial Investment

Should GDE/DGSU through the Federal Government of Mexico introduce external
loan in a paucity of own fund, the borcowing will only be shed to the initial
investment outlays, whereas the remaining recurrent costs are borne out by DGSU.

H.5.2 Financing Plan - Flnance Needs Assessment, Sources of Fund, and
Associated Cash Flows

&
e

The numecrical assumptions set for the finance needs estimation include: (i) project
life, (ii) cost recovery, (iii) forcign exchange quolation, (iv) cost estimation {base
cost), (v) physical contingency Factor, (vi) price escalation factor, (vii) financial terms,
(viit) O/M costs, (ix} interest during construction (IDC), and {x) Equity-Loan Mix.
Parameters used for the specific estimation ate postulated and sumimarized in Data M.
The work outcomes in accounting term are summarized below, Funds from all
principal sources arc presumably identified as line items in each of the project
components in the financing plan, while being sct oul in terms of foreign currencies
for and grouped in the tables herewith.,

a. Funding Requirements hy Project Component and Funding Source

In the context of the technical cost cstimates as reflected in the preceding section, the
financial costs of initial investment exclusive of interest during construction (IDC) are
estimated at P. 274.8 miltion (US$ 30.2 million), P. 267.5 million (US$ 29.4 million),
P. 286.7 million (US$ 31.5 million), and P. 279.4 million (US$ 30.7 million) as per
1998 price for the Alternatives 1, 2, 3, and 4, respectively. In addition, the aggregate
financial costs inclusive of the cosis of operation and maintenance worked out
respective of P. 767.1 million (US$ 84.3 miillion), P. 776.2 million (US$ 85.3
million), P. 786.2 million (US$ 86.4 million), and P. 795.3 miliion (USS 87.4
million), ir that arder above. Should the occasion arises, accumulated financial cosis
of the expedicnt borrowing of P. 273.0 million (US$S 30.0 million) for initial
investment are estimated at cespective of P. 1,116.6 million (US$ 122.7 million), P.
1,109.3 million (US$ 121.9 million), P. 1,084.7 million (US$ 119.2 million), and P.
1,084.7 million (US$ 119.2 million) for each of the Allernatives in ascending order
from 1 through 4, while assuming the loan conditions of inlernational lending
institution’, Alternatively, the aggregate {inancial burden liable to the government of
the Federal District (GDF) turned out to be P. 1,547.0 million (US$ 170 million) for
cach of the Altematives considered when the fund comes from bi-lateral lending
institution.

In a bid to take a glance at a number of figures alike, a summary table providing the
above work deliverables, vis-3-vis, the aggregate project costs by project and cost
% components, and debt service accrued is given below as Fable H-79,

7 Difference is made due to the variation in disbussement schedule dusing foan period. Note that, when
borrowing is made from international lending institutions, interests accrued during loan period are
capitalized, thus making diflerent “principals™ and associated amorlization in the end of loan period
and during repayment period.
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Table H-79: Financial Costs by Combination of Component and Funding

Source
initial Recurrent |y o Woﬁ;nomzahon —
Investment Costs Bank-type OECF-type
Etapa IV 1331 15.0 28.3
EtapaV 59: 23.7 346
Compost 109 105 214
Plant |
Total 30.2 541 84.3 122.7 170.0
Aternative2 1 e
Elapalv 133 150 283
Etapa V 59 28.7 34.6
Subtotal o {.....393%  437: 629
Compost 101 10.5 224
Plant
Total 29.4 55.9 85.3 121.9 170.0
Aternatived | SRR NS S
Elapalv 99 14.0 239
EtapaV 10.6 304 414
Compost 109 10.5 214
Plant
_Total 315 549 86.4 119.2 170.0
Alternatived | b
Etapa [V 9.9 14.0 239
EtapaV 10.6 304 41.1
Subtotal o f.....206: 444 850
Compost 10.1 123 224
Ptant
Tolal 30.7 56.7 87.4 119.2 i70.0

i/ exciusive of interest during construction (IDC)

b, Funding Needs within DGSU by Option- “Income Statement” Analysis

Further, an approach attempted to harness the quantitative analysis of the direct fiscal
impact on DGSU is adopted, while taking the expedient borrowing from external
finance source in view. In this case, the fund replenished and used for procurement
will be categorized in “source of funds”, thereby leading to no account of “use of
funds” within DGSU. With this, the analysis will be geared sequentially lo the
estimation of project costs excluding loan proceeds.

In line with the method of cost cstimation adopted thus far, the fund requirements
directly harness the fiscal position of DGSU worked out P. 767.1 mitlion (US$ 84.3
million), P. 776.2 million (US$ 85.3 million), P. 786.2 million (US$ 86.4 million), P,
795.3 miltion (US$ 87.4 million), P. 1,61 1.6 million (US$ 177.1 million), P. 1,612.5
million (US$ 177.2 million), P. 1,598.5 (US$ £75.6 million), P. 1,607.1 million (US$
176.6 million), P. 2,043.9 million {224.6 million), P. 2,052.9 million (US$ 225.6
million), P. 2,062.9 million (US$ 226.7 million), and P. 2,067.5 (US$ 227.2 million)
for the options (Options) 1, 2, 3, 4, 5,0, 7, 8, 9, 10, 11, and 12, respeclively. H
would be reminded that cach of the options, vis-a-vis, Options 1, 2, 3, 4. Options, 5,
6, 7, 8, and Options 9, 10, 11, 12, are associated with the funding categories of own
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fund, international tending instilution-type, and bi-lateral lending instilution-type, For
easy reference, a summary table providing the above work deliverables is given helow

as Table £1-80.

Tabte H-80: Finance Needs within DGSU by Option

institutionat Framework

Own Fund External Fund
- World Bank-type QECF-type
(USS million) | y5¢ miion) (US$ million)

Al Compo:ﬁants internalized
{Alternalive 1)

Option 1 - 84.3

Option 5— 177.1

Option 9 - 2246

FDSs-Internalized, CP-
Externatized (Alternative 2)

Option2 - 85.3

Option6-177.2

Option 10— 225.6

£DSs-Externalized, CP-
Internalized (Alternalive 3)

Option 3 - 66.4

Option 7 - 1756

Option 11 - 226.7

All Components . . .
Externalized (Alterative 4) Option4-87.4 | Option 8- 176.6 | Option 12--227.2
Average 859 176.6 226.0

As attached, a summary of “income statements” numerically elucidating the overall
cash flow structure in a time slice of the project period and loan repayment period by

Option is provided in Table }

I-81.

Table H-81: Summary “Income Statements” by Option

Acinatine TAFICFL 1 T Awmawerenice?
or EF-%B I EF-OECE poE | EE¥B __EEORCF
_Options 1 5 5 10
T T lavestm T HESeEn T T T T st T T T T TUREmm T T
et Amcrtiz Dishurs  Net et Amortiz Diburs  Net ent  Amediz Dishurs  Net em Amoniz Disburs Net
year  |lnvestmf Owilay  ation  cmemt Owlay| Ouday  atien  emcot Owtlay [Tavestmd Outlay  arion  emeat Oullay | Quilay  atien  ement Oulay
wol ey 02 03 _poy 6z oy 03 o0 02 02 03 L0402 003 D3 O
o 33 DY 113 682 1 13 W3 ear) 133 137 [ IS ST E % R SR TN X5
2001 SG.O‘ 150 29 ].IS. 150 42 1ne 71.02] IJ.‘)| 139 (151 1’.84T 139 11 no 659
2002 9.8" .8 i7 S.Iﬂi 48 37 17 18] 10.3-} 03 21 A L) 1% 55 21 138
2003 9.0' 40 a8 e 50 39 08 1407 9.')| 99 17 B 59 58 11 1433
2004 78‘ 15 13 Iﬂ.?ﬁ; 18 3.9 1387 33 B3 122 ZD_HE 83 60 1323
2005 3,4‘ 14 1723 1529, 14 39 241 3.9' 39 122 16.05 s &0 935
20061 s 3s 1”73 IS.II! s 59 952 40 40 122 )6,16t 40 a0 9.53
201 76l 15 23 1943, 78 39 pso| sl sy 2 w81 60 14.06,
2008 63i 63 123 18 20' 63 59 1231 55" 55 2 17,65! 55 &0 1147
2005 33 38 1”3 15.7 38 62 10 & D:' 40 12 lG,N; 0 62 10.12!
2ol a3l 32 23 153 32 62 sof a7 31 12 158 33 62 346
2011-2014 363 2190 246 FL ¥ k1) 1656 47 pIXAY
EnEe D T s62 &3 b I X 8530
Tom] T HA] BT D29 306713010 8137 w00 300 gnag| B33, 853 LS MF Ry 83y i1 304256
e Ahernative 3 LF2CPE I . Alernative A1LF2CPZ
TOF [ EEwa . EROEG L W 25 . : .
Options {3 [T IO T oAb I R DU N AR
Tavcslin N ThAvesta " : \Taveskn 7T JEsvestm
el Amontiz Dishurs Net | est  Ameoniz Disburs Mt | eat Amortiz Dishurs Nt 1 eaf  Amodiz Dishurs  Net
year Outlay  wion  emeat Ouflay | Outay  ation  £ment Outlay E Outlay  ation  emcent  Ouilay | Ourlay  2tion  ement Outlzy
w0z 02 0o 020 02 Dm2 89 oxnf 02 02 03 00, 02 003 03 00
20001 l(l.&l 146 106 OD.!: 166 i 1286 18 IDS‘F [[13] 1wy 033 103 11 i0.9 0.7
2001 131 137 169 IBO; 18.7 i 16% 565 165; 163 152 1.]7; 63 AR 152 a2
200 l(i.ili 103 i6 8,69! 103 3.7 16 1435 QDB‘I 103 21 8.76. 108 55 21 142
20N 'J,ﬁ“ g6 o9 8.743 56 50 299 1465 ID.S" 105 1 4. 8.95i s 58 A 1475
2004 l.l“ . X1 189 2032i 84 &0 14.43 8.9i 89 119 W81 89 60 118%
2005 J.Bi s Its 15.73, 13 6D GRS 43" 43 1% 1622 43 80 1030
MF J.GL 34 1.9 ‘5'28. 343 60 4395 35! AR 19 !5.”-, 38 £0 QA5
H07 5.9# 59 1t 17.78' 59 50 1150 6.4; 6.4 19 18.27' 6.4 &0 1133
H04; 6.3} 68 19 1875, [ 9 &0 12 87 6.0 a0 19 17.95. 6.0 £0 1203
2009 'I.'li 47 1.9 1639, 1.7 62 1087 45. 48 119 1414, 48 6.2 1502
0} a0 4p 109 1583, 4@ 62 10204 45 43 N8 isdk 45 62 1067
2011-2014 358 2I.90, 248 24.19, 358 1150, 8 2479
w2009 | s&4_ Beal | 1 . s o 863
Tort] 884 £54 1192 300 A7560 864 1702 W0 2367 BiA; &4 k2 3o yke " #RA K0 00 3T
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c Indicative Repayment Schedule

Provided that GDF would intake the external fund for capita! investment of US$ 30.0
million prior to the commencement of the project, this small part of analysis provides
herewith an indicative amoitization plan. Ia associalion with the assumplive
parameters as given in Data M, the sludy reveals that the annual amorlization that
DGSU is liable will reach respective of P. 111.9 million (US$ 12.3), P. 110.0 million
(US$ 12.2), P. 108.3 miltion (US$ 11.9 million), and P. 108.3 million (US$ 11.9) for
each of the Alternatives, when the World Bank-type borrowing is assumed.
Alternatively, DGSU is liable to debt services corresponding to the OECF-type
lending with P. 56.4 million (US$ 6.2 million) per annum. It would be noted that the
amount of annual debt service varies where disbursement schedules and associated
interest during construction arc diffcrent among  Alternatives thus by making the
alternation of accumulated principals in the end of loan period. Indicative loan
repayment schedules for the expedient loan of US$ 30.0 million with the prospective
interest rate at 20 percent per annum is attached as Table H-82. Year average interest
rates on outstanding deposils is given in Data M.
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Table H-82: Indicative Repayment Schedule for Alternatives

Alesnative 1
Oplion 3 : Multi-Latesal Agency

Principle § 30.0 USS milticn
DY 0261 M3 12851 L6720 0843 0.0
Shace 09%  475% 25% 5.6% 28% 10
Iale1em 00% CETES & W50% Magim o $O% WorldBank 73%
Repaymead 15
Grace 5
YeuPencd 10
Level Pajt 123
CommitC
1DC gint 19982002 S N
Batance . er incipal "o T N - cuimmePate:
% Beging Dishuncacot 1D Ounstanding ;:,rr::l Ri;pajr‘nc:-! c Chage Erd Belance  Arwitiration Acc N
19-99; 000 026 003 029 0.0
2000, 06.29 1433 149 16.13 0.b
X001 1513 1285 151 3150 0
a0 1350 167 687 4204 0.9
__ 2003, 4304 OB  BS® . _ _ swa 0D
04, VT 103 20 0 123 123
2005, nos 29 24 0 123 245
2006] 582 94 29 0 113 368
2007 839 88 34 0 123 491
2008, 6 ¥ 11 0 123 514
2009, 6.4 73 49 0 123 136
200, 401 64 39 0 113 859
2010 358 52 11 0 123 587
2012 243 18 as 0 123 1105
my 123 20 102 0 1”3 1223
2 .,
Toil | w0 A 33 §157 217 1327
Opiion 9: Bi-Latera) Ageacy
Principle § [T 300.Uss mltica
Dishy 036 1535 1286 167 085 30.0
Share 05%  428%  425% 56% 28% 10
Taterest 206%
Repayment 30
Grace 10
YesPeriod 0
Level Payt 5.2
CocunitC
10C (int 1998-2002) co
1 Balawe . - bntcrest Prieciped Commitest End o Accumulaled
! Bigig Diburszacat IDC Outstanding FPayment  Repayawer Charge Batance Amcatization Paymert
. ——— e e e e et ettt e e e
1999 00 03 00 0026 01 06.026 0.
2000, 03 143 00 1487 146 1457 15
w010 148 129 00 £208 275 1.208 51
602, 215 17 00 5661 231 5.6t 114
293, 291 (113 00 5913 300 5913 1.3
2004, 300 5913 300 5913 232
005 300 5913 300 5513 29.1
2005 30.0 5913 300 5613 350
ot 09 5913 300 5913 409
o w8 300 . oo 8SBY 300 5813 489
. ¥23.2 5997 0161 [ ¥ 6158 530
2010 HT0 5565 0.193 ¢ 6.2 5158 59.2
20 03 5927 0.2 0 62 5158 553
2012, 104.7 5330 0278 o 62 5.158 1S
013 %88 5813 0333 ¢ 62 6158 716
2014 924 5358 0.490 o 62 £.158 838
2015 £5.2 5.678 0.450 0 8.2 6158 900,
2016, £0.1 5.582 0576 0 62 6158 96.1
2007, 739 5467 069 o 62 £.158 1023
2018, 677 5329 0829 o 6.2 8.158 108.4
2019 616 5.163 0595 o 62 6158 46
2020, 55.4 £.965 1192 o 62 6153 1208
2021 493 £.726 1432 [\ 62 6158 1269
2022, 431 4439 | L o 6.2 6.158 1331
2023, 59 40% 2062 o 62 6.158 1332
2024, 08 2683 2475 1] 62 6158 145.4
2025; 246 3183 2970 o 62 5158 1515
2026; 185 2594 3564 0 62 6158 1517
2001 123 1.882 5276 o 6.2 6.158 1539
20287 &2 1026 5.132 0 62 6.158 1700
I 00 B} R
ford ! 308 7 00 1313 300 ) RE R L
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Alternative 2
Oplion 6 : Muli-Lateral Agency

Principle § 30.0 USY iliioa
Dishh 0238 §4.932 11050 2018 1656 Eali}
Share 5% 438% 368% 1% 55% 10
Torrest 2045% CETES 15.0% Margin $0% World Bk 3%
Kepaymeal 15
Grace 5
Yrs Period 19
Levet Payt 122
Commit
ADC (ine 1993-2062) 231
Balance 5 . latcsest  Palacipel  Ceomitment - Accenwlated
J Boginig Disbursement IbC Ountending Payment Rcs—lj:‘tnl Charge Eod Balance  Amoftizatios Payment
1599, 0.00 026 063 023 LX)
200 028 1493 155 16.37 or
20| 1677 16 448 227 0o
2002‘ ara 212 667 4106 LX)
ooy Avoe 16 838 sl 00 08
2004, 1249 10.2 20 L] 122 122
2005} we? 98 24 0 122 244
2&36; 9715 o4 28 L] e 3.6
ZOOTi 853 53 34 L] 22 487
ZCOS' 731 -8 | 41 L] $22 0.9
2009, 0.9 i3 LR 0 22 731
2040 487 63 59 1] 1212 831
20||§ 356 51 11 1] 122 918
2012 244 LN 85 [\ 122 1.7
ZOIJQ 12 20 in2 [1] 72 9
P L H . . X
Toal |77 L 1R 708 i1 1219 179
Option 10 : Bi-Lateral Agency
Prisciple § [ 730.6,USS mitlion
Bishh 026 1493 11.63 212 166 300
Shate 058% 498% 168% T.1% 55% 18
Intecest 200%
Repayment by
Grace 10
YisFeriod 20
Level Fayt 16
CommiC
II!)C(:'ni 1993-2012) 00
1 Balance . i . Interest Priocipal  Coemmitment £nd - Accumulated
i Beginig Disbursemeat I0C Outsandiog Paymcat  Repsymeat {harge Balance Amonization Payment
1999! 0.0 D3 ao 0026 o3 0026 0.0
) 1] 1545 15.2 1.545 1.5
00 4144 6.2 4144 5.1
LiR4) 5460 23.4 5460 11.2
[{I) 3838 300 5813 170
65003 300 6.003 230
6.003 300 6003 9.0,
6003 300 6003 330
5003 300 6.003 410
. bW 300 60B 420
1233 6.0063 0151 0 62 6.164 332
1171 5971 0153 o 62 6.164 594
1.0 5933 0132 \!] 52 6153 655
1048 5886 D278 0 62 6164 1.7
51 38M 0313} | 62 6164 KR
925 5764 0.400 o &2 6.164 84.0]
B6.3 5684 0.480 ] 52 6.164 0.2
801 5588 0576 ] &2 6.16% 0953
740 5473 0.6%91 0 62 6164 1023
67.8 53334 0830 o 62 6164 108.7
51.6 5169 0.9%% o &2 6614 148
355 4969 11595 o 52 6164 1219
433 4131 1434 0 52 6164 127.2
(LR 44144 1.720 o] 52 6.164 1333
3790 4.100 2.064 0 6.2 6.164 1395
08 3681 2477 o] 62 6.164 1437
P N A 29713 0 62 6.164 3%
185 25917 3567 ) 62 6164 1580
123 1.883 4781 4] 62 6164 15641
6.2 1027 5137 ‘o 6.2 6.164 1200
S I
0o 1316 00 10 170.0]
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Acternative 3
Option 7 : Muelti-1 atersl Anency

Principle $ 300 USS million
Dbt 0.007 10.55) 16907 1.630 0854 00
Share 0.7% A52% 36.4% 55% 29% 10
bnterest ©.20 CETES 15.0% Margia 5.0% World Bank 153%
Repaymmend h
Grace 3
YroFeriod 12
Level Payt -ne
ComenntC
$DC (int 1553-2002) 3120
Balance . . {nrsest Prncipat Accumulaed
Beginig Disbursercat 1o Dutstanding Payment H:payf\:ml Fayment ]
l9991i 0.00 601 G001 0.0]
le[ (L] 1055 106 0.0
2001 1162 16.91 401 004
2‘.’02; 3254 164 6567 0D
_ 2003 4085 088 029 N > O L.
2004, 1192 100 1% ] 1.9 119
2008 1073 $6 21 [} 11.9 23 B
2006! $53 2.1 28 o o 358
2007, 834 .29 33 [ 119 41.7]
2008, 1S 79 50 [\] 159 395
2009 596 71 48 0 19 715
2010 421 62 57 D 159 814
2011} 358 30 69 o 19 953
2012 38 3 a3 o 19 1073
203, e 10 99 i} 119 192
2014 a0
{70 I R 1 S ¥ 1 SR> N | 182 1197
Option 11 : Bi-Lateral Agency
Principte $ 777777 308uSS mittien
D¥isby 022 i0.55 1651 164 086 A2
Shase 0% A52% 56.4% 5.5% 2.9% 10
Enferest 200%
Repzyment ¥a
Grace 100
YrsPeriod 200
Level Payt 5.2
CommitC
IDC {int 1998-2002) 00
1 Balance - - Inteésst Frincipal  Commitment End e Aceumplaied
Beginig Distursement toc Outstanding Paymcat cha):zcm Charge Batznce Amorization Payment
1999, 0.0 02 [i2)) Doz D2 0G22 0.0
2000, 02 106 o0 1093 10.8 1.093 1.1
2003 10.8 169 00 RE:£E] 2.1 sy 5.0
2002 N 16 oG 5699 293 5.699 107
203, 291 09 o 5949 307 5939 16.5
2004 302 6036 302 6016 226
2003, 30.2 6036 302 6016 237
2006, 302 5036 302 6035 347
2007, 302 60345 302 6015 408
208 302 &0 302 603 468
2009, 1339 6036 0.162 (] 612 6.197 53,0,
2010, 1.7 6003 0.194 4] 62 6197 522
2011 tHis 354 02 0 6.2 6.197 634
2012 1654 5918 0279 0 61 6.197 ne
2013, "2 5862 0335 0 62 6.197 718
2014 230 57195 0.402 0 62 6.1%7 830
2015 858 3715 0.483 0 6.2 6.197 %2
2016 506 5.618 0579 0 612 6.197 964
2017 4 5.502 0.493 0 62 6.197 102.6,
2018° 682 5363 0834 0 &2 6.197 1688
2019 620 5.156 1.001 0 62 6.197 115.05
2620, 558 4.556 1.201 0 6.2 6.1%7 12
2021, 496 475 r4dt 0 62 6.197 1274
2022, 434 44638 3.730 0 612 6.197 133.6]
2023 312 4122 2075 0 62 6.197 139.7
2004, no 3707 2.491 0 62 6197 145.9
2025 248 3208 2959 0 52 6.197 1521
20026, 186 2611 1586 0 61 6.197 1583
2027, 124 1.5%4 4304 0 6.2 6.197 1645
2028 62 1.033 5164 0 6.2 6.197 170.0
Total ; 302 00 1318 302 1700 1700
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Alternative 4
Opticn § : Multi-Laterat Anency
Friecipie $ 300 USS aalliva
Disdh 02564 10916 15172 2062 1.586 30.0
Share 05% 354% 506% 6.9% 53% 10
Interest W% CEIES 156% Margin 50% Workd Bank 15%
Repaymens 15
Grace 5
Y Period 19
Level Payl 119
CommitC
10C (int 1958-2002) 19.9
g:‘;:;: Distuscment 10C  Ouissasding ;;’;‘;;1 R‘;‘;’;f;l (‘“E’_h":_’;:"‘ £nd Balance  Amortizution A‘;‘:}";::“’
199‘9! 0.00 0.26 0.026 0.29 o0
2000, 029 10.92 115 1236 00
2001, 1235 1517 399 n52 00
2002 352 205 6.51 4£6.0% 0.0
0% 8009 1S9 88 %85 00
2004 1189 100 1.9 1} e 119
2005 107.0 25 23 0 1ns nse
2005, 951 91 28 0 ne 138
2007 832 X3 33 0 1ns 413
2008, 112 79 40 0 1ne 596
2009. %3 73 48 0 ne s
2010, 4274 6.2 53 1] 1.9 834
2011} 355 50 69 ) 1He 933
2002 236 18 83 0 e 1073
zms; ny 20 29 0 e 1192
oW e . e
Total H 300 199 69.2 50.0 1102 119.2
Option 12: Bi-Lateral Agency
Prirciple $ L _30.0.USS miltion
Disbt D5 1092 1537 206 159 3.0
Share 05% 36.4% 50.6% 69% 531% 10
Interest 200%
Repayment 330
Grace 10.0
YeaTesiod 200
Level Payt 52
CommitC
1DC (int 1923-2002) 0.0
Balance . . Ioterest Procipal  Commitment Erd - Accumnulated
E Beginig Diskurseneat e Outstanding Payinent  Repayment Charge Batance Amogizatica Payment |
............ e emmem e tee Seas e rmestarian %At amtaamt emtan emem A Ao amtamacn o tem oo tne —em e e et eme ameeem -
1999, (2] 63 00 0.026 0.3 0026 O.DF
20600, 03 10y 00 1144 112 1.144 12
20018 12 152 09 3753 16.4 3753 49
20024 6.4 IA | 00 5417 284 5477 10.4
2003; 234 ié 00 5841 30.0 5848 162
200-!i 300 6.000 30.0 6000 222
20057 30.0 6.000 30.0 £.000 282
20667 300 6.000 30.0 6.000 M2
2007, 300 6.000 300 6000 402
o008, 300 L ... 6000 _ 300 6000 452
2(!]9' 1232 6036 0.162 1] 62 6.1917 524
2010, 110 6003 0.1%4 0 62 6197 586
20n! 1o8 5064 0233 0 62 6197 648
2012, 1 {32 K9 5918 03719 0 6.2 6.197 e
2013; 984 5862 0135 Q 62 6197 712
2014, 922 5793 0402 0 6.2 6.197 B34
2015 860 5715 0433 0 6.2 6197 £9.6
216 8 5618 051 0 62 6197 958
217: 76 5.502 0.695 0 6.2 5197 102.0
2048, 674 5363 083 1} 62 5197 108.2
2019, 612 5196 1.001 o 62 6197 144
2020, 550 4.995 1.2G1 1} 62 6.197 1206
20?|! 438 4756 14431 0 6.2 6197 1268
2022 426 4468 1.730 0 62 6.197 1330
2023; 365 4122 2075 1} 62 6.197 139.2
23\')241 303 A7 2.491 0 62 6.197 1454
2025; Ha 3209 2989 1} 62 6197 151.6
.2‘02(51 179 2611 3.586 [} 62 6197 151.8
o2y 1.7 1894 4304 Q 6.2 6197 164.0)
228 6.2 1033 5164 0 62 6.197 1700
- o . o - _
Total i 300 0.0 1313 02 170.0 1700
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H.5.3 “Totem Pole” Evaluation - Preferential Order amongst Implementation
Order

Aflordability as well as ability 1o pay attached to GDF/DGSU are quantifiably
investigated on a sct of assumptions and provided herewith in a bid to offer a
reference for taking further step in the long and arducus processing within the
concerned administrative machine (s).

a. Ability to Pay: Aggregate Project Cosls

a.l  Funding Sources

From what the analysis numerically exhibited in the accounting analysis of funding
needs in 11.7.5.2, it will be deduced that fiscal impact over the years of project
duration is lcast when the project is financed by internal fund within GDF, followed
by the cascs of World Bank (WB)-1ype lending and Overseas Economic Cooperation
Fund, Japan (OECF)-typc lending. Cost ratios of the borrowing options reach 1.92
and 2.63 on average basis respeclively, given the cost by own fund being scl at unit
(i.e., 1.0). This is simply beeause the two sources of external borrowing carsy
amortization besides project cost, where the overall cost by OECF-type tending
oulnumbers that by WB-type due to the longer repayment period. The funds required
in average during the project pesiod are figured out at USS 85.9 million, USS$ 176.6
million, and US$ 226.0 miltion for respective of own fund, WB-type lending, and
OECF-type lending (refer to Table 1-80). Consequently, this outcome places sclf-
financing at the top of “Totem Pole” of prefeicnce, followed by WB-type and
OECF-type loans in descending order. Once for all, the alternative cases will be lined
up in descending order of Option 1, Option 2, Option 3, Option 4 (thus far Gwn Fund
cohort}, Option 5, Option 6, Option 7, Option 8 (so far WB-typc funded), Option 9,
Option 10, Option 11, and Option 12 {(thus far OECF-type funded).

a2 Institutional Framework

Amongst the institutional alternatives under the own finance, the casc of all the thiee
components being infeinalized (Alternative 1) is observed most favorable, followed
by the choices of final disposal sites (BP E-1V and V) under DGSU (Alternative 2},
compost plant under DGSU {Alternative 3), and BP E-V and compost plant being all
externalized (Alternative 4), in descending order. This line of preference evidenlly
imparls a numerical proof of fiscal burden that DGSU would be liable to the
prospective “contract outl” treaty with the private firm{s) involved. It would be
noled, notwithstanding, that it would be misleading if the analysis on preference order
are confined to the categories of extemnal borrowing simply because they do attach
bias to the order with a large weights of debt service.

b. Affordability of DPGSU ~ Annual Fund Needs within DGSU

in tandem with the total cost of project that has to be committed once for all prior to
the project implementation, at issue in the alignment and placement of alternatives in
the order of prefercnce is the investment outlays that invariably draw a substantial
pait of public expenses allowed to GDF/DGSU every year. In search of the
alternatives that are to be “fricndly” to the fiscal position of DI government and
DGSUY, the accounting cash flows associated with cach of the options have been
investigated by categorically dividing the outlays into three paits in chronological
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order, notably, initial investment, operation and maintenance inclusive of intermiltent
investments for replacement, and amortization, with the ceilings of cash-outlay
presuntably benchmarked at US$ 10.0 miltion, US$ 13.0 million, and US$ 7.0 million
per annum, in that order.

In so doing, annual finance needs within DGSU, that is the investment expenscs
exclusive of initial investmients being covered by the loan, has been taken inlo
consideration. Wilthin this analytical framework, combined with the grades of 1
through 5 assigned in accordance with the annual cash-oullays estimated, the order in
“Totem Pote of Preference” (uened out to be almost in line with what had becn seen in
the analysis of the Abilily to Pay except that amongst the WB-type and OECF-type
lending. Grouped in cascading preference blankets, the Option 1 showed off its
robusiness in numerical line-ups, followed by the Options 4, 11, and 12 in the second
tier, Options 3, 9, and 10 in the third tier, Options 8, 7, and 2 in the fourth, and
evenlually Options 5 and 6 in the cnd. It should be noted, however, that the outcome
as demonstrated thus far is only indicative and might be subject to alteration
depending on the variables and parameters adopted in evaluation,

A Totem Pole of preferentiat order with cach of the options in the queue by size of
aggrepate fund needs is depicted as Figure H-33.
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c. Soundness of Public Finance in DGSU

Shoutd the borrowing from external source be considered by GDE/DGSU, it would be
appropriate {o quantitatively mcasvre the fiscal impact of amortization in DGSU.
Debt Service Ratio (DSR), which is commaonly used as a proxy index to represent
soundness of public finance, with the whole revenue and own revenue as
denominators worked out respective of 0.7 percent and 2.2 percent with P. 2,6094
miltion (US$ 286.7 million cquivalent with the guotation at P. 9.1/US$ in September
1998) of debt service authorized by Congress for the year 1998°, While considering
the expedient loan of about US$ 30.0 million, an incremental porlion of debt service
as borne by DF government corresponds to 0.3 percent at maximum and 0.05 percent
at minimum reaching respective of 12.5 percent and 12.25 percent on Ceteris Paribus
condition’, well below the gencrally accepted critical line of DSR 25 percent.

Budget allocation to DGSU for the year 1999 is allegedly P. 992.1 million with a little
as 3.2 percent of inceease in nominal term. Keeping this in view, the sharc of
amortization associaled with the presumptive loan amount of P. 273.0 million (US$
30.0 million) cut of the annual budget would range mostly between around 4 percent
10 20 perceat or 25 percent at maximuin for the categories of own fund and WB-type
tending, whereas mostly 5 percent to 15 percent at maximum for GECF-type lending.

d. Policy Implication

With due recognition of the rung of financia} hardship that GDF/DGSU would have
to endure annually in the forthcoming lime-slice of 12-year-period of project
implementation, it would be commendable that the project would be financed by own
fund, IF and ONLY IF (i) the government in 1999 could decisively commit to the
budget allocation of arouvnd US$ 30 million for initial investment during 1999 to
2003, and (it) DGSU could deliberately carry the annual fiscal burden and recurrent
costs accrued that accounts for around 10-17 percent of the total DGSU budget
annually after the year 2004'°. Should the occasion arise when DGSU has to consider
funding sources cmbracing external borrowing, it would be recommended that DGSU
borrow funds in linc with the OECF-type loan conditions where no-capitalized
interest to principal and longer repayment period are assumed. This type ensures the
lower principal surmounted in the wake of full disbursement of loans, and smaller
amortization in the following repayment years.

Nonetheless, it would be noteworthy that the World Bank-type loan be considered
where DGSU is not lizble to amortization during the initial construction period.
While high obligation of debt service during the repayment period is assumed in this
case, financial burden during the initial investment period is much lesser than the
other two funding sources. This is a kind of trade-oft issue belween the amortization
plans of “continuously so” and  “Fisst casy go and tater very tough”''.

¥ Source: HACIENDA, Informes sobre la Sitnuacion Economica, las Finanzas Publica y Deuda
FPublica, Acciones y Resultados del Primer Trimestie de 1998, May 1998

? DSR herewith is being defined as debt scivice over own revenue of DF in 1998,

1 the case of all the sub-components being internalized.

" In favor of the World Bank type lending, inflation and possible increase in budget allocation to
DGSU in conjunction wilh economic recovery and sound management of mactocconomic policy in
Mexico would lessen the financial burden in the years o cone.
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In the meantime, the mission was advised that the approved line of credit accorded to
DGSU for the year 1999 was around P. 356 million (cquivalent 1o US$ 39.1 million
as per £.9.1 per dollar).

Lastly, and not more than a reference for the comprehensive understanding on the
ordering of preference, the evaluation outcomes are lined up in the Totem Pole by
projcet cost and annual cash-outlays with the specific weights of 0.1 and 0.9 altached
respectively. Option 1 came ahead of others with the followings in descending order,
that is, Option 4, Option 3, Option 2, Option 6, Option 7, Option 8, Option 9, Option
5 in the second tier, and Option 10, Option 11, and cventuaily Oplion 12 came in the
end.
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H.6

H.6.1

Environmental Impact Assessment (EIA)

Scope of EtA Work

a. Background

Solid waste can be a health and environmental hazard. It attracls vermin; it produces
offensive odor; it degrades cily beauly; and it is a source of contaminants to pollute
soil, groundwater and any other natural assets. Thus, solid waste management projecis
should be those to protect human health and the environment. Nevertheless, beeause
of highly undesirable naturc of solid wasle, its mismanagement, once happencd,
might lead to unexpected negative impacts on social and natural enviconment, hence
the nceessity of environmental impact assessment (EIA) at the design stage.

As stated in Section A.S, Mexico has a legislative base for the realization of EIA for
projects with potential environmental impact. The principal structvre is given by the
LGEEPA, which are in turn supplemented by several regulations on specific issues
including EIA. While these are enforced at the federal level by the SEMARNAP,
there are bylaws on general environmental matter and regulations on EIA which are
issucd by local governments (at state, municipalily and DF levels) duc to the progress
of decentralization.

According to the LGEEPA, wasle management projecis for municipal waste is under
the jurisdiction of state governments, and so is the EIA procedure for those projects’ 2,
The EIA for the proposed F/S projects were, however, considered 1o follow the EIA
guidelines of general modality issued by the SEMARNAP for the following reasons.

* The proposed land is geographically within the State of Mexico but the land is
owned and controlled by the CNA. Therefore, the EIA process would have 1o
involve both organizations and the EIA reports should have to be satisfactory
for both the SEMARNAP’s EIA guideline and the EIA regulation of the State
of Mexico.

» In spite of the above, the EIA regulations of the local states, including the State
of Mexico, largely follow the SEMARNAP’s EA guideline and there is little
disparity. In other words, EIA which is carried oul based on the SEMARNAP’s
guideline should meet the E1A regulation of the State of Mexico.

* The Federation is responsible of protecting environment in the federal area.

b. Screening and Scope of the Work

Section G.7 described the screening process where it was concluded that the EIA
studies for the Etapa V project and the composting plant were to be undertaken by the
team. For those two, scoping was altempled whose sumniary is as presented in Table
H-83 (sce Tables in Scction G.7 of this report for detail).

12-The EIA regulation of the State of Mexico defines projects subject to the EIA procedure of the stale,
which include installation and operation of a drcatment plant and a final disposal site for municipal
solid wastc,
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Table H-83; Summary of Scoping

Evaluation Faclorg N I BPV I Composting Plant

Social Environment

Resettiemant

Economi¢ Activities

Transpoit

Public Facilities

Division of Community i
Hislorical Heritage/Cultural Properties
‘Water Righis/Access Righis S e T e s

Public Heallh B B

Waste {from lhe project) T T R
Accidents/Risks 8 B

Natural Enviconment
Topography and Geology
Soil Erosion
Groundwaler
Hydrological Condilions
Coastal Zone

Fauna and Flota
Meteorology

Landscape/ Aesthetics
Poliution ]
Alr Pollution B
Walter Poliution
Soil Conlamination
Noise and Vibration
Land Subsidence
Offensive Odor

0
&

&

v,
]

cim o |m|w

8

In the table above, B refers to factors on which the project might have impacts if not
well engincered or operated and C represents a lack of site information to determine
whether adverse impacts are expected. Some factors with B also suffer a scarcily of
base information.

For the EIA of the Ftapa V project and composting plant project, Table H-83 presents
a scope of the EIA study: which factors should be paid careful attention (factors of
white cells with letters B or C) and which are necessarily not (factors of shaded cells).
It should be noted, however, that the scoping was attempted in the 1EE process with
limited resources at the initial stage of the study.

H.6.1.1 Present Environmental Setting

The information on present environmental situation in the project sites was collected
and cxamined during the second study work in Mexico. It is attempted below to point
oul key issues of current enviconmentsl state of the area, which would be especially
important to cxamine possible environmental impact.
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1 Physical Aspects
a. Climate

Section A.1.3 of Annex A deseribes the climate of Mexico City. In considering waste
managenment projects in ex-lLake Texcoco area, the following should be kept in mind,

* Annual rainfall is aboul 600 mm/ycar, while annual cvaporation is 1,800
mm/year.

* Rainfall is concentrated in the rainy secason, i.c. June, July, August and
September. These months may have more than 150 mm/month of precipitation,
On the other hand, the dry season may have rainfall no more than 5 mny/month,

b, Geomorphology and Geology

According to the previous study by Moro company (1992)", geology of the area of
the ex-Lake Texcoco and ils surrounding area consists of such geological unils as
alluvial deposits, lacustring deposils, lime-sand toba, volcanic brecha, and andesite
lava, but within the cx-Lake Texcoco arca, lacustrine deposit predominates, reflecting
the history of its formation.

This lacustrine deposit is a plain comprising a number of sequential clay strala with
some occurrence of volcanic sand, lime and glass. The total depth of this formation is
assumed to be about 180n.

C. Soils

The soil studics were conducted by the JICA team. Although soil studies in the
composting plant site was not carried out, oral communication with the counterpart
and visual observation concluded that the soil type is fairly similar to that in Etapa 1V,
the closest landfill site.

Accordingly, it is understood that the soil type of the area is largely ctay which is
exteaded down to S0 m depth. This clay formation shows significantly high water
conlent, Therefore it is considered that the stratum is soft and compressible.

d. Hydrology
d.1 Rivers and Canals

Several rivers flow into the ex-Lake Texcoco area. Although they are called rivers
(Rios), as a matler of fact, it should be more appropriate to call them canals. Their
prinie role is (O serve as open scwerage receiving wastewater from residential areas of
the D¥ and some of the municipalities of the State of Mexico. For this reason, they
arc found to be a nuisance for residents who are exposed to their unfavorable odor.

‘Those canals are, from northeast, the Rio San Juan Teolihuacdn, Rio Papalotla, Rio
Xalapango and Rio Coxcacoaco; from east, the Rio Texcoco, Rio Chanpingo, Rio San
Bernardino, Rio Sanla Ménica and Rio Coatepec; and from south, the Rio San
Francisco, Rio Churubusco and Rio de }a Compaiia. In terms of the flow volume, Rio
Churubusco and Rio de la Compafifa are the main waler ingress into the arca, with

3 Estudios y Proyectos Moo, S.A. de C.V., Estudio Geologico-Geohidrologico de Detalle en la Zona
de Brodo Pouniente, Estado de Mexico, August 1992
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flow volume of 10.0 and 4.2 m*/scc on average’, while the total flow volume of the
othess is mercly 0.4 m*/scc and it could be nearly zero in the dry scason.

Water flown by thosc canals partly goes to several artificial lakes namely lago
Chusubusco, Lago de Regutacion Horaria, Lago Xolapango and Lago Nabor Carrillo,
and water treatment facilities. The rest of water and some water from those water
reservoir flow via canal network within and on the periphery of the ex-Lake Texcoco
arca. In the canal nctwork, Brazo lzquierdo Rio Churubusco and a drain called Dren
Texcoco Norte will be of particular concern since the former flows the northwest limit
of the composting plant site and the latter flows the south limit of Etapa V.

In general, water in the acca finally find its way at canals Canal de Desagiie or Canal
de las Sales both of which flow from south to north on the west cdge of the ex-Lake
Texcoco arca. They join another large canal Gran Canal in the notth of the Solar
Bvaporator {Caracel), and the Gran Canal runs towards a lake Lago Zumpango and
further north.

d.2 Water Bodies

As stated above, there are four major water bodics in the area; Lake Churabusco,
Regulation Lakc, Lake Xolapango and Lake Nabor Carrillo. All of those are the major
accomplishment of the carly 80s by the Texcoco Project to control the surfacc
hydrology of the arca. Total capacily of them is approximately 50 million m”, of
which Lake Nabor Carrillo has the capacity of 36 million m’.

Apart from the hydrologic purpose, they are also important in serving as a host of
migeatory birds during winfer.

d.3  Underground”

Interestingly, the surface clay stralum is peculiar to the ex-Lake Texcoco area. Once
stepping out from the area, it becomes thin and eventually disappears. Within the
area, the stratum has a depth of more than 50m according the JICA Team’s ficld
survey, and 40 to 90m according to Moro company (1992). Regarded as an aquitard,
this stratum is mostly saturated with water, and the groundwater table is found at only
1.2m to 0.03m depth from the ground suiface. It couvld be much shallower in rainy
season.

The water (refeired (o be “shallow groundwater”) in this geological clay formation is
so saline that salt making was aclively operated in the area. Alkalinity is also high.
Rudolph, et al. (1989)'® reported 80,500 ppm and Moro company (1992) reported
90,000 ppm. Because of the high salt content in this shallow groundwater, it is not
used for husian consumplion.

Below this stratum is another aquifer which extends not only the ex-Lake Texcoco
area but also wide part of the Mexico Valley. It is mostly made of sandy material with
occasional accurrence of lime or clay horizontal layers. This is the aquifer from which
water has been exploited for years to serve for public and industrial use parlicularly

" Data from Texcoco Project

13 Data obtained from JICA team’s field survey, Moro (1992) and ABC (1993)

1% Rudolph, Herrera, Yates (1989), Groundwater flow and solute transport in the industrial well ficlds
of the Texcoce saline aquifer system near Mexico City, Geofiscica International, vol.28-2 (adopted
from ABC (1993))
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cxtensively in the south of Mexico City, although there is now restriction to exiract
this groundwater due to the land subsidence caused by over exploitation.

The depth from the ground surface to this deeper aquifer is about 80m, and the
thickness is thought to be 100 to 400m.

I Biological Aspects

a. Flora and Fauna

a.l I'tora

Vegetation of the ex-Lake Texcoco area is poor because of the saline soil. Mosl parl
of the area is merely covered with pasture Distichlis spicata which is resistanl (o
salinity. Land with lower salinity may allow other species to grow, but overall,
species richness is substantially low. Trees or shrubs are rare.

a.2 FFauna

To the contrary, the arca provides habitats to diverse species of animals. Among
those, a wide range of birds can be found.

A Mexican official normi NOM-(59-ECOL.-1994 establishes a list of species which
are categorized as rare (R), threatened (Th), endangered of extinction {Ex), or to be
specially protected (Pr). Out of species found in the project site during the ficld
investigation, the following ones fall into one of these categorics.

In the Etapa V landfill site:

Repiiles: Guerrhionotus liocephalus (R), Salvadora bairdii (R), Thamnophis
eques (Th), Thamnophis scaliger (Th), Pithuophis deppei (Th)

Fowl: Buteo jamaicensis (Pr)
In the composting plant site and its surrounding:

Fowl: Auas acuta (Pr), Anas discors (Pr), and Buteo jemaicencis (Pr) (all are
directly observed)

Reptiles: Thamnophis Scaliger (Th), Pituophis deppei (Th) and Guerrfonotus
liocephalus (R) (all arc only found in bibliography)

Mammal: Peromiscus maniculatus {Th) (only found in bibliography)
b. Ecosystem and Landscape

The land formation history of the ex-Lake Texcoco area suggests thal the land was
formerly under the lake and experienced a diastic change to become what it is. As a g
result, the ecosystem of the area was largely distorted. '

As already stated, one of its most oulstanding feature is exceptionally high salt
content in the soil, and consequently in the groundwater. The salty soil does not
allowed vegelation development in the area and area has been a source of dust slonn
which may have been detcriorating the ait quality of the DF to a certain extent.
Accordingly, the CNA has been taking care of the area and nmaking efforts to restore
the ecology.
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The other characteristics of the area is that extensive hydraulic works take place. As
previously stated, a number of canals flow into the arca, and water is partly stored in
the reservoirs and finally directed to further north. The control of water movement is
managed exclusively by CNA. The major eavironmental interests are that most of
water is in fact waslewater discharged from the metropolis and that the presence of
large quantity of water, especially Lake Nabor Carrillo, receives migratory birds from
north America during winter.

Under such conditions, the following is generally concluded.

* The ecology of the arca has becn deleriorated by human manipulation for
cenluries.

» lts severe environment with salinity has excluded most of wildlife, but because
of its peculiarily, it also possesses unique specics (scc previous section).

» Because of the presence of the canals, water environment in the arca may be
giving a health hazard, but interestingly also serves for the avian ecology.

In regard to the tourism, the area is not and will not be supposed to be a tourist place.
It is controlled by CNA and the gencral public dosc not have a free access to get into
the area. Furthermore, there is no historical heritage or archacological asset in and
around the area.

The area is fairly flat and arid, not giving an aesthetic landscape.
III,  Socioeconomic Aspects

The ex-Lake Texcoco area is within the Mexico Valley Metropolitan area and lics
next to Ecatepec and over the borders of other several municipalities in the state of
Mexico, namely Nezahualcoyotl, Texcoco, Alenco and Chimalhuacan, Being adjacent
to the DF where massive scale of produclive aclivities concentrate, those
municipalities have experienced rapid population growth.

As shown in Table H-84, almost all houscholds enjoy clectricity supply. Except
Chimathuacan, the provision 1ate of public scwerage of the other four is higher than
the average of the State of Mexico. Ecatepec, Nexahualcoyot! and Yexcoco have
higher provision ratc of piped water in housc.

Table H-84: Public Service Provision Rate (1995)

{unit: % of households)
: Piped water in -
Public Sewerage house Electricity

State of Mexico 84.9 49.1 97.6
Atenco 86.3 ar7.0 99.1
Chimalhuacan 828 115 98.7
Ecatepec 935 57.6 99.4
Nezahualcoyotl 99.2 57.6 99.7
Texcoco 88.3 : 59.7 98.9

Souice: INEGI
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