The Siudy on Solid Waste Managenient JICA
of Mexico City in the United Mexican States KOKUSAI KOGYO CO., LTD.

H.1.2 Outline of the Projects

Tablc H-1 shows the outline of the projects.

Table H-1: Outline of the Projects

Present | 1999 | 2000 201 2002 2003 2001
Populatien 8,610,000 I S,654,000J 8,698,000 8,147,000 8,796,000 8,816,000 | 596,000

,%%__ Waste genecation ameunt {ton/year)

o Household 1,525,000 1,916,000 1,936,000 1,967,000 1,976,000 1,989,000 | 1,999,000
Commercialb 1,210,000 1,217,000 1,221,000 1,225,000 ¥,230,000 1,234,000 | 1,238,000
Seqvice 636,000 { 639,000 641,000 643,000 647,000 650,000 | 657,000
Special 133,000 135000 135,000 115,000 137,000 137,000 137,000
Oiheis 265,000 267,000 269,000 269,000 222,000 273,000 274,000
Total 4,169,000 | 4,204,000 4,222,000 4,241,000 4,262,000 4,283,000 § 4,302,000

Compaosting
e - Op(3ss OR(4/S5
OpS?;?!or: e s sopr) | PO conans) (:0.\(‘(15:?.; co.\('(ug) Ore>/5)
Treatment capacity (Ud) - - - - 750 1,000 3,250
Treatment amount {Uy) - - - - 233,000 338,000 § 424,000
Final disposal i
**Caonstruciion BPIV BRD DD, CON opP . - -
and  Opération
schadule BP-V kS B'D DD CON or or op
Site 1o be used BRIV BP-IV BP- IV BP- IV By BP-V BP-V
Disposat amount (Ly) 3,751,000 3,903,000 3,859,000 3,876,000 1,609,000 3,493,600 ¢ 3,385,000
* : 1997/1998 dats

** /S feasibility study, B/D - basic designa, DD @ detailed design, CON : construction, OF : operation, 5/V: supenvision,
PP - Pilot Project

L B {on'day

vy (on,/year

H.2 Preliminary Design of Technical System

H.2.1 Composting Facilily
a. Examination of Design Condition
a.l Design Capacity

Capacity of the composting plant is set out under the condition that the whole amount
of organic waste gencrated in the sub-system are to be delivered and fed into the
plant.

It is planned that the separale collection in the sub-system is introduced in the year
2000 and iis total diffusion (100%) will be achieved in the year 2004. The
estimation of organic wasles input amount for the composting plant until 2010 is
shown in Table H-3.

The operation of the composting plant is planned (o start in the year 2002 and the
organic waste separation in the year will be still about 60%, while the plant has to
receive 100% of separated organic waste from the sub-system in the year 2004.
Therefore, the plant should be constructed from 2001 to 2003 to improve its capacity
in a slepwise manner, in order to meel the increase in the organic wastc scparalion
rate.
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Table H-2: Separate Discharge and Colleclion Plan

[ 1999 [ 2000 ] 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 § 2009 [ 2010
Separate i
Discharge |  Mixed Discharge
and
Collection
Plan -
Z
Tabte H-3: Organic Waste Collection Amount _
unit : 1,000 tonlyear
1999 | 2000 | 2001 | 2002 | 2003 | 2004 [ 2005 | 2006 | 2007 | 2008 | 2009 | 2010
organicwaste] o] 84| e8] 253] 338] 4ca] a425| 426l 42| ace] as0] a3
a2  Waste Composition

Composition of organic waste applicd to the plant design is assumed as shown in
Table H-4, based on the future wastc amount and composition trends assumed in the
M/P framework. Source separation compliance rate is set out as 90% with reference
to the 92% compliance recorded in the DGSU’s pilot projects for source scparation.

The design moisture content can be assumed to be:

* about 78%, which is calculated from the DGSU’s empirical data for respective
composition ilems, and from a sct of empirical data recorded in Japan; and

* about 68%, which is the moisturc content obtained in the field investigation of
waste composition by the team.

Therefore, the design moisture content is set out between the maximum 78% and

minimum 68%.

Table H-4: Organic Waste Composition

Composition Organic m;;l{:)er contenls g%ﬁg:j@%ﬂ:gﬁ; § Moisture contents (%)
Organie waste
Vegetable fiber 229 *68 1.56
Bone 1.02 *63 0.69
Food waste 78.38 200 70.54
Garden waste s8.3 30 3.32
Organic total {a) 90 - 76.11]
Recyclable waste
Cardboard 0.99 2124 0.24
Synthelic fiber 0.1% 17 0.03
Vinyl 0.04 i ¥ 0.01
Cans 0.27 g 0.01
Metal 0.41 ! 0.02
Nonferrous metal 0.05 ey 0]
Paper 0.46 124 0.11
News paper 0.83 124 0.2,
Plastic film 0.77 *i¢17 0.13
Hard plastic 0.67 128 .65
Color glass 0.34 18 0.03
‘T'ransparent glass 0.58 il ] 0.05
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Compositon | ©"9°e miatorcanionts [ Moistue cortonts of Tyyeiture contents (2
Recyclable total _(b) 5.55] . 0.88
Non-recyclable waste
Spatula 0 - -

Colton 0.23 et ] TN 0.04
Leather 0.01 g 0
Paper container 043 4] 011
Gauze 0] - -

Disposable syringe 0 - - |
Ceramics 0.05 18 D
Wood 0.33 124 0.08
Construction waste 0.33 TEIR 0.03
Toiletl paper 1.09 124 0.26
Disposable diaper 0.25 2180 0.2,
X-ray film 0 - -

Polyurethane 0.02 7 0
Foamed polyurethane 0.12 bkl Vi 0.02
Sanilary napkin 0 - -

|Rags 0.23 had b .04
Bandage 1] - -

Fing fraclion 0.92 24 0.22
Others 0.35 24 0.08
Non-recyclable total  {¢) 4.42 - 1.07
Total (atbic) 160 - 78.06

¢ 1 results of the waste composition survey

** 1 Iarina Vegetal a Partir de Residuos Organicos, LUGARDA ARACELISANTOS PEREZ, MARGARITA

GUTIERREZ ROJAS, VICTOR MANUEL FLORES VALENZUELA, DGSU

48 Dcsign guideline for muricipal solid waste treatment [acilitics in Japan 1978( editorial  supervision by ministey of
health and welfare, JAPAN)

a.3  Geological Condition

Geological survey data in the composting plant candidate site is absent, However, the
candidate site is tocated near the Bordo Poniente Etapa-1V, and its geological data
{see Figure H-2) is used for examining the design of the composting plant.
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Figure H-2: Results of “Etapa IV “ Core Boring (SM-8)

b. Examination of Technical Alternative

b.1 Basic Alternaltive

There are basically two types of composting process for organic fiaction of municipal
solid waste: “aerobic process” and “anaerobic process’.

comparison of the two processes.

Table H-5: Comparison of Aerobic and Anaerobic Composting for Organic

Table H-5 shows the

Fraction of Municipal SW

Characleristic Aerobic process | Anaerobic process
Energy use Net energy consumer Net energy producer
End products Humus, CC,, H.O Sludge, CQ,, CH,
Vohime reduction { Up to 50% Up to 50%
Processinglime | 201030 days 20 o 40 days
Curingtime 3010 90 days 30 to 90 days
Primary goal Volume reduclion Energy production
Secondary goal Composl production Volume reduction, waste slabilization

source : Integraled Solid Wasle Management, McGraw-Hill

H-6



Fhe Stwdv on Solid Woste Management JICA
of Mevico Crry in thie United Mexiousn States __ KOKUSAIKOGYO CO., LTD.

Standard penetration test

0 16 20 30 40 50

Depth (i} y - Surlace {gravet & sand)
: i
00 — U S SR N L . .
: omee s SR+ S R (R O s : Dark gray sandy
0 - LB I d |cay
i 3 A ienzes gray bne H ‘ .
- ¥ " Low consistency &
90 J tow consistency 8 | fotid odor
! A ford odor 3 T
10.0 — - N Gray gieenish clay
i - — & brown reddsh
20 : : Low consistency &
+1—tt ——F—F - fetid odor
80 ' I :
- -— - Gray grecnish Ciay
20.0 1 1 - fine sand lenses
; e R ; Low consistency &
ne Brown regdish clay fetid odor
. ‘ & gray greenish ‘
2300 - b L L f T“'th light gray st Gray gieensh Eiay
) enses with fine sand
Low consistency & fenses & calciom
felid odor carbonate
) TERRE Low consistency &
[ tetid cdor
400 -— - T
: : P Fine sand({volcanic
- B e it et - =1 | ash} with gravel
' B AT R L E BT R, Low consislency &
. - Gray greensh ciay fetid odor
440 gkt gray st (volcamnc P —
- . ashy e e
500 — - - S Lew consisicncy A Fine gray green
sand from stitl to
540 — ’”“——-wé}___f_"__ o iard Consis!c_n_::_y-_
. 50 - Gray greemish sit
: With a few sand
60.0 hard consisitency

Figure H-2: Resuits of "Etapa IV * Core Boring (SM-8)

h. cxamination of Technical Alternative
b.I Basic Alternative

There are basically two types of composting process for organic fraction of municipal
soltd waste: “acrobic process™ and “anacrobic process”™.  Table 11-5 shows the
comparison of the two processes.

Table H-5: Comparison of Aerchic and Anaerobic Composting for Grganic
Fraction of Municipal SW

[ Characteristic | Aerobicprocess | ____Anaerobic process
Encrgy use Net energy consumer Net energy produgcer
£nd producls Humus, CO,, H,O Sludge, CO,, CH,

Up to 50%
20 %o 40 days

Volume re_dggtjori' Up to 50%
Processing time 20 to 30 days

Curingime  [30to90days _130to90days
Primary goal | Volume reduclion Energy production
Secondary goal Compost production Volume reduclion, waste stabitization

source : Integraled Scoiid Waste Management, McGraw-Hiil
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As the composting plant is sclecled as one of the priorily projects in the Study with
the prime objective of “minimization of final disposal amount”, the acrobic process is
selected for the design of this project.

b.2

Exanmiination of Technical Alternative

Aecrohic composting can be operated by either: windrow composting; slatic pile
composting; or in-vessel composting. Furthermore, the windrow composting has
lwo types: minimal technology windrow; and high-rate windrow. Table H-6 shows

the comparison of those composting methods,

In view of the present siluation where the DGSU has attained practical cxpcericnces
and know-how of the high-rate windrow mecthad through the on-going project of
composting pruned branches, and the land arca available in the candidate site is wide
enough for establishing the high-rate windrow method, this project will be designed
in line with the high-rate windrow method.

Table H-6: Comparison of Composting Method

| Minimattectinoiogy windrow | High-rate windrow Static pile in-vessel
Outline The minimal windrow | A high-rate windrow An azrated static pite In-vessel composting
technology approach composfing system systemennsists of a contains an enclosed
involves forming large | employs windrow with | grid of acration or container vessel inside,
windrows (e.g. around | smaller cross section, exhavst piping over The system can be
3.5m height by 7.3m typically 1.51020m which the processed divided into two major
width) that are turncd height by 4 to 3m organic fraclion of calegorics: plug flow
only once a year with a | width. The dimensions | municipal solid waste | and dynamic (agitated
front-end loader. of the windrows is placed. Typicat pile | bed). In the plug flow
dependonithe typeof | heightsare 210 2.5 m. ) system, the relationship
equipmend that willbe | A layer of screencd between pasticles inlhe
used o turo the compost is often placed § composling mass siays
compaosting waste. on top of the newly the same throughout

Waste is uened twice formed pile for the process, and system

per week while the insufation znd odor operates on first-in,

temperatere is control. first-out principle. In
maintained at around the dynamic sysiem,

55 Ceantigrade. lthe composting
material is mixed
mechanically during

) lhe processing,
Odors Probably emiis Oflten releases Controlfable Less than static pile
objectionable odors offensive odors ' and conlrollable

(accempanied by

turning) .

Degradation | Three to {ive years Three to four weeks Thice to four weeks One to two weeks
period {composting) (composting) (composting)

Three to four months Three to four months Four to twelve weeks

{curing) {curing) {curing)

Required Very large Large Large Small
area
Construction | Very cheap Cheap Intermediate High
cost
O & Meost | Very cheap Cheap Intcrmediale High

source : Integraled Solid Wasle Management, McGraw-Hill
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Figure H-3: Major Composting System

< Conceptual Design and Cost Estimation
¢l Oulline

The composting plant is planned Lo be ocated within a triangular shaped area of about
85 hectares enclosed by (refer to Figure H-6):

* the left branch of the Rio Churubusco adjacent to the Bordo Poniente Final §
Disposal Site-Etapa 1V.

* the Mexico-Texcoco Toll Road.

* the Mexico City Peripheral Ring-Road.

Treatment capacity of the proposed plant is projected to be 1,250 ton/day, i.e.:

* by the Master Plan target year of 2010, 431,000 ton/ycar of organic wasle is
treated.

* the proposed plant operates 350 days per year.
Compost produclion is planned 10 be about 166 ton/day, or about 58,000 ton/year.
Main processes of the proposed facility comprise (refer to Figure H-4):

* acomposling process.
* acuring process.
* a separalion process.

The process times are assuned for the puspose of the preliminary design to be 28 days
for composting and 120 days for curing,

Auxiliary facilities of the plant comprise:

* truck scale.

* wastc reception arcas.

* tempoiary storage arcas.

* machine/equipment maintenance workshop.

-8
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c.2

c.3
¢l

site office and laboratory.
Definition of Terims

Raw material: the material to be fed into the composting facility. Source
separated organic wastes from the sub-systems is designaled as the raw
matcrial.

Composting: the controlled biological decomposilion of organic solid waste
materials under aerobic conditions. The product of this process is defined as
young corposl.

Composting period: the period of decomposition of the raw matesial.  TFor this
pretiminary design it is assumed to be 28 days.

Turning: action of agilating the windrows in order (o maintain acrobic
conditions inside the windrow.

Curing: time for stabilization of young compost. The product of this process is
defined as mature compost.

Curing Period is defined as the maturation period. For this preliminary
design the curing period is assumed to be 120 days.

Scparation: the process of removing large-size parlicles, and non-compostables
(c.g., plastics, glass, cans, metal, etc.) and not-yet-decomposed materials (e.g.,
paper and woeod). Malure compost is passed through a trommel which
removes the large particles, then ferrous mictal is removed with a magnetic
scparator.,

Compost Product: the end product resulting from the composting, curing, and
sepatation processes.

Composting Facility Design Parameters
Design Principals

It is planned that the composting plant staris operating in the year 2002, when
scparate collection of MSW from the subsysltem is projected to reach about
60%. The requited composling capacily at this time will bc 750 ton/day.
Separate collection is cstimated to further increase to 80% by 2003, and to
100% by 2004,

‘The implementation schedule for this design comprises phase 1 (& 750 ton/day
windrow yard and a 240 ton/day cuting yard in 2001) and phases 2 and 3, in
2002 and 2003 respectively (each consisling of a 250 ton/day windrow yard and
a 80 ton/day curing yard). It is planned that the tolal compostling capacily
tcaches 1,250 ton/day in 2004, and this capacity is maintained uatil 2010.

Since stepwise improvement of the separation facitity is neither practicable nor
rational, it is planned to construct the 100% capacily scparation facility in the
year 2001.

Considering that the proposed facilitly is to be constructed on  highly
compressible ground (in the ex-Lake Texcoco region), it is proposed that all

H-9
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machinery and cquipment are mobile, and buildings are lightweight, so that
problems of ground subsidence will be reduced.

c.3.2 Main Design Parameters

¢.3.2.1 Operation Time of Composting Plant

Operational conditions of the facility arc proposed as follows:

+

The composting plant is to be operated 24 hours a day, to minimize the cost and
size of planned processing machinery.

Receiving of raw materials will correspond with the collection program.
Therelore, raw materials will be received for 12 hours per day.

Annual operation time for the composting and curing sections is 350 days per
year. 15 days are sel aside for overall maintenance and national holidays.

For the composting section operating for 24 hours a day, 20 hours is for
operation and 4 hours is for routinc maintenance for machinery and lime
required for shift changes, etc. Works in this section will be vadertaken in 3
shifts.

For the curing seclion operating for 16 hours a day, 14 hours is for operation
and 2 hours is for routine maintenance for machinery and time required for shift
change, etc. Works in this section will be undertaken in 2 shifts. Because the
volume of material handled in the separation section is substantially less than in
the other two sections, an operation lime of 350 day/year, 16 hour/day is
preposed for the separation scction, with work done in 2 shifls,

¢.3.2.2 Design Assunmptions

Design assumptions for the preliminary design are listed below. However, it is
strongly recommended that these assumptions be re-examined and verified through
pilot projects undertaken before the final detailed design (in 2000) is formulated.

L 4

Composting Period: In general practice, the composling period is in the order
of 20 to 30 days. This preliminary design proposes a period of 28 days be
allowed for the composting period, including a margin of safety that allows for
varialions in moisture content of the raw material.

Turning Frequency: It is assnmed to carry out 5 turnings in total during the
28-day composting period, with an interval between turnings of 5 or 6 days.
Transferring the young compaost to the curing arca on the 28th day is counted as
the 5th turning.  When higher moisture contents are found in raw materials
detivered to the facility, an addilional turning to accelerate ¢vaporation may be
carried out 1 or 2 days afler forming the raw material into windrows. Table H-
7 shows the proposed work schedule for the composting process. The design
assumes a windrow temperature of 55 °C.

H-10
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Table H-7: Work Schedule in the Composting Piocess

isl day Windrow formation
Sth day 1st tuening

10th day 2nd turning

i6th day 3rd turning

220d day 4th turning

28th day Young compost transported to curing area (5th lurning)

Curing Period: This is generally in the order of 30 to 90 days. The
preliminary design assumes a 120-day period in order to provide sufficicnt
maturation time. The yard reserved for the 120-day curing period also serves as
an on-sile storage for mature compost.

Bulk Density and C/N ratio: Bulk density and the C/N ratio obtained during
the Team’s ficld investigation of organic wastes in Scptember 1998 are
employed as the figures for the raw material.  Meanwhile, the figures (i.c.,
bulk density) for young compost and mature compost are derived from
empirical values recorded in Japan.

Moisture Content: The design moisture content is assumed to be between 78%
1o 68%. Seventy-cight percent (78%) is derived from the BGSU’s cmpirical
data, whercas 08% is from the Team’s field investigation results.  Design
moisture confents for young compost and mature compost are derived from
empirical values recorded in Japan.

Compostable Content: DGSU analysis classifics the raw malerial into 35
categorics. These 35 categories are further classified into compostables and
non-compostables for the preliminary design, with the compostables grouped
into fast-rate compostables (putrescible); and slow-ratc compostables (paper
and wood) (see Table H-8).

Table H-8: Categorization of Raw Material

Grouping of Raw Materials The 35 categories include
Fast-rate composiables (puirescible) | vegetable fiber, food waste, garden waste, ete.
Slow-rate compostables (paper and | cardboard, paper, newspaper, wood, toilet paper,
wood) eic.

Metal {inctal) cans, ferrous and non-ferrous metal, elc,
Non-compostable oihers

The solid content of respective wasle groupings (pulrescible, paper and wood,
metals, and others) are listed for three moisture contents: 68%, 78%, and the
average of the two (73%). Moislure contents for food wastes are also included
in Table H-9.
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Table H-9: Composition of Raw Material

Component Moisture Moisture Moisture
(36 by weight} Content 1 Content2 | Content3
Moisture content of raw material 63.00 73.00 78.00
Pulrescible 23.61 18.61 13.61
Paper and wood 2.8t 2.81 2.8
Metal 0.65 0.65 0.65
Non-compostable 493 4.93 4.93
Total 100.00 100.00 100.00 o
Moisture content of food wastes | 77.16 83.54 89.92 @

Oblained from Table R-4.

¢.3.2.3 Summary of Design Paramefers

Table H-10 swmmarizes design parameters based on the design assumptions
established above.

Table H-10: Design Paramelers

Moisture conlent
Buolk density

0%
600 ke/ m’

:These figures are refesred to the specification of the turning machine used by the DGSU for

composting preen waste from public parks and gardens.

‘These figures are calculated from the *1 fipures based on the conditions given in the section ¢.5

“Materials I3alance™.

H-12

Composling seclion
Raw Material Amount 431,000 ton/year
{Organic Waste) Cornpostable content 16.4 to 26.4 (% by wt.)
Moisture content 68078 (_4% by wt.)
Bulk density 280 kg/m
GiN ratio 20-27
Operation 350 day/ycar
24 hour/day
Tieatment Capacity Total 1,250 ton/day
Year 2002 750 ton/day A
Year 2003 1,000 ton/day )
Year 2004 and onward 1,250 ton/day
Windrow Trapezoidal shape *1
Widih (bottom) 50m *1
Widih (top) 30m *1
Height 1.5m *1
Cross section area 6.0m? *1
Composting Period 28 days
Turning Frequency 1 tie/ - 6 days
Windrow Temperature 55°C
Curing section
Operation A50 day/year
16 hour/day
Trealment Capacity Young compost production 400 ton/day (max.) *2
Year 2002 240 ton/day
Year 2003 320 ton'day
Year 2004 and onward 400 ton/day
Moisture content 45 %
Bulk density 600 kg/m’
Cusing Period 120 days
Separation %
Operation 350 day/year
16 hour/day
Treatment Capacity Mature compost production 300 ton’day {max.) 2
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¢.3.3  Quantity and Quality of Compost Product

Table H-11 shows the target quatity and quantity of the compost product in the
preliminary design.

* Moislurc content of the compost product is kept as low as possible (approx.
30%), for the purposc of mitigating the impact of odor on the surrounding
environment,

= * A water truck is included in the plant machincry plan in order to adjust the
moisture level of the final product. There is the possibilily that a compost
product with a higher moisture content is demanded by the market.  The water
truck is also utilized for windrow moistening.

Table H-11: Quantity and Qualily of Compost Product

. 166 ton/day
Quantity 58,000 ton/year
Quality Moisture Content 30% by wi.

Bulk Density 600 kg/m®
G/N ratio < 15

cd Flow of Composfing Process
Figure H-4 shows the flow of the proposed composting process.

% * Summarizing the order of processes: first is the composting process (shredding,
formation of windrows, and turning of the raw material); second, the curing
process (formation of piles and curing for 128 days); and third, the separation
process (removal of objects larger than 25 mm in stze with a trommel and
magnetic separalion).

* Alternative sequence of the processes {e.g., having the scparation process first
or second) are not recommended for the following reasons.

1) It is anlicipated that most non-compostables will be separated at the
geaeration source. Namely, scparate collectior of organic waste in the sub-
system is considercd to be primary scparation procedure in the composting
process.

2) Any non-compostables in the material provide voids within the windrow.
Thus improving the supply of oxygen and assisting acrobic decomposition.

@ 3) Scparation of mature compost is more efficient than scparation of young
composl because, a) the moisture content of malure compost is lower than
that of young compost making mature compost less cohesive and thus easier
to scparate, and b) the average size of mature compost particles is smalter
than that of young compost, so less organic material will be rejected.

4) ‘The quanlity of maturc compost is less than thal of young comgpost, the
separation facilily can be smaller o save some costs.

H-13
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c.5 Material Balance

Figure H-5 shows the material balance in the proposed composting facility for the
case of 73% moisture content. 60% of decomposition rale for the fast-rate
compostable materials and 40 % for the slow-ratc compostable materials were
assumed in this material balance on the basis of the expericnce in Japan.

. ‘Moistore Content 73.0% [ Raw Material |
L ) #—f o 125000 4,464 0V

I Composting |

Decomposition Gas 137.3 ton ”) ]

Water Vapor 748.7 ton Young compost

- - 364010n 728.0m°
t Curing 1

Decomposition Gas 14.0ton v
Water Vapor 84 ton

Mature Compost
seesems o 26601ton 44130

f Trommel Screen |

Papar 8.4 ton
Others 5E9ton  E————]
Water 29.4 ton

Metal  6.7ton

w7 1696un
£, f Magnetic Separator]
k Metal  1.710n f———-
v — 16791on 279.8m’
" Compost Product |
Figure H-5: Materials Balance of Composting Facility
.6 Layout of Proposed Composting Facility
The proposed layout of the composting facilily was prepared taking the following into
account,
' ‘To avoid damaging the canal structures, the proposed facility is off-set al teast
60 meters from the bank of a canal Rio Churubusco Brozo lzquierdo.
* . The composting windrow area accounts for a large portion of the total facility
$ area. Thercfore, the layout pays altention to: primarily the layout of the

windrows, and subscquently the layout of the curing and separation arcas (o
atlain cfficient on-site lranspori.

. The proposcd site is located next to the Bordo Poniente Disposal Site Etapa 1V
and the selection plant, Construction of bridges are, however, necessary (o
establish direct transport routes between these sites as the Rio Churbusca lics
between these and the proposed composting plant, and it is estimated that costs
for the bridges are prohibitively expensive. While the site of the composting
plant adjoins the Periferal Ring Road. So, the road is to be used for
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transportation of waste and compost without wasting a large expense for the
construction of bridges.

. In order 1o mitigate odors and noise resulting from windrow formation and
turning, at lcast 100 meters is maintained between the proposed windrows and
nearby major roads.

. As strong winds often occur in the vicinity, the layout plan incorporates trec
planting to act as a wind break.  This buffer zone will also work as noise bufler
and improve the appearance of the facility. '

IFigure H-6 shows the proposed layout of the composting facility, and Figure I1-7
presents ils cross seclion.
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.7 Construction Schedule

Table H-12 shows the construction schedule of the composting plant.

Table H-12: Construction Schedule of Composting Facility
Year 2001 | 2002 | 2003 | 2004 | 2010

Required Capacity {lon/day) 750 1,000 1,250 1,250
Composling Section {lon/day) 750 250 250
Curing Section (lon/day) 240 80 80
Separation Scction {ton/day) 300

c.8 Operation Plan
The proposcd operation plan is as follows.
8.1 ‘I'ruck Scale

A truck scale measures the quantities of: raw material waste entering, compost
product leaving the site, ferrous muaterials recovered, and rejected waste to be
disposcd of.

c.8.2 Composting Section

Raw material input at 1,250 ton/day results in a total windrow length of 800 meters
per day.

* Raw material delivered to the sile is unloaded near the planned windrow
location.

* A wheel loader and a mobile shredder are shifted to the windrow yard.  The
wheel loader is used to load the temporarily stockpiled raw material into the
shredder. Windrows are formed by a conveyor connected (0 the shredder’s
oullet and shaped with the wheel loader and manual workers.

* Tuming of windrows is carried out in accordance with the schedule mentioned
in the prior section. Cleaning of the area and windrow re-shaping is undertaken
wilh a wheel loader and manual workers.

* ‘Temperature and moisture content of all windrows is periodically monitored
and controlled.

* Young compost afler the 28-day composting period is loaded onto a dump
truck, with a wheel loader, 1o be transported to the curing yard.  The windrow
yard from which the young compost is zemoved is prepared, with a wheel loader
and manual workers, 1o receive new shredded raw matesial.

¢.8.3 Curing Section

Considering the young composi amount to be handled daily and the work cfficiency
expected, it is designed to allocate two curing yards.

* Young composl transporicd from composting yard is temporarily unloaded near
the curing yard.
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Unloaded young compost is then formed into 3-meter high piles with a wheel
loader.

* Temperature and moisture content of the all curing piles al differcnt heights is

periodically monitored and controlled.

Mature compost after the 120-day curing period is loaded onto dump trucks
with a wheel toader and (ransporied to the separation yard. The curing yard from
which the mature compost is removed is then prepared, with wheel loader and
manval workers, (o again receive young compost.

¢.8.4 Separation Section

c.9

Mature compost unloaded from dump trucks is fed (with a small wheal loader)
into a hopper, which feeds the mature compost to a trommel. Staff is
nccessary for the feeding control and maintepance and cleaning of the
separation yard.

The trommel has screen sizes of 8mm and 25mm, classilying the fed mature
compost into: high quality compost (8 mum and under); normal quality compost
(8-25 mm} and the rejected material (over 25 mm).

Compost after trommelling is transported to a compost product stock yard on a
conveyor belt, passing a magnetic separator, which removes ferrous metal from
the compost. Removed metal is periodically cleaned from the magoet and
stored in the yard.

Rejected waste (over 25 mm) is moved to another stock yard by a conveyor for
disposal at the final disposal site.

The compost product is loaded onto dump trucks with a wheel loader and
delivered to users.

Staffing Schedule

Table 11-13 is the staffing schedule for the proposed composting facitity. The number
of operators and manual workers is derived from the volume of material processed
and facilily operation capacily. It is planned that by 2003, when facility capacity is
80%, the number of staff will reach its maximum. It is estimated that from the year
2003, 93 persons will be working in the proposed facility. Biological, physical and
chemical analyses of compost for controlling the process and product’s quality are to
be conducicd in the SJA’s Yaboratory and/or others.
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Table H-13: Staffing Schedule

2002 2003 - L
Position Shift Shift
. total total
EERE N Y
ADMINISTRATION
Site director 1 - 1] 1 - 1
Finance and producl promotion 1 - 1 ) - - 1
Secretary 2 - 2] 2 - 2
Genevsal helper 1 - 1 1 1
Diiver 2 - 212 - 2
sub lotals 7jojJoj7|7]|]o]o|7?
QOPERATION
Sub-director process 1 - - 1 1 - i
Shredding supervisor 1 1 1 3 1 i 1 3
Turmning and curing supervisor 1 - - 1 ] - i
Shredder operators zje2jz|s]|3]|3]|]3]o9
Loader operators 4 l4f2f110]5]s5]3]13
Tractor drivers 2lt2tz2}16|313]|3]89
Small loader operators 1 1 211 1 2
Tuiner operator 1 1 1 - ]
Cump truck drivers 3| a 86|14 4 8
Waste inspectors i 1 2 1 1 2
Traffic controllers 3] 3 6 |13]3 - 6
General Laboters S| s |2 |17j10]| 7 3 |20
Truck scale atiendant t 1 211 1 . 2
Walter truck driver 1 - - i 1 - - ]
Security 2 2 2 6]l z2]e2 2 G
sub lolals 33 |26 |11 |[70]as |31 |15 ]84
MAINTENANCE
mechanics 1 1 - 214 1 - 2
sub tolals 1 1 0 2 i i 0 2
Tolals g1 lerjti7el46|32]15] 93

c.10 Caost Estimation

Peeliminary cost estimate is presented in Table H-14.  The estimate has been divided
into two seclions; site impravements and equipment.
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Table H-14: Preliminary Cost Estimate of Composting Plant

Unit: US$ 1,000
] ] Unit ] Cost Cost
Item Octails unil Cost Quantity Uss Pesos
uss P3.1:=%1
SITE IMPROVEMENT : )
earth works speeading 1.0m fayer of construction waste | m2 1.04 31,000 335,000 3,504,000
gravet for base, t1=0.25m, A=33ha m3 42 91,000 332,000 3,476.000
spreading sand surlace, t=025m, A=33ha | m3 535 §4,000 503,000] 4,577,000
grading of sucface for drainage m2 023 330,000 76,000 £92.000
embankment, ex rack construction
general improvements Jdralnage, fencing, connect electricity 533,000 5,451,000
lighting, access impmuemenl'_ fuet tank
water tank, pordable buildings
Site e ovement 1935000 17,700,000
Equipment
truck sca'e 80 ton + foundations elc, unit 650,000 1 &0,000 545,000
whea bader [A} wheel baader with 5.4 m® refuse bucket Ukt 125,400 3 318,000 3,422,000
whead loader {B) wheel foader with 4.0 m” refuse bucket unit 100,320 2 201,000 1,629,000
cormpact joader backhoeloader, 2.36m0.84m° bucket wi 34,320 1 34,000 309,000
dump truck 16 m’, 10 1on unit 33,660 4 135000] 1,229,000
comventonal m 63 ho (gross engine) ot | woo0| 3 000 901000
waler tanker 8,000 liters umit 28,380 1 28,000/ 255,000
shyedder cap. 30 tonste, 175hp ot 99,000 3 297000 2,703,000
windrow burner cap. 2500 tonsTr urit 180,000 1 180,000 1,633,000
ommet Screen B mm, & comeyos unit 201,600 1 202,000 1,833,000
magnetic separator  fpermanent magret ¢ frame unit 7,200 2 14,000 127,000
m&, w=600, side angle=25% ot | 15.000 3 45000 410.000
pick up equipment cap. 2 ton unit 22,500 2 45,000 410,000
Equipment Total 1.716,000] 15.617.000
sub-1otad (1} 3.661,000] 33,317,000
miscellaneous 10% 367,000 3,332,000
Direct cost 4,023,000 36,649,000
general expensesoverhead  30% 1,209,000 10,935,000
fatal construction oost 5,237,000] 47,544,000
physical contingency 10% §24,000] 4,764,000
WA 15% 783,000 7,147,000
Totat Cost 6,546,000 59,555,000

Site improvements are based on the assumption that once it has been decided that the
above site will be used for the composting facility, construction waste will be
deposited al the site in order to form the platform on which the facility will be

established,

‘the material is proposed to be compacted in layers forming a layer 0.5 m to 1.0 m
thick. Over this sub-base will be placed a 0.25 m layer of gravel and aver this a 0.25
m surface layer of sand. Surrounding the plaiform an embankment is proposed,
This embankment is dual purposc,

rising 2.5 melers above the existing surface.
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firstly, it provides a flood barricr against inundation resulting from the overflowing of
the teft branch of the Rio Churubusco. Secondly, by planting trees on the
cmbankment a buffer zone will be formed.  This bufter zone will help reduce dust,
odor, and noise cscaping from the site. 1t will also beautify the arca for passers-by.

Unit costs for the supply and transport of soil and gravel and other civil works are
based on those provided by DGSU.

Most equipment unit costs were obtained from local distributors.  Some cquipment
selected for the feasibility study is not distributed in Mexico (i.c. the shredders) so
manufacturers in the United States were contacled.

The exchange rate used in the cost cslimation for the preliminary design is 9.1 pesos
to the US dollar',

c.l1  Priority Project Cost (Composting Facility)

Table H-16 shows costs for the composting project from 1999 to 2010 annually. Two
cases shown below were sel for the cost estimates.

» Case 1: Jnvestment and operation by the DGSU
* Case 2: Invesiment by the DGSU and contracting out operation

Namely, the DGSU invests in all construction, procures all equipment and operates
the compost facility directly in Case 1, whereas the DGSU invests in all construction,
procures some equipment and a private company supplics other equipment and
operates the compost facilily under a contract with the DGSU in Case 2.

*  truck scale

* shredder

*  windrow turaer

* trommel (include magneltic scparator and conveyor)

Table H-15: Procurement of Equipment in Case 2

DGSU Private company

Truck scale: i Wheel loader (A): 3
Shredder: 3 Wheel loader (A}: 2
Windrow turner: 1 Compacl loader: t
Trommel; i Dump truck: 4
Magnetic separalor: 2 Farm tractor. 3
Conveyor: 3 Water tanker: 1

Pick up equipment: 2

! Exchange rate bascd on the avesage of recent rates
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H.2.2 Final disposal Sites

Several alternatives have been examined under the circumstances that the remaining
tifetime of the presentlly operated landfill (Etapa IV) is cxpected to be limited.
Mcxican side’s estimation states that the landfill 1o the 8m elevation will be filled
untit February 2001. The alternatives examined, in view of making the lifetime of the
landfill extended andfor secuting sustainable waste disposal, were landfill mining,
composting, incincration plani, acquiring a ncw sitc for landfill, ctc.

As a result, verlical cxpansion of the existing landfill {Etapa 1V) and a new landfill
devetopment (Etapa V) have been chosen as two of three priority projects. In this
section, design conditions and allernatives of the two projects are examined, and
conceptual design and cost eslimates are cargied out.

Vertical Expansion Plan of Etapa IV

Ltapa 1V is a landfill that is presently operated. However, its lifetime is limited as
mentioned above. The vertical expansion plan proposes to place waste to 24m
clevation in order to expand the tifctime.

a. Examination of Design Conditions

Therc are some important reslrictions regarding this vertical expansion plan of Etapa
1V that are:

* the agreement with CNA.
+ NOM-083-ECOL-1990.
¢ {echnical restrictions.

The agreement with CNA restricting the height of the landfill as 8m nceds to be
altered to realize this plan.

NOM-083 is onc of the Mexican Official Norms which establishes the requirements
to be applied to new landlill development of municipal soltd waste. The norm was not
yet in force when the design of Etapa IV was completed in 1992, However, the design
took into consideration some criteria of the US EPA’s regulations, such as secureness
of the distance from an airporl. Such criteria were cventually included in the
requirements of the norm. In fact, the status quo of the landfill basically appears to
fulfill the requirements.

Other restrictions are technical requiremients on the design of the plan. The major
tcchnical requirements are the examination of:

'+ physical impacts (subsoil seltlcment, cte.) which will be causced by landf(ill load.
* improvement of the leachate disposal.
* waste disposal amount.

a.l  Physical Impacts of Proposed Vertical Expansion

The Bordo Ponicnte arca stands on the 00-meter thick highly compressible clayey
layer of the ex-lake Texcoco area, Etapa IV is tocated on such soil conditions. The
waste load causcs seitlement of the subsoil under the land[ill duc 1o the soil character.
In the vertical cxpansion plan, further ptacement of waste on the cxisting onc is
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forecast 1o cause further subsoil scittement. In the circumstances, it is anticipated
that the further subsoil seitlement would damage a drainage canal (Canal de la
Compaiia) flowing along the landfill which is one of major drainage canals in
the area, and it would stretch the finmpermeable liner.

It is also anticipated that the verlical expansion would make the landfill slope
unsiable,

In this section, issues cxamined regarding physical impacts of the proposed veitical
expansion are:

* geological survey.

* influcnce on the Canal {Canal de la Compaitia).
* influence on the impermeable liner.

* influence on stability of the landfill stope.

a. 1.1  Geologicatl Survey
i Objectives of the Survey

The objectives of the geological survey is to acquire soil data of Etapa 1V in order to
cxamine the lechnical feasibility of the vertical expansion. The soil survey was cartied
out during the 2nd study work in Mexico.

il Survey Items

The survey was carricd out at Bordo Ponicnte Etapa IV. Number of borings and
survey items are shown in Table 11-17.

Table H-17: Work Quantity of Soil Survey at Etlapa IV

Survey ltems Survey Contenls
Boring 2 bore holes {0 to 40 m deep, and 0 to 60m deep)
Soil tesls liquid limit, plastic limit, unit weight, consolidation, grain siza, waler
content, tri-axial compression

iit. Results of the Survey

The groundwater tevels are shown in Table H-18, and the soil characters acquired by
the survey are summarized in Table H-19.

Table H-18: Groundwater level of Etapa IV

Site Bore hole number Groundwater level (m) |
SM-7 0.03
Etapa iV
SM-8 0.35
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Table H-19: Resuits of Soil Survey at Etapa IV

Location __SM7 1 SM-8
Characlers 8.0-2.0m 15.0-16.0m | 16.0-17.0m | 32.0-33.0m_ | 42.0-43.0m
Type of soil {Visual observation) clay clay clay clay clay
Specific gravily 2.48 2.632 2.52 2.54 254
Unit weight (tor/m’) 1.13 1.26 1.18 1.18 1.67
Void ratio 4037 ] 5,139 10.399 6.28 4.837
| Degree of Saturation (%) 102.9956 YN i02.1 100 958.6
Waler content (%) 167.7 238 421.3 241.7 187.2
Liquid kmil (%) 256 158.3 365.3 270 169.4
Plastic imit (%) 126.7 35 1759 94.7 76.8
Plasticity index {35) 1293 1126 189.4 175.3 92.6
Tri-axial undrained C (lonfm%) 0.3 0.2 1.4 09 1.1
Angle of inlernal friction (deg) 2 g 4 0 11
Siraple compiession qu (ton/m°) 0 23 2.03 1.73 8.4
Grain size 100F 100F 100F 100F -
N value 0 0 0 o 0
Consclidation {compression 1.455 3.825 6.395 5.033 3.392
index)

iv. Iindings

The surface stratum at the site, Etapa 1V, is occupied more than 50m thick clayey
lacustrine deposit. Almost all N values of the stratum show 0, zero. A stable layer of
which N value shows more than 50 exists below the depth of 55m. The lacustrine
deposil shows considerably high natural waler contents of from 160 to 420% and low
unit weight of about 1.20 ton/m’. Therefore, it is judged that the lacustrine is
considerably sofl clay according to the soil surveys result.

a.l.2 Vertical Expansion Influence on the Canal

Examination of influence on the canal caused by the vertical expansion was carricd
out by using soil data acquired through the soil survey mentioned previously,
Conditions set for cstintation of subsoil seltlement and the results of the examination
are presented below.

i Coaditions for Estimation of Influence

Data on soil layers at SM-8 bore hole arc employed for the estimation, The lacustrine
layer is subdivided into 10 layers as shown in Table H-20. The waste load is assumed
to be the one when the landfill becomes 241 high and the unit weight of waste after
initial compression at fandfill is assumed to be 0.8 ton/m”. And two cases are sct
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.
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Table H-20: Subsoil Conditions

~layer | Thickness of layer (m) | Unit weight (ton/m®) |
i 1.0 1.80
2 55 1.13
3 ] 1.0 1.80
4 8.5 1.26
5 590 1.18
s 5.0 1.18
7 6.0 KT
8 10.0 1.18
9 2.0 1.67
10 10.0 1.18

Note: The waler level is assumed at Om depth, because the
groundwater level at SM-7 was 0.03m and at SM-8 was
0.35m.

ii. Results of the Eslimation

The results are schematized in Figure H-8. The result of Case 1, without
consideration of the buoyancy, is that the final subsoil settlement (theoretical
maximum) is 19.6 m in the landfill center which may cause 8cm seitlement at the
80m off-set drainage canal. Meanwhile, the final subsoil seltlement (theorctical
maximum) of Case 2, wilh consideration of the buoyancy, is 12.6m in the landfill
center which may cause 4cm subsidence at the 80m off-set drainage canal.

iii. Influence on the Canal {Caral de la Compaiiia)

The results shows the maximum subsoil seltlement is 19.6m and the minimum one is
12.6m. However, this estimation assumes that water contained in the subsoil is
drained due to the waste load pressure under the theoretically most favorable
condition wilhout any impedance. Thercfore, the results shows theoretical maximum
values of the settlement. In reality, the landfill has the impermeable liner which will
hinder upward waler drainage and the soil of surcounding areas are also saturated with
water. Therefore, the drainage of water from the soil vader the landfill must be
impeded 1o a large extent. Consequently, the actual subsoil scitlement should be fairly
smaller than the estimated ones. In conclusion, the estimafion shows only 8cm
subsidence of the drainage canal under the theoretical maximum subsoil
seltlement caused by the vertical expansion, So, it can be said that the vertical
expansion plan will not pose a serious problem on the drainage canal structure.

a.1.3  Vertical Expansion Influence on the Impermeable Liner

Figure H-9 schematizes the subsoil setttement. The pari of liner under the first lift’s
slope will undergo the targest tensile sliess. The tensile stress can be expressed as
3.0% in elongation terms (32.47m/32m=1.0135, i.c, 1.5% of stretch, taking into
consideration the stretch of two-dimension, 32.47%/322=1.030, i.c., 3.0% of stzelich,
see Fipure H-9). This elongation would be absorbed in the tensile performance of the
impermeable liner.
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Figure H-8: Subsoil Settlement
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Figure H-8: Subsoil Setllement and Liner
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a.ld  Vertical Expansion Influence on Stability of Landfill Stope

The soil data presented in Table H-19 are employed in the Bishop Method for
calcutating the slope stability. The present landlfitl slope has an inclination of 1 in 4,
and this inclination is also employed for both clevation of 8 to 16m and 16m to 24m.
The minimum {actor of the slope 0 to 8m shows 0.948 which is the least among
others. Although a slope failure could occur as the minimum factor is less than 1.0
theoretically, it has not happened. Gn the other hand, minimum factors of other slopes
exceed 1.0, therefore, the vertical expansion is viable from a viewpoint of landfill
slope stability.

@

Table H-21: Result of Slope Stability Calcutation {Elapa V)

. Landfil Minimum Cﬁﬁaﬁéﬁiﬁss?f,;le Ra?rfes | mesist Slip
ope Height Safely Rotational Morent Moment
Factor X Y Stip (m} {ton-m} {ton-m)
1 0 to 8m 0.948 10.00 15.00 3013| 200115 2111867
2 8to 16m 1.077 146.00 16.00 51.00] 8584.00 7,968.72
3 16 1024m 1.313 280.00 25.00 6000 | 11,634.95| 11,149.46

a.2  Leachate Management
i. Present Conditions

At present, leachate is somctimes sceping oul at the cells bottom slope to the
surrounding road. Trenches were dug around the cells to receive that leachate
{possibly diluted with groundwater). Some amount of the leachate is collected by tank
trucks and transported to an evaporation pond localed at the cast side of Etapa llI. It
is anticipated that the current leachate management in Ltapa-1V is cacried out
irrelevant Lo estimation of leachate generation amount. Which should be very
inefficient and incflective in view of high possibility of dilution with groundwater and
also the limited capacity of the evaporation pond.

ii. Existing Estimation of Leachate Generation

The existing estimation of leachale gcncmlion2 says that 61 mm/ycar of lcachate will
be gencrated at the landfill under the present landfilling manner. However, the
leachate presently generated is likely mwuch more than the expected, although
guantitative investigation has not been carricd out. Meanwhile, another calculation in
the same report shows that 182 mm/year of leachate will be generated.

‘The difference between the eslimations is attributed 1o precipitation data vsed and
estimation manner. The former estimation vsed the precipitation data of 347 mm/year
at Bordo Poniente, and the duration subjected to the calculation was only one year. %
Meanwhile, the latter used the data of 617 munfycar at the airport next o the landfill
arca, and the duration was 5 years. The Bordo Poniente’s precipilation data does not
likely tepresent the actual data, because other precipitation dala at a meteorological
station, Gran Canal station, near the Bordo Poniente arca, shows the data of 581
mm/fyear, similar to that of the airport. Furthermore, onc year calculation tends to
underestimate leachate generation due to characters of landfill, i.e. water coming into

2 Geo Ingenicria lntenational, Operacion de las celdas de evaporacion y experimentacion ubicadas en
los Il y 13 Etapas de Bordo Poniente, 1997
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soil and waste does not go down until fulfilling the ficld absorptive capacitics of
them. Consequently, it is thought that the leachate estimation using the airport’s data
and 5 ycars duration, 182 mm/ycar, would be more appropriate.

Table H-22: Existing Leachate Generalion Eslimation

; Precipitation Leachate generated
B Station (mryear) (mmiyean)
=  Bordo Poniente 347 61
§ Airport 617 182

e

jii. Leachate Gencration Estimation

Estimation of leachate generation quantity, which will be generated under the existing
siluation, was carried out by using meteorological data al the Mexico City
International Airport station (Estacion metcorologica Acropucrto Internacionat Benito
Juarez). The result shows that 101 mm/ycar cut of the precipitation will percolate
through the cover soil, then water contents of waste and soil under the cover soif will
reach the ficld capacitics in 3 years, finally 101 mm/year of leachate will be generated
at the bottom of the landfill in the 4th year and afterward (See Figure H-10). Detait of
the estimation is described hereinafter.

Precipitation: 597mm/fyear

Runoff: 83mm/fyear I

A 4

L 4
Infiltration: S14mmfyear

> Evapolranspiration: J
413mm/vear

L 4

Percolation through cover
soil: 10tmmfvear

:Retention capacity of layers: Notc: The retention capacity of
under the soil cover: . 262mm will be saturated
262mm : in about 3years.

Leachate generation:
10immfyear (in the 4th year
and onward)

Figure H-10: Leachate generation
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iv. Leachate Generation from the Existing Land/filt (Etapa 1V)

‘This section shows the sequeace of estimating leachate quantity generated from Ltapa
IV under the present conditions. Flow of the estimation is schematized below.

1} Data collection and examination

h 4
2} Determination of a subject year

v
3) Calculation of waler balance in
landfill

v

3-1)Infiltration into cover soil

l—3‘-2)Pen:o!zaltion through cover soil

¥

3-3)Retention in Jayers under cover
s0il

s A
4) Leachate generation quantity

Table H-23: Leachate Generation Estimation Flow

1) Data Collection and Examination

Mean monthly precipitation data from 1970 to 1989 at the Mexico City International
Aitport stalion is available for this estimation. The station is located next to the Bordo
Poniente arca, about 4k to Etapa IV and 10 km to Etapa V. The coordinates arc
19°26°N (latitude 19 degrees 26 minutes north) and 99°05°W (longitude 99 degrees 5
minutes west). And the altitude is 2,235m.

Not all the data are valid. Data of some years are incomplele, ¢.g., data in August was g
not recorded. Such years were excluded from the calculation. Finally, precipitation
data of 14 ycars out of the 20 years were to be subject to the estimation (See Table H-

24),
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2) Petermination of a Subject Year

1981 was selected out of the 14 years as a subject year (o the estimation by using
Thomas Plot Method, as the total precipitation in 1981 is the closest to that of two-
year return period that is represenlative of normal conditions,

the sequence of selecting the subject year of 1981 is shown below.

2-1)  Arrangement of the Precipitation Data in Order of Depth

B
Table H-25: Precipitation in Order of Depth g
Order {J) Year Rain (mmdyear)
1 1976 | 773
2 1978 672
3 1972 621
4 1971 619
5 1988 607
8 1980 601
7 1981 597
8 1982 556
9 1985 543
10 1970 527
11 1975 527
12 1977 525
13 1987 524
14 1986 486

2-2)  Calculation of Thomas Plot
Values of Thomas Plot are calculated by using the formula below.

J
N+

P: Thomas Plot
J: order of precipilation
N: number of data

P-
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The following table shows the values of Thomas Plot for cach precipitation data.

2-3)

Table H-26: Thomas Plot and Precipitation

Order {J) Px100 Rain {mm/fyeaar)
i 6.7 773
. 2 133 672
3 20.0 621
4 26.7 619
5 33.3 607
6 400 601
7 18.7 597
8 533 556
9 60.0 543
16 ] 6867 , 527
it 733 527
12 80.0 525
13 86.7 524
14 93.3 486

Least Square Mcthod

Least square method was applied in order to acquire a formula which shows the
relation between Thomas Plot and the precipitation data. The formula obtained is as
follows.

y = -2.4665x + 707.46

y: precipitation (mm/ycar)
x: Thomas Plot (P*100)

precipitation {(mm)

900
800
700

500
400
300
200
100

20.0

Precipitation-Thomas plot

r

40.0

60.0

Thomas plot (P*100)

y = —246G0x +

100.0

Figure H-11: Precipitation and Thomas Plot
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2-4)  Subject Year
Subject years can be obfained by using the following formula.

1
2n 4+l

P-

n: retura period

Here, ‘0’ is one in two years, so 1/2 is substiluted for ‘n.” Then, 0.5 is obtained for P,
i.c., P*100=50. When this is substituted for the formula acquired by the least square
method, 584 min/year is calculated as the precipitation of two- year return period.

y = ~2.4665x + 707.46

x =50

then,

y = —-2.4665x 50 + 707.46

y = 38d(mm { year)

Finally, 1981 was selected as the subject year to this leachate generation estimation,
as the total precipitation in 1981, 597 min/ycar, is the closest to 584 mm/ycar.

R3] Calculation of Water Balance in Landfiil

In this seclion, infillration of precipitation into the cover soil, percolation through the
cover s0il and retention in fayers {waste and soil) under the cover soil are dealt with
according to the present configuration of landfill layers (Sce Figure H-12).

Cover soit t =300 mm

R

Waste t = 7,000 mm

Wﬁ //f Soil t = 200 mm

Waste 1 =800 mm

Figure H-12: Present Configuration of Landfill Layers
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3.1) Infiltration inte Cover Soil

Not ali precipitation infillrates into the cover soil. Part of it runs over the cover soil as
funoff and the rest infiltrates. Generally, it is cxpected that the surface runoff
coeflicients for sanitary landfill conditions may lie within the range of 0.07 to 0.2",
then 0.14 (the middle valuc between 0.07 and 0.2) of runoff cocf{icicnt was applied to
this estimation.

In case of the precipilation pattern in 1981, 514 mm/ycar of precipitation will
infiltrate into the cover soil with runoff cocfficient of 0. 14,

Table H-27: Runoff and infiltration

Runolf coefficient, ¢ = 0.14
Month Precipitation Runolf Infiltration
B (mm) {mm) (mm)

Jan 20 3 17
Feb 20 3 17
Mar 10 ] 9|
Apr 40 (3] 34]
May 24 3 21
Jun 178 25 153
Jul 148 2 127
Aug 68 9 59
Sep 51 7 44
Qct 35 5 30
Nov 2 0 2
Dec 1 0 1

Tolal 597 83 514

3-2) Percolation thorough Cover Soil

Evapotranspiration is a major concern aboul percolation through cover soil. Soil has a
cestain capacity to retain water, i.e., field capacily (FC). When water content is
beyond FC, part of the water exceeding FC will go down by gravity. In the meantine,
therc is water in soil which can not be exiracted by evapotranspiration. The water
content under which waler can not be extracted is catled as pernranent wilting point
(PWP). Therefore, the water between FC and PWP is subject to evapotranspiration.

Consequently, percolation wilt happen once water content exceeds the FC, and water
content never become below the PWP under normal condition.

The way of calculating the percolation through cover soil is:

* determination of a depth where evapoltranspiration is effective.
¢ determination of FC and PWP of the cover soil.

+ calculation of potential evapotranspiration (PET).

then,

« calculation of percolation through the cover soil.

3 Qasim S. R, and Chiang W., 1994, Sanitary landf{ill lcachate, Technomic publication, USA
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Determination of a depth where evapotranspiration is effective

It is assumed that the depth of the cover soil where evapotranspiration is effective is
150mm.

Determination of FC and PWP of the cover soil

The cover soil, Tepetale, is silty clay. Typical values of FC (31%) and PWP (15%)°
for silty clay were applied. Then, FC and PWP of 150mm depth of the soil resulted in
50mm and 25 mm cach. 5§

FC =150mun x 31% = 46.5mm say : 50mm
PWP = 150mm x15% = 22.5num say : 25mmn
Calculation of potential evapotranspiration

Potential evapotranspiration (PET) was catculated by Thornthwaite mcthod with the
temperature data in 1981.

Table H-28: Potential Evapotranspiration (PET)

Month Tm (°C) im a Em {Nm) Nm |PET {mm)
Jan 113 3.4 1.6 34.39 110 092 32
[~ Feb 14.2 4.79 4957 11.5] 096 48
Mar 16.9 6.21 65.49 12.0 1.00 65
Apr 17.8 6.72 71.16 12.6 1.05 75
May 18.7 7.23 77.00 13.1 1.09 84 ,;&}
Jun 18.1 6.89 73.09 13.3 1.1 81 =
Jut 17.0 6.27 66.11 i3.2 1.10 73
Aug 175 6.55 69.25] 128] 1.07 74
Sep 17.3 6.44 67.99 12.3] 1.03 70
Oct 16.9 6.21 65.49 11.7) 098 G4
Nov 13.9 4.64 47.91 2] 093 45
Dec 14.0 4.69 48.46] 109| o091 44|
" Year 16.1 70.04 755
Tm: temperature (°Cl
im: (Trmy/s)"
I ¥ (im)= £{Tm/5)"*
a 6.7x107XP-7.7x10%x%+ 1.8x10°x1+0.49
Em: unadjusted evapotranspiration, 16{10Tm/})*
{Nm):  Mean Daily Duration of Maximum Possible Sunshing Hours al 20°N
Nm: monthly adjustment factor, (Nm}/12

PET: tm x Nm

Calculation of Percolation througlt the Cover Soil g

101 mm/fycar of percolation through the cover soil was calculated with taking into
consideration FC, PWP, PET and aclual evapolranspiration (AET). Table H-29 shows
the calculation.

¥ Tehobanoglous, G. , Theisen, H. and Vigil S.A., 1993, Intcgrated solid waste managerment, McGraw-
Hill, lne., USA
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Table H-29: Percolation through the Cover Soil

unit: mm

I | PET |LPET |JAPWL| Ws | Aws | AET {PERC

Jan 17] 32| -18] -176] 25 ol 17 0
Feb 17 48] 31| -207] 25 of 1t/ o
Mar | o e5| -56] -263] 25 o 9 0
Apr 34) 75| -a1] -304] 25 o 34 0
May 21] 84 -83] -367] 25 o] 21 0]
Jun | 1531 8i| 72 of sof 25 81| a7
Jul 127] 73| 54 o] 50 o 73| 59
Aug 59 74] 15| 15| 38| 12 7 0
| Sep 44| 70| 28] - 25 -13] 57, o
__Cat 30 64 -34] -75] 25 ol 30| )|
Nov 2| 45| -43] -118] 25 0 2 0}
Dec il 44 43| -i61] 25 0 1 o}
Year 514] 755] -241 0] 413] 1o}

Assumplion:  fc of soil =31%, pwp = 15%, thickness of evapolranspiration depth =0.15m,
FC=319%x0.15m=0.0465m=46.5mm, say 50mm,
PWP=15%x0.15m=0.0225m=22 5mm, say 25mm

i infiltration
PET: potential evapsiranspiration
APWL: accumulated polential water loses

Ws: water in soit {never be more than FC nor less than PWP)
AWs: change in waler in soil
AET: actual evapotranspiration

PERG: percolation through the cover soil

3-3) Retention in Layers under the Cover Soit

Layers under the cover soil have a capacily of retaining water, 262 mm, in total. This
is equivalent to about threc successive years percolation through the cover soil
(10Imm/year x 3years = 303mm).

7m thickness of waste, 0.2m of soil and again 0.8m of waste are taid under the cover
soil. Furthermore, 0.15m thickness of the cover soil, which is vnder the layer affecied
by evapotranspiratton, should be taken into account for the calculation of the
percolation.

Waste has a field capacity similar to FC of soil. And in this scclion, initial moisture
content (IMC) of both waste and soil is important instead of PWP. Waste and soil has
a certain moisture initially, so that the waler percolated through the cover soil is
retained within the FC and the IMC of the layers under the cover soil. When the water
content exceeds IC, water percolates down to the bottom of the landfill.

Typical FC value of municipa!l wasle is between 20 and 35 % by volume®. With
taking into account this typical value, 25 % is applied. Typical IMC value of
municipal wasle at landfill is from 15 to 40% by weight®, then 27.5% is taken. In the
meantime, 31% is applicd to FC of soil'. And it is assumed that IMC of soil is 23%
which is the middle value between 31% of FC and 15% of PWP. Finally, FC and IMC

? Qasim S. R. and Chiang W., 1994, Sanitary landfil} leachate, Technomic publication, USA
“'l‘chobanoglous, G. , Theisen, H. and Vigil S.A., 1993, Integrated solid waste management, McGraw-
Hil, Inc., USA
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of layers under the sutface layer of 0.15 thickness with evapotranspiration effect are
calculated below.,

Cover soil (t=150mm)}

FCI = 150mm x 319 =46.5 = 47mm
IMCH = 150mm x 23% =345 = 35mm
Waste (t=7,000n1m) =
)
FC2 = 7,000mm x 25% = 1,750mm
IMC2 = 7,000mm x 0.8 x 27.5 % = 1,540mm
0.8 is the bulk density of waste at landfill
Soil (t=200mm)
FC3 = 200mm x 31% = 62mm
IMC3 = 200mm x 23% = 46mm
Waste (¢=800mm)
FC4 = 800mm x 25% = 200mm
IMC4 = 800mm x 0.8 x 275% = 176mm
Table H-30: FC, IMC and Retention Capacity §
Layer FC IMC Retention capacity
| cover soil (t=150) 47 35 12
waste (t=7,000} 1,750 1,540 210
soil (1=200) 62 46 16
waste ({=800) 200 176 24
Total 2,059 1,797 262

4) Leachate Generation Quantity

The percalation through the cover soil is 101 mm/year, while the total water retention
capacily under the cover soil is 262 mm. Therefore, the capacity will be filled in 3
years, then leachate equivalent to the percolation of 101 mm/year will be generated at
the bottom of the landfill in the 4th year and after that.

a.J  Waste Disposal Amount

According to the Master Plan, the tandfills of Etapa IV and V have to have enough
capacily to secure sound final waste disposal from 2001 to 2010. The forecast of
waste amount (o be disposed of during the 10 years is shown in Table H-31.
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Tabte H-31: Waste Disposal Amount from 2001 to 2010

Disposed Wasle
Year Total Etapa iV Etapa V
1000 ton | 1000 m” | 1000 ton | 1000 m° | 1000 ton | 1000 m’
2000 |  3876] 4.845] 3876 4845
2002 3,609 4,5%1 3.609 4,511
2003 3,493 4,366 3,493 4,366
. 2004 | 37385 4,231 3,385| 4,231
&g‘ 2005 3,373 4,216 3,373 4,216
2006 3,358 4,198 3,358 4,188
2007 3,340 4,175 | 3340] 4,475
2008 3321 4,151 3.321 4,151
2009 3,300 4125 3,300 4,125
2010 3,278 4,098 3,278 4,098
Total 34,333 42,916 17,185 21,482 17,148] 21,434
Nota: bu'k density of the waste at landfill is assumed to be 800kg/m”.
b. Examination of Technical Alternatives

Major causes giving serious impacts on the environment in land{ill development are
leachate and landfill gas. Also, mitigation mcasures against them make landfill
construction, operation and, furthermore, closurc costly. Therefore, alternatives of
miligation mcasures such as landfill botiom liner, intermediate cover, final cover,
surface drainage, leachate collection, leachate disposal, landfill gas disposal, elc. are
of much technical interest. Although some issues can nol be modified because Etapa
1V is the existing landfill, the issues shown in Table H-32 are examined technically,
environmentally, and in view of costs in this section.

;%

Table H-32: issues to be Examined as Technical Alternatives

Leachate/gas Purpose Issues to be examined
How to make leachate During operation
generalion quantity smatler, - inlermediate cover

Leachate After closure
- [nal cover
How to dispose of leachate. - spray

- re-circulation

- evaporation pond
- trealment facitity
Landfill gas How to dispose of landfill gas. | - passive control
aclive conltrol

b.1 Intermediate Cover

In the manner of landfilling at Etapa 1V, daily soil cover will also serve as an
interniediate soil cover which is placed at 8m elevation. The intermediate soil cover is
expensive (about 20 pesos/m®) as it is nol available in the landfill arca. Thus,
placement of the intermediate soil cover considerably affects the operation costs. To
find a way to make this cost smaller, i) thickness of the soil cover and ii) usc of waste
from the compost plant are examined. Finally, 30 cm thickness of cover soil as in the
present operation is recommendced.

tH-41



The Stiedy on Solid Wasie Management JICA
of Mexico City in the United Mexican States KOKUSAI KOGYO CO,, LTD.

i Thickness of Cover

AU present, 30 ¢m thickness of soil is cmployed as the intermediate (daily) cover
malterial. This cover may allow 101 mm/year of rainfall to percolate, eventually
leachate cquivalent to this 101 mm/year will be gencrated in the 4™ year and after
that.

In case that the cover is made thick, leachate generation may be delayed. However,
the same quantity (10t mm/year) of leachate will theoreticatly be generated, once the
tandfill tayers arc fillcd with water. It can be said that sloping the top of landfill is
morc clfective than thickening the cover material in order to enhance surface water
runaff, i.c., to mitigate leachate generation.

Generally, 20 to 30 cm of soil is employed for daily cover mainly for sanitary
purposcs, e.g., to control birds, flown materials, dust, pests and vectors, rather than
surface water control. In the meantime, purpose of intcrmediate cover is rather to
control infiltration. Although more than 30 cm of thickness generally tends 10 be
employed for it, the thickness used at present would be appropriate because:

* precipitation at the site is small.

* thickness of the cover is not effective lo ceontro! infiltration in a longtime view
(if vegetation does not develop).

* the present thickness fulfils the purpose of daily cover soil.

ii. Use of Compost as Cover Material

it is recommendable 10 make use of compost produced in the compost plant as cover
material when the produclion exceeds the demand.

Compost can funciion as a daily and/or inlcrmediate cover like native soil. An
advanlage of using compost is that part of the landfili capacity which would have
been occupied with native seil is available for the disposal of waste malerial. In view
of the whole waste managenment, the use of compost for covering waste considerably
contributes waste volume reduction and prolongation of landfill lifetime.

b2 Final Cover

A [linal cover should be employed to promete altenuation of landfills’ harmful
influence on surroundings, when they are closed. Majar purposes of the final cover is
i) to mitigate teachate generation, ii) to control landfill gas emission and iii) to
umprove landscape. With taking these purposes into account, 50 cm or more thickness
of soil cover is recommended as the final cover.

i. Mitigation of Leachate Generation

Usually, the final cover has vegelation in order to make good use of
evapolranspiralion. Depth where evapolranspiration is effective depends on a type of
vegelation. Generally, 50 cm and more thickness is suggested for grasses and shrubs
which could grow under the dray climate condition of the site.

Pcrcolation through cover soil of 500 e¢m was estimated. The result was that 51
mm/fycar of water will percolate through the cover soil. This is much less than
percolation amount which was estimated under the present condition of the existing
landfill at 101 mm/ycar.
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Table H-33: Percolation through the Cover Soil {50cm)

-~ o — 3 unil; mm
| v Jeer{IPET|APWL] Ws | Aws| AET | PERC |
Jan 17| 32] 18] 176 5 o 7] o
Feb 17| 48] -3t] 207 75 0 17 0
Mar | 9| 65| 56| -263 75 0 9 0
Apr 34| 75 -41]  -304 75 0 34 0
May 23] 84 -83]  -367 75 0 21 0
= Jun 153} 81 2] -3 147 72 81 0]
Eid Jul 127] 73 59 0 150 3 73 51
Aug 59] 7a] -5 .15 135 " 15 74 o
Sep 44] 70 -26 31 114 -21 &5 g
Oct 30 64 34 75| 90| -24 54 0
Nov 2| 45 -43] -118 75 -15 17 ¢
Dec i| 440 -43] -16i 75 0 1] o
Year 514] 755] -241 0 463 51
Assumplion: fc of soil =31%, pwp = 15%, thickness of cover soil =0.5m,
FC=31%x0.5m=0.155m=155mm, say 150mm, PWP=15%x0.5m=0.075m, say
75mm
ii. Control of Landfill Gas Emission
Strict control of landfill gas emission is not nccessary, because there is no residential
area and/for other important facilitics. Therefore, a sophisticated Jand[ill cover such as
synthetic impermeabte cover is not required. The soil coves can work ¢ffectively.
jii. Improvement of Landscape
§ Vegetation is good for imptoving the landscape. Also, the agreement with CNA says

that future land use of the site wilt be grass land in order to improve the ccosyslem of
Bordo Ponientc. However, it should be noted that the dry climate is severe for
vegetation to grow. Only grasses or shrubs which are resistant to the dry climate could
survive. As mentioned above, 50 cm and more thickness of final cover is
recommended for such vegetation.

b.3  Leaehate Disposal

The present conditions of the tandfill necd an appropriate leachate disposal manner. In
this section, alternatives examined are the following:

* spray on the land(ill.

* re-circulation into the landfill.
* cvaporation pond.

¢ leachalc treatment,

First of all, it should be noted that leachate can not be extracted from the landfill by
gravily due to flat ground of the area and the seltlement. Then, all the allernatives
need pumps to get leachate out of the landfili.

Wells for teachate extraction can not be constructed at a periphery of the landfil, but
should be inside of the landfill, because the inner part is deeper than the periphery due
to settlement, leachate will gather the inner past. Duc (o this character of the landfill,
re-circulation, evaporation pond and leachate treatment require facilities in addition lo
oncs of the spray method. Then, the spray miethed is the least costs and uses the
climatic advantage {small rainfall and large evaporation) efficiently for lcachatc
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disposal as stated in Table H-34. Conscquently, the spray method is a recommendable
manner of lcachate disposal.

Table H-34: Comparison of Leachate Disposal Allernatives

¥

nozzle (to spray)

evaporation action
(leachate can contact with
air efficiently)

Alternalives Facility necded Advanlages Disadvantages
Spray - pumps - the least cost - unpleasant odor onthe
- wells - the most ¢fficient use of landfill suzface

Re-circutation

pumps
wells

pipes (to landfill
gas exfraction
wells)

the second least cost
{pipes to connect Jandfill
gas extraction wells are
necessary in addition to
the spray method)
altenwvation of leachate
qualily

need great care for landhil
gas contro! (landfill gas
tends to be Jarger in
leachate re-circulation
systems)

not elficient on reduction
of leachate amount

may require furthet
leachate treatment

Evaporation - pumps - simple operation - requiring a large area
- wells - unpleasant odor on the
- pipes{ioa evaporation pond
evaporation pond) - sludge disposal is
- ¢vaporation pond necessary
Treatment - pumps - it can control quality of - huge investment and
- wells discharge water. operation cosls
- pipes (lo - need a high level of
treatment technique for
facilities) construction, operation
- {reatment and mainterance
facititics
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a) Spray
Evaporation 7 {_—“
-"; -!’ I
A
Infiltration
| .

b) Re-circulation

Rl

¢) Evaporation pond

I /Gas extraction well

Evaporation pond

d) Treatment
: P

Figure H-13: Leachate Disposal Alternatives

e o

Trealment facilities

5
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bd  Landfill Gas Disposal

Landfill gas is gencrated through decomposition of biodegradable material. 1t is
composed of several constituents. The principal gases are methane (CHs) and carbon
dioxide (CO,) produced through the anaerobic decomposition.

Ways of contsolling land[ill gas can be classilied as passive and active. The passive
control uscs pressure of fandfill gas gencrated in the landfill to extract it through gas
vents. On the other hand, the active control uses cnergy to pull it oul. Therefore, the
active control is generally more costly than the passive one. When gas energy
recovery is preferable, or circumslances require strict landfill gas control, the aclive
control may be taken.

As previously stated, the spray method is the recommended manner for leachate
disposal. The manner does not encourage tandfill gas genesation so much as the re-
circulation method. Also, there are no residential or comnercial areas around the
landfill like the surroundings of the Montana landfill which is equipped with modern
biogas extraction facilities, Therefore, the passive control is recommendable for the
Etapa 1V landfill.

C. Conceptual Design and Cost Estimates

Outline of the conceptual design for the Verlical Expansion Plan is presented in Table
H-35.

Table H-35: Qutiine of the Conceplual Design for the Vertical Expansion Plan

lteris Facilities
Landiili capacity 25,849,000m°(20,679,000ton) is available for waste disposal.

Access at Om elevation
outer foad; 8,285m {existing)
inner road: 26,675m (cxisting)
at Em elevation
ouler road: 7,075m
inner road: 19,623m
at 16m elevation
outer road: 5,160m
______ioner road: 6,453m

L eachate management Leachate extraction wells
concrete pipes with 600mm diameter: 24 nos.
Leachate extraction pumps: 24 nos.
Leachate collection lincs
al Om elevalion: 26,675m
al Sm elevation: 26,708m
al 16m elevation: 11,613m

Landfi gas management Gas extraclion wells

concrele pipes with 600mm diameter: 198nos.
Gas cxtraclion pipes - PYC200

al 8m elevation: 141 nos.

al 16m clevation: 102 nos.

Surface waler management | Daijly/intermediate soil cover: 30cm (Compost is also usable.)
Monitoring Monitoring items:

-seftlement of the landfilt

-leachate quality

-landfill gas quality
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items I

Facililies

Aesthelic design

Mohile screen

Baily/intermediate soil cover: 30em (Compaost is also usable.)

Closure and post-closure

Final soil cover: 60cm

Greening by seeding the final cover with grass

‘Landfhill equipment

Bolldozers (300hp class): 4 nos.

Sprinkler trucks (15,00011er class): 2 nos.

Excavators (85hp class): 2 nos.

el Key Design Data

Key data for landfill desiga are set as follows:

* bulk densily of waste after compaction in landfiil:
* operation schedute of landfill:

* lifc year of trucks and heavy equipment:
* life year of building and civil woiks:

* exchange rate:

* daily (intcrmediale) soil cover:

s final land[ill elevation:

c.2 Landfill Capacily

800kg/m’

24 hours/day,

365 days/ycar

7 ycars

30 years

US$ 1.00 = 9.1pesos
30cm

24m

Capacity of the verlical expansion in the past of 8 to 24m elevation is to be
26,926,000m>. Of the capacily, 25,849,000m> will be occupied with wasle and

1,077,000 m” with soil (Sec Tablc [{-37 and Figure H-14).

All the waste disposed of in 2001, 2005 and 2006, and part of waste in 2009 are o be
ptaced in the lift of 8-16m elevation. The rest of waste in 2009 and all waste in 2010
are to be disposed of in the lift of 16-24m clevalion. The remaining capacity of the
tandfilt after 2010 will be 4,368,000m? for waste disposal, i.c., 3,494,000 ton of waste

(See Table H-36).

It should be noted that the calculation of land(il} capacity does not take the scitlement
of subsoil and waste into account,

Table H-36: Wasle Disposal Amount in Elapa IV

Unit: 1,000m°

Elevation| Landfill

Wasle disposal amount

Remaining

capacity | 2001 | 2005 | 2006 | 2008 | 2010 | Total | capacity
8-16m 16,447 4,835 a216] 4,198] 3,188 | 16,447 0
16-24m 9,402 937| 4,093 5,035 4,367
Total 25849 4,845] 4,216 4,198] 4,125 4,098] 21,482 4,367
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Table H-37: Landfill Capacily of Etapa IV

3
g

Volume (1,000m?)
&

10,000

5,000

25,000 |- —m—rmem

0

8 9 10 1 12 13 14

Unit: 1,000m°
Height {(m) | Tota! Volume |Waste Volume| Soil Volume

8 0 0 0

9 2,225 2,136 89

10| 4,426 4,249 177

11 6,603 6.339 264

12 8,755 8,405 350

13| 10,835 10,450 435

14 12,991 12,471 520;

15 15,072 14,469 603

16 17,132 16,447 685

17 18,408 17.672 736

18 19,669 18,882 787

19 20,915 20,078 837

20 22,146 21,260 886

21 23,363 22,428 935

22 24,564 23,581 983

23 25,752 24,722 1,030

24 26,926 25,849 1,077

i — Total Volume — — — — Waste Volunie ----.-- Soil Volume

30,000 ——- e —

15 16 17 18 19 20 21 22 23 24
Heighl {m)

Figure H-14: Height - Volume Curve (Etapa IV}
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c.3 Access

In order to secure accessibility to waste unloading arcas, outer roads and inner roads
will be constructed on the 8m and 16m elevation respectively. The outer roads are o
be used for monitoring and maintenance roads afler complction of waste placement.
The dimensions of foads are shown below.,

* Carriage width: 9.0m
*  Shoulder width: 0.5m at both sides
* Pavement: volcanic porous rocks or equivalent materiat

A
G‘f 7

cd Leachate Management

The daily (intermediate) cover, whether using native soil or compost, mwst properly
be conducted in order to minimize infiltration of rainfall. The top surface of the
landfill should have an inclination for encouraging runoff on it.

Leachate generated in the landfill is to be sprayed by submergible pumps from
leachate extraction wells. Pumips are necessary (o get leachate out of the tandfill due
to the site’s characler (flat ground and anticipated subsoil settlement). Spraying
leachate is to make good use of the climate character {small precipitation and large
cvaporation).

During operation, il is anticipated that 101mm/year of leachate will be gencrated. This
results in 331,000m’/ycar of leachate generation in total. This amount of leachate will
be extracted and sprayed by the 24 submergible pumps. Leachate will show acidity in
a certain stage of wastc decomposition, and will contain a large amount of suspended
solid. Thercfore, it is anticipated that such character of leachate will make the lifetime
of pumps shorl. The life time is assumed to be two years, although it depends on
actual quality and quantity of leachate.

.5 Landfil Gas Management

The passive control maancr is to be employed for the landfill gas management,
Uncontrolled dispersion of the gas from the landfill surface will be minimized by
installation of gas rcmoval pipes. PVC pipes with diameter of 200mm will be
instatled along the ring road and the outer roads, and concrete pipes with 600mm
diameter will be in the inner part of the landf{ill. Some of the conerete pipes are also to
be used as leachale extraction wells.

c.6  Surface Water Managcement

As mentioned above, the top surface of landfill should be sloped in order to
encourage runoff on it. An inclination of 2% is recommendable.

¢.7  Monitoring

Leachalce quatily and landfill gas have been monitored, and this should be continued.
Recomniendations on the present monitoring manner are:

» sample for leachate quality analysis should be taken from a leachate extraction
well to be installed.
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* the sampling manner of landfill gas should be improved not to mix the gas with
air outside the landfill.
And monitoring of landfill clevation should be conducted in order to kaow:
* condition of wastc decomposition,
* progress of waste and subsoil setitement,
.8  Aesthelic Design Consideration

To avoid waste to be blown to the surroundings, vse of mobile screens near the
operating arca is recommendable. Proper daily (intermediate) soil cover should be
practiced in order to control birds, pests and vectors as well as to avoid wind-blown
wasles.

c.9 Closure and Post-closure Care

The final cover of 60 cm thickness will be employed when the landfill operation is
completed. Major purposes of the final cover are i) to reduce leachate gencration, ii)
to avoid uncontroted fandfilt gas diffusion, and iii) to improve outward appearance.

Greening the landfill surface is o be effective to encourage evapotranspiration on the
surface, and this results in reduction of leachate generation. It wilt also have an effect
on improving the appearance of the sile,

¢.1¢ Landfill Equipment
Equipment recommended lor the sanitary landfill comprises:

* four {(4) bulldozess (300hp class) for spreading and compacting both wastc and
cover material.

* wo (2) sprinkler lrucks (15,000%iterss class) for dust conisol.

* wo (2) excavators (85hp class) for maintenance of roads and landlill slopes.

The bulldozers should propeily be equipped for landfilling, €.g., trash blade for waste
handling, measurcs to prevent a radiator from being plugged with waste, etc. The
number of bulldozers were calculated as Tollows.

i. Produclivity of Bulldozer (300hp class)

Probable cycle time {Cm)

Fonward: 20m / 60m/min =0.33 min
Reverse: 20m / 80m/min =(1.25 min
Others (loading and shifling gears} =(.32 min
Total cycle time =(.90 min
Qulpul
Ok = 60xgx fxE
Cm
Qh: Outpul per hour (m*/h)
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q: Capacily of blade {(m’)
f: Canversion factor of waste 1.0
E: Operation ciiiciency 0.6

Hence, Qh is 320 m/h.
ii. Required Number of Bulldozers
Weight of waste disposed of per day: 10,000 ton/day
Volume of wast¢ disposed of per day: 10,000/ 0.8 = 12,500 :113.’day

(0.8: bulk densily of waste)
Operation hours of a bulldozer :10 hours
Volume of waste disposed of per hovwr  :12,500/10 = 1,250 n'/day
Required number of bulldozers :1,250/320=3.91 say 4 units
c.l11  Operation

The Etapa 1V landfill has been operated in a proper manner, c.g., impermeable botlom

liner installation, daily (intermediate) soil cover, recording waste amount disposed of

by using weighbridges, etc., and such manner should be continued. What should be

paid attention will only be a way of leachate disposal and filling plan for the muolii-

lift. The way of leachate disposal is mentioncd before in the section of Leachate

Management, and how to pile up the landfill is described in the next section of
o Sequence of the Vertical Expansion.

c.12  Seqguence of BP-1VY Vertical Expansien

At prescnt, leachale is sceping out at cell’s slope bottom or to the surrounding road.
It creates the problem of the operation today and the near fufure that the road
condition is heing deteviorated especially whea it rains.

In order to implement the “Vertical Expanston of BP-1V”, the following components
should be carried out in an appropriate sequential mannei:

a. Boltom impermcabilization of roads part (0.0 mceter clevation)

b. Provision of horizontal leachate collection system (0.0 meter elevation)

¢.  Apgproach road (from 0.0 meter to 8.0 meter elevation) construction

d. Roads (on 8.0 meter elevation) construction

e. Vertical shalt (for leachate collection/pump-up, biogas remaval) construction

f.  Filling of valleys on roads (0.0 to 8.0 meter clevation)

g. . Leachate pump-up and spray (and/or impound} at 8.0 meter elevation

h. Landfilling (8.0 to 16.0 meter elevation)

b'. Provision of horizontal leachate collection system {on 8.0 meter elevation roads)

¢'. " Approach road (from 8.0 mneter to 16.0 meter clevation) construction

d'. Roads (on 16.0 meter clevation) construction

e'. Expansion of vertical shaft (from 8.0 to 16.0 melcr clevation)

f'.  Filling of valleys on roads (8.0 to 16.0 meler elevation)

. Leachate pump-up and spray (and/or impound} for drying al 16.0 metes elevaiion
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h'. Land{illing (16.0 to 24.0 mcler clevalion)
b". Provision of horizontal leachate collection system (on 16.0 meter clevation roads)

cl\

. Approach road (from 16.0 meler to 24.0 meter elevation) construction

d". Roads (on 24.0 meter elevation) construction

ell

. Expansion of vertical shaft (from 16.0 to 24.0 meter clevalion)

f". Filling of valleys on roads (16.0 to 24.0 micter elevalion)

g".

ILeachate pump-up and spray (and/or impound) for drying at 24.0 micter clevation.

a, Impermeabilization of 0.0 Meter Elcvation Roads

Although all the cells have a bottom impermeable tiner, roads do not have the
boltom impermeable liner.  Therefore, impermeable Hning on roads pait should be
carried out in order 1o attain the holistic impcrmeability of the BP-1V site as a total.

Impermeabitization

W N

mamm  HDPE impermeable kner 77 [} Disposedwasle
ESZ3  Tepetate for Enes protection
mm  Tepetate for coverage on disposed waste

A

Figure H-15: Impermeabilization of 0.0 Meter Elevation Roads

b. Leachate Collection and Drainage Lines on 0.0 Meter Elevation Inner
Roads

After impermeable tining on 0.0 meter clevation inner roads is carricd oul, tepetate
should be laid on the impermeable liner for its protection. Above the tepetale,
leachale collection and drainage lines by porous volcanic rocks should be installed.
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@

Porous volcanic focks

e HOPE impermeable liner
573 Tepetate for finer protection
PR  vepetate for coverage on disposed waste 7771 Disposedwaste

Figure H-16: Leachate Collection and Drainage Lines

h.1 Quter Roads on 0.0 Meter Elevation

The outer ring roads on 0.0 meter etevation should be maintained as “moniloring
and maintenance” roads for BP-IV.

¢.  Appreach Road fo 8.0 Meter Elevation
An approach road (ramp) to the 8.0 meter elevation should be firstly planncd.

As the trailers pass the weighbridge located in the entrance of the BP-IV site, the
ramp is recommended 1o be located at the No. 19 Cell.  The slope will have to be
about 5.0% (8.0 meter lift on 160 meler approach) considering the trafficability in
all weather condition.

Meanwhile, the area between the No. 19 Cell and the S/P will possibly be subject
to the future landfifl, therefore the ramp should have a bottom impermeable liner
before its construction.

The width of this ramp (5% slope) should be wide enough only to have one-way
traffic of trailers. When the valley (on 0.0 meter road) filling operations are
carried out, the traffic volume on the ramp should be small enough to maintain
alternate traffic on onc-way width ramp. When the landfilling operation of 8.0 to
16.0 meter elevation takes place, traffic volume on the ramp becomes large,
therefore, Lhis ramp (5% slope) shoutd be exclusively used as ascending ramp and
another descerding ramp {(e.g. 10 to 15% slope) will have o be provided at an
appropriatc location by that lime.

d. Roads on 8.0 Meter Elevation

When the BP-1V landfill is going to be raised above 8.0 mcter elevation, the outer
ring roads on 8.0 mcler elevation should be maintained as “moniloring and
maintenance” roads.  In response to this concept, coordinates of the outer roads on
8.0 meter elevation should be determined as showa in Figure H-17,

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

The inncr roads on 8.0 meter elevation should be constructed just a litile oft-set
from the vertical shafts. As the roads should later function as lcachate drainage
lincs, the drainage lines of volcanic porous rocks on 8.0 meter elevation should be %\
connecled to the vertical shafts nearby. e
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Figure H-17:

Quter Roads on 00 8.0 and Scale 1 150,000
16.0 meter Elevation

KOKUSAI KOGYO Co., Ltd.
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¢, Vertical Shaft (for Leachate Coliection/Pump-Up, Biogas Removal) on 0.0
Meter Elevation Inner Roads

As the BP-1V site is located on a flat plain area, the leachate collection system can
not employ gravily draining to a trcatment facility (e.g, evaporalion
lagoon/regutation pond, biological or physical-chemical treatment). Therefore, it
is recommended to install suction pits (with vertical pump-up shaft) on 0.0 meter
clevation roads with an appropriate interval with each other.  As all inner roads
on 0.0 meter elevation will be utilized as draining lines, the suction pits should be
installed at all junctions of inner roads. The intcival of the suction pits are
recommended to be about 100 meter, as the vertical shafls for pumping up leachate
can also be utilized as biogas removal facilities (i.e., chimneys). It gives a total of
222 Nos. of suction pits with vertical shafl.

The estimated leachale generation of 101 mmy/year requires 24 pumps (with a
nominal capacity of 0.11m*min) running 12 hours during the day. Therefore, 24
shafls should have functions of leachate pump-up and biogas removal shafts, while
other 198 shafts should regularly work as biogas remaval and occasionally as
pump-up shaft when maintenance, inspection or repair is required for the regular
pumip-up shafts.

The vettical shafts (of leachate pump-up and biogas removal) should initially be
consfrucled up 1o the 8.0 mcter clevation or a little higher before filling the gap
(valley on roads).

Figure H-18: Verlical Shaft (for Leachate Collection/Pump-Up, Biogas
Removal)

f.  Filling the Gaps hetween 2 Cells to 8.0 Meter Elevation

The gaps on roads (between cells) should be fitled with wasles to be disposed of
from the 8.0 mcler elevation road, and be compacied and covered with soil (o the
8.0 meler elevation.
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g. Leachate Pump-Up and Spray (and/or Impound) on 8.0 Meter Elevation

When the gaps are filled and flat 8.0 meter elevation areas are formed, leachale
should be pumped up and sprayed {and/or impounded) at the flat arca to be
evaporated or re-infiltrated to the landfill.

h. Landfilling Sequence of 8.0 to 16.0 Meter Elevation

[n general, it might be recommendable that the second level landfitling should be
slarted from the central part to the outer area to promote stable settiemcent and
consolidation and further to reduce the small possibility of slope failure on (L0-8.0
meler landfills by spending more time to allow consolidation of ground under
slopes.

Mecanwhile, when expecting a betler trafficability on 16.0 meter clevation roads in
the future, the cell which receives the approach ramp from 8.0 meter to 16 meter
elevalion should be initially construcled in order to allow longer time for stable
setllement and consolidation of the cell.

‘Therefore, it is recommended that the landfilling of 8.0-16.0 meter should start
from the cell that will later receive the approach ramp (8.0 to 16.0 nrcter), which
will be about 100 meter offscl to the south from the ramp (0.0 to 8.0 meter) on No.
19 Cell.

Table 1-38 shows the concept of canstruction schedule for valley filling for the
vertical expansion works.
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Table H-38: Concept of Construction Schedule for Valley Filling

Valtey
M_._NO-. -— |—- |
a—— clelef _]ﬁj_ﬁ | [ 1=
| South Extension _ _ A
I 7ddddFrdddddddﬂddddd ]
1 f19:20 Jafbpeldf | [ _ -
2 | 2021 albjel|f | ]
3 ja22 | albje|f B ] 3 0 I
4 22.23 alble]t Il
5 [ 2037 a|vlefd T . B
6 12721 alblelt |
7_|2r2s | albfe|d 1
§ {22 ajblell
¢ [ 282 } L _{albpele] | { | 4
10 | 21-34 | | alblelf .
[ 11 | 2010 a|ble]t i
12 | 21-11 | alblelf |
13 1 22.12 ] alble|f]
[ 14 ] 12-32 agbrelf]
i5 | 1213 [ | | ] alble|f |
16 | 23-13 B alblefr
East Exfenston |
dldldidldfdaidlela]ld]a)a]ala]a]4[a [ ]
17 | 196 | Isjbfeft
18 {197 alblela R A
19 1198 | alblejt _
20 | 208 _ a|bleflt
[ 21 § 209 | alblefi |
122 |76 afblels i
23178 alble|T o
24 |65 alo]els -
25 [ 89 ] a|vle|s B g:%(
26 |55 || | agbiels
27 | 9-10 ] B alble|Tr |
28 154 zlbie]f
29 | 10-11 e albfeli
30 143 o | alble|f
31133 i albv]e
32 |32 alb f
[ o § West Exteasion —_
didldjdidja|d]a]afalale d]l dld]dld
31926 albileff
34 ) 26-27 alblef1
| 35 | 26-32 | afble|f
36 J2733 ajbleft N |
| 37 | 32-31 | alblejf
38 §32.33 alble|f
32 | 3334 a|ble]t
a0 a8 1 | Ta|ble]t |
41 | 32-38 ] [ ajble|f
2 13 [T 11717 alblelt ]
| 43 | 3140 alblelr
41 3137 — afbfefT
45 | 38-37 B .. atbleff g
46 1 3§-39 N || afb|e
47 | 39-40 N B i EILINIE
48 | 2028 B T alvle|T]

Note; * Valley No. e.g. 19-20 represents the vallcy between the Cell No. 19 and the Celf No. 20.
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.13 Cost Estimates
Two cases are sct for operation of the landfill as follows:

+ Case 1: Investment and operation by the DGSU.
+ Casc 2: Investment by the DGSU and conlracting out aperation.

This makes cost estimates for this Vertical Expansion Plaa different, so that the
T cstimates are carricd out in Case 1 and Case 2 respectively.

Ditfcrence between Case 1 and Case 2 is whether the landfill operation is conducted
by the DGSU directly or by private company(s) under the DGSU’s supervision. From
a vicwpoint of disburscment, the difference reflects payment for the landfiil
equipment. That is, the payment for tandfill equipment in Case | has peaks in 2000
and 2007 duc 1o procurement. Such peaks will not appear in Case 2, because the
cquipment will be delivered by the private company(s) under a contracl.

i. Casc }
Construction

Construction costs of US$ 17,316,000 untit 2010 was estimated as shown in Table H-
39, Table H-40 explains construction costs untii the closure of the landfilt. Table H-
41 presents initial installment costs of pumps for lcachate disposal of which
disbursement is to be required in 2000.

Table H-39: Construction Costs for the Verticat Expansion until 210

Unit construction cosls per ton of waste (US$fton)]  8-16m 16-24m
0.5582 0.4660
Cosis for landhil construction {US$ 1,000}
Year Waste amount {1000 ton) | Design and Initial Constructionwhite | Pumpsfor | .,
supervision | conslruclion opesation leachate
8-16m | 16-24m| Tetal 8-16m 16-24m
1999-2000 - 19 o 12
2000 - 173 7,752 150 8,075
2001 3.876 3,876 2.164 o 2,164
2005 3,373 3,373 1,883] 0 1.883
2006 3,358 3,358 1,874 0 1,874
2009 2,551 749] 3,300 1,424 349 1,773
2010 3,278 3,278 0 1,528 1,528
Tolal 13,158| 4,027 17,185 192 7,752 7,345 1,877 150 17,316
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Table H-40: Construction Costs for the Vertical Expansion until Closure

Exchanga rate, $1.00=9.1 pesos
Arnount
No. Description Quantity { Unit N Domestic Foteign
Unit rate | Currency 7000 1.000 1,000
peso uss Uss
i 0-8 Elevation
1.1 ileachate collection {along inner road) 26675] m 3060] _ peso 8,003 879 ]
1.1.1 lleachate & gas extraction well 222] nos 8,000] paso 1,776 195
sub-total 1,074 ]
Miscellaneous 0] % 107
Direct cost ] 1,181
General expenses and overhead 1 0] % 34
Tolal construction Cosis 1,535
Physical contingency 10] % | 154
VA 151 % 230
Tolal cost {inc. conti. & tax) 1,919
Design and supenvision 0] % of construction costs 154
Physica! contingency 0] % 15
IVA i5] % 23
Tola! cost {inc. contl. & tax) 192
1.2 {Bollom liner & olhers
1.2.1 {bottom lliner _
a |HOPE (1mm) 533,500] m° 1.70] uss 507
b JHOPE (1mm) instaliation 533.500] m® 3| peso 1,601 176
¢ _Iprotective soil (inc. inslallation} 160,050] m® 30] peso 4,802 528
1.2.2 {cover soil {0.3m) 592,185] ™’ 22| peso 13,028 5,432
1.2.3 {pump (50mm, H=30m) See pump
1.2.4 {elecinc work 1] unit | 2000,000] peso 2,000 220
sub-{olal 2,356 507
Miscellangeous 10] % 236 a1
Direct cost 2,592 998
General expenses and ovechead 30] % 778 299
Tolal consitruction costs 3,370 4,297
Physical contingency 0] % a3z 130
VA i6] % 506 195
Tolal cost {inc. conti. & tax) 4,213 1,622
| Tolal cost {domestictioreign) - 2.835
{Unit cosy, $7ton of waste) th.ton
2 l8-16 Elevation |
21 louter road 7,075] m 550] peso 3,891 428
2.2 [inner road 19633] m 550 peso 10,793} 1,167
2.3 |leachate cotiection {along outer road) 7.075] in 210] opeso 1,486[ 163
2.4 |lcachate collection {along inner road) 19,633 m 300} peso 5,690| 647
25 lgas extraction {along ring road) 141] nos 200] peso 28] 3
2.6 jleachate & gas extraction well 152] nos 8,000] peso i,216] 134
2.7 [cover soil {0.3m} 633,930 m° 22| peso 14,078| 1,547
o Jsubiotal 4,109 0
Miseellaneous 10] % 411 0
Direct coslt 4,520 0
General expenses and overhead 0] % 1,356 0
Tolal construction costs _|__s5#876 0]
Physical contingency 10] % 588 0
VA 18] % 881 0
Tolal cost (inc, conli. & tax} 7,345 0
Total cost {domestic+foreign) 7,345
{Unit cost, $lton of waste) 13.158 ih.lon 0.5582
3 16-24 Elavation
3.1 |euter road 51606 m 560| gpeso 2,838 312
3.2 linner road 6453] m 550] opeso 3,548 390
3.3 |leachate coltection {along ovter road) 5160 m 210] peso 1,084 119
3.4 lleachate collection (along inner road) 6453] m 300] peso 1,936 213
3.5  igas extraction (afong ring road) 102] nos | 200] peso 20 2 ]
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Exchange rale, $1.00=9.1 posos
] Amount
No. Description Quantty | Unit . Domestic Foreign
Unil rate | Curreocy 1000 1.000 1.000
— _ peso | USS Uss
3.6 |'eachate & gas extraction well B3] nos 8.000] peso 712 78
3.7 |cover soil {0.3m) 350.250] m’ 22]  peso 7,706 847
subtotal o | 1,961 0
Miscellaneous 0] % 196 0
Ditect cost - 2,157 0
General expenses and overhead ) 30] % 647 Ly
Tolal construction costs _ 2,804 0
Physicat contngency ] % 280 j
VA 5] % 421 G
Total cost {inc. conti. & tax} 1 | 3,505 0
Total cost {domestic +foreign) N L 3,605
{Unit cost, $ton of waste) 1,522 th.ton 0.4660
4 [Final cover (t=0.6) 1,640,000] m° 22| peso 36,030 3,965
sub-total 3,965 0
Miscellaneous _ 10] % ag7 0
|Oirect cost i 4,362} 0
General expenses and overhead 3] % 1,309 0
Total construttion £osls . 5,671 0
{Physical contingency 10] % 557 0
VA 15| % 851 0
Total cost {inc. conti. & tax} _ 7,089 0
Tolal cost {doamestic+loreign) B 7,088
(Unit cost, Son of waste) - th.ton
Total construction cost (exc. conti. & fax) 19,256 1,297
Physical conlingency 10] % 1,926 130
VA 15] % ﬁ 2,888 195
Total construction cost {inc. conti, & tax) 24,070 1,622
Tolal construction ¢ost ([domesticiforeign) 25,692
Design and supedqvision (exc. conti. & fax) 154 ¢
Physical contingency 0] % 15 C
VA 15] % 23 G
Design and supervision nc. conti. & 1ax) 192 o
Design and supervision (domestic+foreign} 192
Total cost (inc. conti. & tax) ) 24,262 1,622
Tolal cost (domestic+ foreign) 25,884
{Unit cost, $/1on of wasle) 20,675 th.fon 1.2517
Note: 10% of the cost for design and supervision will be used for basic design, 50% for detailed design and 40% for
SUPBNVISIon.

IVA:  tax on vahee added

Table H-41: Initial Installment Costs of Pumps for Leachate Disposal
Exchange rale, $1.00=9.1 Pesos

Bescription Quantity | Unit | Unit rale { Cutrency {Uggn?%?}to)
1 lpump (50mm, 3.7kw) 24]unit] 5000 USS 120
Physical conlingency 10] % 12
VA 15] % 18]
Total 150

Landfill Equipment

Table H-42 shows costs for procurement of the landfill cquipment in Case 1. The
disbursement is to be required in 2000. The equipment wili not only be used in Etapa
1V but also in Etapa V altcrnately.
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Table H-42: Costs for Landfill Equipment {Case 1)

Exchange tate, $1.00= 9.1 pesos

Description Quantity | Unit | Unit rals | Currency T_l%%?ug(;())

1 |Bulldozer (300hp) 4] nos | 400,000; USS 1,600
2 |Excavalor {85hp) 2| nos | 110,000 US$ 220
3 [Sprinkler truck {15000lilre) o 2{ nos | 100,000, USS 200

sub-total - 2,020

spare paris 10] % 2‘3241
Equipment ¢ost (exc. conti. & tax} 2,222
Physical conlingency 10] % 222
IVA 15| % 333]
Equipmentcosifinc.conti &ty ¢ ) ¢ 2,777
iDesign and supedvision {exc. conti & tax) i0] % 111
Physical conlingency 10] % 11
IVA 15] % 17
Design and supenvision {inc. conli.& tax) 139
Total cost (inc. fax&conti.) 2,916

Note:

v 10% of design and supervision will be used lor basic design, 50% for detailed design and 40%

for supervision.

» Lifetima of equipmenl is expecled lo be 7 years.

Operation and Maintenance

It is estimated that US$ 707,000 of O&M costs will annually be required for
landfilling (See Table H-43), US$ 90,000 for replacement of pumps for lcachate
disposal every 2 years (See Table H-44), and US$ 21,000 for operation of the pumps

annually {Sec Table H-45).

Table H-43: O&M Costs for Landfilling (Case 1)

Exchange rate, $1.00=9.1 pesos

Amount
Bescription Quantity Unit . Domestic Foreign
- Unit rale Currency 1,000 1.000 3,000
peso uUss uss
Bulldozer (300hp)}
1.1 |Fuel cost
consumplion 35 h 4] peso 2,044 225
cost {inc. 10% Rubricant) 2,248 247
i.2 |Labor
Operator 4| peison 155] peso 226 25
cost 226 25
1.3 |Maintenance .
cost (15% of procurement) 15 % 24
Sub-tetal 272 24
2 |Excavatlor {85hp)
2.1 |Fuel cost
consumnption 10 i 4] opeso 292 32
cost (inc. 10% lubricant) 321 35
2.2 |Labor ]
Operator 2| person 155] peso 113 12 |
cost 113 i2
2.3 [Mainlenance
cost (15% of procutement) 15 %o 33
Sub-ltotal 47 33
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[ Exchangs rate, $1.00-9.1 pesos
Amount
Desceiplion Quantity Unit - Domeslic Foreign
Unitrate Curtency 1,000 1.000 1.00% -
- | peso uss YUs$
3 |Sprinkler truck (15000litre} ]
3.1 |Fuel cost B
coensumption 11 1A N 4]  peso 350 33
cost {inc. 10% hibricant) 385 42 .
3.2 {Labor o - .
Operator 2{ person _158] peso 113 i2
cost 113 iz N
3.3 |Maintenance ]
cost (15% of procurement} 15 % 30
Sub-total . 54 30
4 |Other peisonnel
Chief supervisot 1} person 350} peso 128 14
Supervisors 3| _person 290] peso 318; 35
Wotkers 20| _person 70] pesec 511 56
Sub-otal _ 105
Total (O&M, annual, exc. tax) 478 87
|Physical contingency 10] % 48 g
iVA 18] % 72f 13
Total {O&M, annual, inc. lax} 598 109
Tolal {domestictforeign) 707

Note:

Operation time of each equipment is expecled to be 10 hours/day.

Table H-44: Replacement Costs for Leachate Disposal Pumps

Exchange 1ate, $1.00= 9.1 Pasos

Descriplion Quaniity | Unit Unit rate | Gurrency (UIS\?(:?&;O )

1 |Pump (50mm, 3.7kw) 24| unit 3,000]  US3 72
Physical contingency 16] % 7
IVA 15] % _ 11
Total 90

Note: Pump’s lifetime is expected to be 2 yeais.

Table H-45: Operation Cost for Leachate Disposal Pumps

Exchange rate, $1.00= 9.1 Pesos
ipti i i Amaunt
Description Quantity | Unit Uni rate | Curtency

(1,000 peso)} (USS 1,000)

. ]

1 [Erectiicity consumption] 124,500 kwh 083 peso | 161 18
IVA 15] % 24 3
Tolal 21

Land Rental IFee

The sile has been lent from CNA. The DGSU has been cxpeading a certain amounl of
moncy for some works, such as road maintenance, as compensation. Land Rental Pee
means such expenditure, It costs US$ 425,000 annually.
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Table H-46; Land Rental Fee

Exchange rate, $1.00= 9.1 Pesos
Descriplion Quantity | Unit : Ameunt
trate [Curtenc
Unitrate | Curency |y 000 pesa)] (USS 1,000)
Land rental fee a72| ha | 8,200fpeso 3,870 425
ii. Case 2
. =
Construction g;

Costs of construction is the same as Case 1, i.e.,, US$ 17,316,000 until 2010 (Sce
Table H-39).

Landfill Equipment

Table H-47 shows costs for tandfill equipment in Case 2. The costs for each
cquipment are estimated on the basis of rental fee in Mexico Cily and amount which
the DGSU are presently paying to the sub-contractors. It is also assumed that the same
amount of expenditure as the amount of design and supervision in Case 1 will be
required for contracling oul.

Table H-47: Costs for Landfill Equipment (Case 2)

Exchange rate, $1.00= 9.1 Pesos
Description Quantity | Unit | o Curcency Amount
{1,000 pesa)| (US$ 1,000)
i [Butdozer (300bp) 4] nos | 1.277.600[ peso 5,110 562 g
2 Excavalor {85hp) 2| nos 365,000] peso 730 80
3 Sprinkler truck {15000%itre) 2] nos 360,000 peso 720 79
Rental fee {exc. Conli.é lax) 721
Physical contingency 10] <% 72
IVA 15| % 108
Rental fee (inc. conti.& tax) 201
Table H-48: Costs for Design and Supervision of Equipment
Exchange rale, $1.00= 9.1 Pesos
Description Quantity | Unit | oo Currency Amount
(US$ 1,000)
Besign and supervision {(exc. conti.& tax) 111
Physical conlingency ) i1
VA 17
IDesign and supervision {inc. conti.& lax) 139

Operation and Maintenance

O&M costs for landfilling is different from Case 1. Maintenance cost of the
equipmient is not taken into account, as the rental fee includes such maintenance cost.
The costs amouat to US$ 598,000 annually (Table 11-49), while the operation costs
for teachate disposal is the same as those of Case 1 (See Table H-44 and Table H-45).
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Tabte H-49: O&M for Landfilling {Case 2)

Exchange rate, $1.00= 9.1 Pesos
Description Quantity | Unit |0 o | Gurrency Amount
{1,000 peso)| (USS 1,000)
t Bulldozer {300hp)
.1 [Fuelcost
consumplion 3 th | 4 peso | 2044 225
s cost {inc. 10% lubricand) 2,248 247
& 1.2 [Labor
Operalor 4] person 155] peso 226 25
cost 226 25
Sub-tolat 272
2  [Excavalor{g85hp) 1 L
2.1 [Fuet cost
consumplion 10] th 4] peso 292 32
cost {inc. 10% lubricant) 324 a5
2.2 |Labor
Opetrator 2] person 155] peso 113 i2
| cosl 113 12
Sub-lotal N 47
3 Sprinkler truck (15600liter)
3.1 |Fuelcost
consumplion 121 Ih 4] peso 350 38
cost (inc. 10% lubricant) 385 42
3.2 |Labor
Operalor 2| person 155] peso 113 12
cost 113 12
Sub-lotal 54
4 Other personnel
Chief supervisor 1] person 350) peso 128 14
Supevisors 3| person 290| peso 318 35
Workers 20} person 70] peso 511 56
Sub-lotal 105
Tolal (D&M, annual, exc. lax) i 478
| Physical conlingency 0] % 48
VA 5] % 72
Tola!l (D&M, annual, inc. {ax) 538

Land Rental IFee

Land rental fee is the same as that of Case I (Sec Table 11-46).

jii. Summary of costs

Table H-50 and Table 1{-51 suinmarize the costs for the Verlical Expansion Plan. The
costs estimated for Case 1 was US$ 28,677,000, and Case 2 was US$ 29,860,000.
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Table H-50: Summary of Costs for the Vertical Expansion Plan (Case 1)

e Unit: US$ 1,000 -
Year B/O D/D  |Con. (Ini}| Con(Rec) | Equip. 08M |Landfee| Tolal
1999 33 33]
2000 298 7,902 . 2,777 10,977]
2001 o 2,164 o 128] 425 3,317
2002 11 425 536
2003 21 425 446
2004 N 11 425 536 g
2005 1,883 728 425 3,038
2006 | _ 1,874 818 425] 3,117
2007 21 425 448
20038 i1 425 536
2009 1,773 728 425 2,928
2010 L 1,528} 818 425 2,771
Total 33 298 7.902 9,122 2,777 4,195 4,250 28,677
B/D: Basic design for construclion and equipmenl.
B0 Detaited design for construction and equipment. The amount complies costs for
supervision as well.
Con. {Ini}: Inikial investment cost for construction
Con{Rec): Recurtent cost [or construction
Equip.; Landfll equipment
O8M: Operalion and maintenance
Land fee:  Land rental fee
Table H-51: Summary of Costs for the Vertical Expansion Plan (Case 2) %’?
Unit: US$ 1,000
Year B/D D/D  [Con. (ni)| Con{Rec)} Equip. | O8M [Landfee| Total |
1999 33 33
2000 298 7,902 8,200
2001 2,164 901 619 425 4,109
2002 i1 425 536
2003 21 425 446
2004 111 425 536
2005 1,883 901 618 425 3,828
2006 1,874 901 709 425] 3,909
2007 21 425 446
2008 1IN 425 536
2009 _ 1,773 901 619 425 3,718
2010 - 1,528 201 709 425 3,663
Total 33 298 7,902 9222 4,505 3,650 4,250 29,860
B/D: Basic design for construction.
D/0: Detailed design for construction. The amount complies cosls for supervision as well. g
Con. {Ini}: Mitial invesiment! cost for construction

Con(Rec): Recurrent cost for construction
Equig.: Landfill equipment

O&M: Operation and mainlenance
Land fee:  Land rentaf lee
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H.2.2.2 New Landfill Development (Etapa V)

The capacily of the vertically expanded parl of Etapa 1V is nol cnough to receive
wasle 1o be disposed of until 2010. Theicfore, the development of a new landfill is
crucial {o sustain the sound wasle disposal in the study area. Aflter the Mexican side
spccificd a candidate site for a landfill, surveys, i.e., soil, acrial and environmental
survey, which are necessary for landfilt ptaning were conducted during the 2ad study
work in Mexico. In this section, followings are to be presented.

A
AT

AT
kg

« examination of design conditions.
* cxamination of technical alternatives.
» conceptual design and cost estimates.

a. Examination of Design Conditions

As mentioned previously, there is a norm NOM-083-ECOIL-1996 which is one of the
Mexican Official Norms to establish the requirements to be applied to new ltandfitl
development of municipal solid waste. The new landfill development at Etapa V has
Lo follow this norm.

In this section, design condilions are examinced basically according to the norm. In
addition, other conditions, such as location and arca are presented.

a.l Location and Area

The site for Etapa V is located in the ex-Texcoco lake as well as Etapa 1V, the latter
2 being aboul 6km south-west of the former. The sitc has an area of 256 ha and its
coordinates are 19°29°N (latitude 19 degrees 29 minutes north) and 98°58°W
(longitude 98 degrees 58 minutes west). The nearest residential area is located at
2.2km away from the west border of the site. The Mexico City International Airporl is
situated about 10 km south-west of the site. The location of the site is shown in Figure
H-19.
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Figure H-19:

Location of the New Site
(Etapa V)
KOKUSAI KOGYO Co., Ltd.
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