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B.4.3 Results of the Survey
a. Electric Prospecting and Core Boring
Results of the electric prospeciing and core boring survey are shown in Data Book.
The results of the survey indicated the fotlowing:

* In Elapa I, wastes are filled at the depth (from the surface of cover soil) down to
approximately 2m to 12

* In Etapa N, wastes are filled at the depth {from the surface of cover soil) down
to approximately 7m to 12m.

* In Flapa I, wastes are filled at the depth (from the surface of cover soil) down
to approximately 8m to 14m.

4

The layer under the wasle consisted of very sofl clay soil in the surveyed depth.
According to the previous reports, this very solt clay layer depth is approximately
60m. Table B-29 shows groundwater level,

Table 8-29: Groundwater Level

Bore Hole Number Grand Water Level {m)
cupat | 202 o2
T L
% capall |- o5

b. In-situ Test
b.l  Permeability Test
b.1.f Cover Soil

Table B-30 shows 1he results of the cover soil permeabilily in-situ test.

Table B-30: Result of Cover Soil Permeability Test

Bore Hole Number Soil Permeability {cm/sec)
Etapa | SM-5 1.49E-04
SM-6 1.37E-04
Etapa i SM-3 1.05E-04
SM-4 1.32E-04
| Exapa li SM-1 1.25E-04
: §, SM-2 2.68E-04

b.1.2 Under Layer

Table B-31 shows the results of the in-situ permeability test at boreholes.
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Table B-31: Result of Bore Hole Permeability Test

e

- | Bore Hote Number Deplth (m) Permeabllity (cmfsec) |
Etapal SM-5 14.0010 17.10 4.45E-05
SM-5 17.00 10 20.00 2.77E-05
SM-6 14.0010 17.00 4.44E-0H
SM-6 17.00 10 20.00 1.37E-05
Etapall | SM-3 14.00 lo 17.00 2.06E-05 ]
SM-3 17.00 10 20.00 9.85E-06
SM-4 14.00 10 17.00  241E05
SM-4 17.00 10 20.10 2.62E-05
Etapa (i SM-1 13.8510 17.20 3.71E-05
SM-1 16.85 0 20.00 1.90E-65
SM-2 14.00 10 17.00 3.19E-05
SM-2 17.0010 20.G0 1.39E-05
C. Laboratory Test

Results of the survey is shown in Table B-32.

Tabte B-32: Resulls of the Laboratory Test

Location Etapalll Etapa ll Etapall
M1 | SM1 | SM2 | SM3 | SM4 | SM5 | SM6 | SM6
) 9.70- | 12.40- | 17.00- |880-9.70] 1920- | 17.00- | 14.90- | 15.90-
Testitem 10.60m | 1330 | 17.90 m | 20.10m | 18.00m | 1590 m | 16.90m_
SPECIFIC GRAVITY 2501 oag| 2632 2a488] 2617 283 2.48 25
UNIT WEIGHT (ton/m?) 1209 1224 1151] 1205 :?;g 13l 149
VOID RATIO 3808 5796 9698 621] 7303] 7635 1 az2a7
DEGRAEE OF
SATURATION (%) 083 1016 99.9 99.9 100 96.7 | 99883
WATER CONTENT (%) 161.1] 2475 368.1] 2495 o79|  2651| 2343 169.23
LIQUID LIMIT (%) . 1387 238| 3165 165 241.8] 1948 371 153
L
PLASTIC LIBIT (%) 407 1254 65.1 54.7 54.9 313 69.6 775
PLASTICITY INDEX (%) 98] 1126] 25t.4] 1103 1869 1635] 3014 75.5
TRIAXIAL UNDRAINED C - , \
tonm’) 05 0 * 08 1 * n
PHI ANGLE (DEGREES) o] 0 * 0 . 3 ) #
24
SIMPLE COMPRESION q. 08 ol 7321 - io i5 “ -
(ton/m") . o9
GRAIN SIZE 100F| 100F| 00F| 100F] 100F] 100F] 10GF| 10OF
CONSOLIDATION ,
(COMPRESION INDEX) 1458 1883 4734 2602 3313 5481 N.A 1.55

b Due to the low consistency of the sample, Tri-axial test was nol possible, and simple compression 125t were
done instead.

*  The soil samples recovered with the shelby tube were admost tiquid and only the consolidation test and
consislency fimit were carried out.

B.4.4 Findings
a, Greundwater Level

In Etapa I, I and HI wherc wastes were landfilled above the initial ground tevel, the
groundwater level is high. It is about 2.0m from the surface according to the “Landfill
Mining Survey” whereas groundwater tables in the bore holes in this survey range 0.8
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to 1.2m from the surface. The groundwater level measured aside the landfills was also
found at about 1.0m depth from the ground surface.

This phenomenon is backed by the two facts. First, there are no any leachate conlrol
mechanisms in fandfills except part of FEtapa Il Second, it is considered that
substantial volume of sainwater sceps into the landfills from the facts that the
permeability of cover soil is as high as an order of 10™(cm/sec) and that its layer
depth is only 30cm.

Conscquently, it can be concluded that groundwater level within the ex-landlills
(Etapa 1, 11 and 1) has been raised to the level higher than the original ground surface
by the rainwater scepage from the landfill surface and the groundwater intrusion from
the land(itl bottom by capillary force. This is illustrated in Figure B-9.

Rain

e JWITHIIL ...
T >

j/ \¥
7

Natural grand water level

Figure B-9: Image of Landlill Site Grand Water Level

b. Permeability
b.1  Cover Soil

As stated above, the permeability of cover soil is relatively high (at the order of 1¥
Yem/sec)) and its layer thickness is small (30cm). Hence considcrable volume of
sainwater infiltrates to the landfilled wasle, encouraging leachate gencration.
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B.5

B.5.1

bh.2 Foundation Soil

As the foundation soil is ctayey with permeability at the order of 10-(cm/sec), some
form of impermeabilization is nccessary (o sufficiently operate a municipal solid
wasle final disposal site which complies with the existing environmental norms. For
this reason, high-densiiy-polycthylene {(HHDPE) impermcable liners arc laid in the
present landfill in Etapa 1V.

b.3 Conclusion

In conclusion, boitom impermeable lincrs have to be cmployed if vertical expansion
of Etapa I, Il andfor 1l is to be implemented, in order to prevent groundwater
contamination with leachate.

C. Soil Mechanics

As an indicator of ground stability, cohesion and internal friction angle at about 10m
depth (i.e., aboutl 2m below the original surface under the bottom of buried wastes)
were studied and those results are shown in Table B-33.

Table B-33: Cohesion and Internal Friction Angle

Etapa |l Etapall Etapa lll *Etapa lV |
Operation period 1985 - 1988 | 1989 - 1991 1991 -1993 1993 -
Cohesion {lon/m?) 1.0 0.8 05 08
Internal Friction Angie {deg.) 3.0 0 0 1.8

* Etapa iV : exisling dala

Comparing the figures above and the geological data in Etapa IV before landfilling,
the foltowing findings were drawn.

* DBoth cohesion and internal friction angle have been relatively improved in
Etapa I, where neatly 10 years have passed after landfilling. This implics the
improvement of ground stability due to land compression.

* On the other hand, data taken in Ftapa IF and 11T are similar o or rather smaller
than those in Etapa 1V, thus major improvement of geound stability due to land
compression is not seen.

Consequently, it is cavisaged that it will require substantial time o improve ground
stability by land compression.

Recycle Market Survey

Objectives

The surveys invesligated present markets and potential demands for recycled
materials, parlicularly compost and plastic that would be generated by the technical
alteinalives to be proposed in the M/P.

The size of the markets and the prices of reusable articles are the main survey items
since they could largely influence the selection of alternatives. Information on items
such as botltes, cans, plastic, compost, and hcat and clectricily was investigated by
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B.5.2

using statistics avaitable and by interviewing authoritics concerned with heat and
clectric encrgy, recycling company and recycling union.

Methodology
a. Targels of Survey
The survey targets ate following companies.
glass recyclers.
aluminum and steel cans recyclers.
plastics recyclers.
£ompost companics.
clectricity companices.
heat encrgies supplying companies.
INAREL.
unions dealing recycling materials.
informal recyclers.
b. Number of Samples
The survey carried out for 22 companics. Table B-34 shows outline of surveyed
comipanies.
Tabhle 8-34: Qutline of Surveyed Companies
¢ | Name of Company or Institution Major Dealing ltem
1 | Sr. Fernando Rosales Glass, steel, aluminum, cardboard, newspaper, paper
2 | Vidreria México S.A DEC.V, .
3 | Jose Gonzilez Cardboard and paper
4 | Bodega Tacubaya S.A. Cardboard and paper
5 | La bodeguita Scrap melal, paper, cardboard, aluminum cans
6 | Maria Pérez Glicia. Paper
7 | Antonio Hémandez Cardboard and paper
8 | José Vidal. Plastic
9 | José Luis Fineda. Alumisum cans, “chacharas” (loys, shocs, cloths, elc.)
10 | Angel Basiio Hérnandez Glass
11 Comercializadora de fibras Paper and distribution of used fiber
secundarias 5.A. de C.V. )
12 | Todo de cartdn S.A de C.V. Coriugated board
13 ls’rzc-:;(g)t’iy recicladora EI Ancla Steel and non-ferrows metal
14 | Marco Antonio Rueda Cardboard and paper L
15 | Vidricra Los Reyes Glass
16 | Sacarias Cepeda Guadarrama Steel, copper, bronze, aluminum cans
17 | José Silverio Escobar Cardboard and cans
18 | Maria de 1a Cruz Baéz Monles Glass, tortilla, matlress
19 | Comercial Carimex Paper
20 | Interamericana de Metales Stainless alloyed steel, principally copper derivalives
o4 Direceidn General de Servicios Pruncd branches, grass
I Urbanos »
22 | Rubén Jiménez Glass
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c. Survey ltem
The survey items are as follows.

* General information of company {(number of cmployee, established year,
working day, annual sales amount, etc.)

* Major activity {(recycler, collector, sorling, brokerage, ctc.)

* Profile of the major clicat (type of industry, sales price and amount, etc.)

* Profile of the major supplier (type of material, original cost, supply amount)
* Treatment andfor processing method

* QOutline of trealment and/or processing equipment

* Major recycling item

* Transportation method

+ Others

B.5.3 Resuits of the Survey

a. Mavket Size of Recycled Material

The future market size of recycled material in the DF in 2010 was determined by,
firstly, estimating the production amount of paper, glass, plastic, atuminam and tin-
plate in the DF {rom the existing data of previous studies®, then secondly, applying
the ratio of recycled material to the estimated producticn amount obtained from
OECD’s statistics and Japan’s experience,

a.l Materials Production Amount

Table B-35 shows the forecast of future production amount of paper, glass, plastic,
aluminum and tin-plate in the DF, '

Table B-35: Forecast of Future Production Amount in DF
unit : 1,000 tonfyear

Paper Glass Plaslic Aluminum | Tin-plate | Remarks
1988| 2,149 4,436 382 75 619 |. £yicting data
1989 2,281 4,998 411 66 545
1890| 2,412 5,499 439 58 488
19914 2,544 6,001 468 53 449
11992 2,675 6,503 496 49 427 : -
1953 2,807 7,004 525 a7 422 %
1594 2,938 7,506 554 47 435
| 1995 3,069 8,008 582 49 464
1986 3,201 8,510 611 53 511
1997 3,332 9,011 639 58 576 | forecast
1998 3.464 9,513 668 66 658
1999 3,595 10,015 696 76 757

> £STUDIO INTEGRAL SOBRE ASPECTOS OPERACIONALES Y ECONOMICOS DE LA PLANTA DE
SELECTION DE SUBPRCOUCTOS DE BORDO PONIENTE, DDF, DGSU, 1992
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| Paper | Glass Plastic | Aluminum | Tin-plate Remarks
2000 3,727 10,516 725 : 87 873
2001 3,858 11,018 753 100 1,007
| 2002 3,990 11,520 782 116 1,158
2003 4,121 12,021 810 133 1,326
2004 4252 { 12,623 839 152 1,511
2005 4,384 13,025 867 173 1,714
2006 4515 13,526 836 195 1,934
2007 4,647 14,023 924 220 2,172
2008 4,778 14,530 953 247 2427
2009 4,910 503t | @82 275 2699
2010 5,041 15,533 1,010 306 2,988

* ESTUDIO INTEGRAL SOBRE ASPECTOS OPERACIONALES Y ECONOMICOS DE LA PLANTA DE
SELECTION OE SUBPRODUCTOS DE BORDO PONIENTE, DDF, DGSU, 1892

In determining future data, the trend was assumed to be expressed by an ascending

curve of linear, logarithmic, polynomial, power or exponential Lype. R® for each curve
was comparcd and an cquation with largest R? was adopted.

The regression curves for cach material are expressed as follows.®

Paper : y =13145x + 20178 (R*=0.9703)
Glass :y = 501.68x +3,994.4 {R*=0.9854)
Plastic Dy =28533r 435378 (R*=0.978)

Aluminum © oy =09502x% ~12.335x +8681  (R’=0.7586)
Tin-plate :y = 86548y —10003x + 71064 (R’=0.9571)

a.2 RRatio of Recycled Malerial

Tabte B-36 shows the ratios of recycled material to total raw material, they are
available only for the cases of paper and glass production.

Table B-36: Ratio of Recycled Material in OECD Countries

unit : %
Paper Glass
yearl 1975 | 1980 1985 | 1990 1975 | 1980 | 1985 | 1990
Japan 39.6 481 49.6 - - 35.3 47.2 *47.9]
usa | 191 21.8 21.3 28.6 3.0 53] 76 19.9|
France 31.7 37.0 41.3 45.7 - 20.0 26.0 28.5
Denmark 28.4 25.6 31.3 35.4 - 8.0 48.3 60.4
Portugal 40.7 38.0 3s4|  39.1 - - 10.0 30.0
Spain - 38.1 56.7 51 - - 13.1 27.0
Average 31.9 3438 39.8 40} 3.0 17.2 25.4 356

Source: OECD Environmenial Data, 1993, *Keyword of Recycling 3 Edlion, 1997, Clean Japan Center

® X denotes the order of year by letting the year 1988 be x=1, 1989 be x=2, and so on. ¥ denotes the
production amoual.
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Ratios of recycled material 1o the total raw material o produce paper, glass, plastic
and aluminum in Japan ar¢ as seen in Table B-37,

Table B-37:Ratio of Recycled Material in Japan

Paper Glass __ Plaslic Aluminum
53.6 (%) 65 {%) 10.7 {%) 22 {%)

Source: Keyword of Recycling 3" Edtion, 1997, Clean Japan Center

These ratios vary with such factoss as economic siteation and policy of recycle market
promotion of the countries. The figures are presented in Table B-36 and Table B-37
as example, and in general, they have an upward trend.

Since no statistical data of the DF cquivalent to those above is available, it is not
possible lo estimate the future ratios based on the current dala. Therefore, figures
shown in Table B-38 were worked out referring to Table B-36 and Table B-37.

Table B-38: Hecycling Rates of DF in 2010

Aluminum
20 (36)

Plastic |
10 (%) |

Paper l Glass
40 (%) [ 35 (%)

Using the values above, the market size of recycled material in 2010 in the DF was
calculated and presented in Table B-39.

Tabte &-29: Future Recycled materials Markel Size of DF in 2010

Paper Glass Plastic Aluminum
Production amount (1,000 tonfyear) 5,041 15,533 1,010 306
Recycling rate (%) 40 (%) 35 (%) 10 (%) 20 {%)
Markels size (1,000 lonfyear) 2,000 5,400 100 60

b. Compost

No explicit market for compost is found, but 10 to 20 tons of compost produced by
the DGSU wusing pruncd branches and grass is supplied monthly to be applicd to the
roadsides. Futther, 'a private sector has been producing compost from organic
industrial waslc such as sesidues of sugar refinery, brewery and mushroom
production, but only in a small scale. However, demand for organic soil conditioner is
large: it is reported that® an illegal collection of nutritious manure {or called fierreros)
in mountains by those from the horliculture industry and individual gardeneirs who
require soil conditioner has been causing serious soil erosion.

On the other hand, according to a report” prepared for the Bordo Poniente composting g
plant planned in 1993, demand for compost with purposes of covering waste disposed
of at landfills, supplying soil conditioner to green areas in the delegations and
reforesting was estimated at 1,750,000 ton/ycar approximately. Further, the Pre-F/S

? Estudio de Prefactibilidad para la [nstalacion de una Planta Productora de COMPOSTA, DGSU

3 Compesting Orpanics in Mexico City, Christiam Gonzlez del Carpio, BioCycle

% Information requested in cegard to compost for the global analysis of Bordo Peniente treatment plant,
during the meeting held on Apiil 22, 1993, Mr. Juan Rodriguez Jaquez
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report for the Bordo Poniente composting plant conducted by the DGSU” gives the
potential demand size for compost as shown in Table B-40.

Table B-40:Potential Compost Demand

unil : tonfyear

Farming | Reforestation g{;ﬁgg ] f;??;ﬁg;f Green area ﬁ:fﬁz: s Total

Regional total - - - - - - 5,986,517
DF 186,235 731 72,000 560,960 35,655 as7 855,969
State of

Mexico 1,517,257 2,590 - 58,901 - - 1,578,748
Hidalgo 1,327,710 - - 9,910 - - 1,337,620
Morelos 444,338 277,711 - - - - 722,048
Puebla 1,231,749 649 - - - - 1,232,393
Tlaxcala 248,607 2,298 - 8,629 - - 259,734

These existing studies conclude that the amount of demand for compost will be in a
range between 1,750,000 and 5,980,000 ton/year.

c. Electricity

The demand for electricity in 1988, 1994 and 1997 of the country is as shown in
Table B-41 according to the CFE (Comisi6n Federal Electricidad). Based on these
figures, the demand for electricily up to 2010 was estimated as in Table B-42.

Table B-41: Electricity Demand

1988 1994 | 1997
Demand (GW/v) 101,905 137522 | 161,386
source : CFE y Secretaria de Energia

Table B-42: Forecast of Electricity Demand

Year Electricity Bemand (GW/ihr)
1988 101,905
1984 137,522
1997 161,386
1298 166,000
1999 172,000
2000 178,000
2001 185,000
2002 192,000
2003 198,000
2004 205,000
2005 211,000
2008 218,000
2007 224,000
2008 231,000
2009 237,000
2010 244,000
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The regression curve is derived as follows. '

y = (65129x - 12,847) x 1,000 (R*=0.9942)

d. Price

The market prices were mainly studied by interviewing the companies shown in Table
B-34. The tesulis are summarized in Table B-43.

Table B-43: Average Purchase and Sales Prices of Recycled Material
unit : pesos/kg

Paper Piastic | Aluminum can | Giass Cardboard | Composi
8 informal collector 0.25 0.6 6.0 0.25 - -
g Dealer 0.35 65 .75 0.37 -
% | Manutacturer - 0.75 . - . -
Informal colfector 0.25 1.0 7.0 0.14 0.4 -
§ Dealer - - 7.0 - - -
Manufacturer - 3.6 - 0.7 - 0.7

The average price of clectricity in 1997 was 0.384 pesos/kWh, while power
generation cost was 0.273 pesos/kWh.

B.5.4 Findings

%fi?

a. Recycled Material

The figures of Table B-39 indicale the market size of individual materials.
Furtheimore, using the sates prices of Table 3-43, the market size in the GDF is
expressed in pesos as in Table B-44.

The market size for the recycled material is estimated to be as large as 5,000 million
peso/year in 2010 (at 1998 price), assuming shat there is no drop in sales prices of
them. If the demand outside of the DF is considered in additien, the market sizc can
be miuch larger.

Table B-44: Estimated Recycled Material Market Size of the GDF in 2010

Paper | Glass | Plastic | Aluminum | Total
Unit rate {pesosfton) 250 700 3,600, 7,000 -
Market size {1,000 ton/year) 2,000 5,400 100 60 -
Market size {1,000 pesosfyear)| 500,000 3,780,000}  360,000] 420,000 5,060,000

However, as more recycled material is supplicd to the market, the sales prices tend to
be declined eventually down to below zero where there is no longer benefit but cost to
supply it. In order to avoid such an event, the following policy management will be
required beside recyeling promotion.

19X denotes the year (1997, 1998, etc.) and Y denotes the electricity demand.
" Data from CFE and Sccrelaria de Energia
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B.6

8.6.1

* Promolion of resource recovery industry.
* Encouragement of the use of recycled material.

b. Compost

As stated earlier in regard to compost, the major supplier is the GDIF’s compost plant,
which produces only 10 to 20 tons in a month.

On the other hand, population are day by day scitled near to the ex-landfill arcas of
Bordo Poniente 1, 11, and 111 {about 260 ha), where landscaping with a forested geeen
area are awaited. However, the arcas are in the ex-lake Texcoco area with high
salinily in the soil, thus soil improvement will have lo be needed in order to restore
the green arcas.  Therefore, if soil conditioner of 30 em thick is to be provided
annually in these arcas, compost demand of about 80,000 tonfyear can be expected.

Fusthermore, if composts are necded to be also applied in the other areas of ex-Lake
Texcoco, its demand will become considerably large.

Besides, the existing studics showed the future demand size of about 1,750,000 to
5,980,000 ton/year, as mentioned before. This suggests that, if the quality of compost
is satisfactory, large demand can be expected.

C. Electricity

On the other hand, the present electricity generation price is so low (0.273 pesos/kWh
(1 U$= 9.1 pesos, 0.03U$/KWh))} that it can not be feasible to obtain electricity from
incineration.

Thercfore, material recycling is the promising arca as a resource recovery method of
municipal solid wasle in the DF.

Berdo Poniente Landfill Mining Survey
Objective

‘The purpose of this work is to obtain physical and chemical characteristic data of
buricd wasle in the Bordo Poniente disposal site {Ftapa I, 1f and 11i), in view of
examining possibility of landfill waste fulure reuse for such as: material recovery;
composl or cover soil; and space obtainment for further dandfilling.
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B.6.2 Methodology
a. Site and Quantity of Survey

The closed land{ill arcas, Etapa 1, 11, and 11l at Borde Ponicnte where landfilling have
finished several years ago were
investigated. The locations of the
survey were sclected where the waste
depth is sufficiently thick, which was
ascertained though clectric
prospecting and core boring of the
Environmental Survey of the Bordo
Poniente.

The survey was carricd out in six pits
in total, namely (wo pits in the Etapa
I, two in the Etapa I, and two pils in
the Ftapa il of the Bordo Poniente | /%
Final Disposal Site. The pit (2.0 to [&}
2.5m length, 2.0 to 2.5m width and |
4.0m depth) was excavated and later
backfilled in each location. Details of
works are desceibed below (b. to h.)

Figure B-10: Location Map

Dt

b. Temporary Slope Protection of Excavation Pits

N
1

Temporary slope protection of pits to be excavated such as listed below was carried
out:

* temporary piling of posts for sccuring inncr dimension of pits.
* placing siruts and sheels where necessary for sccuring measuvrable inner
dimension of pits.

. Excavation of Top Covering Soil and Buried Waste
AN works for excavaling pits such as:

* ¢xcavation of top covering soil.

* excavation of buried wasle in 3 stages by depth.

* bedding and shaping of excavated pits in respective depth stage for sccuring
mcasurable inner dimension of pils.

were carried out.
Inner dimension of the pits to be cxcavated was pltanned to be approximately:

* 2.5 meter fength and 2.5 meter width at ground susface.
* 4.0 meter depth.
* 2.0 meter length and 2.0 meter width at the pit bottom.

Actual dimension measured are presented in the following scction.
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$3.6.2 Methodology
a. Site and Quantity of Survey

Lhe closed Bandbld secas, Erapa LI and D1 at Bordo Ponrente where land Blling e

{imished several yaes ago were
ivestigated. The focations of the
sturvey were sclected whoere the wasle
dopth o satheientiy thicks wiich was
aneettained thouvh clectie
prospectiny and core boring of e
Frnrommental Survey ol the Bordo
Poniente.

The swvey was carsied out i sty pigs

i total, namely two pits i the Fapa AT
Eoawo i the Blapa L and two pits in
the Prapy 11 of the Borde Poniente
Finad Bisposal Sites The pit (2.0 1o
25m dengih, 240 w0 25m width and |5 oe
A0m dept) was eacavated and Tater |

Packtilled in cach focation. Detaibs ot |

works are described below {(ho o b))
Figure B-10: Location Map

b. Temparary Stepe Protection of Excavation Pits

Femporay slope proteciion ol pits 1o be excavated sueh as listed below was carried
aut:

¢ tomponny piling of posts tor seeuring inoer dismension of prs,
o placmy struts and sheets where necessary for securing measurable inoe
dimension of piis,
I Excavation of Top Covering Soil and Baricd Waste
Al wonrks for oxvcavaning plis such as:
* o excavation ol top covering soil.
voovamation of baned waske i 3 sties by depth.

o beddme ind shaping of excavated pits e respective depth stoge Tor securinge

micasurable mnen dimension ol pits,
were cariced out.
Facr Jdimeasion of the pits 10 be excovated was pianned 1o be approxiastely:

o 2oameter fength and 205 meter width at gromsd surface.

v Livmeter depth.

o 20ameter leogth and 2.0 meter width ad the pit bottom,

Actual dinension mcasared are presented i the following section.
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d. Measurcment of Excavated Volume and Weight in Stages

Volume and weight of total 4 slages (i.c., total 4 stages: 1 stage of top covering soil
and 3 depth stages in buried waste) were measured.

* Volume of excavation was measured in cach stage by inner dimension of
excavation pil.

¢ Weight of excavated materials was measured in cach stage by weighbridge.
{i.e., Excavated materials were loaded on a dump truck for weighing at the
weighbridge. The dump truck was weighed again after unloading the excavated
materials in order to calculate the weight of excavated materials.)

e. Physical Composition Survey of Buried Wasfe Samples

Buried waste sample were taken at cach depth stage of excavation. (i.e., 3 samples
shall be taken from one excavation pit). Physical composition of samiple were
measured by dividing into:

* glass.

¢ aluminum.

¢ sleel.

* combustible matters.

and carth aad sand mallers.

Waste was measured respectively by portable weighing measures.
% f., Laboratory Test for Chemical Analysis of Buried Waste Samples

Buried waste samples were taken at cach depth stage of wasle excavalion. (i.e., 3
samples were taken from one excavation pit). Chemical analysis of sample weie
conducled at a laboratory. Chemical analysis werce carricd out for 14 itcis of:

» Carbon; Nitrogen; pll; Pb; Cd; Cr; Cu; Ni; Hg; 7Zn; As; Molybdenum;
Selenium; and Polychlorinated-biphenyl (PCB)

referring to the US-EPA standard for agricultural use of sludge.
a. Backfilling of Excavated Pils
Backfilling of excavated pils were carried out as follows:

* firstly with excavated waste with sufficienl compaction.
* secondly with excavated lop covering soil with sufficient compaction.
* lastly with additional soil material (imported soil) with sufficient compaction.

% Final shaping of the top of the backfilled pits was mounted with convex shape of
about 40 cm higher in the middle than the surrounding cxisting ground level.

B.6.3 Resulls of the Survey

a. Sample Points

The summary on the identification of sample points is shown in the foltowing table.
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Table B-45: ldentificalion of Sample Points

Stage No. Pit No. _ Stratum ~ Levet
| slratum 3-1 shallow
3 slratum 3-2 medium
. slratum 3-3 bottom
ETAPAI slratum 4-1 shallow i
4 stratum 4-2 -medium
slratum 4-3 bottom
stratum 5-1 shallow
5 slratum 5-2 medium
ETAPAI ~ slratum 5-3 bottom
slratum 6-1 shaliow
6 slratum 6-2 | medium |
stralum 6-3 bottom
slratum 1-1 ___| shallow }
t | straturn 1-2 medium
ETAPAI slratum 1-3 bottom
slratum 2-1 shallow
2 slratum 2-2 medium
stratum 2-3 bottom

b. Physical Composition

The results of the physical composition from six sample points are shown in the
following tables.

Table B-46: Composition of Wastes Extracted by Stralum, Pil No. 1 in Bordo
Poniente Etapa I

BY-PRODUCT [ STRATUM 1-1 | STRATUM i- STRATUM 1-3
L " xg % kg % kg %
ALUMINUM 0060] 012] o0145] o029] o0.000] 000
IRON 0.790 154| 0895} 180 o08i5] 138
GLASS 0.970 189 1715] 345| 1.730] 293
PLASTIC 5970 1161] 7925] 1596| 4380} 743
COMBUSTIBLE MATERIAL | 20410 39.70| 3745] 7.54| 18.330] 31.09
SOIL AND MUD 23215| 45.15| 85230| 70.95| 33.705{ 67.17
Sample Total 51.415] 100.00] 49.655| 100.00] 58960} 100.00

Table B-47: Composition of Wastes Extracted by Stratum, Pit No. 2 in Bordo
Poniente Etapa Il

STRATUM 2-1 STRATUM 22 | STAATUM 23

BY-PRODUCT Yo | % " % kg = %
ALUMINUM 0.000 000]  o0000] o0co| 0000] 000 g
IRON 0.855 160 1290] 253] 2765|518
GLASS 1.30 212| o0ooo|. 000] 0665] 125
PLASTIC 9500| 17.82| 16785| 3290] 8845| 1656
COMBUSTIBLE MATERIAL | 12250 2298] 4380] 868] 11.385] 2132
SOIL AND MUD 20565| 5547} 28565] 6509| 29.74| 5569
Sample Total 53.300| 100.00f 51.020] 100.00| 53.400] 100.00
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Table B-48: Composition of Wastes Extracted by Stratum, Pit No. 3 in Bordo
Poniente Etapa |

8Y-PRODUGT STRATUM 3-1 STRATUM 3-2 STRATUM 3-3
ke | % kg % kg %
ALUMINUM 0.065 0.11 0000{ 000] o0.000] 0.0
IRON | _tss0 293|  ovio|l 102| o0530] 105
GLASS 1,770 3.09| =2105] 303 o0.000] 000
PLASTIC 9120| 1592| 190i0| 27.37| 23.490| 4653
COMBUSTIBLE MATERIAL | 11.265 1566 13170] 1896 6230 1234
SOIL AND MUD 33.400] 58.29| 34.460] 4961| 20.235| 40.08
Sample Total 57.300| 100.00| 69.455] 100.00] 50.485| 100.00

Table B-49: Composition of Wastes Extracted by Stratum, Pit No. 4 in Bordo
Poniente Etapa}

8Y-PRODUCT STRATUM 4-1 STRATUM 4-,2 STRATUM 4-3
kg % kg % kg %
ALUMINUM 0.000 0.00 0.000 .00 0.000 0.00
IRON 0.000 0.00 2.410 4.82 0.000 0.00
GLASS 2.200 4.32 1.190 2.38 1.920 3.66
PLASTIC 8.155 16.02 17.030] 34.08 19.845] 37.80
COMBUSTIBLE MATERIAL 9.765 19.18 9540 19.09 5.125 9.76
SOILAND MUD 30.795 60.48 19.800 3%.62 25.610 48.78
Sample Total 50.915 100.00| 49.970f 100.00] 52500% 100.00

Table B-50: Composition of Wastes Extracted by Stratum, Pit No. 5 in Bordo
Poniente Etapa |l

: STRATUM 5-1 STRATUM 5-2 STRATUM 53
BY-PRAODUCT ko % kg | % kg o
ALUMINUM 0.000 0.00 0.040 0.07 0.000 0.00
IRON 0.545 1.07 1.735 3.15 0.650 1.28
GLASS 2.170 4.27 1.980 359 0.940 1.84
PLASTIC 4.880 9.59 156.020] 27.23 12.500 24.52
COMBUSTIBLE MATERIAL | 23.320 45.84 11.855] 2150 2.290 4.49
SOIL AND MUD 19.955 3823| 24520| 44.46| 34.600| 67.87
Sample Total 50.870 100.00] 55.150] 160.00] 50.950)] 100.00

Table B-51: Composition of Wastes Extracted by Stralum, Pit No. 6 in Bordo
Poniente Etapa Il

BY-PRODUCT STRATUM 6-1 STRATUM 6-2 STRATUM 6-3
ka | % kg % kg %

ALUMINUM 0.000 0.00 0.000| 0.00 0.000] o0.00

IRON 1.310 253 0695 136] 0155 o028

GLASS 1.350 261 i036] 202 34i5| 617

PLASTIC 16.000 30.84 9.265| 18.19] 8716 15.75

| COMBUSTISLE MATERIAL | 16.150 31.23] 15.100| 29.64 4.305| 7.78
SOIL AND MUD 16.900 3268] 24850 48.78| 38.750| 70.02

Sample Tetal 51.710f 10000} 50946| 100.00] s5340[ 100.00
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c. Bulk Density

The summary of the bulk density of the final cover is shown in the following table.

Table B-52: Density of ihe Final Cover of each Pit Explored

WELL | WIDTH | LENGTH | THICK | VOLUME | WEIGHT | DENSITY | AVERAGE
No. (m) {m) (m} (md) {ton) (ton/m?) (ton/m)
i 2.500; 2500 0.215 1.345 2.390 1.777]
2 2500 2500 0.215 1.344) 2.480]  1.846
3 2.450 2.500 0.222 1.362 2.480 1.821 1.672
| 4 2.500 2.850 0.261 1.8586 3.150 1.685
5 2.500 2.950 0.371 2.734 3.860 1.412
6 2.500 2.500 0.390 2434 3.600 1.479
cl Bensily of the Shallow Stratum

The following table shows the average densily of shallow sirata.

Table B-53: Density of the Wastes Exiracted from Stratum 1 for each Pit

Studied
Well- | WIOTH | LENGTH | THICK | VOLUME | WEIGHT | DENSITY |AVERAGE
Stratum {m) {m) {m) (m’) (ton) flon/m®) | (torym?) |
1-1 2500 2.600 1.352 8.790 8.250 0.939
2-1 2400] 2850 0.984 6.025 6.710]  1.114]
3-1 2.250 2.300 1.224] 6333 8.440 1.333 § 492
4-1 2.550 2.850 1.232 8.950 13.830 1.545 ’
5-1 2.350 2.700 1.107 7.0214 6.650 0.947
6-1 2130 2.800 1.261 7.522 6.430 0.855
c.2 Density of the Medium Stratum

The following 1able shows the average density of medium strata,

Table B-54; Density of the Wastes Exiracted from Stratum 2 for each Pil

Studied |
Well- WIDTH LENGTH THICK {m) VOLL;ME WEIGHY DENSII’Y AVERA?E
Stratum {m) (m} m) | {lon) {fon/m’) {tonfm™)
| -2 | 2700 2.700 1.653 7.163 11.630 1.610
2-2 2.500 2.650 1.456 6.358 12.560 1975
32 2150  2.100] 1.075| ~ 4.407 9.590 2476 | oo
4.2 2.350 2.520 1.126 5.188 9.780 1.885 ’
5-2 2350 2.650 1.096 5.2565 9.970 §.897
6-2 2.100 2.400 0.948 4.376 4.530 1.492
.3 Density of the Bottom Stratum

The following table shows the average density of boltom strata.
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Table 8-55: Densily of the Wastes Extracted from Stratum 3 for each Pit

Studied
Well- WIDTH LENGYH THICK {m) VOLUME | WEIGHT DENSITY |AVERAGE.
Stratum (m} {m) {m?) (ton) {ton/m?) (ton/m’)

1-3 2200 2.400| Q0.700 3.697 9.210 2.491

2-3 2300 2450 1315] 7412  8806]  1.188

3-3 2300  2.400f 1.090] 6016 13050] 2169 .
4-3 2250  2.450] 1.382}  7.616]  10.760 1.413] '
53 2.200]  2.400| 1.296] 6.844] 9890 1.445|

-3 2.200 2.260 1.099 5.463 11,350 2078

d. Comparison of Physical Composition per Stratum

The following table shows the comparison of physical composition per sirata.

Table B-56: Composition of Combustible Material, Scil and Mud, and Non-
Combustible Material per Stratum-1, -2, and -3

Shallow Medium Botlom
well Stratum -1 Stratum -2 Stratum -3
No. | Comb. { Soiland c'?)z?t; Comb. | Soiland cb::t; Comb. | Soil and cﬁzwnt;
Matlerial Mud . Material Mud - Material Mud -
material Malerial Material
{Unit) % % % %o %o % % To %
1 3970 45.15 1515 7.54 70.95 21.51 31.09 5717 11.74
2 2298| 5547}) 2155 858F 5599 3543 21.32 55.69 22.99
3 19.66| 5829 22.05 1896] 49.61 31.43 12.34 410.08 47 .58
4 19.18| ©0.48 20.34 19.09 | 39.62 41.29 9.76 48.78 41.48
5 4584 | 3923 14931 2150| 4446 34.04 449 67.87 27.64
& 31.23| 3268 36.09 | 2964 48.78 21.58 7.78 70.02 22.20
Average | 29.77 4555 21.68 17.55] 51.57 | 30.88 14.46 56.60 28.94

e.

Comparison of Physical Composition per Stage

The following table shows the compatison of physical composition per Etapa I, 11, and

.

Table B-57: Composition of Combustible Material, Sail and Mud and Non-
Combustible Material per Etapa i, Il, and HI

Combustible Material Soil and Mud Nen-combuslible Material
Sha'low § Medium | Boltom Shallow | Madium Botiom Shallow | Medium Bottorn
wellNo, | stratum stratlum stratum stratum stratum shratum stratum slratum shratum 3
1 2 3 1 2 3 i 2
(Uniy) %o % % % % % % % %
Etapa 1 32.70 7.54 31.09 45.15 70,95 57.17 15.15 21.51 11.74
" 2 22.95 8.68 21.32 55.47 55.99 55.69 21.55 35.43 22.99
Average 21.89 56.74 21.40
Etapa 3 12.66| 1896 1234]| 58.29| 49.61 40083 2205| 31.43 47.58
: 4 15.18 19.08 9.76 60.48 39.62 48.78 20.34 41.29 41.48
Average 16.50 49.48 34.03 |
Etapa 5 4584 | 21.50 449 3923 | 4446} 67.87 1493 | 34.04 27.64
P 6 31.23 29.64 7.78 32.68 48.78 70.02 36.09 21.58 | 22.20
Average 23.1 50.51 26.08
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Table B-58: Results of Chemical Analysis (Cd, Cr, Cu, Mo, Ni, Pb, Zn, pH and
Water Content)

Analyzed Elements (mg/kg dry base) pH H,0
| No.of Sample cd | ¢ v cu | Mo( i N |_Pb Zn — | e weighy |
i-1 51 44.5 97.5 <23 48.5 144 356.5 8.26 17.5
§-2 4.35 65 9851 <23| 205| 1465 498 | 8.235 44.9
1-3 395 735 58.5 <23 345 1225 5375 7.7i5 26.05
21 35| 1565 322 | <23 64 128 |  394{ 8.075 26.05
2-2 4.2 129.5 214.5 <23 56.5 141.5 556 B.52 J2.55
2-3 4.7 116 70| <23 44 124 3255| 904| 3515
3-1 4.7 765 65.5 <23 40.5 2115 i82 5432 26.6
3-2 5.45 173 184.5 <23 | 1465 182 540 8.62 41.9
33 3.8 46.5 815 «23 36 137 154.5 8.85 28.95
4-1 6.9 129.5 447.5 <23 62.5 210.5 645.5 8.47 34
4-2 7.6 336 4435 <23 75 298 623 8.9 48.75
4-3 5.4 95 122.5 <23 42 1705 256 $.06 34.75
5-1 4.4 159.5 91 <23 385 104 1505| 7.75 22.4
52 1 _7.25 108.5 229.5 <23 | 213.5 164 464 | 8575 43.75
5-3 5.2 77 63.5 <23 62 53 148 | 8.955 33.1
£-1 8.7 158 | 73,5165 <23 104 2365} :3.3885] 8.165 44
6-2 4.8 a2 78 | 1955 44.5 156 644 7.95 30.85
6-3 495] 75 87.5 <23 36 95.5 253.5| 8.25%5 36.2 |
Average of 18 sarnples | 5.27 | 129.9 348.4 -{ 648 156.9 56541 8.44 33.75
US-EPA land application pollutant imits
ceiting
concendration limit 85 3,000 4,300 75 420 840 7,500 - -
| {(ma'kg) _
“high quality”
POt i as| 1200 1s00| 48| a4z0) s00| 2800 : i
{mg’kg) -
annual pollutant
loading rate 1.80| 150.00 75.00 0.20| 21.00 i5.00 140.00 - -
| {(kgMa/day)
Note:  The sample and the parameler whose concenlration is over the permissible limit is shaded.
* tn February 1994, EPA withdrew the molybdenum value of 18 mg/kg pending further reviews
of scientific information supporting a high concentration.
Table B-59: Results of Chemical Analysis (As, Se, Hg, C, H, N, PCB)
Analyzed Elements
No. of Sample As Se Ha c H | N | oN PCB
(g kg) gk (ma%a) | (e weighy | (% weight) | (% weighy | ralio | (mgkg) |
1-1 0.28 0.12 .18 8 1.7 0.1 80 N.D.
1-2 0.26 0.03 (.41 3 22 0.1 13 N.D,
1-3 0.27 0.08 0.1% il 1.9 Q.1 11 N.D. %
2-1 0.20 0.07 0.41 13 22 0.06 217 N.D.
2-2 0.26 0.07 14 12 2.0 0.03 400 N.D.
2-3 0.12 0.13 58 9 1.6 0.12 75 N.D.
3-1 0.22 0.05 0.24 10 i8 0.53 19 N.D.
3-2 0.17] 005 1.0 10 i7] 028§ 37 N.O.
3-3 .47 0.07 0.18 6] 1.1 0.1 55 N.D.
4-1 ~ 0.18 0.03 0.32 12 22 Q.15 80 N.D.
B 4-2 0.27 Q.05 0.42 13 20 Q.42 31 N.D.
4-3 0.34 0.07 058 & 1.5 0.07 86 N.D.
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Analyzed Elements

No. of Sample As Se Hg C H N CiN FCB
] makg) {ma hg) {mg k) {% weight) | (% weighty | % weigh) | rga!-g: _{mgkg)__
5-1 0.12 0.04 .12 10 1.9 0.10 100 N.D.
5-2 0.19 0.06 0.19 13 2.4 0.22 59 N.D.
5-3 0.15 0.08 0.54 4 0.9 0.12 33 N.D.
6-1 0.25 0.13 g.22 19 2.8 0.50 38 N.D.
6-2 0.18 0.03 68 12 23] 0.03] 400 N.D.
;ga 6-3 1 016 0.04 0.7 5 1.3} 0.16 31 N.D.
B Average of 18 samples | o021 0.07| 520 - -1 - 98| N.D.
US-EPA land apptication pollution limis
ceiling concenlration limil ] ] ] i ]
(mg/kq) 75 100 57 -
“high quality” poilutant
concentralion limit (mgkg) 41 36 17 . . 1 ) )
annual pollutant leading rale ) ) ; ) )
{kgha/day) 200 5.00 0.85

Note:  N.D.: No delecled
The sample and the parameler whose concenliation is over the pemmissible limil is shaded.

B.6.4 Findings

B.6.4.1 Shallow/Medium/Bottom Layers
a. Bulk Density

%f Comparing the bulk density of shallow, medivm and boltom layers, it is found that the

= shallow layer has an average bulk density of about 1.1 ton/m”, and the medium and
bottom layess have an average bulk density of about 1.8 tonfm”. It reveals that since
the shallow part has slow decomposition of buried waste, its bulk density is close to
that of buricd waste (which normally can be estimated at around 0.8 ton/m’).

Meanwhile it is estimated that since the medium and bottom layers are under the
groundwater table, anaerobic decomposition takes place to raise its bulk density as
high as 1.8 tom/m’.

b. Physical Composition
h.1 Combustible and Soil Mafteis

Comparing the proportion of combustible matters of shallow, medium and botlom
layers, it is found that combustible matters in average account for about 29.8%,
17.6% and 14.5% respectively in the shallow, medium and bottom layess. It reveals
that since the shallow part has slow decomposition of buricd waste, proportion of
combustible matters in the shaltow layer was found to be larger than those in the
medium and botlom layers.

Meanwhile it is estimated that since the medium and bottom layers are under the
groundwaler fable, anaerobic decomposition of combustible matters takes place to
reduce its proportion and turned them into soil matters,
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b.2 Soil Matters

Comparing the proportion of soil matters of the shallow, medium and bollom laycrs,
it is found that soil matters in average account for about 48.6%, 51.6% and 56.6%
respectively in the shallow, medium and bottom layers. Tt reveals that since the
shallow part has slow decomposition of buried waste, the proportion of soil matters in
the shallow layer was smaller than those in medium and botlom fayer.

Meanwhile it is estimated that since the medium and bottom layers are under the
groundwaler table, anaerobic decomposition of combustible matters takes place to
reduce its proportion and turned them into soil malters.

b3  Non-Decomposable Matters

Comparing the proportion of non-decomposable mafters (such as melals, glass,
plastics) of the shallow, medivm and boitom tayers, it is found that non-
decomposable matlers in average account for about 21.7%; 30.9% and 28.9%
respeclively in shallow, medium and bottom layers. It reveals that proportion of non-
decomposable matters in the shatlow layes was smaller than those in the medium and
boltom layer. I1 is estimated that since the medium and bottom layers are under the
groundwater table, anacrobic decomposition of combustible matters takes place to
turn them into waler, passcs and soil malfters, which conscquently reduces the
proportion of combustible matters and comparatively increases the proportion of non-
decomposable matters in the medium and bottom layers.

B.6.4.2 COld/Medium/New {Etapal, i, and lll)

a. Physical Composition
a.l Combustible Matters

Comparing the propostion of combustible matters of Etapa [, II, and 111, it is found
that combustible matters in average account for about 16.5%, 23.4% and 21.9%
respectively in Elapa I, 11, and IIL Tt reveals thal since the Etapa [ has longer time of
decomposition of combuslible mattets, combustible matters in Etapa 1 were less than
those in Etapa 1l and 111, which have shorter tine of decomposition than Etapa I.

b.1  Non-Decomposable Matters

Comparing the proportion of non-decomposable matiers of LEtapa L, 1l, and B, it is
found that non-decomposable matters in average account for about 34.0%, 26.1%
and 21.4% respectively in Etapa I, I, and 11, 1t sreveals that the propottion of non-
decomposable matters in the older cells (Etapa 1) was higher than those in the medium
old cells (Etapa 1) and newer cells (Etapa 1), It is estimated that the older cells are
with longer time of decomposition of combustible matters. Decomposition takes
place to turn the combustible matters into water (1,0), landfilt gases (CHy efc.) and
soil matters, which consequently reduces proportion of combuslible maitters contents
and comparatively increases the proportion of non-decomposable matters in the older
cells.
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B.6.4.3 Stabilization of Landtill

B.6.5

In view of the above resulis that the shallow layer or newly disposed part of landfills
have slow dccomposition, it will be suggested that recivcutation of leachate will
accelerate decomposition of buried waste and then to stabilize the landfill.

Conclusion

In general, landfill mining has two main objectives as follows:

* sub-products recovery.
* Space recovery.

Mcanwhile, the landfill mining will have a problem of
* re-disposal of rejects from landlill mining.

a. Sub-Products Recovery

Sub-products recovery can refer to:

*» recovery of valuable materials (c.g., metals).
or
* recovery of soif matters (such as compost, soil for landfill cover materials).

a.l  Rccovery of Valuable Materials

The survey revealed that the proporlion of valuable materials in buried wastes is
substantiatly small {c.g., aluminum and iron mallers recovered in the survey account
for only less than 2% to the total). Therefore it can be concluded that recovery of
valuable matesials {such as metals) from landfill mining is net feasible nor
practicable, in comparing:

* costly works of landfill excavalion, sieving such as aluminum and irons, re-
disposal of rejects, cic. and

* recycling works of aluminum and iron which are currently practiced by citizen,
collectors and workers in §/Ps in the DF.

a2  Rccovery of Soil Matters

The survey reveated that the proportion of soil matters in buried wastes is -
substantially large (e.g., soil and mud accounts for more than 50% to the total).

Laboratery analysis of the samples revealed as follows (see Table B-58 and Table
B-59):

* Average of 18 samples are within the permissible level of conceniration in
every parameter for the agricultural land use application.  As for 7 parameters
(Cd, Cr, Ni, Pb, As, Sc, PCB) out of 11 parameters, all 18 samples are within
the permissible levels. As for the rest 4 parameters (Cu, Mo, Zn, Hg), only one
sample out of 18 exceeds the permissible tevel.  Therefore the pollution level
of soil matters in landfills are within the permissible level for its agricultural
use.
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* As for pll, all the samples range from 7 to 9. Thercfore the soil is applicable
for agricultural use in view of acidily or alkalinity.

* As for G/N ratio, it ranges widely from 11 to 400, its average being about 100,
Samples with high C/N ratio are judged that their catbon contents still can be
decomposable with much time.  Meanwhile, in order to adjust C/N ratio to an
appropriate level, nitrogen application might become nccessary.

It will be needed to discuss whether the soil matters recoverable from the landfitls in
DF are applicable for agricultural use or only for non-agricultural use.

a.3  Soil Matters for Agricultural Use or Noen-Agricultural Use

The US-EPA regulation (Sewage Sludge Use and Disposal Regulations: Part 503
Standards) specifies that:

* If a sludge meets the “high quality” melal concentration limits, it can be land
applied provided that the application rate does not exceed “annual pollutant
loading rates”.

Therefore, the “annual pollution loading rates (kg/ha/day)” might give a restriction on
the quantily of agricullural application in view of the sizc of land that should receive
the soil matters from landfill mining.

Furthermore, if excreta or manure is used for aitrogen application in order to adjust
C/N ratio, it is necessary to take measures for controliing bacteriological levet (i.e.,
fecal coliforms level).  Othenwise soil matlers with high bacteriological level (more
than 1,000 fecal coliforms per gram) should also have restriclion on agricullvral
application as follows (Sewage Sludge Usc and Disposal Regulations: Part 503
Standards):

* food crops that receive the sludge application cannol be harvested for periods
ranging from 14 to 38 months afterwards, depending upon the 1ype of crop
grown and the method of application.

* pasture lands thal receive the sludge cannot be grazed for 30 days.

+ twrf lands are not allowed to be harvested within 12 months of application.

* public lands that receive the sludge application will have access restricted for 30
days in low-exposure areas and up to 1 year for high-exposure arcas.

Consequently, in view of samples quality, the soil matters from “landfill mining” are
usable for agricultural purposes with conditions such as “annual pollution loading
rates (kg/ha/day)” and “bacleriological level”.  Mcanwhile, additional cost of
laboratory analysis of soil sample will beconie necessary in order to verify that can
be safely vsed as agricultural purposes.

Mcanwhile, in case of non-agricultural uscs, “soil mattess from landfill mining” can
be utilized as;

¢+ cover soil of landfill; or
*+ soil conditioner {or no-orchard afforestation or no-grazing vegetation.

wilhout the cost of lahoratory analysis.

B-54
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B.6.6

a.d Odor Control of Soil Malters

One major disadvantage of soil matters from “landfill mining” is the offensive odor,
which was experienced during the field investigation works.  Since the
decomposition of buried wastes in the landfill takes place at anacrobic conditions, soil
malters re-gxcavated through “landfili mining” have offensive odor. Therefore, some
measures (such as acralion) 1o reduce offensive odor is required for the soil matters
recovered from the landfill mining, after separating the rejects (such as plastics) and
before applying as compost or cover soil for landlili.

b. Space Recovery

As mentioned above, proportion of soil matters in buried wastes is substantially large
{c.g., soil and mud accounts for more than 50% to the tolal). Therefore, if the soil
matters are removed to be used in some purposcs {such as landfill soil cover or soil
condilioner for green arcas), about 50% of space recovery could be achicved by that.

Hypothetically comparing cconomic values of space recovered from:

* Bordo Ponicatc Etapa I, Il, Il landfills (old landfills without impermeable
liner).
* Bordo Ponicate Etapa IV and V (new landfills with impermeable liner).

a unit space recovered in landfidts with impermeable liner will have much higher
values than that in landfills without impermeable liner.

because, if a space recovercd in Etapa 1, IL, 11T are 1o be used for future landlill, a
new impermeable bottom lincr should be installed in the area (Etapa I, 11, 11l) in order
to comply the existing environmental norms. Meanwhile, if a space recovered in
Elapa IV and V are to be used for future landfill, a space recovered therein has an
cconomic advantage that the space is alrcady exempted with the cost of
impermeabilization, because a liner already exist below the space recovered.

c Re-Disposal of Rejects

On 1he other hand, after soil matters are recovered, the rejects such as plastics should
again be disposed of. It will be anlicipated that additional costs of rejects re-disposal
become costly.

Recommendation and Concluding Remarks

In view of conclusions tisted above, “landfill mining” is not workable today.
However, the “tandfil} mining” in the future (maybe after the study’s target year 2010)
might possibly become workable and feasible.

The possible scenarios in the future might be:

» If a windrow composting facilily is introduced as the new intermediate
treatment of the DF in the near futute, as proposed as onc of F/S projects, ils
facility can be co-used by the landfitl mining operation in the process of soil
maliers acration, in order to remove offensive odor. It will also be another
future possibility that landfill mining will be an auxiliary function of windrow
compost production.
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* Preparation of scparate disposal of only organic waste from today might be
another possible scenario, in order to minimize the future cost of re-disposal of
rejects in the landfilt miniog; and

* When and if in the future landfill becomes much more costly than today, it will
in turn make the landfill mining technalogy feasible in vicw of space recovery
merits.
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C

CA

C.1.1

Current Situation of Solid Waste Management

History of Solid Waste Management

Collection and Haulage

By the end of 19th century in Mexico, police inspectors were in charge of the cleaning
services with multes and cleaning carts. Around the middle of the same century,
rcgulations were established to locate waste dumping siles.

The basis for the workers associalions was found in the 1930s. In 1934, the Cleaning
and Transportation Union was formed, which in the future would turn into Section 1
of the Ouly One Union of Workers for the DF, with 1,600 members.

The first Cede of the Cleaning Service for the DF was promulgated in 1941, which
was invalid until 1988. In the same year, the clcaning staff was 2,137 and 600:8C0
tons of wasle were daily hauled to dumping sites.

The participation of public sectors was admilted in 1941 by a presidential decree, by
which they were granted the concession o exploit and industrialize garbage and
carned benefits to improve their services.

In 1946, the Cleaning Office starled to take charge of sweeping and waste colicction
works.

It was 1972 when the cleaning service, including manval and mechanical sweeping
and waste collection, were entrusted to the delegations, as seen loday. Their aclivities
werte looked after by the Collection System and Garbage Treatment Office, which
took over the Cleaning and Collection Office. The present colleetion routs and zoning
were designed by this office.

In the next year, the construction of lransfes stations started. The first one was
installed in the delegation Migucl Hidalgo.

In 1976, the Collection System and Garbage Treatment Office was incorporated into
new General Directorate of Urban Services {(DGSU), which was reparded as a
supportive institution for the cleaning and transportation offices of the delegations.
During the next several ycars, however, the fuactions of the DGSU were gradually
decentralized, and finally it was dismissed.

In 1984, the DGSU came back and the transfer system was strengthicned through the
acquisition of equipment and the construction of new facilities. The nighttime
collection program for clandestine dumping sitcs was also implemented, along with
other cleaning programs for main roads and specialized collection from hospitals and
parks.

Since then, there were no major changes in the collection service, although waste to
be collected has increased fivefold since 1950, when waste amount was about 2,000
ton/day from the populalion of aboul 3.96 million. In fact, some delegations have
made diverse attempts 1o bring modifications to the collection roules, stopping points,
and collection schedules, but all these efforts have not been successful. This is mainly
because the truck drivers, who are virtually the decision makers to design their

C-1
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“optimum” collection system and distribute the pre-scavenged materials, do not
cooperate.

C.1.2 Treatment and Final Disposal

‘The modern history of treatment and final disposal system in the DF is summarized in
Figure C-1.  As this figure suggests, the period since the 1980’s can be divided into
three.

2
K

The first period is until 1985, when there were no rational control of SWM and waste
was simply disposed of at several open dumping sites and simultaneously scavenged
by people. The excessive environmental steess given by such dumping sites let the
authority take serious actions, one of which was a closure of the Santa Cruz
Meychualco.

The tuening poial came in 1985, when the DGSU carricd out an assessment study of
cach cxisting dumping site. As a result, most dumping sites were found to be
unacceptable for the cavironment and human health, and finally closed. Cieaning and
forestation works were then provided to most of the closed sites in 1988, On the other
hand, a new final disposal site was opencd at Bordo Poniente, where a sanitary
landfill operation was introduced. Thus, the ycars unltil the beginning of the 1990s can
be regarded as a period when the sound SWM begaa to take shape.

The third term corresponds to the last several years to date. It is characterized by the
activities of the DGSU which has been struggling to moderaize and upgrade its SWM
system and make it more environmentally friendly. For these purposcs, they have
been trying to introduce technical methodologies such as intermediate treatment and
resource recovery in a systematic way. The necessity of such efforts can be, as a
matter of fact, taken for granted since the waste generation anmount is considerably
huge, and Mexico Cily is so urbanized that there is a strong demand for advanced
SWM.

o
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C.2 Waste Stream

c.21

Introduction

a. Outline of Wasle Stream

There are found vatious features in the stream of municipal solid waste in the DF.

1.

)

Wastes are collected al source and transporied to the transfer slations,
SfPs or directly to the final disposal siles by the delegations, while waste
transpert from the transfer stations lo the S/Ps or final disposal siles, and
that from the S/Ps to the final disposal sites are carricd out by the DGSU.

Wastes collected by private sectors or individuals are done through the
same rouls as the delegations.

At the S/Ps run by the DGSU, the recyclables with market values are
recovered, and the residuals are further teansported to the final disposal
siles.

Wastcs generated at hospitals in the DF are collected by private sectors.
General wasles similar to domestic wastes are dirccily brought to the final
disposal sites, while biological infectious wastes are first disinfccted and
transporled (o the final disposal sites and pathological wasles are
incinerated.

lltegally dumped wastes in the DF are collected and transported to the
final disposal sites by the DGSU. Hlegal dumping is often found in places
such as:

¢ Roads.
Vacant lands.
Cliffs.
Valleys.

[t should be noted that because there are not many rivers or open drainage
channels, wastes dumped to those are much fewer than in other
developing countrics.

Self disposal of wastes at houscholds by buming, burying of composiing
is not common and the wasic amount disposed of at houscholds is
considered ncgligible.

Recycling is practiced during the collection, and intermediate treatment
processes. The mainly recovered materials include steel scrap and cans,
aluminum scrap and cans, cardboard, paper and plastics. Malerial
recovery is conducted by the following people.

* Collection by crew,
+ Sweepers.
* e¢x-pepenadores.

Taking these features into account, the waste stream is illustrated in Figure C-2.

C-4
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Figure C-2: Present Waste Stream

b. Definition of Terms for Waste Stream
Definition of specific terms used in Figure C-2 is given below.
¢ Generation

Wastc amount of “gencration” refers to the amount of waste gencrated in the whole
DF.

¢ lllegal Dumping

Waste amount of “illegal dumping” refers (o the amount of waste dumped where
waste should not be thrown away.

* Self Disposal

Waste amount of “self disposal” refers to the amount of waste which is generated by
households and disposed of by the waste generators themsclves by such means as
burning, burying or composting,

* Delegations Collection

Wasle amount of “delegations collection” refers to the amount of wasic collected by
the dclegations of the DF. :
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¢ Private Collection

Waste amount of “private collection” refers to the amount of waste collected not by
the delegations but by private seclors or individuals.

* Recycling

Waste amount of “recycling” refers to the amount of waste which is recycled during
the collection process or in the S/Ps.

* Transfer Station

“Transfer station” refers to a facility in which wasle collected by the delegations,
private sectors of individuals is transferred to a large trailer.

There are 13 transfer stations in the DF. Their siyles of operation varies: six of them
arc operated directly by the DGSU, onec by a corresponding delegation, and six by
both parties.

+ S/P

An “S/P” is a facility where recyclable materials are recovered from collected wastes.
* Fina! Disposal

The site of “linal disposal” is a facilily where collected waste and wastc residues from
the S/Ps arc disposed of.

* The State of Mexico

Some or almost all of wastes generated in 11 municipalities of the State of Mexico are
transported to the final disposal siles operated by the DGSU. Waste amount from “the
State of Mexico” refers to the amount of waste from those municipalities, namely:

+  Alenco.

* Chalco.

* Chiautla.

* Chiconcuac.

» Cuatitlan Izcalli.
* lcalepee.

* Ixtapaluca.

* Nezahualcoyoll.
+ laPaz.

¢ Texcoco.

* Valle del Chalco.

Waste Composition and Generation Ratlo

a, Waste Composition

The DGSU has been investigating municipal solid waste composilion of wastes
generated from five sectors with totally 19 sub-scctors in the DF, as shown in Figure
C-3. Wastes are classified into 35 and the oblained data are utilized for SWM

control,
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Conscquently, the present study is to follow the same waste classification as the
DGSU.

Table C-1 is the resull of the waste composition survey by the DGSU.

[P;’!unicipal Solid Waste _l
I

1y

__I Domestic I__ Household I

—|_C‘omm ercial l_.—[Commerci.aI eslablishment I

"'1Markel |
._[Service I_ ..IReslauranl and Bar J

-ISpons center and amusement center

—iPublic service

_[Hole?s

—l Public office

_IEducalion center
B | Special | Medical institution
3B :

_.[Laboratory
_lVelerinary
_[Bus terminal
_I Airpont

—|Road sweeping

_I Social rehabifitation center

—{OthEIS l" _l Green area
-‘I Bulky waste

_‘l Demolition waste

§ Figure C-3: Sectors and Sub-Sectors of Wasle Sources
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b. Generalion Ratio

Generation ratio at cach source surveyed by the DGSU is shown in Table C-2. The
present study will adopt the same generation ralio,

Table C-2: Generation Ralio

Tyge ol Sauce Ctassification Generation Ratio
o Domestic Household 0.616 kg/Pesson/Day
% Comnxrcial Commeicial Establishment
- Auto Service Shop 637.000 kg/Establishment/Day
- Department Store 368.000 kg/Establishment/Day
- Commercial Place 6.650 kg/Establishment/Bay |
Morkel
- Meat Market 4,430 kg/StalliDay
- Vegelable Market 7.920 kp/Sall/Day
- Grocery store 1.025 kg/S1allyDay
- Food Prcparation 14.950 kg/StalliDay
- Various 0.803 kg/StallyDay
- Shifting Market (Tianguis) 575.800 kg/Tianguis/Day
Service Restaurant and Boar 25442 kg/Eslablishment/Day
Sports Ceater and Amusemenl Center
- Amusement Ceater 1.230 kg/EmploycesDay
- Sports Center 2.620 kg/Employee/Day
- Cultural Center 0.330 kg/EmployeetDay
Public Service
- Services Office 3.460 kg/Establishraent/Day
- Repair and Maintenance Service 1940 kg/Establishment/Day
- Gas station 53.120 kg/Establishment/Day
g Hotel
= - Five-star hotel 1,016.900 kg/Establishmeny/Day
- Fous-star hotel 218.500 kg/Establishment/Day
- Three-star hotel 16.810 kg/EstablishmenyDay |
Education Center
- Kindergarten 0.040 kg/student/Day
- Elementary School 0.035 kg/studeat; Day
- Job Training Center 0.050 kgsstudeat/Day
- Junior High School 0.065 kg/student/Day
- Technical School 0.060 kg/stodentiDay
- Senior ligh School 0.060 kg/studentyDay
- Universily 0.070 kg'student/Day
- Public Office 0413 kg/Employee/Day
Special Mecdical Institution
- 1sk Level 1.279 kg'Consuliory RoonvDay
- 2nd. Level 4.730 kg/BedrDay
- 3rd. Level 5.390 kg/Bed/Day
Laboratory 6.340 kgilaboratory/Day
Veterinary 1.700 kg/Employee/Day
Bus Terminal 2,103.000 kg/Terminal/Day
g Alrporl 28,887.000 kg/Airport/Day
Road Sweeping 125.530 kg'knvDay
Social Rehabilitation Center 0.510 kg/Person/Day
Others Green Arca 0.00993 kg/m’iDay
Bulky Waste 28.850 kg/Ton-Solid Waste/Day
Demolition Waste and Small Repair 20.850 kg/Ton-Solid waste/Day
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C.2.3 Data Collection tor Waste Stream Analysls

In order to eblain the amount of waste flow, data which were employed are as
described below. It should be noted that when the waste amounts of transport and
handling are to be caleulated, the nuinber of working days of cach relevant facilities is
used so that waste stream amount can be expressed by ton per day.

a. Generation Amount

The study' of gencration amount by the DGSU in 1997 was based on the resull of
waste generation ratio survey, population, and the number of establishments by scctor.
The present study basically used the DGSU’s study with minor corrections of sone
items,

b, Recycling at the $/Ps and Final Disposal Amount

Data regarding the S/Ps and the final disposal sites were extracted from the materials
listed in the table below.

Table C-3: Data Sources

Period Company
;  Ar ingenleria Sistemas y
Final Bordo Poniente January - April 1998 Tecnologia Ambienta! S A. de GV:
Disposal i |Grupo Promotor De
Santa Calarina January - May 1998 Ingenieria S.C.
Bordo Poniente Januaiy - July 1998 |Puntal SA. de C.V.
Irpulsora de Desarrollo
! .
S/P |SanJuan de Aragon| January - July 1993 Integral S.A.de C.V.
Santa Calarina January - July 1998 |Pilanes y Analisis S.A. de C.V,

c. Waste Handled at Transfer Station
References in the above table also supplied data regarding the transfer stations.
d. IDelegation and Private Collection Amounts

Data of waslc collection by the delegations, private sectors and individuals were also
found in references in Table C-3.

e, lllegal Dumping
Hllegally dumped waste amount was available in references in Table C-3.
f. Medical Waste Amount %

‘The DGSWU’s study on waste generation was used as a data source for medical waste
amount.

g. Waste Amount of State of Mexico

References in Table C-3 and the DGSU’s study on waste generation gave data for
wastes amount from the State of Mexico.

" Ingreso Promedio Diasio en Sitios de Disposicion Final y Plantas de Seleccion Durante 1997.
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C.2.4 Waste Stream Analysis

Using the material mentioned above, the waste amount of ecach component for the
wasle stream was calculated and summarized in Figure C-4,

It was revealed that the waste gencrated in the DF in 1997 amounted to 11,422
ton/day and waste from the State of Mexico was 777 tonfday. 1,929 tons of waste
were recycled daity and 10,276 ton/day were disposed of.

As for waste collection, the DGSU collected 8,867 ton/day of waste while the privale
sector and individuals collected 912 ton/day. Wastes of 8,558 ton/day of the total of
these two went to the transfer stations prior to the final disposal silcs.

Thc‘ S/Ps received 4,913 tons of waste per day, 496 tons of which were recycled.

Statc of 154
Merico 17% ’
377 Rt
58% 51
{ilcgal Dumping
3 53
0.5%
Medical 8t »
» 157 0.7%
L4%
Disinfrction
’ 72 '
0.7% 0.5% ’
Incineration
’ 1 ]
DO 0% .
Sif DEposal | 324
= . [} Dekegation 28% >
00% Collection 39z
BE6T 34T
14 B15) >
3% Tranfer 4581 P
I Sutico | 425% +
. £558
Generation Discharge 4 Hoe kit P Foal Dipos:d
l 11,422 }—b V1,20 26% 125% sr H 10,276
X 5% I ’ 44 M0
Piivete 493 e
Collccricn 23 * 2193
912 0% V
3% pLI
24% >
495
43%
Recycling | ]
1,433
Unit : ton per day 125%

Figure C-4: Waste Stream in 1997

C.3 Technical System

C.3.1 Discharge and Storage System

The appropriate storage of wastes has to be in a manner, as a main purpose, to
preserve (he wastes sanitarily since the moment thal are generated wnlil they are
collected with the appropriate equipmenl. ‘The facloss that affect the storage in
Mexico Cily, are the following:
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* Generation of wastes.

* Characleristics of the wastes (humidity, organic matter content, volumetric
weight, cte.).

* Frequency and method of collection.

* Equipment and methods used for the receipt of the wasles.

a. Storage in ouscs

A clear correlation exists among the type of domestic storage that is vsed and the
user's socio-cconomic level.

1t is difficult for waste storage containers, which are used for example in the “barrios”
and “popular colonics”, to fulfili the sanilary requircments such as: easy 1o handle,
large cnough, properly capped, light and easy to clean. In fact, it is commonly
observed that they usc sacks, baskets, wheelbarrows, boxes and all type of
inappropriate containers for the storage of the garbage.

On the other hand, in residential areas with higher income level, more attentions arc
given to the containers used o slore the wastes. Therefore in general terms, they use
plastic containers with cover and appropriate capacity (imanufactured exclusively for
this function), normally plastic bags are located in their interior in order to contain the
garbage in it with mor¢ comfort, and they normally emply them cvery two days.  As
a rule, these containers present the following characteristics:

* Easy to clean.

*  With handles and an adjusted covet.
* Rapid discharge.

* Light and rcsislant.

* Difficult to be oxidized or deformed.
* With good appearance.

Placing of the wastes inside the storage containers is invariably made manually by the
users themsclves or by the employees, who are also responsible for handing wastes to
the collection service, or to the sweepers who practically turn into complementary
personnet of recollection.

Likewisc, in order 1o easily hand the wastes to the collection teams in that moment,
plastic bags of different types, sizes, charactesistics and colors arc used inside the
containers. Al these operations are made in manual form.

b. Storage in Other Source

In arcas and installations of great waste gencration, il is very common to employ
metallic containers or any other material of big dimensions, either movable or
stationary.  Their volumes usually vary from 1 lo 3 m’, although there are other types
of larger dimensions (up to 6 m°). Their handling requires specialized vehicles and,
on occasion, high sophistication.  The loading system of thesc containers can be
mechanical, hydraulic, or pneumatic. Iydraulic systems are prevalent.

The loading system can be in front, lateral or on the back. In fact, lateral loading
systems are used with more frequency in Mexico Cily.
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c3.2

It is possible to mention, according to the experience in Mexico City, that the usc of
containers in appropriate places in cstablishments of great waste generation (such as
markets, hotels, business, industrics and residential units) can substantially lower the
opcrational costs of collection, since the time for waste loading operation can be
notably lowercd and the vehicle can make more trips compared with a normal shift of
manual loading works.

In somc places of great generation, mainly in housing units, and corporate,
commercial and deparimental commercial centers, verdical ducts, compactors and
occasionally garbage mills are used, although these are not common. (As a rule, they
emphasize their service but offer very few benefits, since the process for vsers to
adapt themsclves to these cquipment always encounters a natural rejection and a
bigger attention on the part of the usces who are not always ready (o be served.
Furthermore, these mechanisms demand maintenance that in turn are costly; which, as
a rule, is not considered when the decision of its acquisition is made.)

Collection and Haulage System

Collcction of municipal wastes generated is the responsibilily of respective
delcgations and most of them are delivered by the Section 1 to the transfer stations
managed by thc DGSU (Exceptions are wastes that are brought dirccily to the final
disposal sites or the S/Ps by some delegations due to their vicinity).

) Transfer R
Collection Stations Selection Final :
Plants .
Section 1 Disposal |
Site
Delegation DGSU

Figure C-5: Present Collection and Hautage System

However, in July 1998, the GDF and Section 1 signed an agreement that the Section 1
would withdraw its collection service from markets, primary schools, public residence
vnits and parks from January 1999. It was decided in QOctober 1998 that the
delegalions arc o be in charge of employing private sectors through contracts for the
wastes collection for those public institutions (or hereafter “Sub-System™).

Collection

Transfer
Stations

Selection
Plants

Seclion 1

Final
Disposatl
Site

Special Collection
for Sub-System

1Privale Sec!orsl

Delegation OGSU

Figure C-6: New Collection and Haulage System
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Wastes brought (o the transfer stations are, after visual inspection, destined to one or
the othes below:

« S/Ps.
* final disposal sites.

Large-size trailers (70m’) are cmployed for the transport from the transfer station to
one of the two destinations.

Collection System

a. Collection Method

Regarding the collection methods, it can be said that the cornes collection (with bell)
is still popular, although there also exist door-to-door collection, curb collection and
fixed stop collection, as described below.

In fact, the currently common collection methods emerge from deformation or
degradation of the traditional collection methods, since they which are carried out by
the sweeping personnel (sweepers) that completes cerlain funclions of “additional
collector” to the traditional collection service, which have become very popular in the
last years. In addition, they allow and support the unofficial negotiation between the
user and the operators {o reconcile the amount of tips.

Sweepers begin their working day at 5 AM, yet their official schedule is from 7 AM
to 3 PM. They sweep the street from 5 AM to 7 AM, and from that hour they pick the
garbage of houscs, segregate the most worthy waste in the market and then sell them.

There exist sweepers on the payroll(stably hired) and temporary sweepers(hired by
periods) in this activily, who are paid by the GDF and adding up to almost 8,500
workers.

Besides, it is estintated that 3,000 or more voluntary sweepers carry oult this activity;
they rent the garbage caris and drums in order to work.

The collection service coverage rale is eslimaled to be almost 100%, whereas
collcciion services (on-routes) are not provided Lo illegal squalters areas, since the
provision of collection services for them will induce more illegal sculements.
However, waste collection are realized in these area through a “station collection”
systeim.

b. Collection Yehicle

By 1998, the waste collection vehicles were more than 2,000 units, as shown in Table
C-4 where it is observed that the biggest percentage is accounted for by rectangular
box collection vehicles. The rectangular box and fubular load types, both of which arc
cquipped with compacting mechanisms of back loads, conslitute more than 50%.
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Table C-4: Number of Collection Vehicles

Detegation Type ]g;?i‘gr Back _l_oads Rectangutar| Tube type ?x’rg‘f o 0:!1;2: or Total
Loading capacity  |18a°,6.51 |1200°5.01 :gﬂ;ﬁ%{ :gﬂ: i ?é:::s'i% 83,01
Alvaro Obregon 4 34 31 17 52 138
Azcapolzalco 7 63 32 34 4 140
Benito Juarez 4 22 66 38 4 134
Coyoacan 5 52 34 32 5 128
Cuajimalpa 10 8 g 4 & 37
Cuauhtemoc i2 04 44 75 26 251
Gustavo A Madero 7 56 96 76 46 281
I12lacalco L] 37 14 15 25 92
Iztapalapa 2 50 85 42 32 21
M.Contreras 12 6 3 tA 28 61
Miguel Hidalgo 3 46 43 37 44 173
IMitoa Alta 1 22 3 26
Tlahuac 19 4 4 16 47
Ttalpan 39 21 9 14 83
V.Carranza 8 17 73 19 38 5 160
Xochimifco L] 12 15 6 10) 49
Total 59 564 576 416 353 43 2,011
Source: PARGUE VEHICULAR DE RECOLECCION ASIGNADRO A LAS DELEGACIONES POLITICA,
Enero, 1998, OGSV
Notes : 12m°,4.5t* is without compacting mechanism 1 6m> 4.0l with com pacting mechanism

It is also important to mention that, as shown in Table C-5, 1,078 out of the 2,011
units have been used for a period of obsotescence of more than 15 years, which are
supposed to have been substituted alrcady, not only due to the high maintenance cost
that are recorded, but because they technologically imply a risk of inducing
inefficiency and high adminisirative costs,
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c. Number of Daily Trip

Table C-6 shows the number of workable collection vehicles allocaled to cach
delegation. Mecanwhile, Table C-7 shows nominal loading capacity of each vchicle
lype and collection capacily of workable vehicles in total per one trip.

Table C-6: Number of Workable Vehicles by Delegation

- Igg:ggr Back load|Rectlangular | Tube type ?::,3? c 0&2: or Tolal
% Capacity {tondrip) 6 5 4.5 45 2.5 2
Atvaro Obregon 4 34 12 6 3 87
Azcapotzalco 7 63 15 24 3 112
|Benito Juarez 4 22 46 32 3 107
[Coyoacan 5 52 16 17 3 93
Cuajimaipa 10 5 3 2 6 26
Cuauhtemos 10} 90 20 23 11 154
{Gustavo A.Madero 7 55 28 35 28 153
izlacalco 1 36 11 11 i9 78
izlapalapa 2 50 65 23 19 159
M.Conlieras 12, 3 2 7 29 53
Migue! Hidalgo 3 46 33 23 20 125
Milpa Alla 1 21 3 25
Ttahua¢ 19 4 4 12 39
Ttalpan 38 11 6 10 65
V.Carranza 8 17 52 it 31 5 124
Xochimilca 6, i2 5 2 9 34
B Total | 57| 557} 326 222 229 43 1,434
= Source:  PARQUE VEHICULAR DE RECOLECCION ASIGNADC A LAS DELEGACIONES POLITICA, Enerp,
1928, OGSU
Table C-7: Collection Capacity (ton per trip) of Workable Vehicte Fleet
Ig:z!l:r Back load | Rectangular| Tube type ?rt:?!? co“ggior (!J;I?’:iaaly)
Loading capacity (tontrip) 6 5 .45 4.5 25 2
Alvaro Qbregon 24 170] 54 27 78 Y 353
Azcapolzalco 42 315 68 108 8 ¢ 540
Benilo Juarez 29 110} 207 144 8 Y 493
Coyoacan a0 260 72 77 8 0 446
Cuajimalpa i 50| 23 14 5 12 103
Cuauhlemoc 60 450} 90 104 28 0 731
Gustavo A Madero 42 275 128 158 70 0 671
lztacalco 6 180 50 50 48 0 333
Iztapalapa L 12 250|_‘ 293 104 48 ¢ 706
M.Conlretas 0 60| 14 g 18 58 158
-, Miguel Hidalgo 18 230| 149 104 50 0 550
g Miipa Alta C 5 ] 0 53 6 64
Thahuac 0 a5 18 18 30 [ 161
Tialpan 0 190 50 21 25 0 292
V.Carnanza 48 85 234 50 78 10 504
Xochimilco 36] &0 23 g 23 ¢ 150
Tolal 342 2,785 1,467 998 573 86 6,252
Source; PARQUE VEHHICULAR DE RECOLECCION ASIGNADO A LAS DELEGACIONES POLITICA,

Enero, 1993, DGSY
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Based on the data above, collection vehicles’ average trips made per day in respective
delegation arc sumimarized in Table C-8. Average trips become about 1.7 trips/day for
the GDF total, ranging from 0.9 ftrip/day in Azcapotzalco to 2.8 trips/day in
lztapatapa. 10 delegations make less trips than the GDF average.

Table C-8: Daily Average Trips

Waslsgersatn svou]— Coledlonenie ™ | umber ot _

Alvaro Obregon 570] 353 218 b4
Azcapolzalco 498 540 LT D
Benito Juarez 613 483 . 42
Coyoacan 782 446 1.8
[Cuajimalpa 135 . 103). i3
Cuauhtemoc 1,221 731 ) i7
Guslavo A Madero 1,551 671 23
Iztacalco 444 a3 o8
lziapalapa 1,994 766 2.8
M.Conlreras L 218 158) 0 L 14
Miguel Hidalgo 647 L) I S K
Milpa Alla 73 () T B
Tiahuac _ 261 103 R A .-
Tialpan 681 292 23
V.Carranza | 840 s04} - Lo AT
Xochimilco 347 150 2.3
Total 10,875 6,252 (mean value)1.7

Noles. *exciuding cenlral markel wasle

C.3.2.2 Haulage System

a. Transfer Station

With respect to this sitwation and the nccessily of strengthening and providing the
cificicnt SWM scrvice, it is indispensable to have suitable infrastructure that
facilitates the improvement and the uniformity of such services in the whole Federal
District in the short term. Transfer stations are a fundamental part of this
infrastructure, and 13 transfer stations are presenily located in Mexico City.
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Table C-9: Qutline of the Transfer Stations

‘ B _ unit: nv’
Name Premise area* Floot space* Green area* Operationbody
Alvaro Obregon 8,000 7.900 3,284[DGSY
Azcapolzalco 8,900 6,607 355|Delegation f DGSU
Benito Juarez 8,804 7.380 1,877|Delegation )
Coyoacan 12,187 6,798 2.067|Delegation f DGSU
e Cuauhtemoc 8974 4,420 485(Detegation / DGSU
g\ Guslavo A. Madero 3,000 2,800 5717|DGSU
{zlapatapa | 9,949 6,748 1,638|DGSY
iztapatapa li 8,871 4,563 467fDGSU
Miguel Hidalgo 6,426 4,400 510;Delegation / DGSU
Milpa Alla 24,335 5,020 11,395|DGSU
Tialpan 6,516 6,208 332|DGSYU
Venustiano Carranza 8,867 7,507 1,106|Delegation / DGSU
Xochimilco 1,500 1,100 500]Delegation / DGSU

Sourca:  *SOLIDWASTE MANAGEMENT IN MEXICO CITY, DDF

They were designed and built considering environmental criterion fer the control of
noise, dusls and suspended particles, among others. For thosc reasons, the new ones
and the already exisling ones are in closed areas, with acoustic walls and hydro-
pneumalic systems for the washing and watering, as well as eavironmenlal quality
conlrol cquipment inside.

A transfer station tocated in delegation Magdalena Contraras was closed in February
g 1997, because:

* (he transfer station was smaller than the other stations, and it was siructured to
lransfer wastes to container type trailers.

* collection vchicles employed in the delegation became bigger year by year to
the same capacily as the conlainer trailers.

* Jlocation of the transfer station in hitly arca lowered the transfer efficiency.

Delegation Iztapalapa has two trans{er stations; one (Iztapalapa 1) is handling wastes
from the Central markel (Central de Abasto) exclusively.

Those 13 transfer stations are managed by the DGSU or by a delegation, or co-
managed by both, Practical operation of the stations are all contracted out to private
seclors.
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Table C-10 shows transfer amount at the respective transfer stations.  However, non
of them has a weighbridge, therefore the incoming and outgoing amounts arc only
forccast from the number of vehicles recorded and its nominal capacity (or from
cmpirical surveys). Precisely measured transter amounts (cither incoming or outgoing
amounts) do not exist to date.

Table C-10: Transfer Amount

Name Transfer Record**{lon/day)
Ahvaro Obiegon 830
Azcapolzalco ~ 728
Benito Juarez _ no recorded
Coyoacan 1083
Cuauhternoc 809
Gustavo A. Madero 416
izlapalapa | 1000
Iztapalapall 280
Miguel Hidalgo 584
Milpa Alta 49
Tlalpan 322
Venushiano Carranza 672
Xochimilco 408

Tolal 7,881

Sources ; *SOLID WASTE MANAGEMENT IN MEXICO CITY, ODF
*S/P operation record (Jan. o July/19398), DGSU

b. Transportation

Municipal solid wastes collected by the delegations are mosily gathered in those 13
transfer stations and then transported by large-size trailers (70m?) to the destinations
(i.c., final disposal sites or S/Ps}. An exceptior is direct transport by collection
vehicles in view of the vicinity to the deslination. Residues of the three S/Ps arc
loaded again to the trailers 1o be transported to the final disposal sites. These transport
works arc all contracted out to private sectors by the DGSU. The contract works are
paid by a combined unit rate (peso/km/ton) on transport distance shown in Table C-11
and loaded weight.  Apart from those 70m’ trailers, there are transport fleets
(capacity 17 m“) exclusively employed for construction debris transport.
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Table C-11: Origin to Destination Dislance

= Unit: km
Destination Landfili Site 5P
. Batdo Santa Bordo [San Juande Santa

Origin Ponienle Catarina _ | Poniente Aragon _Catarina
Alvaro Obregon 29.4 30.3 215 - 29.6
Azcapotzalco 22. "81 ) - 21.1 14.1 30.3]
Coyoacan 319 287 - . 27.7
Cuauvhlemos 19.5 23.4 172.8 - 22.5

Transter{Gusiavo A. Madero i3 - - - -

slation [lzlapatapa i N 16.3 178 14.7 - 16.7
iztapatapa |l ‘ 16.1 i7.6 14.5 - 16.5
Miguel Hidalgo 325 : - 23.6 -
Milpa Alta 424 - - -
Tialpan 433 40.0 41.6 1 40
Venustiano 16.6 00 149 . 0.0
Carranza
Xochimifco 35.6 17.3 34.0 - 16.6
Bordo Ponienle 2.0 - -

i o San Juan de Aragon 13.0 - | -
Santa Catarina 269 - - -

Transport trailcrs employed in the works have a variety in the ownership as follows:

* Tractor unit and trailer box unit are both owned by a private sector.
* Tractor unil is owned by a private scctor, and trailer box by the DGSU.
* Tractor unit and trailer box unit are both owned by the DGSU.

Those {railer box units arc 236 in total, ali of which are moving-floor type. Each
trailer box unil owned by the DGSU has its assigned transfer stations.

Meanwhile, a “global positioning system {GPS)” apparatus is installed on each
tractor unit to monitor and contro} the total transportation system. This monitoring
and controlling system is managed by an office of the DGSU in the Alvaro Obregon
transfer station.

In order to optimize transportation, this office arranges any transpori (tractor and
trailer box) units to any transfer slation when necessary, although each trailer box
owned by the DGSU has the assigned transfer station.
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Table C-12: Assignment of Trailers

. DGSU

Private TCA TP Total B
Private company 112 - - 112
Alvaro Obregon - 6 14 20
Azcapotzalco - 1 8 g
Coyoacan - : 9 7 16
Cuauhtemoc - - 12 12]
Gustavo A. Madero - - 5 5
Transfer{iziapalapa | - - 11 11
station Jiztapalapa !l - 5 6 11
Miguel Hidalgo - 5 2 14

Milpa Alta - - - -
Tialpan - 2 6 8
Venustiano Carranza - 1 6 7
Xochimilco - 1 & 7

Bordo Poniente - - - -
S/P San Juan de Aragon - 1 3 4

Santa Catarina - - - -
Total P12 31 93 236

Note:
TCA Box-Chain Type
T.C.P: Siiding Platform Type

"able C-13 shows the record of transportation mmade {rom Januvary to May in 1998, It
revcals that wastes from Cuauhtemoc and lztapalapa-I transfer stations are mostly
transported to Santa Catarina S/P instead of Bordo Poniente S/P which is the ncarest
S/P from these two transfer stations.

Table C-13: Number of Trips (70m?® Trailer, Jan 98 to May/98)

C-23

Destination SiP Disposal sitle

odgn 8P | sia| sc | Totar | 8Pt [BPIV] SC | Tota | O
Transfer [Alvaro Obregon 4,309 4,309 2,351 i 2,352 6,66?
station  |Azeapotzalco 1,002} 586 763 2,35% 2,808 2.808] 5,159
Benito Juarez 3 680 683 0 683
Coyoacan 3 4,225 4,228 855 3.351 4206 8,434
Cuauhtemnoc 2,918 2918 197 3,081 3,278] 6,196
Gustavo A. Madero 44 44 3,598 3598] 3,642
i21apatapa | 173 718 891 6,444 653y 7,097 7,988
lztapatapa Il 2,275 2,275 4,312 4,312] 6587
Miguel Hidalgo 175; 2,352| 2,627 3.074 __3,074] 5,601
Milpa Alta 4 4 645 2 647 651
Tialpan 1,064 984 2,048 190 429 619] 2667
yenustiano 1,459 1,459 3,368 of 3377 4.836
Xochimilco 1 742 746 285| 2,074 2,359 3,105
Bordo Poniente 0 10,185 i0,185] 10,185
S/P  |San Juan de Aragen 0 10,261 10,264} 10,261
Santa Calarina 2 2 9,742 9,7421 9,744
Total 10,514] 2,941| 11,030] 24,485 0] 58,315] 9,600] 67,915 92,466
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‘Table C-13 shows total 92,400 trips by 70 m” trailess in this period. 103 working days
in total during the period and the number of trailers (236) mean the average daily trips
of about 3.8 trip/day. Dividing total transporlation distance of 1,877,822 km by the
working days and the numbers of trailers gives as the daily average transportation
distance of about 77 km/day.

Processing, Treatment and Recycling System

As for processing, treatment and recycling facilitics in Mexico Cily, a municipat SW
incinerator and a composting facility which were used to be operated and maintained
in the DGSU’s premises of San Juan de Aragon are no more operated today. The
facilities presently operated are the only three manuat-sorting Selection Plants (5/Ps)
in Bordo Poniente, San Juan de Aragon (8JA) and Sanla Catarina.

a. Incinerator

Competitive tender for the construction of the municipal SW incinerator was held in
£979.  On-site fabrication of the incinerator was commenced in 1984, once
suspended in 1986 and completed in 1989.

Five stoker-type incineration units (unil nominal capacity: 501/24h) were purchased.
Two of them were installed in SJA, the third was dismantled soon after its instatlation
in response to environmentalists objection.

[n rcgard to the background mcntioned above, the incinerator facility in SJA was
being operated from February 1990 10 June 1992 as a pilot facility with the objectives
of data compilation on incineration technology. However, both two units have never

been operated together, even when an expert dispatched from Switzerland expedited”

to control the operation.
The principal reason of the failure could be concluded as follows:

An incincration tcchnology apt to drier wastes (common in Furope) was simply
imported to Mexico. The size of “drying zone” of the incinerator turned out
insufficient for more humid wastes in Mexico especiatly in rainy scason. Incineration
without additional fucl {gas) sometimes could be achieved in dry season, while wastes
in rainy season almost always requircd combustion f{uel. Conscquenily planned
incincration treatment was not realized with thesc units.

C-24
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Table C-14: Waste Composition of Incineration Test Runs

RUN Run-1, Run-2, flun-3, Run-5, Run-7, Run-12,

Municipal | Municipal } Municipa!l | Municipal § Municipal | Municipal Mean value
Hem sW, Sw, SW, Sw, Sw, Sw,

17/Jun/a2 | 17/Sept/92 | 23/Sept/a2 | 12/Nov/92 § 19/Nov,92 | 07/Dec/92 ]
Combustble (%) 26.63 13.75 3240 42.06 40.60 34.30 31.62
Moisture (%) 41.25 77.34 52.83 4268 46.36 42.09 4259
Ash (%) 32.51 8.40 12.76 10.38 951 19.32] 1548
Bulk speciic ’
qravity (g'em”) 0.47 0.22 0.26 0.14 022 024 0.26
S;L";‘é"; {cakg) assel 27008 3435] 3400 3398 3258] 334

T

E;L‘l’;’{g‘; (cat'a) 3gs6|  26i8] 3223 31100 3126|3019 3,130
Calorific s
value(3) (cal'g) 1,253 1,594 1,199 1,553 1,410 1,521 1,422
Sulfur (%) 0.37 0.15 0.16 0.05 0.14 0.26 0.19
Nitrogen (%) 0.93 0.45 1.10 0.67 0.54 0.82 0.75
Carbon (%) 15.45 7.99 18.70 24.30 23.50 19.83| 18.30
Hydrogen (%) 1.78 0.92 2.16 2.80 271 2.29| 2.11
Chioride (%) 0.15 0.19 - 0.56 0.28 0.30] 0.30

Notes: 0Dala coflected from June 1o December 1992.
Caloiific value(1) : logicat calorific value of combustible matter
Calorific value{2) : measured calorific value of combustible matier
Caloiific value(3) ; calorific value of waste{combusbble, ash and moisture )

Table C-14 presents waste composition of incincration runs. The first threc columns
arc dala during the rainy season. According 1o this 1able, the moisture content on
average is not particularly high, but that in the rainy scason varics. Calorific valuc of
waste {calorific value (3)) also fluclvates and occasionally drops to about 1,200 cal/g,
which corresponds to the range of minimum value for self-burning {wastes can be
burn by itself without fuel).

The two incineration units in SJA are not dismantled to date, and their equipment is
comparatively well preserved in view of time passage. However, if municipal wasle
incincration with this facility will have to be challenged, decent maintenance and
considerable modification of mechanical and electric components will be necessary.
In addition, in order to clear the new emission norms (drafls for which are presented
in Table C-15 and Table C-16), all the incincration siructures {from wastes intake to
stack) should be replaced. Only civil and building structures can be utilized.
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Table C-15: Comparison of Incineration Test and Draft Emission Limit

Run-1, Run-2, Run-3, Run-5, fun-2, Run-12,
M3V, MSW, MSWY, RSW, KSY, MSW, | Mean value |Emission limit
170ung2 | 17/Septia2 | 23/Sept /92 | 12/Nov./22 | 18, Nov. 92 | 07/Dec /92

Particles [mg/m®|"  400.46| - 12356]  95.13] 19008 1349 100.14] 15381 30
S0, mg'm®] . 288.53 n.d. nd| 36884  36.40] - 13593 20743 80
CO mgm® 85.82| 19168  882.53 nd. n.d. nd| 389.34 63
NO, mgm’|  148.48 3.76 n.d. nd. nd. ndl 7612 300 2
HF mgm’|  nd. ng. 4.40 nd. n.d, ng. 4.40 5 =
HCI  |mgm’ 498] 238.15] 10882 ad]  nd|  nel 11732 15
PCDF mg/m® n.d. n.d. n.d. nd. nd. nd. nd} 0.00000015
PCOD  |mgm’ n.d. ng. n.d.| 0.000035] 06.000003 n.d.|0.0000190] 0.00000015
Total HC |mgm® 58.92 420.86 567 5.74 12n:44 12.21 85.96
Pb mg'm’ 0.07284 0.40730] 0.29135] 0.43123| 0.09850| 1.26040) 042695 0.7
Cu mgm?| 0.00525] 001467] 001102 0.03799 000680 0.12030] 003267 0.7
Cr mgim® 0.00063 1.26400] 232854] 0.01372 0.02930' 2;0189‘9 060918 0.7
Mg mg'm?| 0.0007051] 0.0388000} 0.3198290]0.0093210 nd|0.0083160] 0.07540 0.7
Ni mg'm’ | 0.0003234| 2.5210000| 1.9619400]0.0077383|0.0147900/0.0046900] ** 0.75175 0.7
AS mg'm’ 0.000440;6 0.0001000] 0.0002116]0.0007035{0.0002250]0.0010400| ©.00045 07
Cd ma'm’| 0.0003205| 0.0315950] 0.0046200]0.0256770{0.0115700{0.0162000] 0.01500 0.07
Hg eng'm’ n.d.} 0.0022500] 0.0014560] 0.0043867 nd. nd.| 000270 0.07
Sn mg'm’ n.d. nd. nd. n.d. nd. n.d. n.d 0.7
Ag mg'm? | 0.0000799| 0.0013000) 0.0009734|0.0028139 n.4.10.0039900] 0.00183 {%
Fe mgm’| 0.0423980 6.0800] 10.9807{0.3381977| 0.17727 0.3460] 2.99409%

nd.: ro delect

Table C-16: Draft Emission Limit for New Solid Waste Incinerator
{tem Unit [ Concentration | Remarks

Particles mg/m’ 30 | hourly average value

CO mg!m3 63 | daily average value

S0, ma/m°® 80 | hourly average value

NO, mg/m® 300 | hourly average value

HCI mg/m’ 15 [ daily average value

HE mg/m® _5 { hourly average value

PCDD & PCOF ng/m® 0.15 } 6 hours average value

Cd _ | mgim® 0.07 i hourly average value i

Hg ma/m’ 0.07 | hourly average value | %

As, Co, Se, Ni, Mg, Sn | mgm® 0.7 | hourly average value

Pb, total -Cr, Cu, Zn mgfm’ (.7 | hourly average value
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Possibility of converting this incinerator into a medical waste incincrator was once
examined by the DGSU in beginning of the 1980°s.  The conversion was, however,
judged to be unfeasible in view of limited modifiable functions and pecformance
expected of the units.

b. Composting

Only one composting facility currently operated by the DGSU is a windrow compost
plant with 18,000m>/ycar processing capacity. It currently produces limited output of
2,300m’/ycar compost exclusively from gardening wastes (c.g., pruned trce branches
and grasses) brought from GDF’s public park maintcnance.

This facility carries out composting quality control based on the values reccommended
by the Compost Counseling in Texas, since norms or standards on compost are not
cstablished in Mexico today. Compost sample from this facility are monthly sent to
the Compost Counseling in Texas for analyses.

Carbon/Nitrogen (C/N) ratio of the compost products ranges 20 to 30. Animal manurce
are proporiioned to the garden wasles to adjust nitrogen contents (Table C-17).
Expcriments of animal carcass decomposition in garden wastes composting have
achieved appreciable results.

Table C-17: Quality of Compost

ltem Unit I Concenlralion
Nitragen (%) 1.233
Phosphorus (%6) 0.38
Potassium (%) 0.83
Calcium (%) 1.96
Magnesium (%) 1.56
fron (%) 0.127 |
Lead {ppmj 126.58
Copper {ppm) 18.7
Zinc {ppm) 63.8

A municipal SW composting facility (nominal capacity 750 ton/day windrow system})
was once operated in the SJA site adjacent to the incinerator, which was dismantled in
1993. The manual sorling lines on the facility intake were not dismantled bul
modified as a part of the material recovery lincs of the currently operated S/P.

This composting facilily, constructed by a Swiss company (Buhicler Miag), employed
the system of:

* mixed municipal wastes feeding. ,
* magnelic sorting (ferrous material removal).
* recyclable material manual sorting.

* composting the residues.

However, the compost producls contained substantial amount of glass and plastics,
and as a result, did not achicve quality fequired for marketable fertilizer.
Conscquently it only had an use of soil conditioncr in the public parks and green
areas.
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An actual facility output was considerably lower than the nominal capacity due Lo
inappropriate operation and maintenance; lack of budgel; imported spare parts
deficiency; and ineflective adiministration. The production output was so lowered o
250 ton/day before the plant was ordered to suspend the operation,

On the other hand, having an objective of improving socio-cconomical situation of
waste-pickers, the facility could anot solely be administrated with focusing on
production cfficicncy.

As described above, major causes of the failvre were that:

* The project was oriented for mixed municipal wastes and produced low quality
COl'llpOS[ as a conscquence.

* The facilily with a social welfare development objective (i.e., waste-pickers)
was oul of management capability of the time.

C. Selection Mants (S/Ps)

Three S/Ps are currently operated for recovering recyclable materials from mixed
municipal wasles. Outline of the $/Ps arc shown in Table C-18. A weighbridge is
installed at the Bordo Poniente S/ and the SJA S/P respeclively. The Santa Catarina
S/P is not equipped with a weighbridge, its waste flow amounts (at catrance and exit)
are derived from recorded transport trips multiplicd by estimated wastes load per

Sl

transporit,

Table C-18:

Qutline of S/P

Number of workers

{ex-wasle picker from
Prados de fa Montana)

(ex-waste picker from
Prados de [a Montana)

Bordo Ponienlg San Juan de Aragon Santa Catarina
Year of esiablishment | Julyf1934 July/1994 March/1996 B
Site area 9,500 m® 8,000 m° 5,600 m*
Durability 15 years 15 years 15 years .

e . . . , Number of vehicles(nol
Weighing system Weighbridge Wheighbridge installed weighbridge)
Capacity 2,000 fon fday 2,000 ton/day 1,500 fon/day
Number of sorling line | 4 lines 4 lines 3 lines

| Capacity per line 500 ton/day 500 ton/day 500 ton/day
24hours/3shills, 24hoursi3shifls, 24hours{3shills,
Working hour . .
Monday o Friday Monday to Saturday Monday to Friday
400 peisons 500 persons

400 persons

Labor organization

“Frente Unico de
Pepenadores A.C”

Number of picking
warker

42 personsiline

“Asociacion de
Selectores da
Desechos Solidos de la
Metropoh, A.C.

“Union de Pepenadores
del DF Rafacl Gutieriez
Moreno, AG.”

42 personsfline

Recovered matenals

Pager, Cardboard,
Plastics, Glass, Sleel
sheel, aluminum,
Copper, lron, Torlilla,
Junk, Matlress, Tire,
Cloth

62 peisonsfline

Paper, Cardboard,
Plaslics, Glass, Siecl
sheel, aluminum,
Tortilla, Junk, Matirass,
Tire, Cloth

Paper, Cardboard,
Plastics, Glass, Steal
sheel, aluminum,
Coppet, lron, Torlilla,
Junk, Mattress, Tire,
Cloth
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Initial objectives of installing these S/Ps were not only the promotion of recycling
aclivitics but also and mainly, the social welfare development (i.c., to improve
working cnvironment of waste-pickers by turning waste-pickers at open air dumping
sites into eccycling plant workers). The S/Ps today continue to hold the characteristics
of social welfarc inslallations,

Table C-19 shows recovery ratios of respective plants, which are as low as 4% to 6%.
Mecanwhile, waste composition surveys periodically carried out by the DGSU
revealed that recyclable wastes account for about 37% on average at gencration
sources. Reasons of low recovery rate in the S/Ps could be as follows:

* About 14% rccoverable materials are beforchand collected by sweepers and
crews of colleclion vehicles,

* Only materials with higher market values are recovered in the S/Ps (materials
with less or no market values are not recovered, although they arc recyclable).

* Cleaner and purer matesials (less contaminated and less deforimed) are largeted
in recovery, therefore recovery ratio goes lower (i.¢., quantitative recovery is not
targeted).

* As input wastes are mixed municipal wastes, wastes fed in conveyors can casily
form an inter-mingled thick layer on the sorting lines, which consequently
lowers the soriing efficiency.

* Velocity of sorting line conveyors is so fast as about 20 meter/min., thus
impeding appropriate recovery of matertals.

In addition, working spaces of sorting arcas in all thiee S/Ps arc insufficicnt.
Especially in the Bordo Poniente S/P, which is {irstly constructed among the three
S/Ps, spaces are most limited than others. Furthermore, because bags are torn out
manually on a fecding conveyor in Bordo Poniente, danger to workers safety is highly
anlicipated,

Table C-19: Annual Recovery Amount and Ratios in 1997
Unit: ton/year

Bordo Poniente Sagril;i{;de Santa Calarina Total
Annual input amount 609,973.77 700,470.05 455,438.30] 1,765,882.12
Annual tecovery amount 32,040.05 30,646.21 30,169.24 92,855.50]
Recovery ratio(%) 53 4.4 6.6 5.3
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Table C-20: Breakdown of Recovered Matertals in 1997

Unit; tonjyear

Operation and maintenance (O&M) costs of respective S/Ps in 1997 compiled by the

DGSU is shown in Table C-21.
waste tonnage) of 1,126 Pesos/lon on average.

It gives the unit cost of O&M (per S/P recycled

- Bordo Ponﬁiﬂenle SaR!\;U?)?lde Sanla Catarina o Total
Cardboard 3,305.98 5,303.34 933.65 9,542.87
Paper 3,249.87 _4,856.80 3,742.31 $1,848.93
Film 424,72 424.72
Hard Plastic 9,635.58 9,635.58 .
Glass _ 12,276.21] 6.939.61 9,303.01 28,518.83 oF
Steel Sheet 3,202.08 364.31 4,090.17 7,656.56
Aluminum ) 795,66 795.66
Aluminum Can : 62.54 _ 6254
ron 1,746.41 1 86.19 1,832.60
Steel Can 4816.15 4,816.15
NTodilla 268.13 65591] 924.04
Copper 30.54 30.54
Chacharas 300.87 130.86 431.73
Mallress 47.30 47.30
Tire 546.66 233.27 779.93
Baltery 0.03 003
Cloth 470.35 16.02 486.38
Acrylic Resin(Fibet} 0.67 0.67
Paper pack 9.64 9.64
Wood (pine) 66.12 33.81 99.93
Plastic 6,820.92 6.,990.92
Rag 41.90 _41.90] 2
Polyethylene 435.66 _ 435.66 &
Christmas Tree 127.07 127.07
Mattress Frame 136.91 138.91
Pet Bottle 5,432.06 5,432.06
Plastic 789.5 789.50
Viny! 704.56 704.56
Bone 250.24 250.24
Total 32,040.05 30,646.21 30,i69.24! 92,855.50
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Table C-21: Operation and Maintenance Cost in 1897

| Pgrc:i]:r?le SaRring:‘de Santa Catarina |  Average
Uit cos i 1,061 1,083 1207 1328
recycling ﬁ,?ﬁs’f ton 50.40 53.69 50.49 51.45
Sources: Costos de los Servicios Urbanos 1997, DGSU

Table C-22 summarizes O&M costs in 1996 cstimated for the respective S/Ps.

Table C-22: Estimated Operation and Maintenance Cost in 1996

_ Bordo Poniente SaRéi’qi% d¢ | santaCatarina]  Total
Annual input amount 618,858 627,398 234,77 1,431,028
Q&M cost (pesos) 22,020,077 25,232,160 6,145,062 | 53,407,259
Unit cost {pesos/ ton input) 35.60 40.22 26.17 | (Ave)) 36.06

Sources :

Dececcion Conslruccion y Mantenimiwnto Subdireccion de Mantenimento de Instalaciones
y Equipo Plantas de Selection y Aprovechamento de Residous Solidos Costos de
Operacion y Mantenimiento Ejercicio 1926 DGSU

C.3.4 Street Sweeping System

As for street sweeping in the DF, the DGSU is in charge of trunk roads sweeping, in

which mechanical sweepers and manual sweeping are mainly employed.

Each

delegation is in charge of secondary roads, where manual sweeping is dominant.

Cleaasing of public parks and green arcas is mainly managed by the delcgations and
partly by the DGSU, where manual cleansing and sweeping are employed.

Street length in which the DGSU carries ouwt sweeping is 1,237.4 km/day. An
investigaiion by the DGSU rcporled that streel wasle generation ratio is 125.53
kg/km. It means that street waste generation is about 160 ton/day from trunk roads.
On the other hand, street wastes swept in secondary sireels where delegations atc in
charge are collected by the collection vehicles in respective delegations.
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Table C-23: Slreet Sweeping Waste Generation Amount

. Daily sweeping length Streel sweeping waste

| Bflegal»on Y @mfgﬁi ’ amount (ng%ay)
Alvaro Obregon 88.95 11,166
Azcapotzalco 49.03 6,155
Benito Juarez 84.76 10,640
Coyoacan o 75.30 9,452
Guajimalpa 27.59 3,463 F=N
Cuauhtemoc 102.66 12,887 b ¢
Gustavo A Madero 245.85 30,862
lzlacalco 81.89| 10,280
Iztapatapa 138.20 17,097
M.Conlreras 27.30 3,427
Miguel Hidalgo 159.17 19,081
Milpa Alta 24.84 3,118
Tlahuac 51.72 6,492
Tialpan 0.00] 0
V.Carranza 69.30 8,689
Xochimilco 48.84 6,131

Total 1,273.40 159,850

Source:  Esludio Preparatorio sobra el Manejo de los Residuos Sélidos para la Ciudad
de México “Anexo J-1”

Public parks and green arcas is tolaled to about 2,128 ha. DGSU invesligation
reported ils waste generation ralio being 0.00883 (kg/m%/day). From this, it derives
that waste generation from public parks and green area is about 211 (ton/day).

Table C-24: Waste Generation Amount from Green Area

: 2 Waste generation amount
Delegalion Area (m%) (kg/day)

Alvaro Obregon 792,000 7,865
Azcapolzalco 492,000 4,886
Benito Juarez 1,083,000 10,754
Coyoacan 868,000 §,619
Cuajimalpa 86,000 854
Cuauhtemoc 680,000 6,752
Gustavo A Madero 4,155,000 41,269]
Iztacalco 670,000 6,653
fiztapatapa 874,000 8,679
[M.Contreras 115,000 1,142
[Migue! Hidalgo 7,069,000 70,195]
(Mitpa Alta 78,000 775
Tlahuac 148,000 1,470
Tlalpan 3,232,000 32,094
V.Carranza 766,000 7,606
Xochimilco g 172,000 1,708
Total 21,250,000 211,310

Source: Estudio Preparaloric sobre ef Manejo de los Residuos Sélidos para
ta Ciudad de México “"Anexo J-1"
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