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PREFACE

In response to a request from the Government of the Hashemite
Kingdom of Jordan, the Government of Japan decided to conduct a
basic design study on the Project'for Improvement of Solid Waste
Management in Major Local Areas in'tne Hashemite Kingdom of Jardan
and entrusted the study to the Japan International Ceooperation

Agency {JICA}.

JICA sent to Jordan a study team from 21st November to 29th
December, 1995,

The team held discussions with the officials concerned of the
Government of Jordan, and conducted a field study at the study
‘area. After the team returned to Japan,' further studies were
made. Then, a mission was sent to Jordan in order to discuss a
draft basic design, and as this result;_the present report was

finalized.

I hope that this report will contribute  to the promotion of
the project and to the enhancement of friendly relations between

our two countries.

I WlSh to express ‘my sincere apprec1at10n to the offlcials
' concerned of the Government of the Hashemite Klngdom of Jordan fOL

their close c00perat10n extended to the teams.
! Marth, 1996

_ & -
%é;waTTZA%/

Kimio Fu31ta
President _ _
"Japan International Cooperation Agency.






March, 1996

Letter of Transmittal

We are pleased to submit to you the basic design study report
on the Project for Improvement of Solid Waste Management in Major
Local Areas in the Hashemite Kingdom of Jordan.

This study was conducted by Environmental Techholbgic
Consultant Co., Ltd. and Pacific Consultants International, under
a contract to JICA, during the period from 17th November 1995 to
19th March 1996, In conducting the study, we have examined the
feasibility and rationale of the project with due consideration to
the ~ present ‘situation of Jordan and formulated the ~most
appropriate basic design for the project under Japan's graht aid
scheme.

‘Finally, we hope that this répott Wwill contribute to further
promotion of the project.

Very truly yours,

hyad 9%~ Bp
© Kenjiro Nakamura =
Project manader, l; :
- Basic -de§ign - study " team on
'thejPfojeét?forfImprdvemeht of '
Solid  Waste Management - in
Major lLocal Areas in _
" the Hashemite Kingdom of Jordan.
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ABBREVIATION

BWC Basic Work Capacity

CsC Corporative Service Council
CSR Collection Service Rate

DOE Department Of Eavironment
BORC Department Of Rural Council
F0S Final Disposal Site

GOCMSW  Generation Quantity per Capita of the HSW

GoY. Govérnorate
fsw Industrial Selid Waste
A Japan Intebnati&nal Cooperation Agency
'ﬁ)D o ﬂynutés of Discussion
l ﬁﬁRAE‘ o ﬁinistry.Of Huhicipa[ and Rurat AffaiPS'and the Environment-
HOP “Hinistry Of Planning
- HOT - Hinistry Of Transportation
HSW ‘ughi&ipél Solid Waste
RQHSW Required Quantity of the HSH to be cdl!ected and transported

WA Water Authority
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Chapter 1  Background of the Project

-1

On the basis of the National Environmental Strategy (1991}, the solid
waste management (SHH) has been undertéken in Jordan, principaliy by the
pepartment of Environment (DOE) of the Ministry of Hunicipal and Rural
Affairs and the Environment (MMRAE). In 1994 the DOE established a
compréﬁenSive plan for the SWM on a nationwide level with efforts being
made to improve the 23 final disposal sites (FDSs) in the eﬁtire'area of

nation. This plan provides for an extension of the waste collection and

‘disposal secvices, including nightsoil in the surrounding areas and the

rural districts with endeavors being made to improve the'_living
environment as a whole. In October'l995,_the:Environmental Protection Law’
was materialized - in an attempt to 'cfea;e"the' legal framework for
environmental measures in general and the treatment of wastes includina
nightsoii; in partiéular and further progfess is being made in achieving
greater improvements.

However, the local government authorities and agencies are unable to

‘provide necessary eQuipmént because of the lack or shortage of financial

spurces so that the current situation is marked by the suspension of waste
disposal. '

Thus, the Government of Jordan approached the.JapaneSe government with a
request for cooperation on the basis of 'a grant aid scheme for the
procurement of the equpment needed for the reglons so as to bring about
district inmprovements in environmental and hygxenlc conqztlons. namely
"the project for improvement of solid waste management in the'méjor loédlf
areas in the Hashemite Kingdom of Jordan" (hereinafter referred to as "the.

project"}.

Qutline of the Request

" pate of the request : August 1995

' REQUested equipment

for the collection of waste (including garbage and nightseil} and for
the operation of the FbSs at the following ten areas shown in Figurel-}

where the improvement of eavironment is most urgently required,
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Areas
1) Irbid, 2) Mafraq, 3) Ajiun, 4) North Shuneh, 5) Salt,
6) Madaba, 1) Karak, 8) Tafila 9) Ma'an, and 10) Aqaba.

Requested Equipnent

The contents of requested equipment are shown in Table 1-2-1 and the

requestéd'equipmentiby the areas is shown in Table 1-2-2.

Table 1-2-1 Contents of Requested Equipment

Name of equipment Specification glantity

1} Bquipment for the Collection and Transportation

(1) Garbage Truck (cf.1) tém3 : 8
| (2) Dump Truck 1003 _ : ] i
(3) Dump Truck - o 4n3 14
. ﬁn(&) Dump Truck - ©6m3 LA
'—_(5) Yacuum Car o ' 12m3 2
?)_Eduipment for the Operatioh of Final Disposal Sites S
(1) Bulldozer 220 Hp 6
(2) Dozer Shovel _ 200 HP | o 5
" (3) Wheel Loader | 140 HP | IR
(4) Garbage Compactor 220 HP N 2
(5) Hydraulic Excavator _i 'IQBIHP> _ 1
(6) Tractor head | 5

cf.1: The name of "garbage truck" is changed to “ecompactor” in

the Study.
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Chapter 2 Contents of the Project

2-1

2-1-1

2-1-2

Objectives of the Project

Objectives of the'Pfoject are to conserve the eavironment conditions and
the sanitary conditions of 10 areas where 10 Final Disposal Sites (FDSs)

are managed by 9 Cooperative Service Councils (C5€s) and 1 Municipality

(hetelnafter referred to as "CSCs etc." ) among 23 FDSs planned nationwide
impfovins the equipment for Cbllectloh, Transpdrtétion, Landfill and
Haintenance.

Objective Waste of the Project

Objective Waste of the Project is Hunicipal Solid Waste {(HSW) except for

Hospital Waste and Industrial Waste.
Objective Areas of the Project

Objective'Areas of the Project are 10 collection service areas of the CSCs

" etc, which manage the 10 FDSs.

2-1-3

The CSCs etc. are comprised of the CSCs of 1rbid. Mafraq, Balga, Tafila,
Ma'an Central, Xarak, Ajlun and Madaba and the Hunicipality of Aqaba.

Objective Equipment of the Project

Objective Equipment of the Project means the equipment desceibed in the
Terns of Reference {TOR), those are consisted of the equipment for

Collection, Transportation and Lardfili and the equipmeni for Haintenance.



2-2

Basic Concept of the Project

2-2-1 P:econdltlon

(1) Discharge, collection and transportation of the HSW

1) Qutline

Jordan is cohsisting of some local governortes and each goyérnorate has

some autonomies. The governorate is analogous to a prefecture in Japan.
Besides this, Cooperative Service Councils {CSCs) were established under
the supervision of the Department of Rural Councils (DORC), a department
of the Ministry of Hunicipal and Rural Etfairs and the Environment
(HHRAE), for carrying out various administrative sebyites. The CSC takes
a form'”that is substantially in line ‘with the corresponding Covernarste

or is established in plural in a Governerate.

Although the CSC is similar to the Wide-Area Sanitation Hanagement
Cooperatives in Japan established for the administration of the HSW
manageﬁent,'etc.; the CSC difters'from the Cooperatives in Japan in the

range of activities and in the affillation 'of all regional autonomies

" being with it.

0f ‘the various activities for the HSW and the nightseil, “such as

: collectidn, tbansportation. treatment, disﬁosal. etc..'the collection and

the transportation are carried out under the responsibility of the HHRAE
at the central govermment level and under the responsibility of the

autonomies at the local government level.

.On'the other hand, the treatment and dlsposal are ali carried out by the
csC. lowever, there are autonomies which cannot carry out thelr
collection and transportation activities on their own responsibilities
due to the small scale of population, finance, etc., so that the CSC
often carries out these activities instead of the autonomies in such
cases. | -

The sitvation concerning discharge from households, collection,

transpoctation and disposal of the MSW is ‘shown in Table 2-2-1-t.

— 6 —
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2) Collection area and cojtection serViCe rate

Each C3C is'obliged to collect the MSW in a designated:local area-wﬁere
autonomries afe situated, however, sone autonomies collect their own MSW
by themselve and the others do not. Explained previously. for such
autonomies, the CSC is obliged to take place.

Heanwhiie. each CSC is also financialfy limitted to cover the entire aréa
due to indlrédtly'a lack of the collection and tranSpbrtation vehicles.
Thus there aré unserved collection areas. ~The field survey indicates
that the collection service rate bf NSW (CSR) is approximately in the
range of 80-70% as a nationwide average. In the case by the CSCs etc.,
the average CSR is estimated to be 75.4% as shown in the Table 2-2-1-7,
"Quantity of the HSW hauled".

3) Collection frequency and collection method

Colléction methods aad frequencies differ somewhat from urban areas to
rural areas. That is, the collection method carried out in the urban
areas 1s so-called a curbside collection (C-S) method., In which
households and stores discharge the MSW in a 1.1 m steel container
_'piaced'on the curbéide. Collection vehicles make their collection rounds
.eVery day or once every 2 days. On the other hand, in the rural areas,
“though :the collection freqﬁency decpeases to once every 3 or 6 days. 50-
called a house to house coikectioh.(HTH) method, in which collection i3
made from each house is éarried out, because each house stands
independently keeping some distance from each other. In some urban areas,

the HTH is also carried out.
#) Collection contalners
Plastic bags are basically used for disdharging HSWltrom households and

stores. The steel collection container shown in Figure 2-2-1-+1, is a 1.1

m’ of standard capacity that complies with Gernman standards=(DlN~307UB).



(1} Existing standard (2) Broken and left

container

type contaitier

,‘ )
(4) Inproved type
container for

export .

(3) t.Im% container

FIGURE 2-2-1-1
1.1 mi CONTAINIER

1ifting device
. g



This steel oontainer is'made convenient to use and EQuipped at 1ts lower
part wiih jockable castérs (wheels) that tacilitate_mbvemont to the Side .
- and can be lifted mechanically by a collection vehicle by means of an
mechanical lifting device flttéd as ‘standard on the compaction type

collection vehicle (hereinafter referred to as "compactor") ot'lﬁ n.

It should be noted that the number of 16 m® compactor in use is few.
Also because the mechanical lifting device tends to fail easily, in many
" cases the HSW 1s taken out and fed manually with a shovel from the steel
container or is left ‘uncollected. The casters or caster mounting base of
the container Is broken due to the containeér belng iifted“forciolynhnd.
then dropped. Furthermore, several points which could be imbro?ed‘have
been noted. For exanpie. the steel lid does not close properly and tends

to injure a person who tries to close the }id torc1bly

Besides this, 0.1 or 0.2 m® plastic containers and oteei containers are
also used in the areas where the HTH is carried out. However, since
'plastic containers tend to cause fires due to cigarettes, etc. and are
dapaged eééily. the Department of Environment (DOE) is intending to

abolish such containers and to replaoe them with steel containers.

Collection containers 7aro basicaiiy: procured and installed by the
autonomies. The 1.1 m® steel. contaipers are mddé domestically or in
Europe while nost of the olastic oontninérs aré Made:in-Saudi Arabia.

There is only one domestic.manufocturer-in:Jordan and although thore is
room for improvement as indicated above, this manufacturer has a
production capacity of 1,000 steel containers of 1.1 m® per year (actual

amount for 1995).

" The factory was visited and it was fouand ‘that there aro-no probiems in
" the prodootion facilities for container manUIactUring and the management
was thorough. Upon asking the poss:btllty of - ordering 500 improved 1.1 wd
steel containers at a de!xvery date of approximately 4 to S months, it

was replied that they could be manufactured without_any problems and that
an order with similar specifications and stale from a neighdoring nation

has been received and fulfilled recently.:

—10--



5} Collection and transportation vehicle

By all CSCS; ‘the .vehiclés transport the MSW without reloading after
‘collection even though the travel distances to the FDSs'may be as far as
35 km per trip on average as the case of Mafraq. The number of trips per
day is thus limited to 2 or 3. However, Rro problems were seen with the
road conditions up to the entranée of the FDSs except for difficulties in
collect10n imposed by illegal parking in urban areas. '

The equipment of the CSC etc. tor collection and transportatlon is shown
in‘Table"2-?—l-2 and the egquipment purchased by period is shown in Table
2-2-1-3.

TABLE 2-2-1-2 Equ1pment of the CS8Cs etc, for Collection

and Transportation

¥o. | €SC | compaction Dunp Truck Sub-
| ete. 16n? 4m® 8n’ bn® 4m* | total
- for {re [op [ Rp [oP [RP [oP [RP [OP [ RP { OP | RP
1| IRBID BN IR
5 fuaeraQ 1 - |- 12 |- [- = |+ |- |- |- 13 1|-
7. |eataa |- |- = 1- 1o |- 1-|-{-—@1-_J" |- |
w |maeia < |- = - - - -= 2 -2 )
5 | HAAX R
6 [xarax |- [T -1 -de |-z ]-|51-
7 Jagaa |3 (- |- |- |-"t-1v |- |~ 1-]41-
8 | AJLUN I R B B B e T R B BN A e
9 |mabama |~ |- |= - =118 [—_|-—|- |2 |-
10 |n.suened] - |- |- - [-"F- - 1- 12 |-]21-
Total s 12 - 12 1{-19 1-Jw]-J21]-
No. | CSC Other | Total {op.%i| Exsist.] Grand total
etc. purpose | Rate | Auto.*2
o TRe Yop [ RP [ 7oy {x] | 0P [RP | OP | RP | Total
1 | IRBID i |2 |3 2 |5 [e0 |saf- |57]2 | 59
2 Twarrae |- |- {3 - |3 oo |22]- |25 |- | 25
3 {satoA |- |2 [t 12 |3 [ 33 [9]2 Ja2ofa | 24
o | TARiA |- |3 |2 {3 |5 | a0 |18 |- a0 |3 | 23
5 T|wataN |- |- |3 ]- |3 proo f3:f- | 6]-"] ‘6
6 Ixarak |2 §3 [7 |3 [0} 70 |s53]2 {605 | 65
T [aqaBa |- {2 |4 |2 |6 | er |5 |2 | 9j4 | 13
g~ Tamun |- 10 [ [ ]2 Iso Jwe|- Ty 18
o {wapasa, |7 |1 |5 [V |e |83 |6 |- ]y f o2
o sHumed — = 2 |- f2 [0 [af- 16~ | 16
Total [ [ [ {45 69 |2iofe | 241 20| 261

in operation RP = under repair
Rate of equipment in operation
Existing equipwent owned by autonomies

. REMARKS: OP
k3

*2

i



As shown 1n Table 2-2-1-3, more than half of the equipnment for collection
are outdated and hévlng been used for 10 to 20_years; Sone wére used for
30 ?ears or more.. The types of vehicles have increased during this time
span and the CSCs have voiced their desire for unifying the:types of
vehicle as much as possible since it is extremely difficult to procure so

different types of vehicles and maintenance parts.

Table 2-2-1-3 Equipméent Purchased

Period Years for collection & transportffor landfill
- | Used . CSC | Autono- | TetalRatio | Total] Ratio
: : : mies [unit]] {%3 [{unit]l (%]
1960 25 or overn 6{ 5 | 5 210 °|6
1970-74 | 25-21 3 I 310 |0
1975-79 | 20-16 | 3] 18 21 810 0
1980-84 | 15-11 R Y A L I LS
1985-89 10~ 6 13 64 N 117 30
1990-94 | 6- 1 3T 36 | e 5|22 | 3s.s
1995 -0 8 5 13 5(8 |14
Total ' 451 216 261 100 | 57 100

(2) Landfill of the MSW

The landfill is operated by the CSC and the equipment for landfill is
owned by the CSC as shown in Table - 2-2-1-4&, The detail of the

preconditions of the landfill is described in itea 2-3-2.
{3) Classification of the MSW
; ‘l)_Outline of the classification of the HSW

The classification of KS¥ was studied for each CSC from the three
regions, ie. Hafraq of the northern régidn. Hadaba of the central region,
énd Ha'an of the southern region. As a rule, each CSC collected the total
8 samples: le. 2 samples of the MSW from each of 3 res}dential areas
classified according té'income.or the total 6 sdmples from residential
‘areas and | sample each’ from markets and office areas. Bach sample was
collected 10 kg upon quartering from about 100 kg inifialy;cqllected at
‘the time of discharge and was sent along with the éémpling"recbrdé to
Jordan University. The Bnvironmental Technology Section of the -Technical
Engineering Department of Jordan 7 Univecrsity - analyzed the waste
composition of ‘the total 26 samples. The results are shown in Table 2-2-
1-5.



TABLE 2-2-1-4

Equipaent of €SC ete. for Landfill

.No. CSC |Bulldozer Loader Coupac{ Excava-{ Tractor
ete A IB A |B tor tor
op|xe|op|refop{rp|op|&e[op|re{op|re|op|re
1 |me - o[- -(of- o -0 |-
2 lwemae f- |- {0 [- - (- (-1 -1t ]-
3 femes |- |- [- o |- e -1 -] 0] -
g |mea |-l -0 - -
s |wwan [ - f-po - -0 e
6 [wmas |- (= fr |- oo fo o -1
7 faemmn |- [ [ -
s |awow |- [- - - [ f - -] e |-
9 fwomen |- - S - - - - ]
w N cone |- - |- |- (- |- o= - ]- [t |1 ]
Total ol s e {a]2 {7 {a]3]ofo]o]o]3
No. | CSC | Pick-uff Others | Total® | Grand Op. #1] SAG [ RS ' | Remarks
ete. totall Rate | [YES [YES
| 0P | RP | OP | RP | OP | RP (%1 | /No)| /K0]
1 jIRBID |2 |- -6 |t |1 8 |Y |N
2 furae [t |- [- (- {3t |4 |5 |8 |x
3 ofewen 1 [o |- [-fsfafe fso|v |¥y {
g |mea |1 |- o[- s fo e |es |y n
5 fuean. |- (v o[- s [e e | [y [w -
6 fxamak f2 |- e [-[rle]s [y [v -
7 faames |- |- - |- o [2 |2 o In |v |{¥o Equis
‘é—“_ AJLON - 1-1-1- _g 1|6 83 [N };""[ment 0po
9 fumss |1 [- |1 |- 5 o5 [0 |¥ v [‘ated
10 |K Gohr |8 |- |t |- [a ]t |5 |80 [n [n
Total g [2 |6 [o [a3]ua]sr [ 5 |- [~

REMARKS: OP = in operation

SA0 = Sile Administration Office

RP = under repair
RS = Repalr Shop

%1 = Rate of cquipuent in operation

13—
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2} Composition of the HSW

The contents of the household waste among' the MSW sampled by the 3 €3Cs
are listed in the order of simply averaged value in Table 2:-2-1-6.

Table 2-2-1-6 Compésitlon of the HS¥ : Household Waste

No | Content | 1 7 | GRASSES / GARDEN WASTE | 0.4
t | x1TCHEN GARBAGE 62.64 |8 | STONE / CERAKICS 0.28
2 |pLastic 16.45 |9 | RuBBER 0.26
|3 | PAPER /- CARDBOARD 11.15 | 10 | oTHERS o 0.15
% | FIBER / TEXTILE 4.32 | 11 | LEATHER 0.18
15 |cuass 2.06 [ - | TOTAL 100.00
6 | HETALS 2.06 o

From the Table, it can be seen that kitchen garbage is extremely abundant,
iﬁdicatihg approximately 63 ¥ of the entire waste, much of plastic waste
is approximately 16 X of the entire waste, and the combustible matter
consisting of plastic, paper and kitchen garbage is approx;mately 90 ¥ of
the total waste. The abundance of kitchen garbage can be seen in the
market system in Jordan. That is, meat is sold with bones and vegetables
are sold unaprocessed with roots and leaves attached and such bones, etc.
:are discharged.. A high water content of approximatety 60 % ﬁan also be
~understood in relatxon to the above results, :
" Ignition tests have indicated a high incombustible content of 7. t 1.
Presently it is difficult to provide a consistent explanatlon for th1s and;
the high content of combustibles indicated above. Results of further study

are expected on this matter.
3) Bulk density of the MSW

Bulk Densities of the MSW were neasured in the free cqﬁdi;ion at the
curbside at the time of discharge and in the coilection vehicles. The
former measurements were made using a 100 1 plastic bag and a 20 kg scale,
while the latter measurements were determined from the loading weight and
‘loading volume of each vehicle using a truck scale. The results are shown

“in Table 2-2-1-7.



Table 2-2-1-7 Bulk Density of the NSV : C(t/n®)

CONDITIOK \ CSC HAFRAQ | MA'AN | AVERAGE
EREE CONDITION | HOUSEHOLD 0.432  |o0.202  [0.317
MARKET/OFFICE | 0:802  |0.15¢ | 0.476
ON TRUCK No. 1 0.654 0.537 |-
[ No. 2 ~ [o.ces Jouss |-
Wo. 3 0770 [o.415 |-
Ko. & loeiz |- |-
| AVERAGE 0.676  |0.498 | 0.600

{3) Quantity of the HSW hauled

Quantities (t/d) of the HSW hauled to the FDSs were determined by taking
the numbers of hauling trucks for 7 days at the entrance of 10 EDSs and by
calculating the loading weight of each vehicle, multiplying the hauled
volume and the on-truck bulk density measured with & truck scale as
indicated in the previous section. The results are shown in Table 2~2—I—8;

and the amount generated per capita was caléulated 0.607 kg/d.
(%) Nightseil
-.'1) Cﬁrrent conditions of the collection and treatmént system

;ﬁMOﬂg the niéﬁtsoil treatment activities, the ope}ation of a sewerage
nétwork with a treatment plant for sewage including nightseil is carried
out in Amman City. Among the areas of the Project, only the ceﬁtral part
of Aqaba City has a treatment plant. “Although a sewerage network ‘is not
| furnished, a treatment plant is being operated in Hafraq. In most of the
' _ other citles.;lhe hightsoll and general household wastewater aré storaged
in a combined manmer in a septic tank and sacked by .a vacyum vehicle, and
then 'disposed at the BDS. All of the nightsoil collection work are
contracted by private firms, but not in the less populated'areas Where

payability is low.
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Of the CSCs etc. of the project, the 3 FDSs of Irbid, Tafila, and Ha'an
operate the disposal sites with nightsoll. In particular, the'Al-Akaidef
FDS of a large scale, receives nighisoil from Hairaq, Kufrlﬁja. etc., as
well. However, operation cost of iransportation is basing a lot due to
long transport distances and the necessary num@er of vacuum vehicles is

lacking in Hafrag, Kufrinja, etc.

The treatment methods are similar among the FDSs. That is, A ponds, of
which water-heads are different, are directly dug_in a'gfaduélly sloping
" foundation, A chaanel with a dam made of cobble étones of about 10cm in

size is instéiled between each pond.

" The nightsoil is disposed of in the pond at the upstream side and only the
top water flows down by gravity to the next pond at the downstream side.
Although it may be possible to treat a considerable amount df nightsoil
during the summer whenm an evaporation rate is high, on the other hand
. during the winter when the Study was carried out, nearly no evaporation
.-progreSSed and:the'nightsoil remained stagnant over a long period. In all
3 §DSs, the person in charge was troubled by this method which la@ked'a-
‘definite treatment capacity ard sought other improvement methods, the one
is able to utilize the'water‘for'irrigation at times when the water does
not evaporate, the:oiher is able to take out the settled sludge easler

‘than using a bulldozer.
'2) Improvement of the collection and treatmeni systems

The vacuem vehicles requested in the TOR are for improving the conditions
described above. Enough vehicles must be supplied to accomedate for the
' nightsoil collection and transportation in the areas which nearly coinclde'

with the areas where MSW is uncoliected.

The absolute number of vacuum vehicles is lacking and the_ffequéncy of
coliectlon is inadequate. The situwation is observed  in Taflla, this 1is
because the city is situated in a mountainous region which has many placeé

where collection is difficult and is 20km away from the FDS.
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In MHadaba, the abové holds same because addlitionally " there are no
nightsoil treatment plaht in its iurisdictional area, and the nightsoil
muét be transpbrted over iong distances to other Governorates.

Thus the addltion of vacuum vehicles ls required urgently for both cities

targeted by the project.

Also, in view of the present conditions where nightsoil collection
services are carried out by private firms, considerations must be made to

avoid straining their 6perétions.

"The following opinions were presented by Jordan Unlversity concerning with

the improvement of the treatment methods.

{A) Although there is some percolation, thefe should be no affects on the
groundwater veins that are presumably locéted at 500-600m or deeper.

(B) Since most of the current FDSs are located in a desert, etce. and are
5-10km or more away from residences, the disposal of nightsoil does
'not affect with much of pollution problems to residents such as odor,
etce, o

) Rather.‘the disposal of organic matter in the desert is favorable,
because it provides soil improvement and greening effects.

(D} Thus' there are no problems in the treatment method. ' However. the
design of the capacity should be reconsidered carefully. J o ‘

(E) The installation of a pump-feeding unit is effective tor taklng outl
the settied sludge, instead of using a' bulldozer. Figure 2-3-2-42
shows the general drawing of nightsoil ﬁit including a pump-[ee¢ing

unit for reference.

" Brom the above, it is considered that other considerationé'shOUId be made
coacerning the 1mprovemenf of the treatmeat methods'in Jordan of which

environment differs:greatly-fpom that of Japan.
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2-2-2 Basic Conbept of the project

(1

1)

{A)

(B)

- (C)

(b)

Boundary’conditioné

Considerations of natural condition, safety. durabiliity and operating

condition

With réspect to the collection and transportatiorn equipment, the
specifications shall be determined by considéring the - road

conditions, including steep inclines and narrow widths.

In general, equipment for landfill shall have driver's safety
measures against fall, turnover and slip allowing for the operating
environment. Exact geographical conditions of the FDSs should be

‘considered on case by case basis.
for wheel type equipment, the protection of tires such as the use of
steel chains will be wusefull in order to prevent tire wear and

danage.

Environnent at ‘landfill is to be thought of bad working condition

~ such as offensive odor, dust, flies and mosquitoes.

?)

(A}

Consideration’of conditions such as thé features of éreas. systems and

potentialifies of the éxecuting Agency.

Standard specification for equipment and unification of parts and
consumables
Standard ‘specification for equipment is important to 'be maintained

and purchased easily.

" Unification of ' parts and consumables is also :important for

(B)

maintenance and easy purchase of equipment.

Technology instruction and transfer

The skills of driving vehicles and heavy duty machines are kept high,
however the skills of equipment maintenance and -landfi]i--site
planning are not sufficient.



' Thereforé technology instruction and transfer of those skills by
training will be necessary for long term maintenance and

environmental conservation.

{C) Selection view points of equipment

Selection of equipment are to be prudently implemeated with
consideration of the conditions of the existing eguipment, repairing
capabilities the scale of planned equipment and the repair shops of
dealers or private company:

In addition, manufacturers are to be selected in consideration of
dealers who prepare locally a full scale after-service system such as
repair shops with enough spare parts anytime, training facilities and

service engineers.
3) Other considerations

{A) Study on procurement:possibility from & third country
The study on procurement possibility from a third:countey will be

usefull in order to seek for suitable equipment.

{B) Strict scheduling
Delivery period of the procurement to a recipient country is very
much important for “the  project. : Therefore conlréciors  and

manufacturers should be strictly bound by its delivery schedule.
{(2) Basic concept of the project
1) Collection and transportation equipment

To prepare the equipment for coliection and ‘transportation so that the
collection service rate may be 100 % at the target year of 2000 from 75.4

% at present.’
2} Landfill ecuipment

To prepare the equipment for landfill so that the.adequéte final disposal
called " sanitary landfill " may be executed in 10 EDSs.
’ ' R}



2-2-3

3) Maintenance equipment

To prepare the equipment for maintenance so that prompt repalr services

may be possible.
Design Policy

In view of the current conditions described above, the basic policy and
the design policy for the design of the Project were formulated as

“foliows.
(%) Collection and transportation
1) Targets to be improved

{A) The MS¥ collection service rate should be raised up to 100%.

The HKSW collection service rate, which .is presently said to be ?S;ﬁI.
should be raised up to 100%. |

For this purpose, equipment for the c¢ollection and transportation should
be substantiated with the CSCs.

A) Addition and cenewal of collection vehicles

4. Collection vehlcles should be added and outdated vehicles should be
| ‘renewed. _ _ _
b. . In é&ding vehicles, the compactﬁessjdf vehicles is to be emphaéited
so that the collection may be enabled particutarly in cities of
mountainous areas with narrow roads which do not allow the entry of

previoﬁsly used large vehicles.

'B) Addition and renewal of solid waste containers
 a. Solid waste containers to be used for the C-S are to be added and
broken solid waste containers are to be renewed.
b. In adding containers, considecations should be made so that
' containers may be instalied at locations where they could not be

installed previously.
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(B}

‘A)

B)

(€)

A)

- B)

2)

{A)

A)

Workability should be improved.
Hechanization
New - vehicles should be nechanized as much as possible in order to

improve the workability of the collection and the working environment.

Promotion of lightweightness

‘The abovementioned yehicles and the MSW containers should be made as

lightweight as possible in order to improve workability.
The effective use of equipment should be promoted.

As each EDS has its characteristic, the specified equipment would be
selected in the project. However the characteristic will be changed by
proceeding the landfill, then the equipment will be followed to meet.
For instance, a FDS might need a bulldozer at the first stage and then
an excavator at the second stage because of the change of topographic
condition. At that time the exchange of .equipment among CSCs is

expécted effective, the DOE is requested to consider such system.

Dump trucks should also be used as the MSW collection vehicles so that
the dump trucks may take a roll for both collection and transportatidn__

of cover material for the FDS and the MSW Ln-a way of multi-usage.
Design policy
Collection vehicles

For most of cities 'in plain areas. since the transportation distance
per trip ‘is long, the equipment 'is to be selected with the prior;ty
placed on the large compaction truck {hereinafter refered to as
"compactor") of a 16 m? class, which is presently used most popularly
in Jordan. The large compactor is to be equipped with a mechanical

lifting device for 1.1 m® HSW containers.



B} For cities in mountain aceas, the equipment is to be selected with the
priority placed on a small compactor of a 4 m® class.
Since the hopper volume is small in the case of a 4 m® class
compactor, it cannot be equipped with a mechahical lifting device for
.1 n® HSW containers. Therefore, a mechanical lifting device for 0.4
m’ MSW containers is to be equipped. This device can be used for 0.1 -

6.4 m® MSW containers.

€} For cities in plain areas with wide roads but without setting any of
1.1 m® HSW container, the equipment is to be selected with the

priority placed on a targe dump truck of 8 and/ or 10 m? class.

D) For cities in mountain areas with narrow and sloped roads and without
setting any of }.1 m® MSW container, the equipment is to be selected
with the priority:placed on a large ‘dunp truck of 4 and/ or 6 md

class.

(B) Hunicipal solid waste (MSW) containers

1.1 n* containers are to be installed with the priority in the areas where
- the operation of & 16 n® class compactor is possible, while 0.2 oc 0.4 n!
coﬂtainers are to be installed with the priority in the areas where 4 m?
class compactors are operated.

ln'eithér=case. the containers are to be made of steel for strength, and
be providéd with casters’ for eaSy' kdrkabiiity ‘and with a ‘cover for

‘appearance.

(C) Number of the equipment for collection and transportation

The numbér of the equipment for collection and transportation (NECT) is to
be calculated with aJ“required:quantity of the HSW to be collected and
transported” (RQMSY) with a "base work capacity™ (BWC) in a formula below:
. NECT = RQHSY / BWC

Details are described in the item 2-3-1 and the item 2-3-3.



(2) Landfitl in FDS

1) Targets to be improved

(A) Sanitary landfill is thoroughly implenented
(B) Preparation of equipment with consideration of environment
(C) Preparation of basic facilities for maintenance

?2) Design policy

The design policy of landfill in FDS is déscribed in the item 2-3-7.



2-3

2-3-1

Basic Design
Planning of Collection and Transportation
(1) Kind of equipment and number of equipment

The target of the project is to raise up the collection service rate {CSR)
from 75.4 % to 100 % in 2000.

Firstly, the kind of the equipment corresponded to the project purpose are
to be selected as the "necessary eguipment™, then the number of the
necessary equipment are to be decided. Both will be decided in item 2-3-3.

The number of the equipment should be calculated with the required
quantity of MSW to be collected and traasported (RQMSW) ™, and the "base

work capéclty (BWC)".

(2) Required quantity of the HS¥ to be collected and transported (RQHSW)

The RQMSW is fluctuated by 3 factors, those are;

'l)=Fluctuatiqn'of population

" The annual’ increasing ratio of population from 1985 to 1992 was a little

bit large, 3.3 %4, which was influenced mainly by the ceturnecs caused by

f thé gulféwar;fThusfiEEis too difficult to p}edict in the future, because

it“ér'other#ise will be influenced by such big social affaics like the
piece talk in the area. Therefore in the project this factor will be

ignored.

2) Fluctuation of HSY generation quantity per capita of HSW (CQCHSWY)

" The MSW generation quantity will be increased because of people's life

‘style becoming better. Generally speaking, the increasing ratio of

"generation quantily per capita of the MSW" (GQCHSW) is in proportlien to
the GNP per capita, in other words people’s income. The “increasing ratio
of the GQCHSKW" (IR) is supposed to be 0.4 ¥ annually in the rural area in
Jordan. Therefore in 5 years from 1995 to 2000, fhe total increasing ratio
is calculated 102 %, | '
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i

GQCHSH2000 « GOCHSW1995 x (1 + IR) A (Yeacs) =evcereres @
GOCHSW1995 X 1.004%

GOCHSWI995 x 1.02

u

i

The calculation results of 10 areas are shown in the column [B} of Table
2-3-1-1. The average GQCMSW of 10 areas is 0.607 kg/day-capita in 1995 and
it will ‘be 0.638 in 2000,

3) Quantity of the MWS in 2000

The quantity of the HWS of each CSC ete. in 2000 (€] is the multiplication
result of the population [A] and the GQCHSW (B]:
[C} =[A} X [B] nionnnu'q-u. @

4) Balance quantity of the NSW

The balance aquantity’ of the MSW of each CSC etc. 1n 2000 is the
. subtraction result of the quantity of the HS¥ in 2000 {€¢] minus thé
quantity of the HSW in 1995 [B}: |

(F) = 6] - [B] sersvineer @

' 9) Requlred quantity of MSW to be collected and transported {RQMSW)

The ' population {A] is comprised of the population in the GSC étc;
concerned and the population of the other CSCs etc. whose HSW are hauled
to the EDS concerned. Therefore the balance quantity of the MSW of each
CSC etc. in 2000 {F} is to be rectified by the coefficient of [6] / [Al.
The RQHSW {H} 1is the rectification result from’ the {F] with ‘the
coefficient of [G] / [Al: |

[0} = (F} 'x [€] / [A] +++r @

The RQHSHs'of 10 areas in 2000 are calcutated and shown in the colunn [H]

of Table 2-3-1-1.

-



Table 2-3-1-1 Required Quantity of the HSW to be colliected and -
| ~transported [RQHSW] (zooe) o
ol lstew |w ®m Ju o |® [o o |@
Disposal :C-E :FxG/A
Site 2000 1985 2000
POPULA- | QUANTITY §QUANTITY OF NSF | QUANTITY | BALANCE | FouLA- . | REQUTRED
TION OF ¥SY/ OF HSY | QUANTITY [ TION IN. | QUANTITY |
frou Tab.| €APITA from Tab.] OF ¥S¥ - | THE CSC | OF ¥si
2-2-1-3 | {6QCHST] _ 2-2-1-3 [Rleﬂ:
person | kg/decap § t/d nd/d t/d . t/d person | t/d
1. | AL-ARATDER - | IRBID 745, 774 1 0.565 £21.7 | 1028 1 3160 § 105.7 | 845, Y
2. | HAFRAQ AFRAQ 170, 903 1 0. 536 §0.6 | 1510 82.5. 8.1 | 158,715 1.6
3. | Puara SALT(RALOA) | 273,489 |0.852 | 2330 | 3883 | 125.2 | 107.8 | 103,019| 43.0
4 | TAFILA TAFILA 61,156 | 0.612 37.4 62.4 36.1 0.8 | 61 156 0.8
5. M WA AN 84,870 0. 581 8.3 82 1 a1 152 | 41,469 7.4 |
6. | LOJOON FARAQ 169, 552 | 0. 694 un7 | 1961 [ 9.4 21.3 | 76,128 9.6
7. | AQuRa aqasa WNIC.[ 78,745 | 0,996 9.4 | 1324 62.2 17.2 | 63.735| 3.8
8. |KUFRINIA [ ABLN 125,000 | 0. 348 43,5 2.5 | 35 6.0 { 125,000 6.0
9. {uADABA KADABA 157,308 | 0. 834 131.2 | 2186 62.6 | - 83.6 | 120,827 527
10.| ORTE 6ROR | NORTH GHOR | 75.612|0.513 38.8 64.6 %.4 | 24| w612 2.4
TOTAL - B.943,409 | - 1.242.5 |2.070.9 _88'9.6' 13529 1.477.656 268. 4
AYERAGE - 0.638 |- - - - - S

REMARKS: 1) The generation quant:tles of HST (GOCHSYs) shown in colmm Bl are calculated by the annual

mcresmg rate of 0, 4%,

2) The required quantities of ¥SV to be collected and transported (RQYSYs) shown in coluzn [H} mean

the ¥S¥ to be collected and transported additionally by the (3Cs,




‘(3) Planning of each CSC etc.
1) Irbid €SC

The population using the Al-Akaider PFDS is approximately 740 thousand,
The additional aiming - quantity of the HSW of the Irbid C8€ is
approximately 92 t/d. The nightsoil 1is transported to the FDS. The
operating equipment for the collection and transportation of- the MSW
among 5 existing equipment owned by the CSC are 2, the one is 16 m®
“compactor and the other is 4 m® dump truck. The‘compactors of 16 m® able
to transport a mass of the HSW effectively are to be procured for the
Eollection and transportation, because the population density of the
cbliection area is high and the distances between areas and the FDS are

far.
-2} Hafraq CSC

The population using the Mafrag FDS is approximately 170 thousand. The
additional aiming quantity of the HSW of the Mafraq CSC is approximately
8 t/d.. There are 2 FDSs in the area, the main is Al-Husaineyat and the
sub is Balma. The operating- equipment for  the <collection and the
transportation of the HSW owned. by - the CSC are 3, the. 2 are 5 m |
compactors and the other is 6 m® dump truck procureq in the second half
of 1980'. in the near future, the Balma FDS will be closed because the

‘roon of the. EDS will be saturated, and the traasportation distance will
be extended further, s0 the capacity of operating equipment will be in
short, therefore the collection service rate night be dropped down. To
prevent such-and to raise the rate. up to -100%, the procurement of
equipment should be necessacy. The compactors of &4 n® able to drive oa

nacrow roads are to be procured for the collection and transportation.
3) Balqa €SC
The populatlon'using:the Humra FDS :-is approximately 270 thousaad. The

additional aiming quantity of the MSW of the Balgqa CSC Is approximately
43 t/d. |



THe operating equipment for the collection and tranépbrtation of the MSW
among 3 existing equipment owned by the CSC is only one..8 n! dump truck,
which is naot enough fo cover the objective area, now. The compactors of
16 n? able to transport a mass of the HSW for tﬁ; city area_and'the small
dump truck of 3.5 t abtle t@ drive on narrow roads with the population of
high density and hard slope area dre to be procured for the collection

and transportation.
" 4) Tafila CSC

The population using the Tafiia FDS is approximately 60 thousand. The
nightsoil is transported to the EDS. The operating equipment for the
collection and transportation of the HMSW among 5 existing equipment owned
by the CSC are 2 and they are 4 md dﬁmp trucks but too old. Though the
collection service rate of the HSW is now 100% , it depends on the
cooperation of private companies, that'is:'the Industrial Solid Waste
“from these companies are disposed of at the FDS by themselves and the HSW
disposed from the sﬁrrounding residents are collected and transported by
trucks’ owned by these 'cémpanies. -The- compactors of 16 m* able to |
transport a mass of the HSW effectively and of-& n® able to drive on
narrow roads are to be:procured for the colléctipn and transportation,
because the’diSténce bét#een Tafila ¢ity area and the FDS is ‘long and

more than 20 K.
5) Ha'an Central CSC:

The pbpulation using the Ha'am FDS is approximately 84 thousand. The
- additional aiming quantity of the MSW of the Ha'an Central CSC is
approximately 8 t/d. The nightsoil ‘is transported to the FDS. The
: ope;ating equipment for 'tpe collection and transportation of the HSW
owhéd'by the CSC are 3 and they are & n® dump trucks procured in the
' first half of 1980'. The dump trucks of 10 md able to transpobt'a mass of
the HSW'etfectiVely and able to drive on bad roads are to be procured for
the collection and transportation, because the disiances between areas

-and the FDS are far.



¢) Karaq CS5C

.The population using:the Lojoon FDS is approximately 170 thousand. The
additional aimingIQuantlty of the HSY of the Karaq CSC is approximately
10 t/d. The operating equipment for the collection and transpoftation of
the MS¥W owned by the CSC are 5, they are § m® x 1, 6 n® x 2 and 4 m® x 2
of dump trucks and in addition there are 10-20 of handcarts. The
compactor of 16 m® able to load the MSW from these handcarts and able to
trapsport a nass of the HSW effectively is to be procured for the
collection and transportation, because the distances between areas and

the FDS are far.
7) Aqaba Hunicipality

The population using the Aqaba EDS is approximately 80 thousand. The
additional aiming quantity of the HSW of the Aqaba Munucipality is
approximately 14 t/d. The managenent of the HSW is executed by the Agqaba
" Municipality 1tself.. The operating.'equipment for ~the collection and
transportation of the MSW among 6 existing equipment owned by the CSC are
4 and they are 3 of 6 m? compactofs and one.of & m® dump truck procured
in:the 1980 and overaged. The dump trucks 4.5 t and 3.5 t able to drive
-easily through narrow roads with population of high density area aﬁe'to‘

be procured for the collection and transportation.
8) Ajtun CSC -

The population using the Kufrinja FDS is approximately 125 thousand. The
additional aiming guantity of the HSW of the'Ajlun CSC is approximately 6 .
tfd. The operatlng equipment for the collection and transportation of the

HSW among 2 existing equlpment owned by the CSC is a 6 n’ dump - truck. The

dump trucks of 5 t able to drive through narrov and bad roads to not only .

the old FDS but also the new FDS ‘expected Lo be constructed in the
greateb’ distance and the harder location are to be procyred for “the
tcollection and transportation, because the collection area is also
located in the mountain area, and the distances between areas and the FDS

are far,



9} Hadaba CSC

The populhtibn using the Hédaba FDS is approximately.lﬁ? thousand.'The
additional alming quantity of the MS¥ of the Madaba CSC is approximafely
53 tfd. The operating equipment f@r the.coilection and transportation of
the HSW among 6 existing equipment owned by the CSC are 4 and they are 6
n® dump trucks. The compactors of 16 m® able to transport a mass of the
MSW effectively are to be procured for the collection and transportation,
because the ‘population density of the collection ‘area is high, the
"distances between areas and the FDS are far and the collection area is to
be a modernized city as a part of capital area near the Greater Amman and

the International Air Pert.
10) North Gohr CSC

The'pbpulation using the North Shuneh FPS is approximately 75 thousand.
The collection service rate of the HSW is approximately 96%. - The
cotlection area’ of the €SC is located in the most western part of Jordan
" along the Jordan Valley, the width of it is 5 to 10 km in longitude and
the length of it is 50 to 60 km -in latitude. The FDS is located in the

: North 'Shuneh, the northern end of the collection area. The operating
"equipmeﬁt for the collection and traasportation of the HMSW owned by the

1CSC are 2 and they aré 4 m® dump trucks. The dump truck of 8 m® able to

%transpo}t: é ﬁaés of the MNSW éffeéfively .is ‘to ' be procured for the
collection and transportation, because the roads are narrow and bad and

" the avecagé distances between areas and the FDS are approximately 50 km.
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2-3-2 Final Disposal Plan

{1} Selection of objective Final Pisposal Sites for survey

(Final Disposal Site hereinafter referred to as FDS)

A total of twenty-three (23) FDS*s. sites of final waste disposal, is now
in service in Jordan. Those have been selected after comprehehsive
discuséions and eﬁalﬁations of influences on such things as public
heﬁltﬁ. ground-water and life of guard; inhabitants by a committee
composed of'membérs;trom DDE:of MHRAE and-dthér‘ihstltutiOns such as
ministries of public health, agriculture and water resource. Table 2-3-2-

1 shows the process flow for FDS selection.

Among those 23 FDS's selected after discussions and evatuations, 10 have

been selected for the survey in our.project.'

The 10 FDS's;

{ have serious eavironmental problenms,

@ are large in scate, and

@ are SCéttered in the southern, mniddle and northern areas of the

country,

and cover ‘the wastes gerderatéd by 1,870,000 residents out of the

population of 4 million of Jordan (See Fig. 2-3-2-1.).

It would be wofthy of conélderation to establish a plan necessary for
: sanitary:landfill fosether with required equipment with regard_to those

10 FDS's. |
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Table 2-3-2-1 Process flow for FDS selection

Flou _ Contents
START T
t N
—> 1. Application for New FBS by 1. For DOE, CSC shows the necessity
4 CSC and the some proposed locations
| for the new FDS
{ .
= 2. Deliberations by DOE 2. Deliberations on the necessity of
if no |} Yes the new FDS's by DOE.
! .
3, Calling of related institutes] 3. DOE calts refated institutes as
{ follous
[ (1) Hinistry of Water & lIrrigation
} (2) Hinistey of Health
} (3) Kinistry of Agriculture
} (4) Natural Resource Authority
{ (5) Ministry of Tourism
| (6) The CSC, applying for a new FDS
! cf.{(&)and(5)institutions showed above
i are called by BOE as the need arised
!
4. Deliberations of a proposed | 4. The representatives of each
| FDS institutes showed above have
! meetings to deliberaté the most
[ appropriate area for the FDS.
[} :
5. Observation on the proposed | 5. Each representative observes the -
{ FDs proposed areas for the FDS and
} deliberate the properness of the
Vo ‘areas individually.
1 ‘ ‘
6. Final decision of FDS 6. The decision is reported to the
o MHRAE.
- if no | Yes
7. Land acquisition for the 7. After the final decision, DOE
"FDS's applies Land & Sucvey Dep't for the
tand acquisition through HHRAE.
- if no | Yes
}
8. Setting of maintenance etc. | 8. After acquisition, DOE sets up the
} of the FD3's system of maintenance, the
! efficiency of equipment, and the
| boundary of the FDS. S
! o
9. Appointment of EDS staff 9, CSC appoints FDS staff.
o o : . »
10. Ready for accepting wastes | 10.FDS is ready for receiving wastes.
-
END




2. Present state of objective ¥DS's
1) Al-Akaider FDS

Table 2-3-2-2 summarizes the present state of AluAkaider #DS. The following
sections describe the general, the state of landfill and the influences on

environment.

" {1} General

Al-Akoider FDS in Mafraq, managed by Irbid CSC, is located at a distance of
27 km west of Irbid City and at 1 km from the border to Syria (See Fig. 2—3~
2-2). The geographical configuration there around is hilly with mild slopes,
and there are no adjacent houses nor public facilities. The soil is sandy,
and includes sotidified limestones in some parts.

With an area of 606,000 m®, this FDS has a scale so large as to requires
about 15 years' {1995-2010) to be complétely ‘landfilled. The faciiities.
include contrel office, roads for carrylng in and in-site traffics, guard
fences together. and four sedimentation ponds for night-soil treatment. The
"top of pond water is used for plants

The received wastes, amounting to é dally quantity of 600 t by 1995 record,
-include a smal] quantity of 1ndustrlal wastes and hazardous wastes such as
:nsectr killers. ‘6ils and batteries hes:des general wastes By this time
survey, 'however; the amount of ' received wastes was 316 t/day, ,largely
~ different from:tho amount ‘in 1995, As for: conponents of the wastes, food
wastes occupy about 70%, paperé J#%, and plastics and rubbers Sx.-AI—Akaider
FDS receives municipal solid kastes from other three cities in Hafrag.

Night soil collected and: transported by private companies is carried into
this FDS, and amounts to 2 500-3,000 n'/day.

- (2) State of landfill

The 5andwich oefhod is .aoopted for iandtili, and daily cover is being
- executed everyday by using landfilled and decomposed wastes as the cover
soil. Moreover, leveling and compacting wastes are heing carried out in order
to use the FDS efficiently.

Wastes carried in by dump trucks are dumped at the dumping stages, spread and

compacted with dumping rollers and/or other equipment. The compacted wastes
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are piled up by'l.ﬂm; Landfilled and decomposed wastes are used as cover .
soil of a thickness of 20-30cm. Heanﬁhile._the d01! used for top cover sdil

(t=70~100cm) would be collected from outslde of Al-Akaider FDS.

(3) State of influences on environment

There are nro houses nor public facilities in the vicinity of this FDS, and
access roads are kept in repair.

Therefore, Al-Akaider FDS does not cause environmental problems, ~such as
teaffic jam, air pollution, and noise/vibration.

Al-Akdider FDS is estimated not to causé water poilutioh, because leachate s
hardly generated under the environment, such as the small precipitation
(41%m/yr) and active eVﬁporation effect. Horeover, even if leachate was
generated impérmeable layer of.300m_down_irom the surface of:Al;Akaider FDS
would preveht fhe leachate from spreading.

Thé present problém js that flies and?harmful-inseéts éenerated in this FDS

influence nearbyIVillages, and wastes fiy out from this FDS.

Table 2-3-2-2 Present State of Al-Akaider FDS {1/4)

itemn / Contents

1. Outlines of the firal disposal site
(1) Location: o
27km west of Irbid City: lkm from the border to Syria; average distance

from collection areas: 50km

:(2) Ceographical configuration:
" hilly or flat; no adjacent houses and public facilities
(3) Soil quality:

sandy soil, including limestones partially

{4) Ground-water: :
impermeable Layer down through to 300m from the SUfIacel_
(5) Area:  606,000n? |

{6} Yolume capacity: -

(1) Term of landfill:
1995-2010- (15 years}




Table 2-3-2-2 Present State of Al-Akaider FDS {2/4)

item Contents |

(8) Types of received wastes:
Hunicipal solid wastes, night-soil.'industrial wastes, hazardous wastes

{insect killers, waste oils, batteries)

(9) Amount of wastes:

600 tfday {1995), 316 t/day (result of this time survey)

(10) Component of wastes (as of 1994):

§ papers : 17.0%
9 plastics and rubbers :5.0%
‘% food wastes : 70.0%
% glasses and porcelains : 2.35%
§ metals T 2.0%
& woods : -%
@ fibers : -
§ others : .1 3.65%

{11) Equipped facilities:
* control office
* access roads, in-site roads
* guard fences
2. State of landfill
(1) Hethod of landfill:
sanitary landfill by sandwich method

(2) Plan of landfill sequence:

Fundameatal landfiil plan is mostly carried out

(3) Method of leveling and compacting:

by dumping roilers or other equipnent

(4) Plan and actual state of soil cover
Plan; 1) thickness of waste layer ' : 100cm

@ thickness of daily cover soil : 20-30c¢m

§ thickness of intermediate cover soil : 30cm

‘@ thickness of final cover soil : ?ﬁ—lﬁOcm

'§ procurement of cover soil : from inside and
‘occasionally from
outside {1 - 2 kn)




Table ?-3-2«2"Présent State of Al-Akaider FDS-(3I&).

Item / Judgment / Contents

Actual state:

* D1d wastes are used as cover soll

* Daily cover is being done generally in accordance with the plan

% Whereas being done on the day of oucr survey, daily cover seems not to be
completely executed from the fact that light wastes such as garbage bags

were seen scattered.

3. State of influences on the environment

(1) Traffics and public facilities(school and :D hospital)
* No increase of traffic jams and accidents nor adverse effect on adjacent
facilities(?km apart from villages) becaise vehicles to this FDS

restricted waste and night-soil trucks, are few

{2} State of sanitation and health tA
* fFiies and harmful insects are generated and damaging enviconment of
nearby villages. In order to prevent the damage; chemicals are sprayed.
{once every week in summer and once every month in winter)

* Wastes are scattered.

{3) Ground-water _ D
* No contamination due to leachate or night-soil is detected in
ground water' quallty as a result of perlodlcal tests held at a farm on
‘upstream side of this FDS.
: _* The ground water 1evel is at 300m down from the surface with an
:1mpermeable layer in between.

(4) State of lakes and rivers ' ' :D

ok NO'lakes and rivers around.

(5) A1r poliution - D
* No smoke pollutlon by cccasional opern-burn on the site.
* No traffic jams nor exhaust gas pollution because vehicles, restricted

to waste and night-soil trucks, are few.

{6) Water pollution :D
* Leachate is hacdly generated because of the small rain{479mm/yr) and
active evaporation effect, therefore, water pollution caused by leachate

has not beer reported.

—40—



Table 2-3-2-2 Present State of Al-Akaider FDS (4/4)

Item / Judgment [ Contents

(7) Soil pollution :C
* There may be some possibility of soil pollutien, because this FDS
receives not only municipal solid wastes but also industrial solid wastes.

However, the details of soil pollution is not known yet.

{8) Noise and vibration . :D
* There is no_houSe around thié FDS, therefore operating construction

machine does not cause noise and vibration problem;

{9) Offensive odor )
* Little offensive odor from the landfill wastes, but some from the
sedimentation ponds of the night—soil'treating facilities.

But, no offensive odor on the site border.

Other remarks
* No acéess problems with the access roads paved, branching from the Main
Roads.
* Seven scavengers are working on a contract with CSC, (annual
‘compensation: approx., 1,000 JP/head)
* Four sedimentation ponds are installed for night-soil treatment (approx.
3,000 m’lday). The top water used for plants. .
‘* Night—goii is cOllected.and transported by private. companies.
* gludge'frbm the sedimentation ponds is dredged with dozer shovels (once
every three yeafﬁ):and 6fferéd;to nearby‘fgrms._ |
* This EDS is located near the border to Syria,:and complained by Syrian
about environmental problems.
* This FDS is located in Mafraq.

* This FDS receives wastes from the three cities in Hafrag,

Judgment classification >
: serious influence presumed
 some influence presumed

: unknoun

=4 W oA

: no influence




Sediment control pond for night soit.

Fig. 2-3-2-3  Views of Al-Akaider FDS
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?) Mafraq FDS

Table 2-3-2-3 summarizes present state of this EDS.
The following sections describe the general, the state of landfill and the

inflvuences on envirenment.

(A) General

Hafraq FDS, managed by CSC of Hafraq, is in a flat desert terrain aboutgla‘
km southeast of Hafrdq City and at a distance of about 1.5 km from Hain Road
No.10 (See Fig. 2-3-2-4). Theré are no houses nor public facilities (schools.
and hospitals) in the adjacent areas. The soil on the site is composed of
sand down to 0.5-7 m from the surface and rock (basalt) thereunder.

This FPS has-an area of 180,000 m? and a volume capacity of 400,000 m®, and
a landfill capacity of 60 years (1986-2046). Control office and access and
in- site roads are prov1ded | _

This FDS receives only muni01pal solld wastes. The quantity of the wastes
amounts to 70-80 tlday as per 1995 ‘record. This time survey resulted ih a
hauling quantity of 82 t/day, approximately same as given'ih the hearing.
Food waste occupy. more than half, hapers (24%) and piéStids and “rubbers
(14%) following.: Some: 1llegal dumplng by private companies and 1nv3310ns of

scavengers can be seen.

'(B) State of landfill _ - _

Hafraq FDS executes open dumping method with imbleménting;oped bdrﬁ ‘and
flnal-cover 5011 executes. Heanwhile, the daily cover énd the intermediate
cover, both cited in the plan, are not executed; Therefore, this FDS is
estimated to execute néithef sanitary landfill nor efficient landfill.
Wastes are dumped’into'large hollows irregularly excavéted. and burnt on the
: - field. When a hollow 15 fllled with burat wastes, the.ftndltcover s0il

“{t=1.0m) heaped near by is applxed

{€) State of influences on environment _
“There are Ao problems such as traffic jams due to dump trucks, degradation-
of public .facilities (school and hospital), air poilutien, noise and
vibration, since there are no houses nor public facilities near this FDS.

Mafrag FDS is estimated not to cause water pollution, because leachate is
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hardly - generated under_ the eavironment, such as the'_small precipitatidn
(169an/yr) and active evaporation effect. Horeover, impermeable base rock is
1ying under this FDS.

In order to take cafe of the sanitation issuve, chemicals are periodically
sprayed to control the generation 6f harmful insects. Therefore. hacmful
insects have never caused any problem, Meanwhile, open hurn.is considered a

main factor causing air pollution.

Table 2-3-2-3 Present State of Hafraq FDS {1/4)

Item / Contents

1. OQutlines of final disposal site
{1) Location:
approx, 18 km southeast of Mafraq City: av. distance from collection

areas: 35 km

{2) Geographical configuration:
" flat desert with no houses nor public facilities nearby
(3) Soil quality:

sandy sonl of a thickness of 0.5-7 n on the surface. and basalt thereunden

{4) Ground- uater

at a level 300-400 m down from the surface
(5) Area: _
180,000 n?

(6} Yolume capacity: : ‘
planned: 406,000 m“. ‘with a remaining capacity of 350,000 m3

(?i-};rm of landfill: o
1986-2046 (60 years)

(8) Types of received wastes:

Hunicipal solid wastes, industrial wastes

(9) Amount of received wastes:

' 70-80 t/day ¢1995); 82 t/day {result of this time survey)




Table 2-3-12- 3 Present State of Mafraq FDS (2{4)

[tem / Contents

(10) Component of wastes (as of 1994):

O papers: 24%

g plastics and rubbers t 14%

§ kitchen garbage 1 52%
@_élasses'and porcelains t 3%

$ metals T 4%

§ woods : ¥

@ fibers HER Y

8 others : --X

(11) Equipped facllities: o

* control office

* access roads, in-site roads

2. State of landfill
{1) Hethod of landfiil:
Open dumping into large hollows excavated on the site and final soil coven

are applied.

{2) Plan of landflll seguence:
Dumping site is divided into Stagel and Stage? by a read.

{3} Hetheod of leveling and compacting:

- Bulldozers or other egquipment are used.

{4) Plan and actual state of soil cover

Plan: ~ ( thickness of waste layer | - ¥ 30-50 em
' B thickness of daily cover soil : 20-30 em

3 thickness of intermediate cover soil : 50 cit

@.thickness of final cover soil : 100 cn
® procurement of cover soil : excavated soil of
o ditch

Actual state; _
~ * Ditches of a depth of 2-3 n and a width_&f 15 m are excavated, and
excavation soll is heaped on the ‘edge. When a ditch becomes full, the
| heaped soil is used as cofer soil.
* Shape of the ditch is irregular, and thickness of cover soil is

insufficient at some areas.
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Table 2-3-2-3 Present State of Matraq EDS (3/4)

Item / Contents

Actual state_:f
* Soll cover is not being executed in accordance with the plan.

% Cover soll thickness is irregular relative to waste layer thickness.

Item / Judgment / Contents

3, State of influences oa environment

(1) Tratflcs_and public facilities :D
* No increase of traffic jams and accidents nor impacts to nearby
facilities, since there are only a few dump trucks.

(2) State of sanitation and health :D

*'Thoﬂgh'flies and insects are gemecated, there is no eavironmental
problem because of no nearby houses.

* Yastes are flying.

{3) Ground-water :D
* No problem because ground-water is located 300-400 m down from the
surface and no contamination is detected by water quality analyses done

near the site.

(4) State of lakes and rivers

* No lakes nor rivers nearby.

{5) Air pollution : :B
% Smoke pollution could pose some problems due to open burns executed
regularly. | '
% Bxhaust gas trom'a-few number of dump trucks is estimated'nbt to cause

air pollution.

{6) Water pollution D
* Almost no inpacts to the periphecy because leachate is hardly generateﬂ

under the environment at such as small precipitation (I69mmlyr) and active

{1) Soil pollution’ :D

*¥ No probiems because no industrial wastes are received.

(8) Noise and vibration :D

* No problems of noise and vibration because of ao houses near by.




Table 2-3-2-3 ' Present State of Mafraq FDS (4/4)

Item / Judgment /[ Contents

{9) Offensive odor ' - :D

% Offensive odor is prevented from generating by open-burn and final

cover soil.
*'No_otfensive odor issued from the landfill finished arecas, since the

‘final cover is:applied.

QOther remarks

. roads are paved.

* Access to this FDS is effective, because the access roads and in-site

* Hore'than'lo scavengers, living on the site, recover resources;: .C5C
bﬁrns wastes to prevent scavengers from picking valuables up.

* Some wastes are illégally dumped by orivate cohpanies and miiitary.
* The Stéff”on this #0S desire to install guard fences to prevenat
scavengers‘:invésion and illegaf dumping. _

* The'staff_a:e unwilling to ‘bank wastés'higher than the preSeht'le§91 fdr
the purpose of using this area as a park after closing this FDS. |
* Mafraq City has énothér FDS (a'site of old.quarrj has'been used erj
about ten years). However, the city is loqking:ior_a new FDS, Because the
city plans to close this EDS in gonsidefation:of-the volume of this #DS,

environmental issue and the difficulty of procurement of cover soil.

< Judgment classification.>
A: serious influenée presume.
B: some influence presume

C:
D:

influence unknown

no -influence
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Residual of burned wastes. Soil piled aside is used as cover soil,

Fig. 2-3-2-5 Views of Mafraq FDS
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3} Humra FDS

Table 2-3-2-4 summarizes present state of this EDS.
The following scctions describe the general, the state of landfill and the

influences on énvironment,

{A) General

'Hénaged by Balqa governorate CSC, Humra FDS is located about mine kilometers
‘northwest of the.city (see Fig. 2-3-2-6) on a steep slope of mountain sides.
There are no houses'nor public facilities near this FBS. Soil on the site is
composed of clayey sandstones and the equivaients to sandy limestones.

This FDS is provided with an area of 275,000 m? for a landfiil capacity of
3¢ years (1990-2019) together with facilities imcluding control office,
roeds for carrying-in and in-site. transportation, guard fénce51 and gates
for vehicles. Slopes of the roads are so steep as to pose safety problems
for durp trucks to pass.

The plan restricts wastes to accept only to municipal solid wdstes. but some
medical wastes were also seen when we visited. Quantity of receiving wastes
in this FDS was 200 t/day as per 1995 report. This time, however, survey led
to the result of 125 t/day, somewhat diffecent from the amount in 1995.
Visuval inspection gave the result: food wastes of approx. 60%, papers 6f
20%, and plastics and rubbers of 10%. Leachate is generated and is stored in

‘a'si@pie pond{of 5 ﬁ width, 10 m length and 3 m debth apptokimately).

" (B) State of landfill

Landfill adopts the open dumping method With irregular soil cover. This is
hard to say sanitary landfill. Waste is dumped without any treatment such as
leveling and compacting, therefore, landfill efficiency is low. After
carrying in, wastes are dumped from the dumping stages aad pushed in along
the slope with wheel ‘loaders or other equipment. Whereas occasional cover
s50il is applied for flat portions of the dumping stage, wastes dumped on the
slope are not covered. For cover soil, soil made by excavation of rocky
ground on the site is used. Landfill areas are divided into that for rainy
season works and that for dry season works, since damping stages becone

muddy in the rainy season {from November t6 March).
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{C) State of influences on environment. _

There are no problems éuch aé traffic’ jamﬁ"due to the dump - trucks,
degfadation'bt publié faci]ities'(schdol énd hOSpital). air pollution, noise
and vibration, since there are no houses nor public facilities near this
FDS. Water pollution is considéred no problem from the facts that annual
precipitation is as small as 553 am 50 that evaporation can well be
expected, that almost no leachate is produced whereas small amount is
curréently. stored in the pond, and ﬁhe' ground 18 rocky constituting an
imperncable layer. | T -

In the aspect of sanitation and health, no spe¢ial problem exists because
there are no houses nor public facilities whereas flies anﬂ harmful insécts
are generated.

Thus, the current environmental- problens are treatment of the leachate

stored in the simple pond and prevention of flying wastes and. bad odor.

Table 2-3-2-4 Preseat State of Humra FDS (1/4)

Item / Gonténtg

|. Qutlines of the firal disposal site
{1) Location:
approx. 9 km northwest of Salt City

ave, distance from collection areas: 30 km

{2) Geographical configuration: _
~ on mountain slopes with no houses nor public facilities nearby

{3) Soil quality:
clayey sandstones and sandy limestone-equivalents

{(#) Ground-water:
200-300 m down from the surface
(5) Area: o
275,000 m?
{6) Volume capacity: -

(7) Term of landfill:
1950-2020{30 years) _
(8) Types of received vastes:

municipal solid wastes:

(9) Quantity of received wastes

200 t/day: or 125 tlday:by our survey

7



Table.2-1-2-4 Present State of Humra FDS (2/4)

Item / Conteats

(10) Componeant of wastes (by visual inspection):
9 papers: 20X
@ plastics and rubbers: 10X
@ kitchen garbage: 60%
9 glasses and porcelains: ~-%
8 metais: --%
§ woods: --%
@'fibers: --%
® others: 10%

(11) Equiped facilities
* control office:
* access roads, in-site roads
* guard fences

* gates

2. State of landfill
(1) Hethod of landfill:
Open dumping method with irregular soil cover

(2) Plant of landfill sequence: _ o
From the bqttom on the slope upwards to the top

(3} Hethod of leveling and compacting:

(4) Plan and actual state of soil cover

Plan: '® thickdess
@ thickness
® thickness
® thickness

of waste layér: 100 ci
of daity cover: 30 cm
of intermediate cover soil:

of final cover soil: 50 ¢cm

50=cm

9 procurement of cover soil: excavation soil in the stte

Actual state:
% Daily cover, though cited in the plan, is not executed.
* Waste layer is thick. .
* Cover soil.:obtalned by CUfting nountain ground, is short in quantity -
because the ground is solidified., _
* Leveling and compacting in flat portions of dumping stages is properly _

executed in general.




Table 2-3-2- 4 Present State of Hmura FDS {3/4)

Item ./ Judgnment / Contents

3 State of influences on environment
(1) Traftics and life facilities D

* No problem because of no houses in the periphery.

{2) State of sanitation and health 1B
* No problem because of no houses in the periphery whereas flies and
harnful  insects are generated.

* Wastes are scattered.

{3) Ground-water D
* No problem because water level is at 200-300 m depth from the surface
and the FDS ground is composed of clayey sandstones and sandy limestone-

equivalents.

(4) State of takes and rivers :C
* petails are unknown, although little problem is suspected since almosy

"no leachate comes out even in the adjacent valleys.

{5) Air pollution :D
* No air contaminalion because no opén burning is executed.
* No effects from exhaust gas because of few dump trucks and no houses

nearby.

(6) Water pollution :C
* Detalls are unknown although no problem is suspected consnderlng
evaporation effect and the FDS ground whereas smal] amount of leachate is

stored in the FDS.

(7) Soil pollutlon H))
* No problem judging from cover soil and the FDPS ground whereas a few

medical wastes were seen when we visited,

(8}‘Noise and vibration 7 D
~* No problem because of few dump trucks and no houses nearby.
" * No problen from dump trucks and other equipment operation.

(9) Offensive odor B

* Some offensive odor in the site since open dumping is execuied and no

daily cover is appiied.




Table 2-3-2-4 Present State of Humra FDS (4/4)
Item / Judgment'l Contents :

Gther remarks . _
* Cood atcéss with paved roads for carrylng-in and transport in the site.
* There are no scaveéngers.
* Leachate generated and stored in a simple pond. {odor of ammonia; pH:
more than 9.5; COD: more than 100 mgflit.)
* No'watef coming out in the valleys, and no farm water pumped in
downstrean.
* Some vehicle accidents in the rainy season on in-site paved roads,
frozen in that season,
% Special dumping stages are necessary for rainy season {from November to
March) because they become muddy.
* Although there are basic design drawings for this FDS, current

‘landfill works are'npt done in-accordance with them.

¢ Judgment classification »
A: serious influence presumed
B: some influence presumed

C: influence unknown

D: no influence
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View of dropping waste.

- Fig. 2-3-2-7  Views of Humira FDS
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