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Collection Policy and Improvemént Measures =

1 Collection Policy

The following policy is recommended with respect to waste collection: -

ractors _ _
The Mumclpahly of Bucharest will tise contractors for waste collecnon Thc
municipality should use at least 3 comractors to havc sound compcuhon among '

. COHU&C(O!‘S

. '_ _R_spgnsgblllly o CL nergtgrs of Non~M;gmg|pﬁLWaste

The mumcspahty will collecl only mumc;pa! waste. Generalors wﬂl collccl non-'

mumc1pai waste, i.c., mdusmal was{e, dcmolmon waste and la:gc quanuty waste

“of conuncrcnal compames

Eglabhshmg nt of Mgmtgrmg Sy l,_m -

“The mumcipahty will’ ‘establish a system for momlormg wastc conlractors

performance. It is proposed that Sector - govemments will monitor ' the

. - Acquisition of D‘ispg§ | Sites int LQ;\_r\’gs!érn Part of Bﬁgharési N

pcrformance and reports to the mumclpahly Momtormg plan |s shown in Secllon _

- The mumc:palny will acquire at Jeast one more d:sposal site at wcstcm part of

Bucharest The loca!mn will be wnhm 20 km fron the cny center. ‘Transfer

stations will not be necbssary Havmg 2 dlsposal s1tes on the oppbs:te sides of

Bucharest will substanually contrnbutc to the upgrading . of semce lcvcl (as more .

numbcr of tnps can be made by collecuon trucks in one day) andfor the savmg of.

haulage costs if the same level of service is provided.

Remark: It is roughly estimated that haulage cost difference between two
collection areas; one near landfilj site, the other in the opposnc sxde of
the city may be 20%. ' '

Selection of Most Economical Collection Sy§§§m§

The municipalily will select most economical and efficient collection system and

"~ truck Lypes, which are rccommcndcd in Scct:on 5.4, Number of truck: types

should be minimized,
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6. i:Q.L.C_QS.,BQQQ__Q!}l

The mumcnpahly should collect full collection and haulagc costsfrom the citizens.

7. ipp,.y,gmm.s
-~ Use of the imported used plastic bins should be encouraged by the mummpahly as

thosc bins are the most economical.
'5.3.2  Summary of Improvement Measures
Improvement needs and measures are suminarized in the following table:

~Table5.3-1 = Improvement Measures for Collection and Haulage

Category : _ Improvement ltem .~ Measures
1) Quantitative | a. Increase of collection capacily | 1. Provision of new tnicks with
 Improvement | = ' efficient oading cquipment
b. Increase of conlairiers and | 2. Provision of new containers and
- bins bins (imported used plastic bins)
c. Sufficient parking space for 3. Re-arrangement of garages in the
trucks : aspect of location and area

2) Qualitative | d. Iricrease of easinéss to handle ~ |4. Provision bf'p_lastié containers with
. Improvement | . container for discharge .. - | - casters as well as renewal of sieel
: : containers by plastic one.

e. Increase of collection speed 5. Renewal of old trucks and
: - collection cquipment with new
‘ efﬁcwnt types

3) Systemand | f. Increase of collection éfﬁcieﬁcy 6. Simplification (Reduction) of types
- Management | and Decrease of maintenance of truck and collection equipment
Improvement | costs

g. Dectease of maintenance cost 7. Options include use of maintenance
' contractors and privalization of the
existing workshops -

% - o ~ | h: Increase of efficiency and 8. Introduction of a computerized
' __simplification on management | operation-control system
~for collection and haulage : ' co

4) Others i. Proper control of contractor 9. Preparation of well dcsigned
_ : confract, monitoring, and enforce-
* ment of contracl conditions
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5.3.3 OtherIssues

1) Haulage distance

Current disposal site at Glina and 11 candidate future disposal sites are located within
15 kni from the city center. Since Bucharest has a circular cnly area, thc locaiion of
the candidate dlsposal sites has also a circular dlstrlbutlon _

According tb the Study Team's titne and motion ‘s’tudy, distance ‘of haulage from
collection point to Glina dlsposal sitc is 21.5 Km in the longest case laklng 58
mmutes by anold and the lowest velocnty fruck (SRDAC) B

In future more than one disposal site will be operated.: Wherever the sites would be
selected, the collccuon trucks only need to run about 40 km at maxnmum per round

trip for hau!ag,e

| Thus, it is not necéssary to construct ahy tra_hsfér stations for héulage as long as the _
future d_i_;posal sites are selected from the candidates. -
2)  Haulageroutes - Do S
- Now all the collection trucks haul waste only to Glina disposal sit'e? .Even in this caée
only collection trucks from Sector 1 and Sector. 6 1 through the c1ty center, whllc
other trucks do not rin lhrough the center. ' :
*Since the fulure dlsposal sites will be located along the ouler rmg road, almost all
coflection lmcks will run radlaily to thc s:tcs from colicctlon area, wnhout passmg
' through the ¢city center. * '
No particular impediment for haulage routes will be estimated to appear.
3)  Number oftrips'

Based on the following assump:lons it w:ll be very possnble for lrucks to make 3 tnps '
per day.

" 1. The future disposat sites are located within 20 km from the city center.
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2. The average velocity of a truck in hauling is 30 km/hous or more.

3. Colléction and loading time/one trip is less than 80 minutes.

54 Reéomiﬁendéd Collection Systems and Truck Types
54.0 De,«_;imb:"e Truck Type_s

In Bucharest bm system and contamer system ate the 2 major Systems applled for
waste. collectlon At least 4 dlfferent types of irucks are used for bin system, and 2
types of lrucks are used for comamer systcm '

The curreni deﬁéiency ih RASUB'S COileclioh service is partly attributable to the use
of many dlffcrcm types of trucks whlch causcs mamtenancc problems and high
collection costs. It is hlghly recommendable to ‘select mosl approprla!c types of
trucks and reduce number of lypcs of lrucks

- Criteria uséd for sclecuon of approprlatc collection systems and lruck types mcludc
" the followmg ' ' :

1. Cost efﬁmency _ ‘
2. Compatlblcncss with strect conditions

Use of dtfferent types and snzes of lrucks may be necessary in some cities that have
narrow streets. Howcvcr in Bucharesi most bin storage areas are easﬂy accessible
by large mlcks - Therefore; it 15 judged that use of dif fcrent types of trucke is not
necessary m Bucharest SR

In Bucharcst co]lecuon efﬁmency can increase and collection costs can substanually
decrease by choosmg most econonuca! types of trucks '

As shoWn iri Tabie 5.1-6, RGR’S céllection syStem wilh Compactor RGR-16 and 240
_l:trc plastlc bins is the most economlcal Its ubit cost mcludmg truck and bms is USS
10.1/ton. Thc second most economical system is the one with Container (,ompaclor
- PELC-CON and 4 m3 containers. Tts unit cost is US$ 12.8/ton. Breakdown of the
-~ costs is shown in TabIc 5. l-5 Companson of waste collecllon amounts of rcspectwc
systems results in the same ranking as the that obtained from cost comparison,
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Bin System o 4m3 Container System
. : _ $20.0/10n
op RGOSt o e ey

$/ton

18 -1~

steanon | o o | ] s
(162) SR

64  $15.5kon o ,

14 1 |
$ l(:‘;;ét)on . - $12.8fton

1z .

$10.1/ko5i
(Index=100)

RGR-16m3 - R Compactor R—Compac(or Compactor Contame;- ¢ Conlainer *
(Reoonmmﬂui) PELICAN LIAZ MEDIAS compactor SRDAC
L “PELIG-CON
. (Recommendéd) -
Fig. 5.4-1 Unit Costs Comparlson between Collection Systems

Note. All the cosls mclude costs of bms or contamers.
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Although the container compactor system is less economical than RGR-[6, container
system is necessary for factories and markets that generate large amount of waste,
Therefore, both RGR-16 system and container-compactor s'ystcm are recommended
for future selection; the former as bin system, and the laltér for container system.
Some details of the recommended systems are shown in Table 5.4-1.

~ Table 5.4-1 | Recommiended Collection System for the Improvement

Coltection System _ " Truck: TN Loading -~ | - Bin or Container used

i PENPVN Pt <ot | Plastic bi ith castes
DBinSystem . { Compactor (16 m3) | Twa mechanical lifts (223;5)’ imowi s

2) Container Syslem Compactof (12m?) Mechanical arm-roll Large container (4 m3)

Table5.4-2  Unit Cost by Collection System

Annval - | Maintenance | Fuel | Crew & | Container| Total
: Depreciation |  Cost/Yr | Cost/Yr | Mechanic | Cost/Yr | Cost/Yy
« o Systen o | Cost R : Salary/Yr : *
' : - (US$) . - (US$). .} (USS) | (US$) {Us$) (US$)
() (2) 3 (4) (5) {6)
A.BinSystem 1. . ) o ,
C1yCompactor | 24047 | 1,600 | 4510 | 379 | 6750 | 38910
RGR-16 C SN vZY)
' . . ) _ . ' %
_ 2) R-Compactor {0,237 1,110 2,850 | 10,730 | 5060 | 31,486
- PELICAN - ] e
- 3) R-Compactor 14,437 1,110 2,760 |- 9430 | 4,660 33,954
LIAZ ' . oo g (H0g)
4) Conﬂpaétm" -1 9489 2,110 .1 3,040 9,430 3,800 29,262
’IMED]AS SRTH e TR S A . F (1108) .
B. Container System ; s
3) Con. Compactor | 10,786 1,220 4,930 8,140 4,220 | 30,761
'PELIC-CON. . . . (¢dmd)
6)Container | * 5592 | - 1,300 -} 2570 | 6840 | 1630 | 18923
L SRDAC vy e e ) (AmD)
Note: *: ‘Overhead and indirect costs ar¢ included, refer to Appendix § for further cost
details. - ' . . '

240 ¢ plaslicr bin's cost is on a used bm
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5.4.2 Municipal Waste Collection
1) Precondition

In terms of the cost reduction, easiness to manage ‘and smooth operation ﬁrsily the
simplicity of the collecuon and haulage syslcm should be consmered '

In Bucharest, the existing collection and haulage is rather ssmply composed of
dlschargc collection, and hau!age to one dlsposai site. ‘ : e

' Co]leciion and h‘aulage syS‘lém' ‘r'misAt'(‘:oii'si-st of;

L Conlamcr and bin

- 2. Truck with equipment for loadmg, compacung and tlppmg
3. Driver and collection worker(s) z
4. Supplemem t_ooIs - '

Each component should be compatlble wnh street condltlons dlschargc mcthods |
waste quanuly and quahly, dlstance to dlsposal SIte, and olhcr condlllons

_ And the system should be managed as one of lhc pubhc semccs takmg the followm g :
concept into consxderauon ' : o '

1. chulanly , C
2. Appropriate frequency
3. Completeness .~
4 Quickness -

Beforc chscussmg whlch systcm is lhc bcst for Bucharcst the followmg precondmons :
should be noted o o
1. Therc are few narrow streels in Bucharest and a mlddlc 51zc Imck :
A{1Tm % 2, 5 m) can pass most streets in Bucharcst _ T
' 2 Until 2010 the disposal sites for houschold waslo wnll bc locatcd wlthm -
- 20 km from the city center. g ' S o
3, Collection coverage should reach 100 %. -




2) Framework

The following items are considered as a framework of municipal waste collection and

haulage plan. -
1. Waste amount to be collected:
- 2. Collection coverage:
- 3: Collection frequency: -
4. Colicclion method:

5. Collection system:

6. Operation day:

7. Number of trip, shift:
8. Net utitization (working rate):
9. Number of contractors:

As shown in Table 5.2-1
- 100% of people in Bucharest by 2000

Once/week at least by 2000, twice/week

by 2010

Station collection and door to door

-~ collection

(1) Compactor - with two-arms

- mechanical loader and load capacity
of 5.0 ton,’ combired by 240 1
plastic bins with casters.

(2) . Compactor with mechanical lift for
* container and load capacity of 4.4
 ton, combined by 4m3

Monday to Saturday; bowever, 20% of

weekday's capacity is provided on

‘Salurday

3 trips, 1 shift for operation day

90G% of full ability

It is not considered here, but it would be
discussed in the feasibility study
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5.4.3 Disposal Site al;d Transfer Station
1)  Disposal Site
From co.lle_ction _ef ficiency view point, ilris strohgly recommended that;
- 1: Two or more diép;jéal Sités should be secured for e;:ononﬁca! haulage. In

the case of (wo disposal sites, they musi tocate in west and ¢ast; or in north
‘and south. i

2. Each d:sposal site w1]l be within 20 km (desnrably IS km) distancc from
- the cniy center : : IRERTINS '

S Transfer Staﬁon,
'_ It is concluded that transfer stations are not necessary in Bucharest until 2010

because, as discussed in 5.3.3, haulage distance and routes will ot create serious
impediment for haulage until 2010.
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5.5 . - Vehicle Maintenance Plan

- RASUB uses 4 workshops in Berzei, Scrban Voda, Fintinica, and Timisoara. All the
workshops provide some maintenance services. Generally, buildings, maintenance
* facilities and tools arc old. Most of them are not workable.

In case that the municipalily wishes to continue to use the workshops, rebuilding of
workshops and renewal of maimcnancc facilities are necessary. Another alternative
is to discontinue the use of the existing. workshops, and use external private
workshops for maintenance, These alternatives are discussed in Section 9.2,

In case that the municipa!ily wishes to use the exisﬁng workshops without using
: éxtemal workshops, the following actions are necessary:’
) Rebmldmg of workshops
2) Rencwal of maintenance facilities and provision of maintenance eqmpment
_ and tools mcludmg those for measurement
'3_) Provision of spare parts
4) - Preparation of shop manual for overhauling and assembling

D _: Reb_tiilding of workshops

The existihg 'b-u_ildings of all the 4 workshops are very old and obsolete. . Effective
maintenance service cannot be provided in those buildings. The buildings do not
hlav_e_\irindqws and, it is too:dark  to do mainterance job safely and effectively.
'C_eili_ng' of .;[hé _bui}dings are too low to inslallbrancs'-'which' are néecessary for
nia'intehance. Pootly designed passage:in the workshops premises prohibit smooth
and easy movement of véhic!es within the premises. Floors of the buildings aré not
smooth, w'h_ip'h' makes it difficult to move large equipment. Utitities such as power,
i ,wa_tcp and drainage are inadequate. - -

In Viéw of the above situation, rebuilding of the workshops is required,

2) . Renewal of maintenance facilities and provision of mainfenance
- equipment and (ools including those for measurentent

Most of the existing maintenance facilitics of the workshops are old and not usable,

_ - Maintenance and repair require accuracy in measurement, adjustment and installation

- of parts.. Accurate works cannot be done with the existing facilities. There are no
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cleaning cquipment, no compressor, which aré necessary for overhaitling and .
assembling hydraulic components. There are also no hydraulic shop press or

hydraulic removal equipment. Tools are inadequate in terms of both quality and

- quantity. ‘Therefore, renewal of maintenance facilities and prows;on of malntu:nancc
equipment and tools are required. B ' o

3). - Provision of spare parts

“Most slock of spare paris in the workshops are of low frequent use. There is almost
no stock of sand paper, vinyl tapes, liquid packing and other consumable. Duc to the
shortage of spare parts, it takes a fcw months to repair some tmcks which dlreclly
affect collection service level. S : e '

4)  Preparation of shop manual for ovel‘ilailling and assembling

‘There is no shop manual for overhaul and assembly, no measurenient equipment.
Without these, it is difﬁcult to do repairs that requires acc'ur'ac'y - For example, degree
of abrasion inside engines or other machine cannot be measured; As a result, repair is
incomplete, and another repairs are nécessitated. : e

Immediate Improvements Needed
It is recommendable for MB to do the following actions .imm'ediate'ly‘:: ‘:

1) - Give higher maintenance priorily to newer;trucks in order to maintain the -

current high utilization rate. (Spare part of good quahly should bc quwkly
- provided for new trucks.) - : SN RER A cooan
+ 2) Use additive and mix it with oil or fuel to improve quality. -

3) Price list of spare parts should be given (o each workshop managers so that
they can know cost of repair and judge whethier of not it is worthwhile to-
repair damages. Cost of each repalr should be recorded in hlstory book of
each truck (Fisa de Magazin). S SR

4) Prepare check sheets for regular checkmg that is done for each truck every

- 250 houss of workmg time. This check sheet wnll enable mechamcs to check '
trucks easily and record sesults of checking ' S |

5) Provide paved on-site access roads in Glma landfill sue to decrease damagcs
to trucks, ' BRI ' S
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5.6 Monitoring Plan
5.6.1 ‘Object'iv,es

The municipality plans to use conractors for collection, ha'ulagc and street sweeping
services on municipat waste from 1995, 1t is 'neccssafy for the municipality to
estabhsh a well functlonmg momlormg system on contractor's operation. The
: purposes of momtormg are as follows. - R

L To check dcg:cc of comraclors comphance wnh collection conlracts
2 ’I‘o know current condxhons and problems.. -
3. To check hazardous wasle is ot hauled to disposal sides.

562 I\'ldnit'ori'nﬁ liesppnéi.bililj{

Sector Salubrlly Admmislratlon (SSA) should be respons:ble for collcchon of
momtonng information with respect to all the parameters shown in Table 5.6-1, while '
5 the Public Scrwce Dcpartment (PSD) of Bucharest Municipality wili be responsmle
~for analysxs ‘and usé of the momtormg information in addition to application of
" sanctions to providers who arc in breach of their contracts. '

| PSD should also be responsible for preparing monitoring ijién and monitoring report
form that will be used by SSA.

A more detailed responsibility issue is discussed in Section 9.2.
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5,63 Monitoring Parameters
It is proposed that the folloiving monitoring parameters will be used.

- Table 5.6-1 Moni!.o‘ring‘Par-ameters and Information Obtained

" Monitoring Parameters” - | Information to bé Collected
1. Population covered by the collection | Triick scale information -
service by zone and by conteactor |- Tariff billed
2. Quantity of waste Collected oS Tmck scale lnformalton (monlhiy
© | base information wnll beuseful)
3. Collection service ffeQuenéy |- Conlractors’ repori _
) ' - Occasional hearing from the citizens
4. Citizens' complaints ' - Number and kmds of complamts -
S. Operational information including: |- Trucks scale mformalmn
- Numbes of trucksused |- Contractors' report
- Numberoftnpsmade o A e
6. Incoming of hazardous wasle to landﬁll - Occasional spot checki‘ng of wa’s!.e
" sites _ R _ o ‘types brought in by contraclors and
o R 'i:by generators ) %

It is advised !hat SSA will prepare monthly momtormg reports and prowdc PSD with
“them. ' :
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5.‘7 - Preliminary Cost Estimation
- 5,7.1 : Methods and Assumptions
~ Major as'Sumpiions and methods used for the cost estimation are as follows:

1. Future collection costs are estimated based on estimated unit ¢osts and

estimated waste quantity to be collected under the responsibility of the
municipality. ' '
2. Generators will colfect and haul all non-municipal waste (demblilion waste,
industrial waste and large quantity business waste) by themselves.
3. Costs shown in (he table are costs of using collection contractors to be paid
by the municipality. - ' ' |
4. Costs comprises of the following itemis; |
A. Diréct cost
{1} Equipment cost (depreciation of trucks, containers, and uséd bins)
" {2) Operation cost (salary of drivers and collection workers, and fuel)
(3) Maintenance cost (paris and salary of mechanics)
(4) Interest on equipment loan (Interest is 8% per year)
: | o Note: Useful periods of equipment are assumed as follows;
%' - Trucks i : 8 years
= Containers and used bins :- 4 years
- B. Indirect cost (overhead and profit)
(1) Indirect cost is 5% of the direct cost.
5. The existing trucks and bins (non—reéommended types) will be replaced
- with recommended types according to the following schedule:

Table $.7-1 Renewal Schedule for the Existing Equipment of Non-
Recommended types '

Year | Existing Equipment | Newly Purchased Recommended Trucks
1995 | 100% | 0%
%_ ] e 5% e 25%
. 1997 - 50% " 50%
1998 L | 75%
C1e992010 | 0% | 100%
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6. Vehicle utilization rate {ratio of average daily vehiciﬁ' number relative to
' total vehicle available) is 90%. . -
Note) Factors of reduction mc]udcs (l) regular:check (2) repalr (3)
driver's absence |
7. Costs are indicated in 1995 prices, : e : T
8. Estimated current unit waste management cost is US$15 3 per ton, (See
' Appendlx 5) : SEERUTELN ‘

5.7.2 .Cost Projection

. Estimated Cost based on the above assumptions is as follows.

S T
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.Table 5.‘?-2 Estimated Annuat Cosls of Collection and Haulage 1996 - 2010

Unit ‘ .
Collection & | Annual Municipal] Collection & | Collection Cost to
Haulage Cost | Waste Collection Haulage the Municipality
Jincluding Quantity Cost to the (excluding cost of
Year Costs of . | excluding Street Citizens containers to be paid]
- Waste wast axb= by the citizens)
Containers (tonfyear) (cy (83 % of c)
($/ton) (b) (d)
1996 14.1. o 383,225 5,403,473 . 4,484,882
1997 | 129 ] 397,055 5,122,010 4,251,268
1998 | 117 418,812 - 4,900,100 4,067,083
1999 | 10.5 444,899 - 4,671,440 3,877,295
2000 10.5 - 471,924 4,955,202 4,112,818
2000 ] 0 105 - 484,675 5,089,088 4,223,943
2002 10.5 498,245 - 5,231,573 4,342,205
2003 10.5 512,196 5,378,058 4,463,788
2004 10.5 526,538 5,528,649 4,588,779
_ - 2005 10.5 541,281 - 5,683,451 4,717,264
@ - 2006 10.5 556,437 5,842,589 4,849,348
' 2007 10.5 572017 { 6,006,179 4,985,128
2008 105 . 588,033 6,174,347 5,124,708
2009 105 _ 604,498 6,347,229 5,268,200
2010 - 105 621,424 6,524,952 5,415,710
Total | - | 7,621,259, | 82,858,336 68,772,419

Note:

It is assumecl_lhat the citizens will purchase containers from the waste contractors.
| Therefore, the future waste tax will not include costs of containers. It is assumed that

the cost of waste containers is 17 % of the total collection/haulage costs.

-99.-






Chapter 6
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CHAPTER 6

61

611 Costs and Equipment Used

STREET SWEEPING

Current Condilion

In Bucharest, ADP of cach sector is responsible for strect swccping.

| ~ADP in each Sector has budget at around 3 billion lCi fyear for its actmucs ‘Among
them 20 % to 28 % are used for strect sweeping. Costs and eqmpmenl used for street
sweeping by sector are shown in Table 6.1-1.

Table 6.1-1 Costs and Equipment Used by ADP for Street Sweeping

Total " No. of
- Annual ‘| Mechanical
Sector | No. of Cost _ _ Sweepers
- | Worker | (a)+(b) No. of Truck Requested
| 1 [willion Lei)[ Safary | Other O/M - by ADP.
v oo (@) | cost(b) R - 1) 2)
‘1 {350 | 611 | 297 :314 |4 (8 m3 open truck) 10

N PeYl Y. ~‘ 12 {open truck &
2 1.0 436 __y633 358 275 | container) 5

e isA o : o 10(compactor&
| 3 - 454 ‘;860 76\03 257 contmner) 6
4| 218 | 3] s3o 223 5,(°°"’Pﬂ°‘¢°’) .. 9
4 a0 f a1 , 8 (open truck & '
5| 30 ] 67| 335 282 o ontainer) 7
v | 3 e - 6(open truck & :'
6| 226 G4 ] 20| 404 container) 1
| Toial' 2,”084‘ | 4,068 2,31‘3 .1,1755 '46u~ucks i 48

Notc) n: Each ADP has tractors for mult( purposcs use lncludmg waste collectmn
~ - and haulage. Number of tractors bclongmg to each ADP is 15 to 20 on-

average. . -
2): Mechamcal Sweepers belong to RASUB ADP rents 1hem from RASUB.
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6.1.2 Service System

Gcneratly ADP ﬁrovides 24 hours-sweeping service for main strcets scr'\ied by pliblié
transport in Bucharest, Bach ADP applies 3 shifls per day and also has specml shifts
for Saturday and Sunday. A e i

A swccpmg team consists of 20 to 30 workcrs A worker sweeps 0.6 to (} 7 km per
day. ADP uses mechanical swecpcrs for lrunk roads everyday.  RASUB rents
~mechanical sweepers to ADP upon the request - -
Collected waste by sireet sweeping are put into 4m3 -containers, plast:c bags or Jus{'

: left on snde walks. ADP's trucks haul them to the final dlS]}OSﬁl sntc AR

6.1.3 Service Performance

ADP's street sweeping services differ by sector as shown in the table below: ]

 Table6.12  Service Performance by Sector (1994)

Total

‘Sector | Totat Icﬁgih of served sl‘rcel: : A?cfagé *Cc-uverage
| Coverage] Mechani- | Manual coﬂe’c(cd colleétcd_- ratio of
ratio)  leal I waste/ - | wasté/ . | everyday

S R . | month 2) | weeK-day. | sweeping

ke @ Gmiday) | &m) | |eday) [ (%)
1 | 1oo| 373 | 180 | %20 | s | 248 | s10
2 | ssa| st | 120 | 1437 | 1200 | sz 1000

3 685 439 | 100 | s8s | s00 |- 207 | 920

4 | 62| 315 | 340 | 422 | 480 | 208 | 440

5 |1430] 620 | 120 310 | 80 | 318 | 620
6| 1160| 896 | 60.0 560 | 750 | 326 | 655
Total | 6694| 510 | 1460 .| 5234 | 4370 1898_ ' 707

Nole) 1): Coverage ratio = Served street lengthlPavcd street }ength

2y

,shmated based on mtervzew data o

~ Source: ADPs, Road Adminisiration MB
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6.1.4. Major Problems’
1) . Werkers ¢

Judging from some simple indicators, quantitatively the workers for street sweeping
-meet the requirements. If all the workers sweep all the length of served strcets ina
day, the indicators are;

1. Length of the streets swept per-worker per day:

669.4 km/2,084 = 0.32 kim/worker/day
2. Dlstance of swecpmg per worker per day:

10.32 km x 2 sides = 0.64 km/workes/day
3. D:slance of sweepmg per team per day;

669.4 km x 2/2,084/20 = 12.8 km/team/day
4. Collected waste amount per worker per weekday:

' 189.8 m372,084 =0.09 m3/worker/day
Nole 1) 669.4 km is the total tength of streels served wilh strect sweeping.
2) "day" means wcckday

- Meanwhile according to ADP's answer to the study team, qualitatively the workers
- don't meet the requirements because they are lack of basic skill to sweep, likely to be
absent from duty (absencc ratio is almost 30%) which leads to inadequate service

performancc
2} Equipment

RASUB has 40 workable mechanical sweepers which cover 146 km of the streets,
which means a sweeper must cover 7.3 km of dist’anﬁ* of sweeping. As long as this
figure shows, there is no lack of mechanical swccpers But 17 sweepers out of 40 are
' oldcr than 8 years, :

In addltlon, ADPs have 46 trucks for hauling waste from sireets, parks, and other

places. It is not clearly decided so far whether or not all the trucks witl be transferred
- from ADPs to RASUB. If not, RASUB will have to procure trucks enough to collect
strect waste of 190 m?3 (58.5 ton)/week-day to be hauled,
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) Cost

ADPs expended 4.07 billion lei for street sweeping in 1994. Unit cost of the steéet
~ sweeping is estimated to be US$121/ton.
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6.2  Target Service Level
6.2.1 Principle:.

Street waste is expecled to decrease with the improvemcht of public manners of the
citizens and with improvement of waste collection service to wastc generators. In
future, street sweeping should be minimized only to cleanse streets of dust caused by

natural phenomenon.

/The éxpe_l_)ses for 's'trct_:t swcé.ping cannot get cash rcturh at all. If the municipality of
‘Bucharest (MB) intends to avoid waste moncy, must be so, MB has (o establish a
-principle like the followin_g.

1. To dccrease and prevenl littering up thc slrccls lhrough providing sufficient
. collccnon semce and propagatmg pubhc manuner (o neighborhood

2. To dccuasc periodical street sweepmg and change to one in response ta

_ neccssxly for long term

3. To dccrcasc expenses for street ﬁweepmg graduatly lhrough realizing lhc
above ltems '

622 : Street to be served

'The'i(;'talz 'le'n'glh:of r‘o'z-id’srl-sl:éets‘(hereinéfte'r :slrects;) in Bucharest cxcept Buftea and
rural arca is 1 821 km. The slrccts are catcgonzcd to five by surfauc namely asphalt
pavmg (622 km) ﬁnc stone pavmg (193 km) rough s{one pavm g (496 km) ballast
{344 km), and soil (166 km).
MB has responsibility to mamlam all the slrcets, and to keep lhem clean and safe as
‘those are domam of MB. However thcre should bc pnonty and criteria for execution
- of the duty, which also should be supulated in a form of ordmanceﬂegnslallon There
is no ordinancé on street swccpmg m MB so far, Thus ADP selects streets (o be
swept based on puhhc transport network (394 km) and each ADP's staff view point at
present.

Streets to be served cover all the streets in Bucharest for the Draft Master Plan.
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6.2.3 Target Service Level

For planning of strect sweeping, the master plan pétiod is divided into 2 phases; i.c.,
phase 1 1996 - 2001, and phase 2 2002 — 2010. Targc!s aré set for each phase as
shown in Tables 6.2-1 and 6.2-2. v , S Lo

“Table 6.2-1 Target Service Level (1.996--2001; Phase 1)

Central District Suburban District.
: | Trunkroad | Street | Trinkroad | - Strect
1. Asphalt & | -Mechanical & |-Mantal ~~  |-Méchanical '-M'ahu?a'!f- B
Fine Stone | Manual ' &Manual |
" |Bveryday  {-Periodicat - | -Bvery day | -Patrol D
@15kmy| - sokm)|  (120km)] - (4s0km)| T (495 km)
2.'Rough Stone o -Manual - |-Manual
| Na- NA-- | & |
-Patrol R ';Up.banéquesi 2)
{496 km) (50 km) ' _ (446 km)
3 Ballast& | T-Manval | -Manual
Soil -NA- -NA- :
' -Upon Request R -Upon Request |-
(510 km) (25 km) - @sskmy|

Note) 1) Patrol:

~2) Upon request:
" 3) Definition
- Trunk road;

Street

o Central District:

_ Patrol cars “observe street condlt:on and dlspa(ch a
swcepmg tcam af necessaty '

To have 3 lanes or more.

'I‘o have 2 lancs or less

'I‘o dlspalch 3 swecpmg tean upon cmzen s request

Dnstrict snuated msnde !hc mner bellway

Subulban Dlstncl Dlsmct snluated oulsxde the inner bcltway
Street lenglh by cach break down mto lrunk and slrect is eshmatcd
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Table 6.2-2 Target Service Level (2002--2010, Phase 2)

Central District ~ Subucban District
Trunk road- Street Trunk Road - Strect
1. Asphalt & ~ |-Méchanical ~ |-Manual -~ |-Mecchanical | -Manval
Fine Stone - ‘& Manval ' ' | & Manual '
-E\}exy day -Petiodical -Patiol ' -Patrol
: '(815 km)[ (50 km) (120 km) (150 km) {495 km)
2. Rough'Stone [~ | :‘Manuat o | -‘Manval
ot e AL ¥ S NA- Ao |
S -Upoi Request | “Upon Request
(496 km) | (50 km) (446 km)
3. Ballast & -Manual :Manual ’
~ Soil NA- | -NA- |
FEE D _-_Up.on_' Request | -Upon Request
 (510km) (25 km) (485 km)

" Note) Parts different from Phase 1 are underlined.
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63  Improvement Plan on Street S\veei)in_g'
631" Reconrme’rrded Sweeping System - -

Based on the comparison of the existing mechanical sweeping systems, the following.
systems are reccommended as suitable and économical sweeping measures.

j) _ Mechan_ié_al S\reep!ng_-. -

' Among lhc exrstrng mcchamcal swccpcrs FAWN (madc by Mercedes) shows thei _
best cost performance that is, $210/ton, whlch is $74 more. efﬁcrent than a sweepcr:
made by Ford if jts loadmg capacrty is fully utilized. (But the cosl data related to
import duty, valuc added tax and precrse deprecratlon are still necded for furlher-;
ana]ysss) L ‘ . 3 ' :
Note: See Appcndrces for furlher dclarl

Thercforc in lhrs sludy FAWN of other mechamcal swccpcrs of bener cost?;
performance is recommended. SRR

2) Manual Sweeping -

Cost persformance of manual sweeping is $48/ton and is higher lhém mechanical
sweeping. Furthermore, sweeping for sidewalks and for rough paved street can only
be done manually. '

So the priority of improvement should be put on selecting light containers, efficient -
coliection trucks and small trash box for passengers to reduce waste littering on
streets, ' o

) Introduction of Patrol Cars

The regular sweeping will subsiamtally decrease in the plan as mcnlroned in6.2.
Basic idea is to decrease substantially, but to mcreasc containers and trash boxes in
order to decrease the Mumcrpalr!ys expenses for sireet sweeping because the -
Municipality nceds a large fund to invest in new disposal sites, and other municipal -
projects. ' ' '

Thus, small type compacror trucks (2 ton or 3 ton) should be used for as both patrol |
and collection purposes. '
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6.3.2 Basic Assumptions

The improvement plan for street sweeping is made based on the 'foliowirig
assumplions. ’ '

1) Strect Co_hditlon

Since the Mumcupa]ny has not prepared a comprehenswe master p!an for city
devdopment yct S0 far, thc followmg assumpuons are used

" L Until 2010, total length of streets in Bucharest by category will not
" change. ' '

2. Cars parked or abandoned on side walks and on sides of streets will
dccrease at-certain rate by year due to enforcement of "The ordinance of
Parkin'g,‘[ﬁ%‘-’ enacted in August of the year. The number of abandoned
cars are assumed to decrease o 25% of 1995 level by 2010. This will be
quile helpful for speedy work of street sweeping.

2) Waste Generation

Future waste generation in the streets will increase as population will increase and per
capita gencration will increase, but also will possibly decrease by realization of
appropriate waste 'co]léc!ion service and improvement of the citizens manner.
Despite the anhclpanon, any factors that could make the street waste decrease are not
“assumed here

-
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3)

a..

4)

Sweeping Equipment

~ Mechanical Sweeper (per 1 sweeper) -

(D Lcngth of sweeping
(2) Collection at maximum loading ._
(3) Velocity during sweeping

(@) . Number of trip

(5) Utilization of sweeper

- (6) Cost/ton at 100% utilization
(D). Shitt o

24 kmy/shift

- 4.4 ton/shift

5.4 knvshift
once/shift . - -
290% . - -

$|5 6/ton

L 5 shlfUWorbng day

Manual Sw_eepi_ng Team (per 1 team = 20 workers, pe'r=.l' shifl)_' ;

(D _Length of sweepmg

(2) Collection

(3) . Velocity during swéeping
(4)  Number of trip

(5) Number of Container truck
(6) Plastic Container (240 l:lre)
(7) Ulilization of team

8) Ullhzanonoftruck

€] CosUton at 100% utlhzatlon
(10) S_hafl ' :

Other Equipment

(1) Street Container (2 m3) _
(2) Town Trash Box (120 litre, for passengers)

Unit Streef Waste Generation

(1) Inregutarly swept siceets
(2) Instreets served by "Patrol"

-110 -

12,8 knv'shift
1 24 ton/shift -
1.6 km/shift

0.5 univshift

S5 unit/shift

100% : -
S 0% e
?$205lt0n

2.5 shifu'workmg day

3 un.it.lkm
8 unitkm

0.185 ton/km (as of 1996)
0.093 ton/kin (as of 1996)




5) Operat_ion_i)ay

(N Weekday and Salurday -
Regular/Patro]l Sweeping, 303 days!year
-{2) Sunday and Holiday: : :
Patrol Sweeping only with mob;llly ratio at 10% - 20% of one weckday's
capacity. :
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6.3.3 Planned Street Length to be Swept and Waste to be Collected . -
1)  Street Length and Waste Projection

The following table shows street length to be swept and estimated sireét waste to be
- collected. : : o o :

Table 6.3-1  Street to be Swept and Waste Projection

Year | Length of scrved street ~ Total street waste 0 be
| (km)||  collected (ton/weekday)
Daily {Every Patrol ' D_'aily. Every | Patrol
. 2days| | ] 2 days '
1996 | 703 | 429 | 184 | oo || s8s| 382| 164 | 39

1997 | 737 {384 | 172 | 181 60.8| 360 162 [ - 86
1998 | 770 1339 | 159 | 272 || 63.1| 34.0] 156 13.5
1999 | 802 | 293 146 | 363 | 666] 313 156 19.7
2000 | 834 | 247 133 | 454 | 689] 28.0| 152 | 257
2001 | 865 | 200 120 | 545 | 723 243| 145 | 335

2002 | 860 | 180 | 120 | s60 || 74.6| 230| 153 | 363
2003 | 855 | 160 | 120 | 575 || 769| 220| 161 | 388
2004 | 850 | 140 120 | 590 | 79.2| 200 169 | 423
2005 | 845 | 120 | 120 | 605 || 81.5| 180] 179 | 456
2006 | 840 | 100 | 120 | 620 || 838| 161} 186 | 49.1
2007 | 835 | 80 | 120 | 635 | 86.1| 13.5]| 197 | ‘529
2008 | 825 | 60 | 120 | 645 || 884 105 209 | 570
2000 | 815 | 50 | 120 | &as || 907 90| 219 { 598
2010 | 815 | 50 120 |- 645 || 93.0| 92| 225 | 613

2) Needed Equipment and Workers

Estimated capacity needed for sireet sweeping are shown as Table 6,3-2,
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6.4  Monitoring Plan
641 Objectives

The mumcrpahty plans to use contractors for street sweepmg semcos as. well as
collection and haulagc of mummpal waste from 1995. '

It is also needed for the municipality to establish a well ﬁmciioning system for |
monitoring contractors operation. The purposes of momtormg of strcet sweepng
service are:

1. To check degree of contractors' compliance with col lectlon contracts

2. To know current conditions and problems
642 ﬁlonitortng Responsibility
The mumctpahty should be- rosponmble for planmng of momtormg, analyszs and use
of snonitoring data, and application of sanctions to service prowders who dld not

comply with the service conlract

Scctor offxcc (Sa!ub rity Admtmstrauon) should bc respons:b!o for the fteld .
momtormg, and obtaining data. ' : (
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6.4.3 Monitoring Items

~ Monitoring should be done in accordance with a clear monitoring plan based on the
municipality’s municipal waste management plan and contents of the contract on
street sweeping services between the municipality and contractor(s),

It is proposcd that the municipality will obtain the foliowing monitoring information,

Table 6.4-1 Mbnitoring Information to be Obtained on Street Sweeping

Monitoring ltem Monitoring Method

1. Operational situation ~ To do both regular and spot inspection in
: order to check compliance with the contract

2. 'Quantity of collccit*;d waste | - To measure weight at iruck scale

3. Citizen's Compliants - | - Toreceive complail{ls lhrbugh té]éphonc cte.
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6.5  Preliminary Cost Estimation
6.5.8 Methods and Assu_n’nptions_

* Basic assumptions metioned in 6.3.2 and Table 6.3.2 are used for the cost estimation.
In addition, the following conditions are used. .

1. Durability of mechanical sweeper: ' Syea_rs - : o s @
2. Durability of co:jlainer ando!herequipmcnt_& 4years

3. Bighteen mechamcal sweepera, IFA shall be out of serwce in 1996 due toi
o bcyonddurablllly R : e ‘

4, I‘lftecn mechamcal sweepers, Ford shall be out of service in 2000 duc lo: _ .
durablhty and low cost cfﬁc:ency

5. Seven mechanical sweepers, FAWN shall be out of service in 1999 due to
durabitity. And contractor(s) shall purchase thirteen new mechamcal
sweepers in 1999.

6. The municipality shall rent swecpers at rate wi!h_deductibn of
depreciation cost lo contractor(s).

7. Compactors including small compactors, street containers, town trash
boxes and plastic containers shall be purchased by the 'munit:ipality in
1996. | ' |

8. Street containers (2m3) are distributed to all the streets l'q be swept.

9. Town trash boxes (120 £) are disteibuted to all the trank streets.
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6.5.2 Preliminary Cost Projection
Estimated cost based on the above assumptions is as follows.

Tablé 6.5-1 Preliminary Cost Projection for Street Swecping

Nos. Mechanical Mechanical Nos. Manual Other Total

Year sweeper sweeper cost¥ Manual team cost | eqguipmen coslt
a team . {
{103US$) (shifty cost®

Existing| New ] Existing]| New b c (atb+c)

sweeper | sweeper | sweeper | sweeper (3us$) | (0ussy | (10%Us$)
1996 | 2 0 540.1 | . 50 - 1374 36.9 1,3144
1997 | 2 0 5401 | - 43 639.2 36.9 1,2162
1998 | 22 0 | s40.1 - 43 645.8 36.9 1,222.8
1999 15 | 03 | 3818 42 638.9 36.9 1,057.6
2000 0 | 13 . 295.0 41 629.8 36.9 961.7
2001 0 13 - 295.0 40 623.5 36.9 9554
2002 0 13 - | 29s0 ] 3 615.4 36.9 947.3
2003 0 13 - 295.0 38 606.1 369 938.0
2004 0 13 - | 2950 37 596.7 34.6 928.6
2005 0 13) - | 950 ] 36 588.6 34.6 920.5
2006 | 0 13 - Jaeso | 36 593.9 4.6 925.8
2007 0 13 - 2950 34 569.3 34.6 901.2
2008 0 13, - | 2950 33 561.0 346 892.9
00| o 13 : 2950 | 32 §51.2 34.6 883.1
2010 0 13 . 295.0 32 555.1 34.6 387.0

Note) 1) (13):newly purchased.
2) *  including interest, salary, O/M cost as well as depreciation.
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Chapter 7
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CHAPTER 7 - TREATMENT AND DISPOSAL
71 Current Situation:
7.1.1 Treatment

i) Incineration

In Romania, there dre séveral incinerators constructed by National Couneit for Scicnce
and Technology in carly 1980, Of which, there are 2 incinerators in Bucharest that
'mm belong to RADET (Heat cnergy supply company); onc in Militari, the other in
‘Pantclimon, The latter slopped operation last year,

The primary purpose of construction of the incincrators in Romania was to utilize heat

generated from waste incineration.

From both technical and economic view points, it is considered that the existing Militari
incinerator is not feasible. The incinerator is not feasible from view points of cither 1)
solid waste management or 2) utilization of incinicration heat, In other words, the
purposc of the oonslruclmn of the lncmcrdwr has not beea fulfilled.

!cchmcal ndll iong of the Militari Incinerator

There is a design problem in the Militari incincrator. Design low calorific value of the
Militari incinerator is 600 keal/kg. However, the incinerator dose nof well incinerate
waste of this caloric in reality. Currently, the RADET uses waste of higher catorie, but
still dosc not incinerate waste well, Use of waste having caloric higher than the design
. calosic implics that waste incincration capacity in terms of incincration quantity will be
tower than the design incineration capacity, and also will damage the incincrator leading
"t a shorter useful period.

Economic Conditions -~ -
‘According fo the RADET'S information, the operation and imaintenance costs of Militari
incincrator have been higher than the revenues. In 1993, total operation -and

" . ‘maintenance cost was 151,763,00{) lei, which is 31,387,000 lci higher than the revenue

of 122,882,000 lci. The loss will be higher if dcprééiatiun of the facilities is added to
the cost, and if real cconomic costs of clectricity is taken into account instead of
subsidy- ‘;upportcd nominal * price, (It is reported - that * clectricity chdrgc rates for
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companics arc less than 30% of real price, while those for houscholds aré abolf 12%;) _
The RADET's information also shows that Militari incinerator incinerated 8,720 tons
(24 ton/day average) of waste in 1993 by using 21,197 kg of fuct and 721,304 kw_h' of
clectricity, Average unit consumption for incincrating onc ton of waste is cstimatéd to
be: - ' -

- Fuel: 2.43 kgfton and -~
- EBlectricily: 82.7 kwh/ton

The electrdcity comumpuon mtc is very hi gh It scems that lhls is because the clcctncal
equipment does not funcllun efficiently. :

2) Conlposting
Therc was:a pilot compo@ling facility in Bucharest. It was abandoned 8 yeais ago

because the produced compost pmduct cuntamcd heavy mclals It was - vertical
fermentalion tank type. '

In general, technically fasible - composting ‘requires that Waste  should - contain-
nitrogen/carbon (C/N) ratio ranging between 25:1 - 50: L The most appropriate rations
ranges between 30:1 - 35:1. However, it is gcncmlly very difficult for' composting
planis o be cconomically feasible even if benefits of waste mlumc reduction and' .
resullant disposal cost savmg are cons:dcrcd ;

7.1.'2 Di_sposal
1) Former Dump Sites

The Bucharcst Municipality used 9 l.mdflll sites since 1968 for dlsposal of solld waste,

The locations and outling of sites are shown in Appendix 7.1. Of the 9 landfill sites, 27 |

sites are located on borsaw pit of brick factory, the other sites arc located on swampy
land formed by river erosive action. One of the sites is located in Scctor 2, the mhcr;;"
arc located around the ring road. Haulage dlstancc to those sites’ 19 Tiot long, whlch"
contributed to ccononucai waste haulage. '

All the former sites were sclected from geographical and - fopographicat viewpoints.
Liitle consideration was given to the natural conditions in the sclection of the forier
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sitcs. There are some local residents who complained about contamination of ground
water near onc of the sites. _ _ '

There is no post landfill closure management and supervion for these sites, And, illcgat
wastc dumping has been conlinuiﬁg_. .

2) - Glina Disposal Site -

a. . Environmental Condition _ _ -

In Bucharest, there is, at present, only one landfill site, which is located in Glina. It is
- 13 Km to southeast of the center of Bucharest: The sitc is outside the boundary of the
Bucharest city. The current detailed conditions are described in Appendix 7.2.

 The Glina sitc lics on ibw land and has an arca of about 110 ha, which is adequately
large as municipal andfill site. The site is ideally located from waste havlage cfficiency

view point as it is near the ring road.

Adjacent to Glina site are Glina-village and Popesti-Leordeni-vitlage, However, no
facilitics arc 'pmvidc_d' to prevent secondary pollution. There is a high risk. of
cnvironmental poliution which may affect o heaith of residents in the following ways:

‘1. Smoke, odor and rodents are generated, which may affect health of the people
living ncar the site and sitc workers. The problem may become more serious

since the dumping operation arca is moving towards the housing arcas;

2. There is a considerably high risk that lcachatc gencrated from the waste deposits
will contaminate surface and ground water on Glina village side; and

3. The results of the leachate analysis and a map showing sampling points arc
altached in Appendix 7.5. The leachate includes material of low densily is poor
because there is a contact flow of water from (he terrace into the site.
Forlurately, there is no heavy metal contamination. However, the results of the
'a'nalysis suggest that agricultural drainage water near the site is being signifi-
cantly poiluted by the leachate.

b Management Condition

1. There is no strict control (o prevent toxic and hazardous waste from being
brought into the site. ' '
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~ 2. - Landfill is not operated in systematic and plcmncd manncr, Tlppll‘l}, method and

arca arc decided by operators of heavy machines, : o
" 3. Therc are large number of waste frucks in queue in cniraiice afea of the site.
According to RASUB, daily total trips made by waste " trucks réng'cs_' about
1,000 including thosc of industrial wastc gencrators. This congestion is
attributable to the facts that 1) Glina tandfill is the only landfill'uscd at prescnt,
and 2) there is only one entrance to the site.

4. Partly because there arc too many trucks coming to the site, site conlrollers can-
~ not give appropriate instructions to truck drivers as to waste dumping pldce.
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7.2 Disposal Policy
The following dispdsal policy is proposed: -

i. The Buchsrest municipality should be responsible for disposal,

It takes .a' few decades for waste o decompose and become stable. It is difficult for
private companics to take this rc*;ponsibilily for such a long time. Thercfore, the public
bady representing the city, i.c., the Bucharest municipality should be responsible for
disposal uf waste, ' o o

2. Inquduclmn ()f Sdmtdry Idndfill
Though open dumping as currently practiced by RASUB is the chcapcst method of

disposal, it causes cnvironmental pollution and can potentially affect the heatth of local
. residents living ncar dlsposdl sites. A disposal site with open dumping - -will be
mcn.dsmgly difficult to be accepted by local residents. Thcrcforc, it is neccssary for
Bucharest to introduce sanitary landfill. -Sanitary fandfill of the highest cnvnmnmcn!dl
“standard is still niuch more omnomtcal than incineration.’ '

3. Stagcd improvement of disposal standard -
[t is proposed that initially the municipality introduces an cconomical sanitary landfill,
and subscquently upgrades the disposal standard by providing lining of improved

quality and leachate leakage monitaring system.

4. Syslematic acquisition of landfill sites of large arca

It is advisable for the municipality to plan the acquisition of future landfill sites as the
_ quumnun is mcrcaqmgl} difficult and takes time. The d:fflcully in sitc acquisition is

'parlly duc to the increasing public awarencss of cavironmental probiems and demand (o
Cav oid such problcm‘; fn order to make construction of landfill sits more acceptable to
ocal residents, it is necessary for the municipalily to prove that the disposal by sanilary
landfiti, docs not cause serious probIcnw to them, and to show fulure landusc plans
stich as the conversion of a completed site into a green park.  Failure to acquire landfill
sites of IC&St)ndbl) large size, will mecan that wasle mcmcmuon will have to be
cmployed which is very costly.

5. Acquisition of at feast 2 landfill sites .

The muni.cipalit}"s_huuld have at least 2 landfill sites, prefctably, one in the east and the
~ other in the west to reduce waste ilauiagc costs. A substantial reduction of haulage
costs can be expeeted if the mu hicipal_ily obtains a landfill sitc in the west.
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6. Uscofa pg[_p[latc guidelines {0[ the eclgglmnhil_n__( I sugs

It seems that former dumpsite locations were sclected on the basis of gcographwal view
criteria only. Other conditions such as geological and environmental conditions should
also be taken into consideration in sclcction of sites. Refer to Attachment 1, Technical
Guidelines for Sclection and Acquisition of Landfill Sites. |

7. Im pmvcmgnt oj_u 1c c;c,m ng Glmd ld]‘ldf!ll site e _

Glina landfill ‘;uc has causcd environmental pullulmn lhdt hd‘; affcctod the life of focal

residents Jiving in neighboring villages. This pollution problem may become A political
issuc in the near future, It is ﬁcCcssa:ry for the municipdlity W lake incasurcs to control

the pollution. To take appropiiate nicasures, as explained in Section 7.5, will cnable

the municipality to use the site for the nest few ycars without the risk of é()mpl_ainls- )
from the local residents.  Taking appropriate. mecasures will .also makb the landfill
upcmtiun more ¢fficient. ' : ' o

8. Mandgcmcnl and momlonng of f()rmcr dumpmth : .
The dumping of waste, paricularly demolition and industrial waste is still occurring at
some former dumpsites. If there is no waste dumping at those sites, they mdy_bc_uscd

for developing residential, commercial or industrial properties. It is advisable for- the
municipality to manage the sites by periodic menitoring of site conditiens including the” '
impact of lcachate on water. ' |

9. Recovery of methane gas _ .
Recovery of mathane gas from landfill sites will not be considered because it is not

feasible. Mathane gas recovery may be technically fcétsibi'c if waste deposit at landfifl © o

sites is 15m or deeper. However, the depth of waste deposit of plan’ncij landfilt sites for-
Bucharcest is about, 10m duc to gcugraphic d(mdilium of the plahncd locations. Another |
important conditions for the methanc gas recovery to be fcasxblc is that lhcrc must- bcr
demand for methane gas at places rcdqondblc near to thc sites. '
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7.3 Methods of Solid Waste Mandgement
1) Alternative Methods

It is considered that the following two alternative methods are worth studying their

applicability as a major means of wasle disposal in Bucharest:

“Alternative - Sanitary lancifill -
Alicrative 2 Incineration

Theorctically, composting is another disposal alternative. However, the composting is
not considered feasible as a major means of wastc disposal in Bucharest judging from
the fact lhat.thc .composlir-ig waé carried out in Bucharest but scveral years ago stopped
“beeause cond mst product containcd heavy mCldlS and lhcre was riot sufficient demand

f()r the produ cl
2) ,. "Cl'irtc\llf_iﬂ for Evaluation

Cost and cnvironmental soundness arc two major criteria used in cvaluation of disposal

aItgmativcs.

3.) Evélualibg '

‘a. szecificz;t.ions of Fa'cil_irt.i_es .Assumed for Evaluation

Cmt ol‘ sa]mar) landfill and incinerator vary greatly dcpcndmg on level (SPCleICdIll)nS)-
of respective facilities. For the purpose of meaningful comparison, cnwronmcnldﬂy

sound facititics of minimum cost were cmumcd Oullmcs of assumed landfill facility
and mcmcmtor are shown bclow -
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Table 7.3-1 Outlinc of Landﬁ!lFacllilies;ASsuhwd-forﬁEvaluatiOn

Facilitics Functions : Specifications -
1. Embankment to prevent garbage from flowing{ Soil bank of 7 m height
' out of - the site and to also]around site.
prevent rainfall from flowing in. '
2. Lining "| to aveid scepage of leachate and| Artificial h’n'cr
' contamination of ground water | Thickness = 2.0 mm -
3. Leachatc Collection 1

Facility

to collect leachate quickly

| Cnished ston;:

. Rain- Water Drainl
Facility

lo ‘prevent water fmm flowiiig
into lhc site o .

{Width= depth=300mim) arc
- lconstiucted around the site |

Corcrcte drsin difch

to treat leachate and improve

5. Leachate Treatntent Gdnéraicd'jchchatc"Will'Ec _
. Facility | quality of water to be discharged transporled to Glina scwagd
outside the site lrcdlmcnt facnlmcs thmug,h
. {eachale Irdnsmmsmn pipcs.
6. Gas  Exhausfto collect and relcase the gas| PVC porous _pipe ~with _
Facility | generated  from " decomposcd| crush stone 1

waste

Table 7.3-2 Outline of Incinerator Assunied for Evalua'tio:ri"}" AR

Dcscn phon

Type

24 hours opcratlon ‘;tokcr

t)'PC

Facilitics included

2. Combmtmn sy‘;lcm

1 3. Ash treatment sy‘;lcm

4. Waste wasler treatment

1s. Air supply system

6. Fluc gas draft system

7. Dust collection system

8. Surplus heat utilization

9.
~ System
10. Stack

Instrumentation

1. Refuse rcccwmg and feeding sy%tcm

- Automatic control

sy‘;tcm

‘;ys!cm

11. Building
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b. ° Cost Comparison

Both sanitary landfill and incincration assumecd for comparison are cﬁ_nsid_c;cd
‘cnvironmentally sound and acceptable. Therefore a meaningful cvaluation of the two
alternatives can be made in terms of unit cost. “The unit cost is defined as follows:

Unitcost=a+b where, _

a: Sum of investments and all costs of ()pcfra;i()n and maintenance necded during
entire operation period o

b. Total quantity of waste to bc dﬁpn';cd uf dunng entire npcralmn period

- Estimated net unit costs of the ‘;dmldty Idndﬁll dnd incincrator are $ 5.17/ton and $
42.05/ton respectively as shown in Table 7.3:1 and Fi ig. 7.3-1. The unit incincrator
cost of $42.05 is a nct Cost o_btamod_by_dcducu_ng heat sales ($ 7.83/ton) from the gross
cost {($ 48.88/ton). ($ 48.88/ton - $ 7.83[t0h_ =$ 42.05/ton}

" The unit cost of the sanitary landfill was estimated bascd on estimated costs of the
* planned landfill sites in Balaceanca and Cretuleasca.

Incincration is of continuous oper'ati'on stoker iypé with systems of heat recovery. Its
construction cost is assumed to bc amund US $ 185 L000/ton, which is cumldcrcd a

minimum level as a modeimn mcmcralur

Table 7.3- 3 Estimated Uni¢ Costs of Sanitaly Landfill and !ncmcmtmn

Umt US $/tonin 1995 price

Cost Items : Samtdry lAndhll : [ucmcratmn :
I. Depreciation  of 4,58 1_. 3697 0
Investrent Cost . :
2. Operation & 059 | 129t
niaintenance _ .
3. Total cost (1 +'2) 5.17 48.88
4. Salce ofhcat - - | - - o 7.83
5, Net cost (3 - 4) | 8.17 42.08
6. Index of net cost 100 _ 813
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Cosl _ _ -Tblal Cosl:

45 |
40 |
35}
30
NetCost
$42.05/ton.
25 | (8 tinics
higher than
. o { cost of the
© sanit
20 ¢ IS landf??)(
S is
10 }
$5.17on
5 s
ol e BTN
Sanitary Landfill Incineration at

Minimum Level

Fig. 7.3-1 Comparison of Unit Costs of Samtary Landfill and o .
Incinerator . o _ : R @
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¢. Major Assumptions Used for {he Estimation of Sanitary Landfill Cost
and Incineration Costs

A.  Assumplions Used for Estimation of Sanitary Landfill Cost.

Al Unit Canstruction Cost: $ 4.58/ton

..Gllcu!.llmn : L : o
azbhs= $45 706,551 + 9,995,000 ton = $ 4.58/ton
“where, ' '

a: Estimated total cost of construction of the Glina & 5 sanitary landfill sites in
_ Balaccanca, Cretulcasca, Afumati and Berceni: $ 45,706,551
- b: Estimated total waste (]Udl‘!llt) to be disposcd of at lhc Glina & 5 sanitary
landﬁll sites : R : . C
~in Bdidc-:dncci, Cretulcasca, Afumah and Bereeni: 9,995,000 ton

A2 - Unit operation and maintenance cost: $ 0.59/ton

% Calculation:

a+ b= $5918915 = 9995000 ton = $0.5%ton
where,” C : :

a Dstimated total cost of operation and maintenance of the Glina & 5 sammry
landfill sites in Balaceanca, Cretuleasca, Afumati and Berecai: $ 5,918,915
b Estimz:ttcd total waste quantity to be disposcd of at the  Glina & S sanitary
- landfill e_s:itc‘ﬁ'-; in Balaccanca, C;ctplcasca, Afumati and Bereeni: 9,995,000 ton
A3 Unit total cost of sanitary landfill: ~ $ 5.17/1an
Calculation: : _
$ 4.58/ton (Unlt construction cost) + $ 0.59/ton (Umt (}pcralmn & maintcpance

costs) = $ 5.17/ton

Scc Appendix for further details.

B.  Unit Incineration Cost
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BLL

Unit Construction Cost
Construction cost per capacity: US $ 185,236/ton/day capacity ~
This costs was cstimated based on an Austrian incincrator manufacturer’s price

guolation which is US $ 185,236/ton/day capacity. Further assumptions used
arc as follows: 1) building work shares 30 % of the original Austsian price,  2).

' building work in Romanian is one third of the Austrian price.  3) imported

cqmpmcnl cost in Romania is subject to 5 % lmpnrt duly 4) total incincrator
price is subjcct to 18 % value added tax, ' :

{ —Cdlcuidmm

B1.2

B1.3

B2.

- Equipment cost bcforc valuc .1ddcd tax (2) = US $ 188 0(){}!tunfdd)' capacuy X

70 % (cauipment portion) x 1.05 (lmporl tax: 5%) = $ 138 180!t0nlddy capacuy '

- Building work cost before valucd added tax (b) : $ 188,000/t/d capacity: x 30
% (bui!ding work portion) x 1/3 (ratio of Romanian building cost to Austrian
cost) = $ 18,800/1/d capacity ' |

- Total incincrator cost = (a + b) x 1.18 (v(iluc added tax: 18%) . .
= (5 138,180 Vd + $ 18,800 ) x 1.18 = $ 156,980 vd capacity x 1. 18
= $ 185,236 V/d capacity ‘ :

Quantity of wastc lo be incinerated per capacity through life period: 5,010 ton :

Caleulation: : S
ax bxc=14dx 334 days/ycar X 15 years ‘= 5,010 ton i\’héf:_:_

 a: Waste incincration guanlity per onc td capacity: 1 124 houts (by definition)

b: Operation day: 334 day/ycar (11 months/y car)
c: Uscful period: 15 years

Unit construction cost = $ 36.97/ton

Calculation; P _ :
$ 185,236 (unit construction cost per ton capacity) + 5,010 ton (total waste

.~ quantity to be incinerated per ton capacity through life period) = $‘36.97/t'0n_ '

Unit Operation & mainlenance costs:  § 12.91/'{0':_1

" Calculation:
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(@ x b) + (c x d) = ($ 18.5%0on x 25%) + ($25.1/on x 33 %)

= $4.63ton + $828k0n =$ 12910

“hcrc, '
Ty p:cal Lspdncsc npcmtmn cost of a ’3[)() tl)n/tlay capacity incincrator:
$ 185000

b: Ratio of Romanian (}pcrdnon cmt to Japdncsc operation cost: 0.25

c: Typical Jdpdncqc mainfenance cost of a 300 ton/day capac;ly mcmcratur
- $25.1fton

d: Ratio of Romanian maintenance cost to Japanese maintenance cost: (.33

. Unit heat sales: $ 7.83/ton

- .Calcufdlmn d + h =3 68 268[ycar + 8, 720 ton!ycar = $ 7 83/ton

B4,

\\ hcre

a Total ficat sales of Militari incinerator (owned by RADET in BUChdI‘C‘it) in
19930 122,882,000 leifycar = $ 68,268/ycar (at exchange rate: 1,8()() lcv’fb)
b: Total waste q_uantil)' incincrated by the Milita_ri incincrator in 1993:
8,720 towfyear - o

Net i'nci'ncrz'iti_im C()Si: "$ 42.05/!0:1

Calculation:a + b-c=($ 36 97[(0:1 + $ 1291ft0n) $7. 83/t0n =

$4988 $783 $4205
“where,
& Unit é{)hslmctitln'qist

Db: Unit operation maintenace cost

~ ¢; Unit heat sales
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4) Conclusion
i. Incincration is 8 times costlier than San‘ifary landfill,

2. Feasibility of sanitary landfill crucially depends on land avzaiiabililj' Judging from
the land use cendition of Bucharest, itis likcly that the Bucharest mumclpahly can
obtain, in the agnculturc scctor, land uf arca rcqmrcd for landf' ll up to lhc )car
2010 (200 ha in total), ' '

3. Thc_réforc, -itkié' judged that Sanilaf)f_ Iahdﬁlk is mote economical, 'siii'lab'lc and
recommendable for Bucharest than incineration. '

4. Approprialc level and spccifii:aiions of sanitary landfill t]_g:_pc;_nd on such
conditions as 1) geographical and gcologicél conditinns of sites, 2) distance fri)m‘sitc to
the ncarcst hum.m scttlcmcnt arca, and 3) national cnwmnmental standards and
rcguldlmu ' '

5. Allhough the incineration is nol fc‘mb!c at prcscnt it mdy bccomc feamblc fur
Romania somc time in the future as there will be changes in the Rumdman socio
cconomic conditions which will- affect. wastc mmpomlmn and land d\’allabllll}‘:
‘Therefore, the incincration should not be excluded from a fulurc uphon _ |

It may be an apprdpﬁafc strat’cgy' for BucharcSi to Havq a pitot inéihéféti__)g to dé\{clop :
incincration technology suitable for condi_tibns of the Romanian waste. It took about 10

years for the Yapancse local guvcmmcnis to develop inci_ncmﬁt,in_;céhg}ology: sqiiablc o
Japancse waste conditions after they first imported modqm‘_ifxcl:ingrat_ufs _frnrﬁ Elifopc;:n

countrics. ' T T ' '

It is generally said that if a local government wishes to apply incincration as major
mcans of wastc disposal without causing a scrious cconomic load on the citizens, GDP
per capita of $ 4,000 or more would be needed.

It would be beyond the financial capablhty of the Mumcapahly of Bucharcsl to cnhrcly _
finance cven a pilot mcmcralm with the capacnt) “of 200 ton/day within 10 years time.
( Minimum construction cost would bc $ 40 nnlhun) In view of the possibility of
diffusion of the incincration technology to other local govcrnmcnls it makes @ sence
that the central government should finance a major portion of the cosl of comtmclmn of
such pilot incincrator, T:mmg of the conslmchon of such pilot mccncrator dcpcndq
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mamly on availability of funds and speed of changes in socio cconimic condltlnns The
dppmpnatc lmlmg would not be bcforc the year 2000, o

: Pd[l D of Report 8 Other Studics { Report 13 in anaman version) shows’ technical -
information on incincratoss.

Comments en Incineration and Energy Recovery frem Incineration

In Romania, primary purposc of incincration was o obtain heat from -wastc
incincration. However, the Romanian experience did not show that this was feasible.

It is important to consider and establish a clear objective of municipal waste
incineration. In Japan and in other countries, primary puipose of waste incincration is
the wastc treatment (to reduce waste velume that has to be disposcd of at landfill, and to
make wastc har'mlcés).’ Encrgy iccovcry is only the sccondary purpose. No waste
incincrators in Japan and other countrics would be cconomically feasible if the
incincrators aimed at generation of energy alone. The value of cnergy recovered is
always much lower than the aggregate cost of wastc incincration and cnergy recovery
costs. In Japan, a typical cost and benefit condition can be expresscd as follows:

A + B>C but considercd that - A+B<C+x
where _ | |
A: Cost (Investment and operation/maintenance) of waste incincration facilitics
B: Cost (i]ivc;stqncnl and opcrationfmaintenarice) of encrgy recovery facilitics
(boilers and power generators) attached to incincrators
C: Value of energy recovered and uscd
X! Expected benefit of waste treatment

In cascs of typycal incincrat_of in Japan, valuc of cﬁcrgy recovered (C) is smaller than
(B) (i.c.,C < B) A rcason that still some Japanesc m'unicipalitics construct incinerators
with power gencration facilitics in spite of the above cost situation (C<B) is, the
- power geacration throu gh waste incincration is expeeted to bring about another benefit,
i.c., contribution to global envifonmental protection (prevention of globa! warming) by
cim‘;uming'lé%‘; quantity of aggregale fuel, which leads to resultant less emission of
global warmlng gd‘; This Siluauon may be expresscd in the followm g cquation: .
C<BbutC+)>B '
where, v is expected value of the environmental contribution.
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Remark: - e P - S .
Some Romanian scicntists have been attempting to develop technology for incincrating
waste of law caloric. " Incincrator of fluidized bed * which has been already zippiiéd_in '
Japan and some other countrics arc capable of incinerating wastc of very low caloric
such as sewage sludge and night soil studge. Howcver, this type of incinerator would
not be ceonomically feasible in Romania though technically fecasible.
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7.4 TFuture Dispesal Plan -
7.4.1 Disposal Site Arca Requirentent
1) Site Area

~ An attempt was made to ¢stimate arca of land necied for future landfill from 1995 £l

2010 based on (he assumption on the futre waste collcction volume which is shown in
Chapter 11 in addition to the following assumptions:

1. Avcrage waste butk density is 350 kg/m? at waste collection trucks,

' -and 700 kg/m3 at landfill sites a few ycars after landfilling and
compacting of waste. Therefore compacting ration is 2 (700/350).

2, Disrcgarding include cdges of landfill sites, lyj)ical depth of waste
deposit is 10 m . Howcver, when inclined edges are considered, average
depth rccalculatd; at 8.5 m., |

3. Quantity of cover soil to be applicd witl be 20 % of waste quantity.

4. Glinasitc has a remaining capacity of 6.12 million m>.

5. Total cumulative volume of wastc to be disposed of at landfill site for 16
ycars from 1995 (il 2010 will be 10.48 million ton. {Sce Chapter 2)

6. The required relation facilitics arca is equivalent to about 20% of landfilt

arca.

It is cstimated that 167 ha of land will be required to satisfy landfill demand arising
from 1995 1ill 2010, Sce the calculation below:

1048 million tons + 0.35 2 X1.2 = 17.97 million m>
117.97 million m3 - 6.12 million m? = 11.85 miltion m?
11.85 million m3+8.5 m = 139 ha
139 haX 1.2 = 167 ha

2) Number of the Site

The final disposal site should be located near by collection arca, because collection and
transpimétitm_'cusls share a madjor portion of solid waste management costs. ‘Therefore,
it is desjrous thal the municipatity should have a few landfill sites from economic point
of view. If there are a few tandfill sites, number of incoming trucks will reduce, and
Landfill operation in cach site will be more sound in terms of dumping area alolocation
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to cach truck and cover soil dpphcaltnn _ o L .
Considering the future landfill arca rcqmrcmcm arising b)' 2{)10 it s pmpnscd that thc
Bucharest municipality should acquire 5 new Jandfill sites (Balaccanca, Cleturcasca,
Bereeni, Afumati and Jilava ) as shown in Fig. 7.4.1. Total arca of these 5 sites will be
167 ha and have capacity of desposing 12,39 million m3 of wastc.

- The sites are sclected by the condition of dié!anc_c frpm collcction arcas to landfill sites
should be less than about 20 k_m to ‘iwoi_d high haulage costs.
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7.8

- Improvement Plan for Glina Disposal site

7.5.1 Improvement Policy

Improvesent policy of Glina landfill sitc is as follows:

Number of incoming trucks should be reduced to improve landfill opcmtinn
Reduction in number of incoming trucks will be made possible by hdvmg other
landfill sites.

" Remark :

““At present, control of incoming of unsuitable typcs of waste and. arca

6.

deﬁ;lgndnon for waste unloading have not been donc properly because oo many

-trucks arc coming to the site.

Glina site should be divided in two parts. Each part should have a gate, This
will reduce number of incoming truck ini cach part, and contribute to the

‘improvement of landfill operation.
. Daily soil should be applicd to minimize ddVCf‘iC 1mpactq on surbounding

residential arcas.

Landfill operation efficicncy should increase. . .

Work conditions should improve through pmviéion of basic facilitics.

It is proposed that the mum(:lpdh() should prowdc water supply to the local

- rcsldcnts lwmg near the Glina sitc.

7.5.2 Improvement Plan

1)

- Outline of Improvement Plan

The proposcd improvement plan include the following componcnts:

LR A

chular apphcduon of cover mdtcndl in ordcr to prevent fire, reducing surface

‘ nmvcmcnt of wa‘;!c di]d odor

Pl’()VlSl()ﬂ Of dCCCSQ road

. Pr_ovnsm_n of sitc boundary {embankment)

Provision of drainage system in order to divert storm waler

Conltrol of hazardous waste, and recording of incoming waste through truck
scale. :

Provision of gas exhaust facility |
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An improvement plan map is shown in Fig, 7.5-2, The proposed improvements are the-
minimum requirement for the protection of health of residents living nearby the site; to
imprave landfill operation cfficicncy and quatity. It should be noted that the Glina sitc,
even after implementation of those improvement plan, will not meet the pr(ipnécd_
standards of EC (Amended proposal for a Council Dircctive on the Landfill of Wastc, -
prcscntcd by the Commission pur%uant to Aticle’ 149 (’3) of EEC - 'I‘rc(:t} in Junc

- 2) Site Capacity

Glina sitc has a land arca of 109 ha, As shown in Table 9_.4-1,__a total waste receiving
capacity is 16.64 million m3, of which the remaining capacity os-7.89 million3.

‘Table 7.5-1 The Outline of Renewal of Glina Landfill site’

Item : 3 Quantity
I Area - oo 109.2 ha
2 Landfill Area L 820 ha
3 Capacity (4+5) b 1487 Milmd
4 Existing Disposed Quanl:t) . 835 Milm?
5 FaereCapacity | 642 Mitm?'

3) Structure of Main Facilities
a. Embankment

There are two main purposes to oonslruc( the cmb‘mkmcnt Onc n lo ';dfcly storc lhc
desig g,ncd qudmuy of wastc, dm)thf is to prnv:dc a mtc bnundary c :

An cmbankment itself should e slable as thc site w1ll be filled up to a hc;ght of 20 m

from ground level. The propmcd structure of cmbdnkmcnt ls %hown m hg 7 5.1
below. ' :
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Fig. 7.5-1 Structure of Embankment
b. Read

The repair of the access road should comply to the structural standard of the city road
pavement. And, in the case of ncw construction of the access road, the foundation
should be flat and sufficicntly paved to the samc class of standard city road. The
‘managenient road around the embankment should also comply with the standard
structure of local road pavcmént. However if the construction cost is too great for the
~ mnicipality, a crushed stone pavement can be uscd insted of concrete pavement. The

insite road can also be constructed in the same way as the mancgement road.

c. Draina ge

A drainage ditch for rainfall water shoud be constructed around the site. The structure
and scale is designed according to the surrounding conditions and the catchment area.
The drainage ditch for Ieachate consists of a ditch filled with crushed stones. ‘The size
of the ditch is detemined by the site arca,

d. Leachate storage pond
A leachate storage pond should be constructed to prevent the flow of leachate from
going dircctly to agriculture drainage ditch. And, in future the pond can be used as an
- zerobic pond. The capacity of pond nceds to be about 1,000 m? / ha. The detailed
‘calculation is given in Appendix. 7.4,
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4) Land{ill Operation Methods

The “solid wastes must be sufficiently compacied 50 as to stabilise the landfill
foundation and to protong the life span of the landfill. A tayer of cover soil must be
systematically placed after landfilling cach layer of solid waste.

The wastes arc unloaded at the foc of the carth dyke and spread and compacted on the
% - slope of the dyke in a scries of layers that vary in depth from 30 to 60 cm. The
recommended slope of these layers is 1 to 3. | '

At the end of cach days operation, a 1S cim 1o 30 cm layer of cover soil is placed over
that day’s compleicd fill. This onc day’s completed fill including the cover soit is called
acell. Recommended landfill method is shown as Fig. 7.5-3.
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Fig. 7.5-3 Landfill’ Methods
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5) Rough Cosl Estimalion

As shown in Table 7.5-1, It is csllmdtcd that- US$ 2.3 mllllon \\1Ii be needed to
implement the improvement plan.

Table 7.5-1 Rough Cost Estimation

: . Cdtem. Cmt(b) _ o %

1) Embankment W()"rk ' SR A 718,099
2) Leachate Collection and Drainage System Con%lrucm)n Work | ll(},l33
3) Rainwater Dmmdgc System Ct)nslmctmn Wnrk R 156,706
4) Gate and Fence Cnnslruelmn Work. S "'123.6,'81"6
5) Gas Exhaust Equipment Construction Work L 2,584
6) Road Coﬁs1rucliun Work ' T _ _ ?31,38()
7) Exisling Drainage Di!ch_l:ﬁpmﬁcmcnt Work : ' 234,71()
8) Temporary Work o _ 1 104,680 |
9) Leachate Storage Pond Construction Work e e .113,686' o

| 13} Leachate Pump Station R : : I i 73,809 S

| 14) Eleatricity Work - o assool
12) Building Construction Work ' : ) L 1 . 60,060
13) Pipeline. - o _ : | 3 60,551
14) Transportation - . - . S 1
15)Site Plat Work - e
16) 2nd Emlfuﬂkmcntl Work 5 S '. N 727,936 R
Total Direet Cost 5 SN 3 B N 3,262;950 ';;' e
Include Oxcrhc(uJ (2(]% ) Cost L s R 5 3, 91() Qoo |
fnclude Price ( 10% ) & Ph)«,ncai(S%)Cunungcnq' R ) 496 (}(mi Lo
lncludc'lVA(lS%) R A K ,“5 3(1523{)
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7.6 ldcnliﬁcation’_ of Candidate Landfill Site
| 7.6.1 Proposed Sites
i) Selection Criteria

" There are not- suitable sites found in Bucharest city arca considering the land. use

agriculture sccu}r arca uf the city. The existing G!ma dlspu‘;dl sitc is located also i in the

: dgucullurc sector.
fmportant criteria fur selection of landfill siics inclu_d_c the following:

- Eff‘ c:cncy of collection and transport (lucalwns should be within about 20 km
- from the center nf Buchdrcsl D '
- _C()mphancc with related rban pldnmng rcguldtums
- Area of sufficient size (one sitc arca should be Targer than 10 ha g
s SUtfdblO tupngraphml conditions to ensure landfill capacity cfficicncy
- Sites «:hould be located more than 200 m de}’ fmm the pmpcrty lincs of
prcnmcs such as residences dnd storcs. '

- The landfill site should be localcd at lcast 2()[] m away fmm nvcrs or lakes

- -Approdch road dnd access foad should be available, _

= In dddnlmn, Attdchmcm 1 chhmcal Guidcliries fo Sclcclmn of Landfill Sites
WS uscd by hc Study f‘cam for lhc 1dcnhf1cahon of candidate idndml sntcs

o "c'z';'nﬁdmai'e Laminn .S‘_i,t.cs.

Thc lnc«ilmm of SCICC[Cd candlddtc <;|tcs are shnwn in Flg 7.6-1. Oullinc of the sites n
prc‘scntcd in Tdb!b 7 6- 1 '

- 149-
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Table 7.6-1 Description of the Candidate Final Disposal Site

| S v TICATION | AREA | CAPACTIY | TAND ROTH
& Distance (1.andfidl (Mil. m3) UsE
lrom the cily yca). S
o CEANT : ]
T [ BATACEANCA” [SOT1E. 7. % ha 115 Swampy | » - 5 km shoold
) ] RAST {1002y Tand gc:;:f[f.:f;?w 1.3 km show
100 km ) :
. ¥ Gxcavalion work s aceded
2 fRI'.'ll”,-ﬁt\Sf':\_ . NQR"‘““, . 2%ha 144 Tield * ‘[he site is Jocated nearby fhaha
' : - PAST (28ha) ' ' ' river {150 m)
12.0 km . .
* lixcavation work i needed
* New aceess moad 0.8 km should
© be coastrected
) * ‘There s an institute nearby (he
. . ; . : ' site '
3 BLRCEND - SSOUT 20hy - . 08 Field Same as abave
' : : o 90km {16 ha) {(dm Height= } -
-~ 1.6)
4 JILAVA souTil 43 ha 14 1 Fiek & New acecss rozd 0.6 ki should
: : (5 ha) (4 Bieight = be consm:cled
- 90 km : 28) ‘
* FExcavation work is peeded
5 1 aFUMATT . P RORTH - 35 ha 12, tield - | » 4 .
' LAST Goha) | (dm teight= - bﬁc‘\“)n’;iffjfc;"“ 1.0 km should
TR0 |, 2.4) Tk
L - * fixcavation work is needed
POPLSTI - B BEIAVET T . S8ha : 1.2 Field : * [he site is Jocatcd Acarby (lin:
R I 3 S Raer . < y {Hina
6 | FEORDENLN - Li\(]bﬂrkm (50 ha) existing site and residential area
S - B ’ * New eceess road 1.6 lun should
be conslrucicd
. * Lhere is not cover soif mateeial
7| POPESTI- SOUTH Hha 30 [ERT * Ihe site & located neatby Gli
: y ARE bty E y Glina
LEORDIENL Y I"";H &m {21ha) existiag site and residenlial arc
* New access ro2d 1.2 km should
be consirucied
: ) . ® There B not cover soil material
8 [FUNDIN] NORT 41 ha 12 Iield . . 1k
CEAST (30ha) (4m Height = Il:ie;nacc!}u;s“;oad 0.3 km should
150 km 2.4) e
S . ) * Excavation work isneceded
9. VIDORA S()U'llll ?0 ha 5.1 Field New  access road  0.6km
‘ NOKM (5702} should be construcled
: Excavalion work is nceded
[ CIAINA ™ [ WesST 0k 30 Reed i | s Now scocss rozd 0.8 ke shoold

1.5 bon (42ba) be construcled

* The sile bcaled nearby the
residential arca (100 m) aad
Dimbovila civer (200 m)

: ) ® There is not cover soil malerial

11. } DUDU WIST 23 ha 15 Qpen Pit * New access road 2.0 un should

: ) 90 ks (21h) be constracted

¥ The site is Jocated ncar by
Dimbovita river (150 m)

* There i nol cover soil material

From an cconomic view point it is preferable to choose a sitc with good geological

conditions.

It is preferable (o build the landfilf system on a unpermeable ground, and to avoid
bmldmg on soft ground or pldccs where subsidence may occur. This avoids the cost of
improving the sitc. However, if this is unavoidable it is necessary o take
counlcrincasum:_tu prévént uncqual land subsidence,
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3}  Evalualion

The results of the cvaluation of the candidate landfilt sites are given in Table 7.6-2, The
cvalualion is bascd on a consideration of location, landuse and construction cosl.
Construclion costs of cach candidate sitc were cstimated for the following 2 cases:

‘Case 1 : Off-sitc Leachiate Treatment { Leachate will be collected -and transmitted
through pipelines to the nearest public scwer lmc and lrcatcd at the existing Glma X
Sewage ‘ir'catmcnt Pl.mt) ' : o -
Case 2 ; On-site “]ecachate Treatnient ( bcachd!c will bc collected - and !rcalcd bmh o
ibl()l{)gl&ll and chemical by an independent trcatment facnhty to be prov_ldcd al cach site.)-

The detail information of construction costs is attached in Appendix. 7.3. Based upon -
the result of the cvaluation, it is planncd that new landfill sites arc oomlfu'ctcd in -
B(ﬂdCCcmCd dnd Clclurcasca 50 thal they can open in 1999 A deS‘Jbllll)’ study has been -

carricd for construction of these 2 sites as well 4s for 1mpr0vcmcnt of thc existing Glina =

site. To mect the future disposal dcmand, 3 morc landfill sites should be developed in
Bereeni, Afuntati and Jifava. '
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Table 7.6-2 Evaluation of the Candidate Landfill Sites

NO. Location Land vse *iemark | Construction Cosi
(Distance from i :
resideitial area) Case § Case 2 | Priorily

(Uss/ {Uss/
‘ m¥) m3)
1. | BALACEANCA | Swanpy Land rre 2.30 412 1
i ~aboui S800m i
L A A
2 | CRETULEASCA | Agriculture Arca By 330 3.68 2
More than 1000m:§ - AR R : :
. A ‘ B3
3 BERCENI Agriculture Arca 3 2.26 3.50 3
More than 1,000m S s
A - B : :
4 JILAVA Agriculure Arca A 221 378 4
aboul 50001 ‘ : '

_ A B

3 AFUMATD Agriculture Arca TS 2.34 4.38 5

: about 400m :

A . B :
6 POPEST! - Agricollure Area - 1.03 2.20 6
LEORDENI I Cl :
about 200m .
3 8- I _
1 POPESTI - Agricalture Area 1.44 2.34 7
LEORDENI I
ahont 208m
138 B, .
8 FUNDENI Agricullusé Arca 2.37 4.41 8
aboul 200m '
B on _
9 VIDORA | Agriculiure Arca 310 | 499 Y
about 1000m B
A
0 CHIAINA Recd  Plain and 2.08 d4.41 10
about 500m Agriculture Land
*Waier Resourse '
Arca o
. B - B .
11 PUDYU- | Borrow  Pit and 1 5.31 11
o Aboul 400m Fish Pond : .
*\WVater Resoaise
Arca
B "B
Note : Grading
A ¢ Good
B : Acceptable
'Remark *+++ : The 1st priority sites studied in the current fczmblht) study.

** « The 2nd priorily sites tobe chosen
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7.6.2 Facilities Plan

1) Major acilllies Plan
Table 7.6-3

spcmh&lllnns for Cascs 1 and 2.

shuws major facilitics reyuired for wnldry Iandflll thcir function, dnd

Table ? 6-3 Ontllnc of MaJm Facnliues for Cascs 1 and 2 for Ncw
Landfill site

SPECIFICATION

ction Facility

& PYC pipe

MAJOR FUNCTION
FACILITY | CcasE 1. | ccasez

Embankment To prevent  garbage  from| Soil band of 7 Sanic a5 Case
flowing oul - of the sitc and| m hcighi -
rainfal} water from flowing in | amund the site '_ _

Lining To a\'ﬁid SCCpage of ?_cacha.!c Artificial tiner S:ime.'as (asc
and cnnlam:inaﬁnn of ground| Thickness _ 1 ‘ :
walcy o =20 mhl

Leachate  Colle-| To collect feachate quickly Crushed sfone Same =35 Case

* lrom

Conceele drain

[

Rain Wma: Drain [ To  prevent  water Same as Case|
Facility - flowing into the sic ditch (Width= .1 o
: ' depth=300mm)
ase constructed
arvund the site
Leachate T‘u treal leachate and tmprmc (I)ff-siic Oﬁ-sihﬁ.' .
Treatment quality  of water - 0 bk trealoent ._irealplénl" (
Facility discharged outside the site boh
' bioiogica] T &
chemical )
Gas Exhaust] To collect and release the gas| Crushed “stonc| Same as .Casc
Facility generated  from  decomposed &I’VC pipe |t o
' was(e | . B
Note:

(i is assunted thal wasfe soil excavaled from Creluaresea landfill site construction wi]l,_bé_ ustd for

construction of embankment and on-site and access roads.

- -154-




2) L.eachate Treatment Facility Plan

As a result of cost comparisdn of Casc.1 : off-sitc treatment (- Conncction to public
sewer line for lcachate treatment al the Glina Treatment Plant ) and Case 2': on-site
lrcatment, Case -1 provided 1o be much more coonomical than Casc 2. Thcrcfbrc, the
off-site treatment { Casc 1 ) is recomended.

» Plan for Operation Centrol Facility and Monitoring
B Major operation control facilitis consist of the follwing facilitics;
1. Sitc Officc
2. Weigh- brldgc
3.Ground watcr quality momtonng fﬁ‘Cllll) (Wc]l)
4)  Plan for Other 'Facin'ties -
‘Other facilities required on the site arc outlined in Table 7.6- 4 Those deIllllCS are

common for Cascs 1 and 2 -
Table 7.6.4 Other Facilily

FACILITY | FUNCTION | QUTLINE
Access road Access to !hc.site from 8 m wide, two way road. Paved Part is
the public road [ 6 m wide, and covered with 0.5 m

crushed stone and concrete pavement.

On-site read | Access to the working 6 m widg, two way road. Pavement is 6
' face B m, covered with 0.5 m crushed stonc.
Fence To prevent waste from | Net fence height=1.8 m
flowing out’ |

To maintain security and

avoid waste flowing oul

@ ' Gate | To manitain sccurily | Main gate is 6 m wide. Smal} gate for
' ' leachatc treatment facility is 3 m wide.

Fire ﬁghling facility | To extinguish firc on the | Handy fire extinguishers and cover

site ‘ soil to be placed on the site.
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5) Heavy Equipment Plan

Some hcavy cauipment is required for bcdding and compaction of waste and cover
matcrial, It is cstimated that 21 bulidozers with wide caterpillars, 3 excavatrs, 6 trucks
and 3 jeeps will be required for the planncd 3 landfilt in Balaccanca, Cretuleasca and
- Glina judging from the amount of waste and cover matcnal to be handled. Scc- Table
7.6-5. ' ' '

Table 7.6-5 Ileavy hquipmenl Requircd for lamll’lll site |

flem Balaceanca | Cletuleasca| -~ Glina Berceni Afamati | Jﬂa\.a—" Total
Holdozer | 10 s| s 8 6 6 41
15¢ class o ' ]
Fxcavator { Y R | IR i 1 6
1m3 class : L -
Trock 3 t 2 Al 2] e 2
10 class o l
Jéc-p 1 1 - .l. R | I 1 o . 1"__ ' '=6

Note: The following a‘;sumpuons are uscd for Caiculatmg rcqmrcd number of units;
- Bulldozer, Class 15t/unit, Capab}llty 45 m3/hour ( Spredd & Compaction )
- Excavator, Class Im3, Capability 60 m‘%/hour ( Exavalmn & Loadmg)
- Dump truck, Class IOI Capablllty 25m3/h0ur (L— lkm) '



7.6.3 Operation and Maintenance Plan
SHEE Landfill Operation Plan
Coa - Application of Cover Soil

' Du mpcd wast sh(m ld be cuvcrcd with soil cvcr) day. Ddily dpph(‘dl!l)n of cover soil is

rcqmrcd to:

- réduce smoke and odor.
- reduce the number of insccts and rodcnts
- dccclcratc waste dccumpuslllun

b . B'edding aﬁt_l 'C{)mpac_tion e

' Bedding and’ compaction arc l;\'u.iﬁipo'rian;t activitics required for sanitary kindfill
aperation. There are two methods for the bedding and compaction: down-fitl method
and up-fill method. The former is not recommended as it is difficult to keep the waste
layer at the same thickness with this mcthod. (Waste layers gel too thick ‘with this
method.) The up-fill mclhod is preferred and s illustrated in Flgq 7.6-2, 7.6-3 and
7.6-4. o

¢.  Landfill Method

The ecll method is recommended for the sanitary landfifl in view of the large area of the
~ Tandfill. Waste layers will be made as shown in Fig. 7.6-5. For cxample in Balaceanca
sitc, thickness and arca of the layer are shown bellow:

o ST THICKNESS ~ AREA REQUIRED
- . 1. Bach waste layer: S 27m 702 m? / day

2. Cover md!cnal ldycr e 03 m 702 m?/ day
3. T()ldl ' 0 3.0m . 702m?/ day

Note: 'l‘hc rcquucd arca'is calculated as follows:
lnc(_}mlng waste volume 1,896 m3+ Ld) cr thickness 2.7m = 702 m2
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Up fill method

Down-filt m'eth'od

Fig.7.6-2 Melhod of Bcddlng and Compaction =

W ////////// //// /////////////////

- Fig.7.6-3 Prepa_laﬁon of A Unit of C:el_l _wlth,th_e__Up -fill Method

Fig.7.6-4 Preparation of Cells with t_hé Upt‘lll Method

\ ~ \Daijly soil cover
A Dally waste cell '

Fig. 7.6-5 Typlcal Landﬁll by Cell Method -



2} Periodical Monltoring Plan

Table 7.6-9 Shows an outline of proposed monitoring.

Pable 7.6-9 Outline of Proposed Monitokring

MONITORIN

oil, Ph, Cu, Zn, S-Fe, $-Mn, T-C1, F,
CaCo3, NO3-N, NO2-N, KMn04-G,
color, Muddiness, NH3-N,

‘Temperture

MONITOR_NG "INSPECTION ITEMS - “MINIMUM
- GITEMS FACILITY ' _ . FREQUENCY
Ground water | Ground water - | pH, CN, Pb, T-Hg, Cd, BOD COD, S5, | 1 /month
o monioring well M#N, Color, NH3-N, Temperature -
- Gas Gas cxhaust | Temperature and humidity of 1 /month
. pip'e original air, Temperature and volime
of gas, com p(rnénl analysis _(Cl{4, ‘
| B <> B _
_Sélllcmenf Gmund_-sulr'facc Settlement of .grmmd level - 1 /month
3 ' sclllcmérsl | | _ a
Odor - ltem should be selected by surround | 2 /yecar
- conditions | ' | ‘
Leachate Lcachale pH, CN, Pb, T-Hg, Cd, BOD COD, SS,| 1 /month
| - jreservoir pond | MPN, C{)l()r, NH3-N, Temperature
Effluent water | pH, €N, Pb, T-Hg, Cd, BOD COD, S8, | 1 /month
from MPN; Color, NH3-N, Temperatire. |
leachate pll, CN, Pb, Cr (VD), As, T-Hg, Cd, [ 1 /ycar
treatment, . - PCB, TCE PCE MC, R-Hg, BOD
fagilil.)l'f' 7 C(_)D, SS, MPN, CI» n- CsHi4 (plant
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7.7  Cost Estimation

As shown in Table 7.7-1, i's estimated (hat total cxpcndltures needed for waste
disposal from 1996 to 2010 will be $ 47.8 million, of which about 38 million will be
used for development and operation of 3 landfill sites in Balaceanca, Cretuleasca and -
Glina ( herein afler called " the project " ); $ 22 million Will be required for development
and operation of another 3 sites in Berceni, Afumali and Jilava; $ 1 miltion will be
needed before the Project for Immediate improvement of lhc Glina site’ and othcr :
purposes. Annual expenditure are shown in Table 7.7-2.

Table 7.7-1 Estimated Disposal Expenditurés‘l@% 2000
( Includmg Contlngency and Value Added Tax '} . :
Uml US$ in 1995 pncc -

~Items _'; o T ‘Price
A. PreD ﬁroject Expenditures ‘_ S
Al. Immediate improvement of the Glma sito T - 52,081
A2, Purchase of bulldozers of Glina site - ' ‘ -~ 105,000
A3 Operation and maintenance of lhc Gima snte 1996 - 1998 . 662,129
before the three siles open s SR L L
Total of ltem A ' T 819210
8. PrOJecl }_axpendllures _ o i B
BI. EngmeenngServ:ces for B3 & B4 N T 1807170
B2. Technical assistance .~~~ - - . . 86,140}
B3. Construction work R B 19 919,580] - %
7, Equapment procuremenl 3 - I T 1,270,860] 4
BS5. Total of Project {nvcstmcnt(Bl+B2+B3+B4) ' B o \,‘23,083,750
B&. Operation & maintenance of landﬁ]l sites - (. 1999 Mid - 3,003,555]
2007) ' o U
Totalof Item B ] 26,087,305]
C. Post PrOJect Expenditures T o _:_ o o
Cl. Addlttona] il works for lhe 3 sﬂes ( Constmcuon of i l,'939,920
embankment ) E o _
C2. Construction of other landfill sites in Afuman Berceni & - 16,702,600
Jilava (2004 - 2006 ) including engineering cost N
C3.” Operation and maintenance of Afumati, Berceni & Jilava © 2,253,231
sites { Mid 2006 - 2010) I . . Lo
Total of Item C - 1 20,895,751
Ground Total (A + B + C) _. 47,802,266
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Table 7.7-2 Annual Disposal Expenditures
( Investment include value added tax )
: . ) Unit : US dollar in 1995 price
~ Year Project Costs(a) | Pre Project & Post | Total(a+b)=
Project Expenditure (c)
i _(b)

1996 . 7,080] 302,804 309,884

- 1997 1,081,456 254,804 1,336,452
1998 16,343,635 261,410 16,603,045
1599 6,317,126 0 6,317,126
2000 409,260 716,260 1,125,520
2001 414,700 607,700 1,022,400
2002 420,295] 0 420,295
2003 426,044 0 426,044
2004 - 431,956 4,422,310 4,854,266
2005 438,033 8,753,506 9,191,539
2006 137,546 4,464,510 4,602,356
2007 K 462,980 462,980
2008 0 475,944 475,944
2009 0 489,271 489,271

- 2010 0 502,970 502,970

~ Total 26,087,305 21,714,961 47,802,266






| Chapter 8
Industrial, Demolition and
Hospital Waste Management






CHAPTER 8 INDUSTRIAL, DEMOLITION AND HOSPITAL, WASTE
MANAGEMENT

8.1 Current Conditions
8.1.1 Industrial Waste.

In Romania, generators of technological process waste is responsible for disposal of
their waste at generators' factories. Generators are obliged to obtain permission for
- construction of disposal facilities for their waste.

At present there is little information on generation quantity of this type of waste and
~ how the waste is disposed of.

,Remarks o : :

. There are 3 ways for drsposal of mduslnal waste in Bucharest i.e., 1) disposal of
wasic at sources {factories), 2) generators transport waste to Glina landfill site, and
3) generators request RASUB to transport waste to Glina site. RASUB checks
factory waste brought to Glina site. Names of factory, quantity of waste and
vehicles used for 1r_ansp0r£auon are recorded.

Monitoring and conirol sysiems for industrial waste have not beén established yet in
Bucharesl Industrial waste management system at faclory is weak. Problems with
conlrol of mduslnai waste are as follows:

1'-.' Bucharest Municipa]ily does not have regulations or guidelines which specify
. - types of waste to be accepted or rejccled at disposal sites.
. 2. Typcs and quanlity of industrial waste brought into disposal sites are not
" checked. . | |
3._;There is no. data managemem systern which records generators (factory),
persons in chargc of managmg mduslnai wasle in each factory, types and
- quantily of waste.
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: 8.1.2 Demolition Waste

Demolition waste is generally of stable condition, and harmless to health. However,
demolition waste may affect residential conditions if it is dumped on streets or public
spaces. ' o R n

In Bucharest, there are many abandoned or suspended building constniction sites where
demolition waste is dumpcd In many occasions, demolltion waste is lllcgally dumped _
on pubhc places. Lo ' B

An important problem is that it is not clearly specified who is résponsible for cotlection
of demolition waste dumped on sites or on public places. More clear deﬁmuon of the
. responsibility in the regulatlons and theit enforcement are necessary '

Remarks: . _ : _
In EU countrics, land owners are responsible for collection and disposal of their

~ demolition waste. Muticipal governmenls havé power to order land owners to
remove and dispose of il. Municipal governments also have power to remove and
dispose of demolition waste; and reqmre land owners to pay cosls Spent for
removal and disposal. - ) S ' S

8.1.3 Hospital Waste

According to the guidelines of Ministry of the Health, hospital waste is defined as Waste
generated in relation with medical activities. Thc gludclmes state thal each hosp;lal
should have an incinerator to mcme;atc hospltal waste. '

The Study Team visited incinerators of 2 hospitals, and found that their incinerators are
not capable of completely buming waste, = Inside of some waste remained
unincinerated. Tncompletely burned hospital waste is hauled to Glina landfill site, and
causes health risks. Problems with hoSpital wasle: niéﬁagcmem are summarized as
follows: A

1. Hospitals do not have ad_eqilale management systcm for hospital waste. .

2. Incinerators of hospitals are not capable of rendering (making) hospital waste
completely harmless, and there are no operators responsablc for operation of the
incinerators, _

3. Inspection and control of hospital waste at Glina site are inadequate.
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8.2 Recommendations for Improvement

In order to reduce environmental and public health risks associated with industrial,
demolition and hospital waste, it is proposed that the municipatity should take following

~ actions:

1. The municipality should clearly specify types of waste to be collected under the
. responsibility of the municipality and those to be collected by waste generators.
The municipality should make aljd enforce regulations which prohibit waste
generators to mix former type waste with the Jatter. The regulation should also

_ include an article stipulating penalty to be applied to those who violate the

regulations, -

2. The municipality should specify types of waste to be accepted or rejected at the
municipality's disposal site.

3. The municipality should make and enforce regulations that require industrial
" factories 1) to report on disposal of their waste, and 2) to obtain a permission
from the municipality for the use of the municipality's disposal site.

4. The municipality should strengthen inspection of industrial waste at the
municipality's disposal sites, ans should not accept hazrdous waste.

5. The municipality should establish data management system for industrial waste
brought into the municipality's disposal sites. Installation of adequate number
of truck scale will be necessary.

6. The municipality should make and enforce regulations to specily who is
rcsponéib_le for management of demolition waste. The regulations should also
empower the municipality to remove demolition waste and recover the necessary
costs from bodies responsible for management of the demeolition waste in case
they did not do it by themselves.

7. The municipality shoutd make and enforce regulations that empower the

municipalily to monitor hospital waste management and give guidance to
hospitals so that they will properly manage their waste.
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8. The municipalily should organize a section responsible  for monitoring,
inspection and data management in connection with hospital and industrial waste
management.  This section should provide industrics and hospitals with
guidance and information useful for improvement of management of their
wasle.

9. There should be a law that requires industrial factories and hospilals to have a
person responsible for managenient of their waste within their organization. %
Trammg progeams as well as license system should be csiabhshcd for persons -
+ to be assigned with this responsnbmly *

10. Ministry of Health should prepare technical guidelines for managcment of
hospital waste.
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