ia&.'»‘-‘r 'w-'

a nws.m

el el b 1 e s St L b g s o e ot ek e 4 e e e i < i i e 2

':
’1‘: i

lwu'.'. & o

- W%\q?s‘bwmi_\‘-&i—;ﬁ(fgq-‘ﬁe_'l—qk__w.-'__ht."gqﬂ'g.l%}“-li\';'-—“-‘fd_ft%’a‘a_.w?-.wG‘ﬁs‘)werﬁﬁ',}»’?:—’f}.{.i‘é;ﬁ?ﬂ-‘lﬁi’ﬁ'fw<g‘f‘_.' s

The Study on tne Solid Waste Management System -

for Bucharest Mummpahty in Romama__..,

| "Fiﬂéi:R.epdft |
Volume 3

Appendlces
~to
the Maste1 Plan

g EX Corporatlon
Yachlyo Engineermg Co., Ltd

. . . N
e LN ST PSP ORI P SENE NE. SRS, VY

L.._._ IR

SRR b

95150 (3:10)

LT
ko

i

o U el B B D R B L e







Japan International Cooperation Agency (JICA)

. The Ministry of Public Works and Regional Planning

The Municipality of Bucharest
Romama

The Study 01i_ the Solid Waste Management System
for Bucharest Municipality in Romania

Final Report
Volume 3
Appendices

to
the Master Plan

EEJ@\ LIBRA

" Uil

J1126734

Decem_bér 1995

i

- EX Corporatidn
Yachiyo Engineering Co., Ltd.






——
L= R I~ Y [FCW S -

W NN N
R —_

T MaWN = bR - AW =

NNNNN 92 0000 A VUnUMM U AAARSS A
A D D .

Table of Contents

. pages
Waste Quantity
Household Waste Generation ------------------ oo 1-1
Business Waste Generalion =--------c-mmemmeammmmceee. 1-3
Truck Scale Data - Waste Quantity hauled
into Glina Disposal Site -----------rmemmrm s e e 1-4
Avcerage Weight of Waste Loaded on Col lection Vehicles - 17
Trip Counting at Glina Landfill Site -----veevoemmeemmeeeenee 1-8
Trip Counting at Glina Landfili Sxte ---------------------------- 1-3
Waste Quallty 7 |
SAMPIES —--remmmoimcaeaarnaarre e temreecomemaetmneanne e 2-1
Methods and Results of Analysis -----ereomvemmmmmcammcmnnneeeas 241
Assumptions Used for Projection | |
of Waste Quantity -------eeereomee e 3-1
~ Waste Prevention and Utilization
Proposed System using Colleclion BoXes --------==---=-=e==o 4-1
Material Collected by REMAT ------oomooemomm e 4-2
Featuzes of Proposed Recyclable Materials Law  ------------ 4-3
Recyclable Material Collection -------svmemssoec oo 4-4
Recycling System in the Countries Promoting Recycling ---  4-5
Legal and Administrative Requirements -------s--=mnssneeeeees - 4-10
~Colltection and Haulage '
Basic Data and Assumptions ----------- B RCOTEREEE 5-1
ColleCtion -------svseseimmemina s eas e naen 5-4
© Cost Data for Estimation «-------ecceseesmomm s ereeees 5-8
COSt Calcu‘alion -------- ittt et femmmame= 5-9
Time and Motion Study (TMS) ~--ce-emmommmmm e 5-12
S'treet' Sweeplng |
Strcel Sweeping --~--seemveenn-e- S —meamnnan 6-1
Existing Mechanical Swecpmg ---------------------------------- 6-1
Existing Manual Sweeping ---=---sscmemmumiomeee ol ammeenn 6-2
Other EQUipment ---r~--r-seseeemmrmm s . 6-3
‘Street Sweeping Cost =------- T 64
Final Dispesal |
* Inventory of Former and Present Landfitl Sites --------rveo-- 7-1
Outline of Glina Landfill Site ~-------r--eeemememmmimmceeeee 7-4
- Rough Cost Estimation of Each Candldate ] {CYPEER— B )
Calculation for Leachate Quanlity ---------ecseaamnvanes romenes 7-34
Evaluation of Leachate and =~ o _ 7
Surface Water Quallty at Glina S]te---_---'--g-:--f--f---—-.-—f-. ----- 71-39



W DD

bed mmewee Coad WO D 000000 OO
m OO0 O elee—m  * b -
. -

h—
—
P

D

O

MR
-l N A b D B

ot o — — f—
-

|k
L]

13.1
13.2
13.3
134
14!
14.1
14.2
15,
15.1
153

Industrial, Hazardous and Hospital Waste .Ma_nagemgn't

Industrial Waste =-------~----- B ——— .81
Hazardous ------------- e s e e 82
Hospital Waste ----------- it wraseesmseeseeees 823
Inslitutional.Arrangemems o | ‘

Introduction ------- R - 9
Evaluation of Current Institutional Arrangements :-----------" 9-2
Proposed Institutional Reform of SWM for Bucharest - ------ 99
Management and Organisation |
Bucharest Municipality SWM ResponSIhilules 10-1

- RASUB “"'""""“"“""""_‘.'T"_"_f"":":_’_"."_':'"."."."'?""' 10'10 .
SWM Financing and Costs | N _
Evaluation of SWM Financing and Costs -------wrweirinves 111
Proposals for SWM Finance and Costs -rooromrmamaee- weeeeee AT
Outline of Bucharvest = IR
Introduction '.j""'.'."""‘“"’."."":f"‘_'"";':'""""""'".“-':'_.7“‘.'.‘%"‘.""‘ 12-1
Natural Conditions ' -+-------2commsommmmeciniiai e 12-2
POpulation ------eemeee i el 1210
Land USC-""""'-'--'----""7*-_°*_-'“-7-‘-----; ------- et LU 12-18
Economic Indicators ---------- G CITLERIERSRe EERERECE PR V2] | :
Environmental Conditions RERe S ALICLALSELEEUSTEELETTEL SO 2y 2 B
Other Urban Infrastructure Conditions © -~~~ .
and De\’elopmenl Plans ------eeeene _ jf"'t"jf:_‘j';“f:-_--:-_-_-;*'- 172-33 _
Municipal Gov_ernment of _Bu‘c_harﬁesf o f. __ | . -
Hlstory and Slatlls "‘"“""‘"“'"";;"'T.;t'?'f’ff‘;'-"‘: ---- __"-V“ l3‘-1
Organizalion -----------ioasmmsmamcecoes oot emeseaeaa ememies 1322
Financing and Expenditure --------ceveesiemoeenieccncacnes - 13-4
Institutional Linkages with Central Govemment and L
the Regic Autonomes st Rl o0 VI

Policy, Instifutional and Legal Aspects of Public Hea!th
and anronmental Protecllon -

Policy and Institutional Aspects ------- e 14- l
Legal/Regulatory Aspects of Waste Management in Romama 14.8

Resuits of the Citizens' Opinlon Survey

_ Intervnewees S S -- 1 51
Results of Survey on Waste Collccuon Servncc reeerocoseee 1541
Results of Survey on Recychng " e 15-4



16.
16.1
16.2
16.3

16.4

Laws and Regulations

IRUrOAUCHION  -memmemmerrmrm e e
SWM Legislation ------eeeemeommmemrm oo

Developinent of Fiscal and Proprictorial Responsibility

. 1o Local Government -=--«-eesemesemmmemmmm e

Summary of Existing Legisiation Relevant to
Solid Waste Management ----=----resrzeneoemsosannnoooees

-






1. WASTE QUANTITY

~The Study Team conducted the following surveys concerning quantity of waste
generated and hauled in Bucharest. -

1. Household Waste Generation Survey
2, Street Waste Generation Survey _

3. Waste Weight Stirvey Loaded on CoMection Vehicles by Type
4. Trip Counting at Glina Landfill Site

: Surveys conducted in July 1995

' 1. Household Waste Generation Survey _
- 2. Waste Weight Survey Loaded on Collection Vehicles by Type

1.1 Houschold Waste Generation

1) - Sample Selection, Collection and Measurement

150 households of different famlly $izes  was selectcd throughout Bucharest.
Composmon of lhese houschold was as follows: ‘

'Ta'bl'e 1.1-1 Type and Number of Samples of the Survey

Type e - Number of Rooms Number of Samples

1. Apartments : ‘ . Oneroom 30 samples -
(120 samples in total) ' Two rooms 30 samples
o T | Threerooms. | 30samples
L _ Fouz rooms or more ___30samples
2. Individual houses * '~ L - 30 samples
Total . L L 150 samples

‘Waste samples were coltected by plastic bags from each house every day for 8

conseculive days, and their"v)eight were measured. Data of the first day of the survey
is exciuded because the sample on first day may contain waste gencrated before the -
prevnous day ' S '



2)  Method of Estimation A I I I

Collected data were sorted by family size(humber of people living in hb‘us"chorlds) anhd
waste generalion quantity per capita by the family size was estimated as follows: ~ -

Qn = An+7+Bn - Where;

(n=1,2,3,4 0ormore) : STERRRRS
Qn: Waste Generation per Capita of household wuh n persons ‘

An: Total wastc quannly d:schargcd from houschold wnh " pcfsons for seven
. days : e
Bn: Total number of pe:sons living in households w:lh n person

Total daily household waste generatiqn amount in?Bucha}esl © will_ _be estimated by
using the following formula:

C=0QnxPn .where', :

Qn: Daily waste generation per capita in houscholds wuh n person(s)
Pn: Total number of person living in households with n person

a.  Results of Household 'Wastq_ccngrgﬂ:ﬁn-Sllu_n;e'y i_:p;l??{.f |

The data obtained in 1994 is shown in Table 1.1 2. Since per caplla generalion of
household with 4, 5.6 and more persons is fluctuated due to small number of
- .samples, averaged data of these houscholds is adopted. Accordmg to lhcsc dala,
- average daily waste generat:on is eshmated to be 496.15 grams/day,

ﬁ Table 1. 1 2 Data uscd in the Es!imation of Household Waste Generation-

in 1994

Qn: Pn: C= anPn
Waste . | Populationby [ Waste Quantity
generationper | family size. | by family: sme ’

- S . Capita (kg) (persons) - {kg) ¢

Houscholds with 1 person _ 0.695 _ 165,855: - 115,269
Houscholds with 2 persons - *}° ~ 0.599° - [ © 390,520 | ~ 233921
Households with 3 persons- "'t . 0489 - | 513321 [ "251,014°
Households with 4 to 6 persons |~ 0.424 - 965964 | - 4’09,569:'
Total | 2,035,660 | 1,009,998
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5. - Results of 1lousehold Waste Generatlon Su'rvey in 1995

Since the population data by the family size in 1995 is not available, it is assumed that
the composition by the family size does not change while total population in 1995 is
2,050,000, which is 0.7 % increase of 2,035,600 in 1994. The data used in the
estimation is shown in Table 5.1-2, According to these data, average daily waste
generation is 489.5 grams/capita. Considering seasonal fluctuation of waste quantity,
the results obtained in this survey indicates 111 % of quantily compared to annual
averaged quantity. Annual average of daily waste generation is calculated to be 440.5
grams/capita. Besides, it is considered that the household waste loses 10 % of its
Weight because of waler loss during storage until collection and during haulage.

_ Table 1. 1-3 Data used in the Estimation of Household Waste Generation

in 1995
Qn: . Pm: C=QnXPn
Wasle Population by | Waste Quantity
genetation per | family size by family size
] Capita (kg) (persons) . (kg)
Households with i person 0.639 165,855 105,981
Households wilh 2 per:sons .(_).580 390,520 _ 226,502
Houscholds with 3 persons 3 0.443 513,321 227,401
Households with 4106 pcrsons 0.452 965,964 436,616
Total (based on 1994 population) 2,035,660 996,450
Estimation by 1995 population ] 2050000 [ 10035t8

'1.__2z Business Waste Generation

Business waste i'n(:;lud:es the following category of wasle:

1. Comimercial Waste

2. Market Waste -

- 3. Office Waste . :

It is difficult to estimate the generation quantity of business waste because unit
generanon varies wide according to the Study Team's Survey. Therefore, generation
' quantitics of these waste are esumatecl from the truck scale data by assuming the
coltection ratio. In Bucharest, commercra! waste and ofﬁcc waste (from small offices)
are collected together with household waste, because residents live in upper floors of
the buildings while business sources such as shops and offices are in the ground floor.
The Study Team estimated the waste quantity of commercial waste contained in the
coliected household waste by the method as described in the following section. Then,
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the collcction fatio of commercial and office waste are assuined to be 82;8 % which is
the same ratio as that of houschold waste. As for market waste, the ratio was assumed

t0 be 95 % because much accumulation of waste could not be found in the 'ma'rk'e:l

places. Assurned co]lectio‘n tatio and ih’e’ data used for this estimation'is as follows:

Table "1.2-1 Business Wasle Generatlon by Catcgonies

Assumed Rauo Esnmatcd gcnerallon Collccuon quanuty
collection - quantity - = (Truck scale data)

_ : -generation | . . . (lons/day). (tony/day) . .
Commercial Waste . | 82.8 %: . 138 B ) G
Market Waste 95% - | . 30 . .| .28
Office waste 828 % 48 | 40

1.3 Truck Scale Data - Waste Quantity hauled into Glina Disposal Site

(1)  Definition qf l_he 'd__ata

The data from the truck scale at Glma landfill Site express thc waste quanllty hauled mto
the site. The Study Team cons:dered ihat this quantity is cqual to that of collectlon
since no 1llegal dumping was recogmzed excepl for occasmnal cases L

(2) Operatlon Schedule of the Truck Scale *~~ .~ 70
Since it was impossible to measure alt the trips of trucks i mcommg into the site by only
one truck scale, the incoming trucks were divided into two groups and these groups :
were measured alternatively. In the first week, all the trucks belongmg to RASUB and
RGR were measured for five consecutive weckdays Then, all othcr trucks mcludmg
ADP were measured in the second week. ' ' ‘

(3) Assumption for Dally Quantity |

It is assumed that waste quantity hauled on Satuirday and Sunday are 10 % and 3 % of
weekdays quantity, respectively. This assumptlon was made by tnp number of
mcommg tmcks on Saturday and Sunday B

@
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(4) - Categorization of the Truck Scale Data

In principle, household waste and business waste are collected by RASUB and RGR
while street waste is collected by ADP, but in reality ADP collects some of business

: waste while RASUB collects the waste container placed on streets. This complication

is also shown in the data sheet of the truck scale. Besides, a part of business waste is
collected together with households waste, because residents live in upper ftoor while
shops are in the ground floor in many buildings. The Study Team re-categorized the
truck sc'ale data as shown in the Table 1.3-1. In this categorization, the business waste

~was divided into thice cétego:ies, commercial, market and office waste, and assumed
that commercial waste ate collected togeihcr with household waste, while office waste
s collccted separately by ADP. Market waste is collected by ADP and RASUB

.\:Table 1. 3 1 Catcgouzalion of the Truck Scale Data

Categorization Caiegories noted Hauler H.auled Category
& _ in the data sheets Quantity Total

Household Majorpartof | RASUB | 568,954
waste | houscholdwaste | pgr | 104,078 | 673,032
Business Commercial | Minor part of RASUB 91,262
waste . |houscholdwaste | pgp 22,846 | 114,108

Market Market waste | ADP 7,581 |

| Steeet waste RASUB | 20,532 | 28,113
Officc =~ |Household ADP 27,552
l_ndpnstrial waste | ADP 12,136 39,688

Street Waste. Street Waste ADP 50,758
Waste From Houschold Waste | Others | 8,472
Large Offices ' N
Industrial Industrial Waste | RASUB | 56,067
Waste' . " |omers [122.816 |178,883*
Demolition - DéﬁloliliOn Waste |RASUB | 4,028 |
Waste | ADP 101,021 | 105,049+

- Note: * For Industrial and Demolition waste, collection quanuly ia July 1995 is considered to be 110

% of annual average, because of the high activity in summer season.

(5) .‘Slépq_l"'aiio:i'éf"_Bu_sllr_l-es's' }“_Vraste' i‘rbm Hduséhold Waste

Smce the commerclal waste zs mlxed wuh the household one for the reason mennoned

o above lhe study Team esumated comme:cnal waste quanmy by separatmg it from
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household waste. This estimation was made based on the number of service contracts
and waste bins capacity sold by RGR in 1994, Procedure of cslimation is as follows:
" 1) According to the waste bins capacity. sold by RGR in- 1994, ratio betwecn
houschold and business is 82% : 18 %. : : - .
2) 126,924 tons, total quantity of RGR collection for houschotd (and commercial)
waste was divided into 104,078 tons and 22,846 tons by this ratio on assumplion
that the bins capacily can be an index of wasle'quantity. '

Table 1.3- 2 Total Capaclly of Waste Bins sold by RGR In 1994

No. of units Tolal capacnty in hlter _ Ratlo by
_ tota] capacnty
Capacily of household = )
240 litter bin 14,200 - 3,408,000
120 litter bin 1,600 192,000
1,100 litter container 25 27,500 o
Houschold Total L 3,627,500 [82%
apacily of business sources o | |
240 litter bin 2,500 600,000
120 litter bin 100 12,000
1,100 litter container 150 165000 |
Business sources Total 777,000 18 %
Grand Totat 4,404,500 | 100 %

3) RASUB and RGR have 2,996 a'nd'?SO ¢0niia€té for collection services with?
business agency, while total quant:ty of RASUB collection for household (andz
communercial) waste was 660,216 tons. 'According to these data, quant:ly of:
commercial waste collected by RASUB was esumated to be:

91,262 = 660, 216 X 2,996/750 S

4) Quantity of household waste collccted by RASUB was obtamed by reducmg theé

commercial waste quanuty fi rom total quanmy collected by RASUB s

660,2160 - 9!262 568954

Table 1.3-3 Estlmated Quanlit; of Household and Commerclal waste 7:

RASUB  |RGR' Total
Household Waste Quantity . | 568,954 104,0’18 673, 032 |
Connnercnal o 91,262 22846 | 114 108 i
(Number of Contracis) | (2.996) | (750)
Total 660,216 126,924 _ 787.!40
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(6) Indusirial Waste / Demolition Waste

Collection quantity of industrial and demolition waste in this period (July 1995) is
-considered to be 110 % of annual average, when the seasonal fluctuation of collection
quantity is taken account. : -

1.4 Average Weight of Waste Loaded on Coltectlon Vehicles

As basic data of waste quantity hauled to Glina landfill, the Study Team weighed waste
loaded on collection vehicles used by RASUB. 3 to 5 collection vehicles of all the
types used by RASUB were assigned and requested to come over to a truck scale in
REMAT, a material recycling factory. For their first measurement, each collection
vehicles are weighed with loaded waste, then they discharged the waste at Glina landfill
site, and came back to be weighed as empty weight. Average load of waste by type of
lhc collection veh!cles is shown in Table 1.4-1. : -

Table 1.4-1 Averége Load of Waste by Type of Collection vehicles

Mechanical Type . Vehicle Type Average Load | Sampled{  Total
kg) vehicles Nurlr)lba;r of

B Rotary Compactor Type A | R10135 (Petican) | 4,387 3 | 14
| Rotary Compactor Type B | Liaz 4,060 4 18
Compactor R10135 3,295 3 12
Container SRDAC 1,186 4 19
Arm Roll for Containers | R10215 4,465 3 i4
Durnp Car . 6,424 3 9
Tractor RB-3, RM-7 4,203 2 6
Road Sweeper Typc A Johnston 5,153 | 3
Road Sweeper Type B Fawn 4,780 I 3
Road Sweeper Type C IFA 3,487 l 3
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1.5 Trip Counting at Glina Landfill Site

To estimate the waste quantily hauled to Glina landfill site, The_Study Team counted
trip number of collection vehicles by collectors and vehicle type.: The counting survey
was conducted for 3 days in weekdays. Items recorded are shown in table 1.351. In
case of Collectors other than RASUB, RGR or ADP, waste sources were also
recorded. Average daily trip number is shown below.  Deétail of teip number of the
vehicles by collectors and type of vehicles are shown in Table 1.5-2.

Ave:agc daily trip number = 588 trips per day. -

'l‘able.-l.s‘-l Items Recorded in Trip Counting.
1. Vehicle Type o |
- |2. Car Number
- |3: Incoming Time
4. Sector where waste was collected
5. Type of Collectors . - - RTINS
6. Waste type (if hauled by collectors othier than RASUB, RGR of ADP)

1-8
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2.  WASTE QUALITY

Waste quallty analysns was conducled in Nov cmber 1994 and July 1995 for waste
samples in Aulumn scason and Summer Season respccuvely

2.1 Samp!es.
Analyzed samples are lhe_folloiving four lypes:

" Table 2. I 1 Samples Analysed in this Stildy |

‘ _ , November 1994 Ju'lj 1995
1 Household Waste 5 samples BE sampies 3
2) Market Waste Lsample '~ = - |lsample
3) Business Waste f’sample = : 1 Sample
4) Street Wasteé . {2samples . |None

As for samples of househeld waste, waste "collected through "'household ‘waste
generation was ulilized, 4 plastic bags comammg the waste are chosen from each type
for five lypes of household referred in the pervious chaptet. 20 plasuc bags chosen in
total were opened and the waste was combined, mixed ;ogethe; and prepared as
samples. - Samples from miarket and business waste in 1994 are collected af Glina
landfill site when the waste was discharged from a collection vehicle whlle m 1995 _
those flom market and business waste ate sampled from a waste conlamer ina market
and waste yard of a business building respeclwe!y Samples of street waste were
obtained on street from waste galhered by ADP's street sweeping m 1994, bt these
were not sampled and analysed in 1995 bccause of its wxdc variation of contents B

2.2 Met_hods and Results of 'An'alysi_s .'

(1) Bulk Density

Waste samples are put into a plastic bin of 40 Jitters and the bin was dropped_ down

from 30 cm height 2 or 3 times. Waste was added into the bin tb be full, if waste
volume reduced _This procedure was repeated until the. volume was constant then
weigh the waste samples and weight per .roiume was calculated Bulk densuy of the -
samples are shown in Table 2 2-2. :

Lo



(2) Moisture Content
=Samples weie dried fof 3 to 4 days in a dryer at 105° C until Their weight became -
"conslam and weré weighed. Loss of wclghts is expressed in percenls Moisture

conlenl of the samples are shown i m Table 2.2-3.

Ta_ble 2.2-2 Bulk_ Density

- Unit: Ym3

o November 1994 July 1995
Household1 . | © 032 0.26
" 033 0.20

S T PR % 024
"4 032 022
I R X 0.21
Household Average 032 0.23
Market |l e2e - 0.18
Business | 0271 017

Sweet! | - 093 -
" 2 . . . 1.05 }
%' Table 2.2-3 Moisiure Content
’ ‘ R Unit: %

IV November 1994 July 1995
Household 1 . 586 515
v 2 . 410 55.2
"3 | 350 66.7
o4 b se 55
s 1 568 45.1
Houschold Average | 495~ | 543
Market 2 . 568 57.4
 |Business . - 1 13.2 6.7

% _ ' .(3)5 Physlcal:_Cqmpo-'slt_i:on

Aﬂer drymg of samples components were segregaled Resulls of the segreganon are
prescnted in Tabie 2 2-4 and 2. 2-5 : :
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(4) Ash Content

After the segregation of coniponents, combustible components weze combined and
mechanically crushed. Small portion are sampled from this crushed samples and were
heated intensely in a electric furnace.  Ash content of the samples are shown in Table
2.2-6 and 2.2-7. )

“Table 2.2-6 Ash Content in November 1994

{Unit: %)

52.6

- 3.1

2-4

Solidin | Combustible} Ashin [Incombustible| Total Ash

| Sample | inSolid | Combustible in Solid content in

. . - | Wet Base
Household 1 | - 41.4 73.7 282 26.3 19.5
v 2] s%0 49.8 12.4 50.2 33.3

" 3| 6590 617 | 138 383 304
v 4] 439 831 203 16.9 14.8
5] 432 | - 900 123 10.0 9.1
Houschold Ave . 50.5 - - - 21.4
Market 432 | 989 1533 1Ll 23.2
Business 86.8 679 7.7 32.1 32.4

Table 2.2-7 Ash Content in July 1995

T : : (Unit: %)

Solidin | Combustible Ashin | Incombustible Tofal Ash

Sample in Solid | Combustible in Solid content in

o R R ' Wet Base
Houschold I | 485 |  56.6 124 | 434 24.4
2| 44.8 88.5 8.9 11.5 9.1
v 3] 333 | 834 1.5 | 166 9.4
© 4] Mms 66.0 9.3 34.0 19.5
v 5| 543 31.5 2.7 62.5 35.4
Houschold Ave 45.2 - - - 19.5
Market a7 721 | 135 21.9 17.7
Business | ' 93.3 474 48.7




(5) Calorific Value

Dricd and crushed samples are ignited in a Berthelot-Mahler type adiabatic cal_orimctric
bomb and heat generated was measured by Beckman Thermometes. Calorific value of
dried samples, higher calorific value, Low calorific value and estimated value by major

three or four components equation are summarized in Table 2.2-8 and 2.2-9. " - R

Table 2.2-8 Calorific Value in Noveémber 1994

unii;kcéUkéj o

A) _(B) .( o -ESIirﬁa?iion* Estimation |:
Calorific High | Low bythree | by four
value of | calorific calorific | - major ~major |
dried - value .| value - |componenls|components|:
sample | Calculated | Caleulated | equation D] equation? |
‘ ' from (A) | from(B) o g i
Houschold 1 4753 | 1412 | 986 | 634 | - 664
Household 2 4523 2336 | 1895 o | 929
| Houschold 3 4847 2116 2262 1346 . 1434 |
Household 4 5135 1795 1322 969 T1060 |
Household 5 4774 1918 1425 1208 1315 - |
Household 4806 2035 1578 1014 1080 :
Average | | &
Market 5054 L. 619 | .. 566 . 662, .
Office” 4012 1850 3529 . 3640

Table 2.2-8  Calorific Value in July 1995

(unit;kcallkg)j; o

oY) w. | © |

Calorific High - Low ;

~value of calorific | calorific o

dried value value ‘

samople | Calculated | Calculated :

from (A) | from (B) :

Houschold 1 - 2533 1228 823
Househotd 2 3997 | 1792 1319
Household 3 3331 1 [ 621
Household 4 2908 1306 - 859
Household 5 1761 956 597
Household 2906 1219 844
Average ' L
Market 2800 194 | 757
Office 3082 2877 2628




Note: 1) Three major components equaltion is:
Hi=45V-6W
- Where,
" Hi; Low ¢alorific value (kcalfkg)
V : Percentage of combustible in dried samples (%)
W : Moisture Content (%)
2) Three major components equation
Hi = 45b + 88.45R - 6W
Where,
HIL: Low calorific value {kcallkg)
- B : Percentage of combustible other than plasucs in dried samplcs (%)
R : Peicentage of plastics in dried samples (%) :
3)‘These e?nmanon by equauons are not tnducaled for 1995, since the equauons do niot give good
cstimation .

{6) Elemental Analysis

Dried and crushed samples were analyzed by using a elemental analyzer (Carlo Erba
model 1 106). Concerning carbon, Hydrogen and nitrogen, the samples were ignited in
oxygen at 1080° C and generated gas is separated by chromatography. Chlorine and
sulphur were detected by volumietric titration after Schoniger combustion, Oxygen
content is calculated by subtracting these analyzed elements from total combustibles.
Element contents in wet base are summarized in Table 2.2-9 and 2.2-10.

Table 2.2-9 Element Contents in November 1994
(Unit: % in wet base)

Carbon | Hydrogen | Nitrogen | Sulphur | Chlorine | Oxygen
Household 1 6.9 1.4 0.3 0.9 0.6 11.9
“ 2 17.3 3.6 0.9 0.3 1.2 2.4
3 | 187 4.5 1.0 0.3 1.4 8.7
"4 12.2 2.5 0.5 1.4 0.8 11.6
o5 128 | 3. 0.7 0.2 1.1 16.2
Houschold 13.6 3.0 . 0.7 0.6 1.0 10.1
Average
Mearket 4.4 0.9 0.1 0.1 0.4 14.0
Business 26.1 4.7 0.1 0.4 0.4 22.7




Table 2.2-10 Element Contents in July 1995 S
: C (Unit: % in wet basc)

Carbon | Hydrogen | Nitrogen | Sulphui | Chloring | Oxygen
Household | 11.0 1.8 0.5 00 | 03 | 113
“ 2 | ie6 | 26 | 12 | 00 | oo | 149
"3 106 | 17.1 o07.].00 | 01 | 107
"4 139 | 22 | 07 |00 | 03 | 96
s | o6 | 16 | o4 00 | 00 | 70
Household 12.4 2.0 0.7 - 0.0 0.1 | 107 |
Average . '
Market 10.9 17 0.8 | 0.0 0.0 9.3
Business 248 | 39 | w1 | 0o | o0 140"
@
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3. - ASSUMPTIONS USED FOR PROJECTION OF WASTE

QUAN’I‘ITY
Following assumptions were used for projection of the future waste quantity for
Bucharest,
1 Current Waste Quantity

It is estimatced that average waste gcn_erétion in Bucharest is 1,906 tons/day, of which
1,044 tons/day is household waste. Average per capita discharge is 496.15 grams/day.

‘Average per capita generation including recyclablc material sold to RFMAT is 513

grams/day. Average collection is 1,675 tonslday, of which 869 tons/day is houschold
waste. Estimated recycling quantity is 45 tons/day excluding recycled industrial or
demolition waste. See Appendix 1 for details. -

2. Waste Generation Increase Rate

Generation amount will increase with the Ronianian GDP growth which may be
decomposed inte 2 factors; per capita growth and population growlh. Assumed
correlation between annual waste increase rate (a) and annual GDP growth rate (b) is as
follows: a=0.7b. It is assumed thal the same correlation (0.7) will hold for per capita
waste generation rate and per capita GDP growth. '

Remarks: .

- The above assumption is used based on the Japanesc experience during the period
1965 - 1980. During this period, average annual waste increase rate was 4.7 %,
while average annua} GDP growth rate was 6.6 % over the same period.

3. . . Population

‘Af.:cor_ding‘: _t6 ihc_ Statistical General Division Bucharest Municipality, the population of
ZB_uil::haresl in 1993 was 2,035,660. In 1989, the population was 2,127,194, which is -
historically ;hgﬁ highest. Since then, population growth was negative. Average annual

'pOpu!al_i'on growth from 1980 to 1993 was 0.722 %/year.



For the current Study, it is assuimed that 1) population in 1994 is same as 1993,
Population growth from 1994 to 2010 is 0.722 %/ycar. Table 3.1-1 shows projected
population form 1994 tilt 2010,

Table 3.1-1 Projection of Population 1994 - 2010

Year Population 5
1,994 2,035,660
1,995 2,050,357

1,996 | 2,065,161
1,997 2,080,072 |

1008 0 2,095000 |

1999 | 2,110,216

2,000 2,125,452

2,001 | 2,140,798

2,002 2,156,254

2,003 2,171,822

2,004 | 2,187,503

2,005 2,203,297
2,006 2,219,205 _ B
2,007 | 2,235,227 S RIS R
2,008 2,251,366 B :
2,009 2,267,620
2,010 2,283,993

4, Economic Growth

The Romanian GDP growth rates projected in the World Bank report ROMANIA An
Economic Update, April 1994 are used for the wasie projection. The projected annual
GDP growth rates are'as follows: 1.2 % in 1995, 1.5 % in 1996, 25% in 1997, and '
4.0 % from 1998 (0 2002. No pro;cclmn is shown for 2003 and thereafter. The Smdy
“Team assumes that GDP growth rate for pcnod 2003 - 2010 would bc 4 % Annual

projected economic growth rates are shown in Table 3.1-20 SN :




Table 3.1-2 Projection of GDP Growth Rate 1994 - 2010

Year -~ | Economic Growth
S - Rate
1,994 1.0 %
1,995 1.2 %
1,996 5%
1997 | 23%
71,998 40 %
- 1,999 40 %
2,000 40 %
2,001 T 40%
2,002 . 4.0 %
2,003 T A0 %
- 2,004 S 40%
2005 | 40%
. 2,006 4.0 %
2,007 40 %
: 2,008 - 40%
2,009 40% |
2010 | 40%

Per Capita Econolmc Growth It is assumed that annual per capita economic growth (a)
is: b +c¢, where bis annual GDP growth and ¢ is annual populauon growth. (Eg. per
capila economic growth rate in 1995 = 1.012 + 1.00722 = 1.0047, i.c. 0.47 %.)

5. - Fllt_tiré Waste Quantity

Futurc was{c quanllues (generai;on recycling, col!ecuon and disposal) estimated based
on lhe assumplnons explamed above are shown in Tablc 3.1-3.

6. Rec‘yc:l'i'hg -

Ra:te of rec_y'cli:_ng of muniéipal waste will :incrcasc from 3.1 % of generated municipal

| wésle excluding street waste in 1994 10 5 % in 2000. Projected rates between 1995 and

20(}0 are as follows 3 1 %in 1994 3. 3 % m 1995,3.4 % i in 1996, 3.5 % in 1997 4
% in 1998 4.5 % in 1999 and 5 % in 2000 After 2000, it will remam constant at S %,

_ Recyclmg of lndusinal waste is excluded from the pro_;ecuon
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4. - WASTE PREVENTION AND UTILIZATION
4,1. Proposed Systemy using: Collection Boxes
As generation waste of houschold increases along with economic growth in future,

recyclable material contained in the household waste will increase. In a proposed
system of collection box referred in the Master Plan, instaltation of 1,540 units of boxes

are proposed according to the following planning schéme. In this section, recyclable
material means inatcria_l which is accepted by collection boxes.

 Planning_Scheme

-a.- Waste category collected by coflection boxes: - Glass bottles and metal
o S L o cans

b. Ayéiagcd daily quantity of recyclable material :
brought into the collection boxes: S 110 tons/day
(from 2 million populaiion)

c. AVerage bulk density of the recyclable materials: - 0.25 tons/m3

d. Capacity of collection box: - 2m3

e. _Collt:ctibn frequency by collectors: - 'Once a week for every
o ' box

From the planning schetne above, necessary unit of colfection boxes is calculated as
follows:

f. Total daily capacity of recyclable material discharged 440 m3/day

from 2 million of population: {b. +c¢.)
g. Total weekly capacily of recyclable material about 3,080 m3/week
J% . discharged from 2 million of population - (Ix7)
- h. Necessary unit of collection boxes: 1,540 units
" . (g +d)



4.2  Material Collected by REMAT:

REMAT collects recyclable material such as ferrous metal, non:ferrous metal, paper,
glass and textile. These material is collected through collection points from citizens.
From industry, REMAT' vehicle visits industry and collects recyclable material on
contract. ' ' S :

Table 4.2-1 and 4.2-2 show total quantity of recyclable materials collected by _REMAT
Sud (South) from citizens and industry, respectively. .Quantity of Glass and Texlile
from citizens are not available. ' '

Table 4.2-1 Recyclable material Collected from citizens :
: : : : :(Unit: tons)

. Ferrous Metal | Non-ferrous Métal Paper
1993 12024 |, s | . 3413
1994 24756 | 1592 3,595
1995 (Until June) 10,343 B 854 | 1962

Table 4.2-2 Recyclable material Collected from industry - =
. (Unit: tons)

Ferrous Metal | Non-ferrous Metal . Paper
1993 77,897 3,040 4911
1994 ; 72,921 207 | 4642
1995 (Until June) - 35,103 769 1,733

At national tevel, recycling rates of majdr maleﬁa] thorough REMAT are as follows: . .-

- Scrap iron 31%
-Waste paper  32%
- Aluminom - 42%

-Lead 48%

4-2




4.3 Features of Proposed Recyclabl:e Materials Law

' Formerly, recycling activity was provided in the Decree no.465/1979, but this was

formulated based on command economy and now it is not functional. In autuma 1994,
Ministry of Industry proposed a new law titled "Recyclable Materials Law", which was

_examined by the ministries involved in such as Ministry of Commerce, Ministry of

Local Public Administration and Ministry of Water, Forest and Environmental
Protection, |hen promulgated in summer 1995,

Features in this law are as follows

n

2)
3
Xy
'5)'
6)

o
8

Local Administration (mumcnpahly) has aulhomy to apply thxs law to its own
temtory, and local administration's cooperation wnh NCMR is stated,
Obligations of each participanté in recycling pfocess arc defined.

Incentives such as tax exemption fd_r recycling facility are provided.

Sanctions to those who do not deal with recyclable material properly are

_provided.

NCMR's authonty is empowered L
The law gives a due consideration not only to economy of recycling but also to

. environmental protection.

Package is included in category of rccyc!ablc material.
Office activity is nominated in category of economic activity under the Iaw



4.4 Recyclable Material: Collection -
- 4.4.1 Scavengers -

~ A "Scavenger" means person who pick up useful articles aiong waste at collection,

teansport or disposal site, and sell them to earn money, In some Asian cuntiics, many
scavengers exist . In these coumnes. reuse or recyc!mg is supporied by their actlwiy
Even, in some cases, the scavengers are organizéd to be incérporated to solid waste
managcmem system of the municipality. Whereas, it is problem that scavengmg
activity of collectors disturbs efficient collection. Somelimes scavcngmg is‘inheiit as an

- occupation by his children, but such inheritance should be’ abol;shed because of

[RERIPR

unsanitary activity in picking up articles among waste.

i

4.4.2 Waste Material Buyer_”

Since old time in many countries, waste material has been collected by buyérs‘ who visit
houscholds. As waste collection has began to be managed by pubhc sector, waste
material collection also came to be organized in public actwnly The buycr purchasc
waste material at households and sell them to manufacturer as sccondary material.
Therefore, this buying and selling has been done in market when such waste material
has a certain value.’ If virgin material from abréad can be impotted at [owr price than
domestic secondary material due to development of transportation system, incéntives
for recycling of waste material is lost and these buyers cannot continue their business,
In some countries, these buyers contributes to rccyk:ling chain. Fostering of such
buyers of waste material is one of options in strengthening recycling activity.

4.4.3 Citizen's Volunfary Activity

One of major power to promote recycling is citizen's voluntary activity. Usuallyz
citizens form groups like a residents association and work cooperalively. This
organized activily is also favorable of efficient material collection. In Japan, citizens
associalions of zone collect glass botlle's and melal cans of drinks and hand themi to a
buyer approved by cily government. As shown here, formation of citizens association
is good way to promote citizens voluntary activity for recycling.




4.5 Recycling System in the Countries Promoting Recycling

4.5.1 Germany

"The Act for the Prevention of and Disposal of Waste" defines responsibilities of
manufaciurers, transporters and sellers in its atticles. Corcesponding to this provision,
‘600 (1993) of manufacturers of packaging material, containers and transporters
established a company “Dual System Deutschland (DSD)" which manages recycling
rowte for _'pé(:kaging wasle through coniract with private collectors and recoverers, In
this collcction and recycling system, 17,142 (1994) of manufacturing company make
“conteacts with the DSD and licensed with fee to use "Griine Punct (Green Point)" to be
attached their products. On the other haﬁd, material colteclion companies under
-contract with the DSD collect packagihg waste with Green Points the DSD, as the
‘Green Points actﬁs as cvidericcs of member companies' products. The collected waste is
‘sorted and recyélable material is utilized by the manufacturers of packaging material
‘who finance to the DSD. Recycling chain in the system is shown in Fig. 4.5-1. The
‘Fees for using Green Point is shows in Table 4.5-1.

Fig. 4.5-1 Recycling Chain in the DSD System

[Péckagé Users |— selt . g»[ Consumers |ﬁd-'scmjge p{Package Colloctors
: S : ' e Separators

Li_ccncc F@c _ contracl

| Manufacturers of Packaging.Matcrial ]

T uarantee of using recycled material

. J‘ab!c 4.5_-_1 Fee of Griine Punct'(Gre.‘en l"oinl)

Glass | 15 Pfennig/kg
Paper and cardboard .~ . 40 Pfennig
Tin plate - 56 Plennig
Aluminum . | bSMark
Plaslic s R 2.95 Mark
Natural textile as cotton . - g | 20 Pfeanig
Container fordrink =~ - 169 Mark

| Liquid containets other than drink | 2.10 Mark




45,2 France

Actual conditions of recovery and reuse of packaging materials are described in the
following table.

Table 4,5-2 Recovery and Reuse of Packaging Materials

collection [CCOVETY reuse tate (%) | annwal increase f comments |
' , rafe (%) (%) S
glass [ 1100000t . | 1992: 114 . f Bstablishment of
(houscholds/ | (1992) i : 1 1993:9 - | Eco-Emballage in
industry) "+~ | o 1 1994: 12 1992, of Adelphe
. N P L e R . ]in:1993 -
metals (fesrous) | 78520004 : 199223
B (1992) - R 19933
. . 1994: 2 .
paper/ 31330001 34.3% 45.8% 1992: 4.1
cadboand = | (1992 . |99y lasezy ¢ |i993:35
11994: 3. L ]
plastics 1500000 o o 11992: 225 | mainly Valorplast
- (1992 - - o Y 19937 company e
1994: -3 '

Case of | paper ! cardboard: tecovery % is lhe % of collecled old paper / cardboard compared wnth _
consumplion of paper (w cight); reuse % is the % of consumpuon of old paper/ cardboard compared
with production of paper {(weight) .

Recycling of household packaging materials is basically _ménagcd_ by contracling
between industrials and collectivilies through the action of iniermédfalé "cdmpani'cs
These companies receive fees from concerned indusiries for semng separate coilectlon
and for finding out rccyc]mg rou!cs

There are 3 such companies, eslabllshed wﬂh the purposc of colleclmg funds and
organizing co]lechon and reuse of waste malenals '

- Eco-Emballage company is the most lmportant and is semi- pubhc It provides
financial aid and finances cost overnin of separate collection;
- Adelphe company has been established by wines and spirits producars for collection
and reuse of bottle glass; o
- Cyclamed company has been established by medicines’ produccrs for colleclmn and
reuse of medicines packages. ‘

Eco-Emballage is a company established in 1992 by the joined capitals of pécking -
related industry, namely the packaging sector, importers, and p’roducé’rs of packaging -
materials or products. The role of Eco-Emballage is to financially assist the -
municipalities for developing selective collection systems of p'a_ckagiﬁg waste. The




objective has been set by decree in 1992 and provides that 75% of packaging waste
must be recovered and valorized by 2002, The following general conditions are applied:

- Financial support toward municipalities for developing or grading up their existing
separate collection systems, through acquisition of the waste materials at a determined
price. These waste matertals must be in confomn(y with a pre-determined set of quatity

' condmons

- Guaranly of supplying such materials (o the recycling firms themselves engaged to
take and reuse them. :

- Price of the materials supplied to the recycling firms will be adjusted to the current
prices under way in other countries of the EU. Price is fixed to a zero value at the
starting phase.

- Pcrceplioh of a fee from the packing industry, giving it the rig'ht {0 process a mark on
packs for collection and recycling. The fee is actually payable for cach pack without
differentiation between materials. Rate of the fee payable for cach pack has been fixed
as follows: - R , : i

- 0.01FF during the first year

- 0.02FF during the second year

- 0.03FF during the thir'd year

- Funds collected from the packaging fee is used by Eco Emballage for buying the
collectéd packaging waste to municipalities, and more exceptionally within the limit of a
3 years perlod for developing new methods of recycling for materials that arc snil :
incinerated. |

In 1993, about 4000 companies have joined lhe system, with a funding of 400 :mlllon
FF. This numbcr has been increased to about 7000 companies in 1994. During the 3
years period of starting the program, 15% of the funds perceived by Eco-Emballage -
are bemg used for i mmalmg pilot operations for separate collection, and for selting up
informatlon campaigas at national, regional and local levels. The collected fees have
been partly used for invesiment in 37, increased to 41 pilot sites in 1994, These
collectivitics have reccived a special financial aid of 180 million FF for 3 years. Eco-
Embal!age has however bound contracts with 100 collectivitics (10 millions inhabitants)

- by 1994, which represents 2 mitlion persons concerned with separate collection of

waste. The objective is to atlain 15 million persons by 1996.
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Actual pfoblems of the recycling systein are as follows:

- Contracting between Eco-Embaltage and collectivities: - : _
Among the 41 pilot sites, 21 have technical, financial and policy problems, The
objective of extending sclective collection of waste to 15 mitlion people in 1996 seems
now not possible to achieve. One difficulty is to satisfy the industrials' requirement for .
high quality of recovered materials. Since Eco-Emballage gives its guaranty for price
and quality_bf materials, if agreement with collectivities was not reconducted, recovery

- conditions would change and the system itself could be compromised.:

- Cost of recovered materials:

- Cost of separate collection: -~ .~ .1+ = Co S : :
Eco-Emballage has launched an cvaluation study of separate collection in 6 pilot sites in
1993 (see Table followi'ng). Additional cost duc to separate collection varies from 800
to 2000FF/t. Cost overrun is variable acc.ord.ing'lo factors like types of residential area,
frequiency of coltection, technical alternatives of collection, types of containers, sdﬁing
alternatives, and others. In the following' table, cost overrun is the necessary additional
cost of waste collection in comparison with traditional collection. Traditional collection
net costs include costs of containers, separate collection, ‘sorling, élim‘i_nalioﬁ' of
recoverable part, and takes into account the possi'bla benefits of the system. -

Table 4.5-3 Cost evaluation of separ.ate collection in selected 6 pilet
sites in France - - .

Rontans

. Eirechy | Grenoble | Geugnon: Dunkerijue | Ecoiflant -
starting of 1990 1992 1992 . [1992  |1989 . f1991.
project (year) ‘ - - : R R
population 15000 - 21000 10000 - - | 17000 120000 3000 - -
(1992) - _ ' o - s : . -
total cost of] 1154 1488 . 1076 1822 1220 2497
separate collection '

(FF) b . N .
cost overtun per| 700 1987 . | 639 838 | 247 1372
usable ton (FF) o . e _ : . N L
cost overrun in % | 140% 0%  1124% 130% 0% 3%

of cost of classic|-. e | EEPRINE B
colleclion ' A
cosl overrun per| 28 73 13 19 - 32 145
habitant (FF) L [ c SR i e




- 4.5.3: Japan
In Japan there are two major recycling methods for household waste, ong is separate
collection as public services and the other is citizens association’s activity for material

| collection. Besides, private collectors gather material from houschold on market basis,

1}  Separate Coliection of Household Waste

It many citics in Japan, combustible waste and incombustible waste are collected
separately. That is, dates of combustible waste and incombustible waste are assigned
separately. Cortespondingly, citizens places their combustible or incombustible waste
which are already sorted by citizens themselves. Incombusiible waste such as glass,
stcel, aluminum etc. s collected and sorted by its type by a mechanical sorter or manual
sorting , while combustiblé_wastc is incinerated. After sorted, steel or aluminum is
briquetted by pressing machine for ¢asy handling and are sold to secondary material
dealcr_s, while othér incombust_iblc components are crushed and transported to a landfitl
site, '

Flg 4.5-2 Flow of Sepalate Collection and Material Recycling

, - lible Waste |8 Incinerator | }—&Soﬂmg
ﬂ% /wjgombus lbé a.étc s (Mechamcal or Manual)
|Cili7,ehs © Separate Collection '

I Incombusuble Waste —-bl QOther Incombustibles I—-—-& Landfill

IS(cel or Aluminum I——&Recovcred Materiat

2) Citizens Assaciation's Activity for Material Collection
~ In some cities and villages, citizens form associations for cooperative activity in various
fields. Recently such associations have an interest in environimental protection and they

- _have started to collect recyclable material in cooperation with municipalitics. Citizens

- voluntarily accuriulates recyclable material such ‘as waste newspaper of magazines,
- glass bottles, steel or aluminum cans of drinks, bring them to collection points on an
assigned date. Thesc material are placed separately at collection points wh:ch are
managed by sccretariats of the association, Secondary imaterial dealer visits these
 coltection points to gather the materials under instruction of the municipalities, This
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system starts with the municipality’s initiative, but the voluntary cooperation of citizens
is indispensable. -

4.6 Legal and Administrative Requirements .
4.6.1 EC/EU directives for recycling of packaging
- Council Directive of 27 June 1985 on containers of liquids for human consumptib_n:

- Thxs dlrectwe, pubhshcd in 1985, is more specnﬁca]ly focusmg on bcveragc packs and

‘provides that member countries must take favorablc measures for the reuse or recyclmg o

of packaging waste, arrange themselves for seiting and using new appropriate packs,
and mamlammg or increasing the rate of reusable or recyclable packs.:

 - Cou_ncil Directive of 14 Doccmber‘l994 on pagkaging and packaging waste; ¢

This direclive aim at the harmonization of member countries' measures for management
of packaging and waste packaging. Application of the directive is planned for beginning -
of 1996. Member countries must prowde legal thmremenls within 18 months.
Recycling and reuse objectives ate: ' : fo o |
- Valorization of 50% minimem and 65% maxlmum (welght) of packagmg wasle
before the year 2001 (June), . '

- Wlthm the precedent range, recycling of 25% minimum and 45% maximum (weight)
of waste materials as a whole, with a minimum of 15% for each category of materials,
before the year 2001 (June),;

- The % of packaging wasle to be rccovcred and rccycled will be redeﬁned before year |
2006 in view of increasing the target. -

4.6.2 Legal Requiréments (Fra'nce member_couhtry)

- Waste Law of £3 July 1992:

The Waste Law of 13 July 1992 is completing the law of 1975 on waste and classified
instaltations, and gives.the scope of wasle ntanagement. This law provides the :
obligation of valorization of waste malcnals since it requires (hat oply ultimate waste

could be deposited in tandfill sites by 2002

- Deceee on backaging wastes of 1 April 1992:



The decree on packaging waste provides that suppliers, namely importers and

wholesate sellers or retailers have legal obligation for taking back packaging products

they have put on the market. In practice, this obligation translates into obligéﬁon for

~ them to co-manage and finance the collecting and separating activitics of Eco-
Emballage. '

-~ Decree for reduction and recycling of indusirial / commercial packaging waste of 13
July 1994: |

This decree provides that packaging industrial users (including hotels and restaurants
for example) are responsible for valorization of their packaging wastes. Are not
concerned by this decree the individuals and enterprises that produce less than 110¢
littres of industrial / commercial packaging wastes per week. In this case, they are
however responsible for keeping these wastes separate from other wastes in order to
permit valorization by locat collectivitics. This decree does not set pﬁorilies amongst
valorization options, nor amongst quantitative largéts._ Application has been set for 21
September 1994 in the case of. papers and cardboard, and is planned for 21 July 1995
in the case of other materials.
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‘5. COLLECTION AND HAULAGE .
51  Baslc Dataand Assumpfions
51.1 KForelgn Exchange Rate Used

; The following rate was used:

USs 1.
:5.1.2  Coverage
). Population 2,050,357 (1995)

'2) . Estimated population served by services providers

RASUB contracted population: 1,404,754

L.

2. RGR contracted population: 370,800

3. Total (1 +2): ' 1,775,554 : :

4. Not covered by contracts: 274,803 _ @
5. '

Total population in Bucharest: - 2,050,357

5.1.3 Quality of muaicipal waste

1) Quatity Houschold waste: - 0.32 ton/m3

Market & Business waste:  0.27 ton/m3
Strect waste: 0.95 ton/m3 -

2) Converion

il

52.143 week
4.345 week ,
1.0 week = 1.167 weekday (Mon. to Sat))

i ycar'= 12 month

it

I month




Collection [RASUB] : wecekday (1), Saturday (0.2), Sunday (0.1)
[RGR] : Weekday (1), Sunday {0.1)

RASUB: 7 days quantity/s.3 = collection/weckday
RGR: 7 days quantity/6.1 = collection/weckday

Dischargé: 0.496 kgfeapita/day =~ : |
) ' 0.32 kgflitre 155 litee/capita/day

110 itre bin = 10.1 people/week
240 litre bin = 22.1 people/week

5.14 ﬁaulagg r_ecord.

Whole humbér;of. trucks inflowed {o Glina disposa! site in the observation days is

- shown as follows. .

- . Table 5.1-1 Number of inflowed trucks in observation days

" 'Observationdate - | RASUB 'RGR ADP  Other | Total
Nov. 24 (Thursday), 1994 | 413 35 31 06 | 585
25 (Friday) S 4ls 34 34 113 596

28 (Monday) 425 29 34 9% 584




5.1.5 Discharge

There are several kmds of container used for interface of dlscharge and collection.
The followmg table shows more dctatlb on containers.

Table 5.1-2 Céntainér‘s Varlalion :

Typesof Dura- |Price| . Number of dlslnbuted _cori.te‘iin'é'rs‘ for:
container | bilily (US$) o |House | pGiess | street| Totat
o g B holg - [PHIness et TOME
). 4m3scon. | 8year | 417 {byRASUB| ~ 275 486 | - 761
| RGR. s| 12| - 17
ADP | es|us| s
2). Tm3 s-con. | 8 year | 580 [by RGR S RTINS \
3). 1.im3s-con. | 8year |-130 JbyRGR |- - | 6] - 6
4). 110 1 s-bin. | 8year | 22 |by RASUB | 170,000] 55,000 | - | 225,000
5). 240 1 p-bin [4year | 25 |byRGR | 11,700] 3,300.| - [ 15000
6). 120 1 pbin |4year | 18 [byRGR | 1,000] - | e @
7. 701pbag | - | 02 [byrasus|seeo| . | - |300000]
8) 10 1 p-bag - | oo4 lbyuser | o
9).301pbag | - 0.07 | by usert

Note) 1) S-con: Steel Container
2) p-bin:  Plastic bin, s-bin: steel bin -
3) p-bag: Plastic bag _
4} Number of ADP's container is excludcd Séfctor 1 and Sector 6
5) % Not countable | '
6) 240 ¢ plastic bin's price is on a used bin.
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5.2_ ' Colleqlion

5,2.1 Cost Estimation on Coltection Trucks

“Cost = [Depreciation + O/M Cost + Interest] .+ Indirgct Cost ([----] X 0.05)

D, ] 0.0545D| | ]

_ _ D _
Intercst = 8% (compound interest), 8 years repayment
Principles: D o _ . _
- Netinterest = 1.436 D-D =0.436D Per year: 0.436D/8 ==0.0545D/yt
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Table 5.2-2  Comparlson of Cost Efficiency by Exlisting Collection System

~ +4m3cont. -

3 (14) as) (16)
Total ~ Collected Unit cost of Rank {Index)
~cosl waste/yr collection & : '
Type of 'i;ru::k Iyr haulage
(1D +(12) - (13)(14)
[Uss} fton} . [US$/ton)
I Compactor 38,910 3,338 101 1(100)
RGR-16 L :
+240f p-bin
2 Compactor 31,486 2,376 13.3 X132
PELICAN ' o
+1102 s-bin
3 Compactor - 33,'954‘ : 2,187 15.5 4(153)
LIAZ : ' :
+110¢ s-bin
4 Compactor 29,262 1,782 16.4 5(162)
MEDIAS :
+310¢ s-bin
S Containes- 30,761 2,403 12.8 2(127)
compactor \
PELICAN-C
+4m3 cont.
. 18,923 945 20.0 6(198)
6 Container
SRDAC
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Table 5.2-3  Average Unit Costs for the Whole Trucks: -

Collected | Nos.of | * Total' '| Annual Total | -Average
‘ wastelyr { Trucks | Collécted | Costs/ | . Costs | Unit Cost
Type heuck | (exists) | Wastefyr |  truck year |- fton
{ton) B ‘(tondyr) (Us$) Uss R ;
W) @ [(wa®] @© |@x)=d]  Zb)
1 Compaclor _ | _ . - @ ' 1
RORS 3,838 -5  119,190 | 38910 | 194,550 | _ | | %
2 Recontainer 2,376 | l26 61,776 | 31,486 | 818.636
PELICAN : A I : ‘
3 R-compactor o o » "5,794;3391379,316,:
LIAZ 2,187 45 293.4.15_ 33,954 1,527,930 ~USSISHon
4 Compactor |} 0, | moms | 2926 | 2311698
MEDIAS o5 HOTIE | 23262 a2t
5 C~C6mpaclor ; o i -
PELICAN-C. 2,403 14| 33642 | 30761 | 430,654
6 Container ' B .' |
SRDAC 945 21 | 25515 | 18923 | sto92i
Total = | 196 | 39316 | - |[s794389 |

Table5.2-4  Collection Truck's Data by TMS |

Collected Teip |Net [Net |Crew [Fuel | Work | Maint | Fuel [ Wage

Waste/Day May | Load. | Coll. May |Day! }. Cost. [Crew &
Time | Haul. : Year | Cost/ | fYr Mcchan,

_ Yr :

LUTMS bt WWS Time ' b e

Kton)  Klon) _ {min) { (min) {H (US$) _(US$) (US$)
MEDIAS 1.0 | 66 21 247 ] 465 2 | 4 270 | 2,110 | 3,040 | 9430
PELICANR | 11.6 | 838 2 | 244 | 398 3 | 6L | 270 | 1,110 | 2,850 | 10,730
LIAZ 97 | 8.1 2| 249 | 374 2 | 40 210 {1,110 [ 2,700 | 9430
SRDAC 38 | 35 3 44 | 359 Y 270 {1,390 }2,570 | 6,840
PELICAN-C | 167 | 89 2| 213 | 456 211 | 20 {1,204930] 8140

RGRC16 | 123 | 123 ] 3

123 | 314 3} 8sL | 312 1,600 |4510 | 3,79

Note) 1) TMS: Time and Motion Study done in Novemebr, 1994
2) WWS: Waste Weight Survey done in November, 1994
3) 62L:  62¢of Light oil '



5.3  Cost Data for Estimation

1) Salary
1. Workers salary in RASUB - Driver:
- Collection Worker:
- Inspector:
- Mechanic:

2. Workers salziry inRGR - Driver:
SR . 0 <Collection Worker: -
- Mechanic:

3. Workers salary in ADP . - Driver:
C - Sweeping Worker:

2) Fue] Cost .~ Gasoline:
' - -Lighteil: -

3) Maiatenance Cost
1. RASUB ' - Number of mechanic : 819 persons

US$1,580/person/year
US$1,295/person/year
US$1,273/person/year
US$1,309/person/year

US$1,333/personfyear
US$1,133/person/year

_Not applicable

(RGR contracts out
repair to a contractor)

US$1,293/person/ycar
US$ 540/personfyear

. US$%0.3/itre

US3$0.2Aitre

and répair worker (in all of 4 workshops)

- Pasts, reproduction: US$2,110 (MEDIAS Compactor)

of material, oil - US$1,110 (PELICAN Compactor)
exchange, tyre, US$1,110 (LTAZ Compactor)
etc.fyear US$%$1,390 (SRDAC Container)

US%$1,220 (PELICAN Container)

2. RGR - From June to: US$10,000 (as a total payment)

September 1994,
RGR paid to contractor



54

541

Cost Calculation

Container Cost (4 m3)
Total CONAINEES: 61 ...evurueiinivnnsiisinniveieesesiesiesreveresesioensiorenns (A)
- SRDC: | ST
‘ 1 container x 3 mpslday % 27 trucks = 81.0 conlanncrsfday ............ @By
. PBLICAN-C: N -
3. 8 containers x 2 tnpsfday x 14 trucks = 106.4 contamcrs!day ....... ).

-~ How many containers are atlocated for one SRDC and one PELICAN C

respecmely? -
- SRDC: (A} x (BY{(B) + (C}}iZ? trucks =761 x 81/(81+106. 4)127 _
- = 12 conts.ftruck ............ ()3
PELICAN- C' '
(A) x (B)I{(B) + (C)}/l4 trucks =761 x 106.4/(81+106. 4)!14
_ : =31 conts.iruck ... versreneaners (B)
Deprcciaticn of 4m3-conlainerlyr: US$136/yr (4 yr depreciation).... (F)
Container cost for: X S
. SRDC: (D} x (F) = 12 x 136 = US$1,632/truck/yr

PELICAN-C: (E) x (F) =31 x 136 = US$4,216/truck/yr
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5.4.2 Collect.ion cost

" Municipal waste tobe | Bstimated . | Depreciation | Contract cost
collected by the unit cost cost borne
Municipalit by the
Year A _ hgunicipality (US$/year)
(ton/day) (ton/year) (US$/ton) (US$/ton) (2) x {(3} ~{4)}
(1) | (1)365=(2) 3). ) (5)*
1995 | - 1,181 | 431,065 153 3.9 4,914,000
96| 1,227 | 447855 | i4r [ 30 4,971,000
97| 1278 466,470 129 20 5,085,000
98 1341 | 489465 117 1.0 5,237,000
99 | 1406 | Ss13490 | 105 0 5,388,000
2000 | 1,460 | 532900 105 0 5,595,000
o1 | 1,506 | 549,690 10.5 0 5,772,000
02 1,553 566,845 105 0 5,952,000
03 1,600 584,000 10.5 0 6,132,000
04 1,649 601,885 10.5 0 6,320,000
05 1699 | 620,135 10.5 0 6,511,000
06| 1,749 638,385 10.5 0 6,703,000
07 1,802 651,730 10.5 0 6,906,000
08 1,858 678,170 10.5 0 7,121,000
09 1913 | 698245 10.5 0 7,332,000
10 1,968 718,320 10.5 0 7,542,000

* Round up and down decimals abovéfequal or under 500




5.4.3 Costofbin

' The procurement cost of bin and cart are reportedly as foliows -

[bin] 1. Plastic bin (1 10 £, Austrian-made, brand-new): US$17 8 (mcl taxes)

2. Plastic bin (120 ¢, Germany-made, brand-new): US$11.7 (incl taxes) |

3, Plastic bin (240 ¢, Germany- made, used)*: US$: 1.0 (incl.taxes)
* RGR delivers vsed a. plasuc bin {240 1) by US$25.2 for full

payment, US$28.3 for mslallment respectwely i

4 Plastic bin (110 4, Romanian-made, brand ncw) US$22 2 (incl. taxcs)

. [cart] 1. Steel cart (200£ Romaman made, brand-new) US$?11 (mcl taxes)
. [contamcr] :
1. Steel contmner(41n3 Romaman made, brand new): US$4[7(mci taxes)
* ADP expends US$l4lyeaxlonc contamer for its mamtenance o

~ Detaited speciﬁcétion of bins is shown in Tablc, 5.1-2in lh_e Appcndiccs Pa_rt; ;




55  Time and Motlon Study (YMS})

- Time and Motion Study {TMS) is one of thé most significant method to obtain the
basic data on actual conditions regarding collection and haulage and the related
matters. By TMS what is measured are;

Net time on cach activily of operation from starting upto finishing.
- Net weight of collected (and hauled) waste.
Net consumption of fuel and its cost.

T

Number of contamers or bins from which wastc are collectcd

Based on'above data, uécfu] indicators can be calculated, éuch as loading efficiency,
hauhng ve]ocny and efflczency Further more, by combmmg cost data, cost
‘efficiency also can be estimated. Such mdncators are mdnspensable for reviewing
existing collecuon and hauling systems,

The JICA Siudy Team carricd out TMS on six different collection systems in
November, 1994. Oullipe of the TMS is as follows.



5,5.1 Difinition of the words for TMS

The followings ate specified activities of cbl!c_clion’ and haulage in TMS.

Garage

Sector office
Ist collection point
(Ist trip)
2nd and following
collection points
(Ist trip)

-checking
—— -starl

-loading -
-travelling

-travelling
. & loading

Last coflection
point (1st trip}
Disposal Site

1st collection
point (2nd trip)

Last collection
point (2nd trip)

Disposal Site

Disposai Site
(Last trip)
Garage

-loading

-loading -

-travelling .
& loading

-loading

-discharging

-travelling
& loading

-discharging

-aniving

Jdoading

-discharging

‘movinig

collection

© collection

haulage

collection
& haulage

mm‘i ng

opetation




552 Results
1) Compactor (MEDIAS) + 110 £ steel bins

Registered number: 32B4157, Capacity: 10 m3, Crew: 3,

Collection area: Sector |

Date of Study: Novembcr 8, 1994 (Start work 6:34, Finish work 15 59,
. Work hours 9; 25) :

“Ttem 4_ Ist trip Qnd,tri_p 3rd trip Total

b Loading time - L 1:54' 213 - 4.07
2) Travcliﬂg time and_distance 18 - U 21
. ; NS oot 5.9km 1.6 km - 7.5km -
3) Haulage time (to dlsposal 47 47 I - 1:34"
i B snle) and distance = . - 209km | 197km | - - | 40.6km
14 Haulage time (1o next tnp) 44" - - 44
-~ and distance 16.7 km - - | 167km
'15) Collected waste 55tn | S5.5ton - 11.0 ton
_16) . Collection time efficiency 24.0 247 - - 24.4
b 1) +2)}/5) [minJton} ' _
| 7) Haulage velocity. [km/h) 248 | 251 - 250
-18) 'Movmg time (to 1st mp) 21" -
and distance . - - 11.7km
.[9) Moving time (to garage) ' _ 32
and distance . 18.2 km
: | 10) Totai operation distance | . 947km
111) Fuel Consumption 45¢
12) Fuel efficiency 10)/ 11) 2.1 km/{
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2) Container truck (SRDAC) + 4m?3 containers

Registered number: 31B6088, Capacﬂy 4m3 Crew: 1,
Collection area: Sector 6

Date of Study: November 9, 1994 (Start work 7:20, lesh work 14: 37
Work hours: 7: 17)

Item . Lst trip Indteip | 3rdtip: | Total I_ %
1) Loading time | . 14" 8 19' - 44
2) Traveling time and distance 1 0 R D Riien
! - 45km | Okm | Okm | 4Skm’
3) :Haulage time (todtsposai 1:10' 106 [ 116 | 332
site) and distance . . "+ | 23.9km [ 2L1km | 190km | 64.0km
4} Haulage time (to next trlp) 46 | 49 | = "13s
and distance . [7.8km | 18.6km = | 364km
5) “Collected waste 13ton [ 13ton | L2ton |- 38tn
6) Collection time efficiency 92 | 85 158 | 145
- { 1)+ 2) } /5) [min.fton} . ' ' R
7) Haulage velocity [knvh} 216 207 | 150 | 196
-18) Moving time (to 1st lrlp)_ . s o
and distance B 5.6km’
19) Moving time (to garage) 46
' and dislance - 189km . ;
| 10) Total operation dlstance  1294km S
11) Fuel Consumption 3’
| 12) Puel efficiency 10) 11) B o 34keit
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3) Rotative Compactor (PELICAN) + 110 ¢ bins

Registered number: BM4BZR, Capacity: 12 m3, Crew: 4,
Collection area: Sector 3 :

Date of Study: November 103, 1994 (Start work 6:28, Finish work 15:55,
Work hours; 9:27)

Jtem | ‘ 1st trip 2nd trip 3rd trip Total
1) Loadingtime . | 200 | 204 S R
i 2) Trav’eling time and distaﬁcc 19" 21 - | 40"
| o] 14km. | 4km - 54km
13 llaulagetlme {to dnsposa! 37" - 47 - 144
| - site) and distance ] 17.2km 157 km — 329km
4) - Haulage time {to next trip) 34 - - 3
| - and distance 17.1km’ - - 17.1km
5) Collected ivaslte 3 { 60ton 3.61on = 11.6 ton -
"16) Collection time efficiency 232 25.9. - 24.5
{ D+ 2)}/5) [min.fion] _
| |7 Haulage velocity [km/h] 22.6 200 | - 21.7
% 8) Moving time (to 1st lnp) 31
and distance . - H.6km
b)) Movmg time (to garage) 23
: and distance - - _ . 123 km
lO) Total operation distance 79.3 km
'} 11) Fuel Consumption . 62 ¢
| 12) Fuel efficiency 10}/ 11) ' 1.3 knv¢




4) Rotative Container Compactor (PELICAN - Container) + 4m3 containers -

Registered number: BO4ULH, Capicity: 12 m3, Crew: 2,

Collection area: Sector 5

Date of Study: November 11, 1994 (Slaxt work 6:27, Finish work 16: lS '

Work hours: 9:48)

2ndtrip | 3rd trip

- Ttem st trip’ ~ Totat
1) ‘Loading time 257 | 136 ~ 433
| 2) Traveling time and distarice 35 15 - |50
1 - 94km | 4.8km - 14.2 km
:|3) Haulage time (todlsposal 55 57 — s |
|- site) and distance 1 156km | 178km - " 334km |
.| 4) Haulage time (to next trip) 23 _ R B <
- and distance 139km - - “13.9km -
'|5) Collected waste 105tn.| 6.2ton = “16.7 ton
6) Collection time efficiency |  20.2 17.9 - 193 .
{ 1) +2) }/5) [min./ton] ] o |
7) Haulage velocity fknvh] - 227 187 | - 210
-1 8) Moving time (to Ist trip) 24 o
and dislance 8.8km
9) Moving time (to garage) e
_ and distance ' - 135 km
| 10) Total operation distance 838km
11) Fuel Consumption 736
12) Fuel efficiency 10) / 11) Lk o




5) Rotative Compactor (LIAZ) + 110 ¢ bins

Reglsiered number: 31B7994, Capacity: 12 m?, Creiv: 3,
Collcchon area: Sector 2 o
Date of Study: November 15 1994 (Slart work 6:31, Finish work 15:25,

Work hours: 8:54}
, CItem Isttcp { 2ndtrip | 3rdtrip Total
l)-Loadinglime B 1:42' 2:28' - o410
- |2) Traveling time and distance | . 20 4 - 24
g -] 70km 1.8 km -~ 8.8 km
~13) Havlage time (to diéposal' 37 - 45 - | 122
. site) and distance <o 1.8km 129km | -~ - 20.7 km
-14) Haulage time (to next tnp) 22 - - 22
; and distance S H.5km - - 115 km
'15) - Collected waste | 4dten | 5.6ton - 9.7ton
:|6) Colleciion time efficiency | 29.8° 27.1 — 282
i { D +2)}/5) [min./ton]) :
.| 7) Haulage velocity tknvh] 19.6 17.2 - 186
@ ~|8) Moving time (to Ist trip) : 15"
- | anddistance ‘ - S1km
19 Moving time (to garage) _ 290
| = anddistance 15.0 km
| 10) Total operation distance 7 61.0km
-] 11 Fuel Consumption 40 ¢
|12 Fuel efticiency 1011 | 1.5 kn/é




6) Compactor (RGR~-16) + 240 ¢ plastic bins .

Registered number: BOIFRM, Capacity: 16 m3, Crew: 3,
Cotlection area: Scctor 6 R
Date of Study: November 24, 1994 (Stan work 7:17, Finish work 15:10,
Work hours: 7:53) ‘

3rd trip

‘Item Isttrip® | 2nd trip. “Total :
1) Loading time 53 | 44 26 | 203
2) Traveling time and distance |~ 4' I (RN R RN [ B
) _ > 33km | 16km | 0S5km | Sdkm’
3) Haulage time (to disposal | = 44" . 43 ez
-| .. site} and distance . ' 204km | 190km | 199km | 593 km.
"1 4) - Haulage time (to next trip) K3 L 34 — C1:05
| and dlslancc 185 km | 19.6km - - 38.1km
| 5) Collected waste: we:ghmg_ S56ton: | 42ton | 25 t_dn; 123 lon
| base (76) | & | @5 | 072
: ( ) theoretical figure ' T o
|6 Collection time efficiency | 102 | 129 | 124 | 115
{ D+2))75){minfton] ' (1.5) - 89 8.9 - 83y
( ) theoretical figure e e e
| Haulage velocity [knvh] 31.1 304 | 271 | 298
8) Moving time (to 1st trip) . c S
' and distance 8.4 km
9) Moving lime (to garage) 31
| and distance ' 19.0km - EE
10) Total operation distance 1567km . i
1) Fuel Consumption | 85¢
1.8 knv/¢

12) Fuet efficiency 10)/ £1)




5.5.3 Comparison of systems

MEDIAS

[knv£]

2.1

L3

1.8

Item PELIC. | LIAZ | RGR-16 | SRDAC [PELL-CON]
1oy | (1o | (110n | 2400 | d4m?) | dmd)
Collected Area Sec.1 | Sec.3 | Sec.2 | Sec.6 | Sec.6 | Sec.S
No. of trip 21 2 2] 3 3 2
1) Loading time | 407 | 404 | 400 | 2:0% 44 4:33'
2) Traveling time and 2r 40 4 19 | ir SO
- distance km)’| 75 541 88 54 |45 | 142
3) Haulage time (to disposal | 1:34' | ©44' '51': 2:11' | 332" ) L52
site) and distance [km] | 40.6 | 329 | 20.7 | 593 | 640 | 334
4) Haulage time (to next a4 | 34 | 22 | 105 135 [ 23
© trip) and distance© '16.‘? 170 | 115} 38.1 | 364 | 139
5) Collectedwaste | 66 | 88 | 81 | 123 | 35 | 89
{ ): theoretical figure | (11. 0Ol .6 9.7 | (72| 3.9 | 167
6}. Collecuon time ‘ 1
oy (Do 1rs | 0| 23| 28 | s | de1 | s
{min./ton] . ’ ’ ) ) ) )
( » lhcoretlcal figure '
7) Haulage velocity fkavh) | 250 | 217 [ 265 | 298 | 196 | 210
8) Moving time (to Isttrip) | - 21" | - 31’ 15 -18' 15 24
and distance ~[km) | 117 | Ll6 5.1 84 5.6 8.8
9) Moving time (to garage) 32 23 29 3 46' 27
and digtance ~ [km} | 182 | 123 | 150 | 19.0 [ 189 | 135
10) Totl operation diselee | 947 | 193 | 610 | 1567 | 129.4 | 838
1) Foel Consumption (41| 45 | 62| 40 |.8s | 38 | 73
12) Fuel efficiency 10)/11) l 5 |

34

1.1
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6.  STREETSWEEPING
6.1  Strect Sweeplng

1) Total expenscs for SW of ADP in 1994: o
US$2,260,000Iyear' - Salary 1,285,000/yr
: - oM 975000/yr
2) Gross unit cost $2260000118615(on $1211ton —

62 . Existing Mechanic_al Sweéping .

1) CosVycar: $745800 -Ford = $479,500 (15 cars) -

' ' -IFA $107,500 (18 cars)
-FAWN $158,800( 7cars) .

2 Collection/year: '!',Q_Q_ 8=tog,' -;For"d . ) S 843 ton

-IFA 687 lon'
-FAWN o ’373 ton
3) GrOSS unit cost per ton $’f45 800!3 820 ton ﬁBSLL&m_ o _ %
21,908 - mﬂm T
-IFA - $i56fton SRR
L -~ (beyond durabilnly)
-FAWN &20/10 : )

_4) Gross Sweeping length/year:  44.238 km -
S) Gross Unit Costperkm:  $745,800/44,238 ki = $16.9%km - é

6) Working ratio: 65% _
‘D) Rental cost of mechanical sweeper: - US$48/shift (6 hours)
Annual cost for mechanical sweeper: _ :
40 cars x 65% x 2 sh:ftlday X U‘i$48 x 303 days - %
= US$756,288/year (at maximumuse) '
40 cars x 65% x 1.5 shift/day x US$48 303 days
= S$ 567,‘216!_3(&:5:‘ (at average use) '



Table 6.2-1 Mechanical Sweeper's Comparison (cost in US$/year) =

| Type | Max | Average | Dep- [ Duty |Satary | Main- | Fuel | Total fNo. | Cost | Fotal
' * | Load | Load/shi | recia- . [ tenan- col- jcar  |fton cost/
“L(ton) | fe tion | ' ce lec- fear | | type
- | (ton) cost tion *
: ' : ' (ton) '
ord | 50 | 057 fi9780 |1,590] 1.580| 667 [1.833]t12s| 15 | 226 [ 381,750
FA. | 34| 038 | 1200 | - |1s80[1389 {1.833] 764] 18 | 78, 108200
AWN [ 48 | oss |i1s940 | - |1ss0] 333 {1,833]1081| 7 | 210 | 158,900
' - “Total Cost .
Ford - | 25450 (remain 1.33 ycars) * Actual base,
IFA 6,011 (beyond durability) _ not payload
FAWN | 22,695 (remain 6 years) SR base.

6.3  Existing Manual S\veeping

1) Total cost/year: $l,733,008 (inc!ud.ing rental cost for mechanical sweepers)
- $1.490.760 (exctuding rental cost for mechanical sweepers)

{% 2) Collectionfyear: 31 compactors 75% x 4.4 ton/shift x 1.0 shift/day x 303 days
30,997 tonfyear =

3) Gross unit cost per ton: $1,490,760/30,997 ton == $48.1/ton
4) Gross Sweeping length/year:
' 12.8 km/2 (both sides)/shift x 100 shift/day x 70% x 303 days
= 135,744 km

5) Gross Unit Cost per knx: $1,490,760/13,744 km = $11.0/km

6)  Working ratio for workers: T0% (current condition)
compactors: 75% (current condition)




" Table6.3-1 Maniual Sweeping Data per shift (cost in US$/year)

Hshin CIMax | Average | Depreciation | Salary - Mainte- '_i_'q'_qa){ “fTotal | Total
collec- | length : . for20 © france & Cosl[ . l_epgth waste/
tion (ton}| swept S workers | Fual cost | shiftlyear |swept/ | year/shift
(km) Compacto] Containes fshift | year/shift] (ton)
S etc.: (_2)_ : - S km) |
20 | 24 | 128 § 2es | 87 pazsn | 2us7 | 1z2i4 |3 | 727 &
workers . (gross) S ‘ - L . P
64  Other Equipment
1) Street Container (2m3) - _ -Dislribmcd to all the streets to be swept
- 3 unit/km ' '

- Price: $220/unic
- Durability: 4 years

2) Town trash box (120 litee) - Distributed to all trunk streets -
-8unitkm
- Price: SlZIunjt_ :
- Durability: 4 yéars




6.5 Street Sweeping Cosl
6.5.1 Composition of the Cost .
_ Composition of the cost on street sweeping is classified as shown in the following table.

Table' 6.5-1 Outline of Cost Separation

Mechanical Sweeping Manual I Other |
S ‘ Sweeping ' Equipment
Mecanical Manual Manual Sweeper Installed
Swecper(car | Sweeper L ‘
lane) . | (side walk)
-Mechanical -Street container
equipment. -Trash box
(mcl interest} (depreciation per year)
-Fuel
-Maintenance
-Salary, CH

-Cart,Sweeping
“tools

" Separation of A ‘ : _ B C
Cosl Lshmauou (per . C :(per shift)
) mec, sweeper) )

6._'5._2 Formu_la : :
“Total Aﬁnua] Cost = A+B+C

" Here: l) A and C do not depend on waste amount, but depend on the length of
streets to be swepl,

DA parl of B d epends on Wa te amoun;

6.5.3 Cost of A

Year . Ford - IPA FAWN Total
Tl (US$25,450) L (US$6,011) | (US$22,695)
i) | qunin (uni) (USS$)
1996-~1998 15 0 7 540,125
1999 15 0 0 381,750
{13 purchased) (295,035)
20002010 0 0 13 295,035

Note Cost composulon in delail is shown in p.6-2 of Appendices Inrmm Repori(2).

6-4




A
\:';,';_‘;b‘:

6.5 Street Sweeping Cost

6.5.1 Composition of the Cost

Composilion of the cost on street sweeping is classified as shown in the following table.

Table 6.5-1 Outline of Cost Separation

Mechanical Sweeping Manual " Other
Sweeping Equipment
Mecanical Manual Manual Sweeper Installed
Sweeper(car | Sweeper
lane) {side walk)
|
-Mechanical | Mec.sweep Container fruck/ = -: -Street container
equipinent er - Patrel Car+ - -Trash box
(incl.intcrest) [{depreciation (deprecistion - per.-year) <o (depreciation per year)
per year) T T
-Fuel
-Maintenance R T R AR R
Salary, OH | Drivers' “Workers' and drivers’ -
-Cart, Sweepiog L T T
tools R
Separation of A B C
Cost Estimation (per {per shift)
MCC SWeeper)

6.5.2 Formula
Total Annual Cost = A+B+C

Here: 1) A and C do not depend on waste ameunt, but depend on the lenglh of
sircets Lo be swept,
2) A part of B depends on waste amount.
6.5.3 Cost of A
Yoear Ford IFA FAWN Tolal
(U5$25,450) (US56,011) (US$22,695)
(unid) (uni1} (unit) (US$)
19961998 15 0 7 540,125
1999 i5 0 0 181,750
(13 purchased) (295,035)
2000--2010 0 0 13 295,035

Notc: Cost compasition in detail is shown in p.0-2 of Appendices Intevim Repory(2).




6.5.4 Cost of C

Cost for street containers and trash boxes to be installed along all the sireets that are
served by street sweeping will be fixed since 1996 until 2010 at US$ 36,900 per

year.,
6.5.5 Cost of B : ' o _ %
1 shift | Colkotion [ Awege | Depreciation Salary | Mainte- | Total Tord
(Bhours) & | swoxing . ffor20 | nance & | Cost kegh
masdiinam | logh . (US$yyear - | workers | Fuel per - ¢ | swep
: . | shiet- | yertit
(ton) (m) . | Campator| Contdney, [ (USSY | (USSY - { (USSY . 1 (k).
Ttk | Teols year. = Jycar - {year | .
: A) B | (©) (D) J{A++D)] ¢
200 Jz24 128 [P TR A PRI ORETT 3878
workers | (gross) !
2] No.of Totd
Year S0 Shift | ot
| 1 2 fond | 100USS)
1996 . |- L273] 87| 12,332 1,056| 1) 737
p1997 1,336 . 87]. 12,332 1G94 14,8041 - 43 639
1998 1,420 87] 12332 L179ff 15018] 43 | 646
1999 1,526 87] 12,3320 1.266) 15011 42 | 639 &
2000 | 1,607 87| 12,332 1,334} 15,360 - 41 630
2001 1,731 87| 12,332 14373 (15,587 40 . | 623
2002 1837] - -87] .12,332] .. 1,524)] 15,780 39 | - 615
2003 1,929 87| 12332 1,60L1] - 15,949 a8 606
2004 2,026 . 81| 12,332 1,6821t -16,127] 37 | 597
2005 2,148 < 871,712,332 1,782 16,349 36 589
2006 o 2,229 871 12,332] -~ t.850) 16,498 36 594
2007 .2,364 87| 12,332 1,962)F 16,745] 34 569
2008 2,506 87| 12,332 2,076) 17,001) . 33 561
2009 2,627 87| 12,332 2,180QF 17,226} - 32 551
2010 - 2,693 - 87 12,3321 2,235} 17,3471 . 32 11
Total 29,252 1,305 | 184,980| - 24,273] 239,810 - 9,151
(%) Y I G )




6.5.6 Street Waste to be Collected

Waste tobe | Waste by Collector (lo/OP-day) Comipactor § Projected | Compactor

collected ©  |Mec. . | ManSwp|Manual | Total waste quan- | Shift shift base

(1on/OP-day) | Sweeper | with | sweeper | manual | ity base :

' : Mee. collection ‘

(D=(23+(3) (2) (Compactor truck) (3) motivation motivation
' ' rate:30% rale:80%

1995] 385 60 89 436  525[ - -
96| 58.5 6.3 0.4 428 82.2] 17 50 iq

971 60.8 701 105 433 531.8 7 43 12

- 981 63.1 7.9 i1.8 434 55.2 7 43 12
99|  66.6 3.9 134 443 57.7 8 42 12

.68.9 9.91 148 442  59.0 8 41 - 12

2000 ' . : L

01 73.3 11.2} 168 443 61.1 8 40 12
02 74.6 - 11.9 178 449 . 62.7 8 - 39 1l

- 03 76.9 12,4 188 457 64.5 9 38 Rl
04 79.2 13.0 197 465 66,2 9 37 1l
05 81.5 13.7 205 473 67.8 9 36 10
06 83.8 - 14.2 214 482  69.6 9 36 1))

- 07{ ~86.1 - 15.1 22.6 484 71.0 9 34 10
08 - 88.4 15.9 239 486 - 72.5 10 33 10
09 90.7 16.7{ 250 490 74.0] 10 32 9

2010 93.0 171 25.5 504 75.9 10 32 9

o o 1) OP{operation) days per week is 6.1 days. Thus waste to be collected per
{% . : . an OP day(W-op} is assumed as WG 4 7 + 6.1,
; . : Here: WG is wasle generation per day

zZ
=]
=3
o

2) A mechanical sﬁeepcr has more than 4.8ton of loading capacily. for Ford 5.0ton, for
FAWN 4.8ton. Accordingly, ¢ven in 2010, there only should be 4 FAWNS in
terms of waste collection for the mechanical sweeping system.’

In the Master Plan, 13 FAWN will be used since year 1993 in accordance with planned
* street length to be swept by mechanical sweepers. Thus, additional purchase of some
mechanical sweepers needs no more.

3) Regarding compactor truck, it is proposed here that one having 4.4ton of capacity will
be used. However, this doesa't always deny to use smaller(2~3ton) one in stead of.

"4} It is assumed that new copmactor trucks made in Romania* will fully used since year
1996 as the strect sweeping will stalit (o be conlracted out to private conlractor(s). In
this case the depreciation cost will be US$9,486/year*8ycars which covers 3.6 shifts
per day (US$2,635/shift/year).

* Pelican Type equiped in live with ADP’s specification, Stonftrip
) Ston”2trips*80% motivation rats = Ston/OP.day
% ' ' 5) Number of compactor trucks inctudes 6 ones for "patrol” {one per Scctor, shift base).



C6.5.7 Cost Projection
Year Mechanical | Manual Ssvegaping. - | Other equipmient | Totat Strect
J Si\'cépcr’relaled related Co‘s‘tj- B '(StrééiCoﬁtéiri;e'r.f Sweeping Cost
Cost | : TrashboxyCost |
- (costA) ~ (cost B) {costC) (A4B+C)
(103 US$) ao’us) . | aodusy) | (o3 uss)
1996 540.1 7314 369 | | 1,314.4
1997 540.1 . 639.2 :36.9 1,216.2
998 540.1 645.8 36,9 1,222.8]
1999 381.8 . 638.9 36.9 1,057.6
| 2000 . 295.0 6298 36.9 961.7
2001 2950 6235 369 955.4
2002 2950 6154 36.9 947.3
2003 2950 606.1 36,9 9380
2004 2950 596.7 '36.9 928.6
2005 295.0 588.6 36.9 920.5
2006 295.0 593.9 - 36,9 . 925.8
2007 295.0 569.3 . 36.9 901.2
2008 295.0 561.0 36.9 892.9
{2000 295.0 5512 36.9 8831
2010 2950 5551 36.9 8870
“Tolal o o 114,952.5




7.  Final Disposal

7.1 Inventory of Former and Present _Lahdﬁl]_ Sites

- The Study Team has identificd 8 former dumpsites in Bucharest. The oldest one opened
~ in 1968, Those landfill sites are located near the boundary of Bucharest. The locations
* are shown as Fig. 7.1-1. It seem that most of the former landfill sites were selected
_ fro'm-topbgraphic reason. They are located in low land mainly because of securing large

landfill capacity.

- Other conditions such as hydrological _condilioh$ and surface water conditions were not
- considered in the selection of the sites. R seems that former landfill sites were selected
- to salisfy short term needs of waste dumping without paying much attention to

protection of public health and environment.

As @ result of a ficld iriivest_igatidn of the former landfill sites which is summarized in

Table 7.1-1, the following problems were identified:

a. Some of the former fandfill sites are still used illegally as dump sites. Some
trucks dumping industrial waste were observed at some former landfill sites.

b. _There are some risks of po]luling'wat'ér'as no measures were laken during the
+ landfiil operation and after completion of landfill.

c.. Some landfill sites that were closed more than 20 years ago may be transformed
i_nto_puhl'ié‘pa'rk_s‘ or agricultural land or industrial sites. T he present illegal
dumping however reduces the possibility of iransforming the sites into useful
facilities. Itlegal ;iumping at the former landfill sites can be prevented if the sites
are j}roperly managed by the municipality.



Table 7.1-1 Summary of the Former Landfill Sites -

Topngr.:pmc Types of _ _
Location | Perfod |- Condition | - Waste - Comments
' of Use before Brought in :
Landfill L _
t. Giulesti | 1970 -| Swampy Municipal L. The site has been filled up
: 1987 |land -along a)andindustiial | with Jarge amountsof 7
small river | waste - demolition waste. .
K ' ‘ 2. ‘There is itlegat dumpmg
3. Odor and leachate arc .
generaled, _
4. ‘There is an industrlal wa'ste
londfill adjacent to the site.
12, Rudent [1988 -] Low land Municipal | 1. Residents near the sitc use
: o 1993 .| uand industrial | shallow well with depth of .
' wastc o 13-15m.
- 2. Residents complained that the
- waste contaminatcd ground
© water. However, a water
quality analysis indicatcd the
- ground waste is suitable for
drinking. :
3. Therc arc two 9]t0’9 Onc hd':
‘been filled up. Use of the
. -other was suspended.
4. There arc bad smell and |
: Icachatc '
3. Bragadiru| 1974 - Disused quarry] Municipal 1. There is net fence. But, there
: - {1988 [for bricH and industrial | - is still illegal dumping.
umdnufactunng waste - . | 2. Ncither odor nor lcachatc.
4. Jilaval | 1983 - | Natural Municipal 1. The hollow is about 20 m
1988 1 holtow and industdal | - deep. .
Jwaste . -] 2. There is much industrial
: - waste deposit. '
3. There is llegal dumpmg,
- waste is burging in some
- area. _
4. Ncllhcrou‘nr nor Icachate '
5. lJilava 1 1 1972 - [Disused quarry] Municipal T- e hollow | is abnul 10-12
1988 |[for bricl and industrial m deep.
- Imanufacturing | waste 2, ‘There is illcgal dumpmg
3. Necither bad nor leachate.
6. Catelu | 1968 | Natural Municipal 1. Itis about 20 m deep.
-1974 | hallow and industrial | 2. The sitc was closed when
wastc Glina landfilf sitc opencd.
3. Thesijteis stable,
4. Neither vdor nor feachatc.




7. Cemica | 1988 -] Swampy Municipal . Thesite is covered with sail.
1990 |{and near aland industrial| 2. Neither odor nor leachate.
river waste 3. The sitc is small.
{968 - t. There is much demolition
1980 waste of buildings collapscd
by 1977 carthquake,
2. The site is covered with soil.
S : - | 3. There is illcgal dumping.
8. Fundeni | 1970 - | Low  slope] Municipal L. There is illegal dumping.
R 11974 |land near al and industrial | 2. The site is stable.
© il river waste ‘3. Neither odor nurlcachdlc..
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7.2 Oulliné of Glina Landlfill Site
1) 'D.cscrip(ion' of Ihc.Eiwironmeht

The Glina waste disposal site occupics a natural dcprchion within the upper lcnace' of
the Dlmbowla river, and belongs to the ﬂoodmg area of ihts river. Topographlcal map

- of Glina site is shown as Fig. 7.2-1, Human selilemenls around the site are all located

upon the terrace outside the influence of natural floodings. The Glina wasle dlsposal
site is Iocalcd belween Glina and Popesti Lcordem v:llages

Popesti Lcordeni viliage (about 12, 900 habitants) occupies the river terrace in the
south-west part of the Glina waste disposal site. Thc overall structure of the village
from east to the west is as follows: . '

1. East area with a mixing of factories and residences just on the south border of

~ the wasle disposal site; _
2. Middle area with agricilltural" fields and factories, and a low density of human
seltlements; '
3. Westarea with residential individual houses:;
4. West area with apartments complex.

Water supply is based on individual wells and fountains in the houses aré_a, and on
colleclive system in the apartments complex. Water resources are phreatic aquifer in the . '
individual water supply system, and déep groundwater in the collective system. Urban
enviconment is characterized by a severe dcgradahon due to the presence of several
sources of nuisances: '

1. Imponant traffic {west area);

2. Electrical lines (middle area);

3. Industrial plants (east and middle areas),

4. Derelict apartment buildings (west area).

Glina village {about 6300 Iiabilants) is established all along the river tefracc escarpment
on the eastem side of the municipal landfill, outside the influence of the Bucharest ring
road. Compared with Popesti Leordeni, this village is characterized by quictﬁess and
cleantiness of the public domain. Water supply totally reties on indiv@duél wells and -
fountains. '



2) - Geographical Description of Impacts:

The environmental impacts of the waste disposal site on the surrounding environment

may be presented according 1o 3 kinds of geographical units:

- L. Impacts on the natural site occupied by the waste disposal facility;
2. Impacts on the Popesti Leordeni village;
" 3. Impacts on the Glina village.

a. - hnpa'cts on the Natural Site

Impﬁ_cts on the natural site are not known with quantitative data but are evident as
regards to the natural environment and its landscape value. The natural site is a smatl

-wetland area bcloﬁging to the hydrology and ecology of the Dimbovita valley. The

natural ecology of the site has been certainly hi'ghly perturbed, directly and indirectly.
The dischar'ge.of leachate into superficial water is the major impact on natural
conditions, after the direct destruction of the natural site because of discharge of waste
materials. From the landscape point of view, the waste disposal site is a severe
auisance when seen from the Dimbovita river, and more particularly from the ring road

- of Buc_hafest,ﬁ which provides a panoramic view on the natural site and its landfilling.

b.  Impacts on the Popesti Leordeni Village

‘Popesti Leordeni village seems to be extremely affected by the proximily of the waste

disposal site, directly as well as indirectly.
Direct effects are: | '

1. Bad smcils, permanently in east area and periodically in west area;
- 2. Passage for waste collecting tracks, inducing noise and heavy traffic;
3. Loss of paper and plastic waste from tracks along the road, and Spreadmg
- iwithin the vnllage SI - :
4. Health impacts through consumpt:on of drinking water or through
ommpmsence of waste; these effects are howcvcr uncertain,
5. Landscape effects; these effecis are however limited by 2 factors. First, only
the immediale border of the landfill site is affected. Second, landscape value is
- basically very low in the southern part of -the disposal site, since various
sources of degradalion are already affecting the environment. Accordingly, the
‘wasle disposal sile induces relatively low effects on landscape.
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Indirect effects are only the illegal deposit of waste atong the road, parlit:uhrly"in the
middie area. These effects are however exin,mely severe. Land owners conccmcd by
this problem have no means to manage the situation, ' '

c. Impacts on thé Glina Village

Impacts of the waste disposal site on Glina village is not as visibte as in the case of
Popesti Leordeni. Since high frequency wind is from the north-east, Glina secems to be -
generally outside of such nuisances like bad smells; smokes, dust. Du¢ to its location
and orientation, landscape effect is quite negligible. Finally, traffic area is outside the
- residential area of the village, so that the tandfilling activity did not induce any ne'gati?e
effects on traffic and on cleanliness of the village. The impact could be on the social
. environment exclusively. Location of the wasle disposal site has induced a growth of
the initial population because of the resource value of the waste disposal site for
scavengers. ' ' : R

-3) . Y¥mpacts on the Social Enﬁmmnent .

Impacts of the wasle disposal site on the social environment are certainly all major
impacts. There is probably no moderate unpact Identifiable major 1mpacts are
described below, R ' :

a. - Impacts on Urban Amenities -
Main sources of disamenities are the following:

Direct view on the waste deposit; -

Presence of smoke in the landscape;

Noise due to traffic of dump tracks; - ;

QOdors due to the official deposu site, lllegal deposnts of wasle and passage of
dump tracks. - : : R

The topography of lhe site and the absence of any buffer zone bétween waste deposit
and main roads arc conditions that induce a severe negative effect on tandscape on east
and north sides of the landfitl. The degrce of pcrcepuon of the- landsmpe nuisance by
- local inhabitants is uncertain. - e ‘




b, Impacts on Sanitary Conditions

Local sanitary conditions are affected by the spreading of dust, smoke and bad smell by
wind, and by the spreading of waste materials lost on the way by dump tracks. The
illegat dumping of waste around the waste disposal site is the fundamental problem of
degradation of sanil_ary conditions around the waste disposal sile.

c. Impacts on Health

. The impact on health is uncertain. However, omniprescnce of waste is an important
source of health hazards. Possible vectors of disease are the following:

1. Direct contact with waste deposit;
2. Insects, rats, dogs, birds;
3. Drinking water.

Population exposed to such hazards are mainly local inhabitants (including scavengers),
and workers employed in the waste disposal facility.

4)  Impacts on the Natural Environment

Impacts of the waste disposal site on the natural environment are as much important as
it was for the social environment. They are likely lo be all major impacts, without any
~moderate rank of impact. Identifiable major impacts are described below.

a. Natural Ecosystem

The direct destruction of a small wetland unil is the more decisive impact on the natural

| environment, since it induces negative values on landscape, ecological functions,
groundwater quality, and maybe wildlife. From the strict point of view of impacts on
witdlife, the location of the waste disposal site has necessarily induced a change in
populatidns of invertebrates and insects. The inceease of populations of rodents,
insccts, abandoned dogs, and birds is also exteemely important.

b. Groundwater Quality

Lithologic materials are a mixed composition of compacted sands and gravels, with a
high degree of permeability. Given the morphology and ecology of the site selected for
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deposit of waste, water table of the phreatic aquifer appears in surface. Since wastes
disposed of at the Glina site include various materials, of which hazardous materials, it
" is expected that groundwater could be severely contaminated by leachate. Impact on
~drinking water is theh supposed to be important, mote particulatly in Glina village.
‘However, no complaint has becn registered about water quality. - . :

c, Air Quality

Spontaneous fires are frequent and are an important source of smoke and dust.
Movement of tracks and other vehicles are an important source of dust and polfutants
emissions. Degradation of air quality is then importént along roads giving access to the
waste disposal site, and within the limits and immediate surroundings of the landfill.
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