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3 FINANCIAL QUESTIONNAIRE SURVEY

3.1 OBJECTIVES OF THE SURVEY

Financial questionnaire survey is one of the bases of sewerage tariff setting. Thc survey aims
to reveal sewerage users’ willingness to pay (WTP) for the sew erage service clnrgc

Morcover, the income levels as well as nnsccllancom expenses of sewerage users are asked in

the quesuonnalres These data are required to estimate afTordablhly of houscholds to pay
sewerage service charge.

3.2 SURVEY DESIGN

Survey design is summarized as follows.

300 households/city, 3 F/S cities ( Tulcea, G'll’ill Braila)
Random sampling

Interviewing to household heads
Multiple choice method

Sample design: -

~Sam pling method:

'—Survcy method; _
Elicitation method of \WTP:

'I‘hc quesuonna:re is composcd of a question concerning respondents’ WP and quesnons
concerning ﬁl(nbulcs of samples as shown in the 'dtachment 2 at the end of this appendl\

3.3 FIELDWORK

The ficldwork was conducted durmg July 15to 22 1999, - Well- lramed surveyors wsnted each
sample houschold and mlervne\\ecl houschold heads based on the Romanian iranslallon of lhc
questionnaires. :

ln tolal SUEVEYOrS visited l l s houscholds and succeeded to mtcrv:ew 970 hnuseholds The
“number and rate of refusals are summanzcd below.

, . Number of |+
- City Ntll}}t{er . available .Numberr Reﬁlsal _
of visits samples of refusals rate :
Braila 349 322 } 27 7.7%
Galati I37s 322 3] 14.1% |
Tulcea 391 326 65 16.6% |
Total 1,115 970 145 13.0 %

3.4 SAMPLING RESULTS
3.441 ATTRIBUTES OF RESPONDENTS

In this pcoplc S awarencss survey a hmsschold |1cad is del‘ ned as lhc person who mms the
most in the Imusehold

']'hc atmbu_tcs of rcspondems’ are summarized in the following table.
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Braita Galalti Tulcea Total
: No. | Ratio | No. | Ratio | No. | Ratio | Ne. | Ratio
Ql: Age 18-25 8] 25% 8 25% 151 4.6%] 31| 3.2%
26-35 371 5% s d7es]  49] 15086 143 14.7%
36-15 67 20.8%] 50] 15.5%] 86| 264%]| 203] 20.9%
46_-55 531 16.5% 68 21.1% 6] 23.3%] 197| 20.3%
56- 157) 48.8%] 1{39] 43.2%) 100 30.7%) 396] 40.8%
" 1Q2: Sex Male 226F 70.2%| 221] 68.6%] 190] 58.3%| 637 65.7%
: : Female 96 29.8%] 101] 31.4%| 136] 41.7%] 333§ 34.3%
Q3:)Mari!al status  |Married 251F 18.0%] 233| 72.4%| 270] 82.8%| 754 77.7%
o - |Single | 22.0%] 89| 27.6%| 56| 172%]| 216] 22.3%
Q5: Occupation ~ |Owner, manager 6] 19% 2] 0.6% 15§ 4.6% 231 24%
. |Speciatist, facull);'graduale 28 8.7% - 39 121% B 1% %0] 2.3%
| Technician, teacher 18] 50% 191 39% 23| 1.1% 58| 6.0%
Clerk S 6] 19% 3} 09%] 25 1.7% M| 3.5%
Secrvices employee, merchant 14 43% 8] 2.5% 13 4.0% 351 3.6%
Qualified worker, crafisman 66] 20.5% 991 30.7%%) © ] 22.7%) 239 24.6%
Worker 5] - 1.6% 0] 3.1%] 1] 4.0% 281 29%
Fasmer A 06wl 3 o9n| 2 oew|l 1| 0%
Militéry . : 22%] 1] 03% 8 25% 16] 1.6%
Pensioner 149] 46.3%| 127| 39.4%| 106] 32.5%| 382] 39.4%
_ |Housewife 5] 1.6% 0] 0.0% 94 1.2% 9 0.95%
- [Unemployed 170 53% 1| 34%] 18] 5% 46] 4.7%
U saiter 1| 03w  of ool 2| oew| 3| 03w
. [Q6 Caucation |University A 123%| 41| 129%|  39] 12.0%| 21| 125%
| RN T Post high-school education 43] 13.4%] 33] 10.2%] 24]  74%] 100] 10.3%
-[iigh school 63 19.6% 76 23.6%] . 97) 29.8%] 236] 24.3%
Professional school 15 23.3% 8] 26.7%) - 63| 19.9%| 226] 23.3%
General school 93] 28.9% 73] 22.7%| 95| 29.1%] 261] 26.9%
Nqschoolmg :6 1.9% 11 3.4% 5 1.5% 22| 23%
Other 1| o03% 2] osw| 1] 03] 4] o4

= charactcnsllc
‘these two rations seem to be correspcndmg - The highes{ mllos are nnrked in Braila, and the

-Iowcst in Tulcca

' {than l%though that offemale is hlgh

: A quite high ratio of f'cm_a.lc housc_hold head, more than 30%, may reflect the fact that females
- - play important roles in Romanian society.

It should be noted that ratio of housewives is less

:Slmllar {o* economic quesllonnalrc survey the dlsmbulmn Of age and occupal:on is

~The ratios of more than 56 years old and pensioner are conspicuously high, and

3. 4 2 ATTRIBUTES OF HOUSEHOLDS

' (1) Number of Famlly Member

AT

~Thc distribution of number of f'mnly member is as shown below. -
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Braifa

Calaii

Tulcea Total

, No. | Ratio | No. | Ratie | No. [ Ratio | No. | Ratio

Q4: Numberof {1 person 53] 16.5% 551 17.1%] 231 T.1%P 131 13.5%
family member|2 persons 99 10.7% 83} 25.8%] 97 298%| 279] 28.8%

3 peisons 90| 28.0%| 88| 22.3%| 87} 26:7%| 265|27.3%

4 personsZ 42| 13.0% s 15.8%)  76) 233%] 169 17.4%

5 persons 261 8.1% 251 7.8%] 0 29) 8.9% 80| 8.2%

6 persons C Bl 25% 10 3.0%] 61 1.8%] 24| 25%

7 persons Al 1%l 4 12w 6] L% M| 14%

§ persons 0.0% 3] 09%] 21 06%] 5| 05%

9 persons 0%l - 2| 06% 0.0% 2| 02%

10 persons - 0.0% 11 03% 0.0% 1l 0.1%

Ratio of 1-person houschold in Tulcea is low comparing to other two cities. It can be

“explained by the difference of city size between Tulcea, with around 70 thous’md mhabltants
and othcr two cmcs wnh more lhan 250 thousmd mh'lbitanls :

(2)

To ask monlhly households C\pcnscs for houschold mamtcnancc clcclricily and lcicphonc,
The definition of houschold maintenance charge in the

“open-eiided method was applicd. -
Study is the charges for water supply, garbage collection, gas supply and operallon and
'mamtenancc of elevators ' - . :

Miscellaneous Household Expenses

"]‘ho fO"OWiI]g lable shows‘lhc dis._lribulio'n'o_f categorized data of the abovémentioned expenses.

Braila -

Galais

~Tulcea

Total

oo - AR No. | Ratie | Mo, | Ratio | Neo. | Ratio | No. | Ratio
Q8: Maintenance  Jless than 50,000 et 61| 189%| 49| 15.2%| . 39| 120%| 149} 154%
(=water, gatbage,  |50,000-99,9991i '86] 26.7%| 84| 26.1%| 30| '9.29%| 200} 206%
gases, elevator)  [100,000-149,999%ei 77| 239%| 77| 23.9%| 78| 23.9%| 232 23.9%
o ' 150,000-199,999iei - 38} 11.8%) 36| 1129 88| 25.8% 1s8] 163%
: 200,000%€i - - 60{ 18.6%| 76| 23.6%| 95| 29.1%| 231| 23.8%
Q9. Electricity  |less than 50,000 Ici 168] 522%] 113| 35.0%] S0{ 153%| 331| 33.1%
50,000-99,999 lei o1 283%| 127| 39.4% N3l 3a7%| 331|340%)
160,000-149,999 Iei 39) 121%| sl 168%]  69] 21.2%) 162] 16.7% o
- [150,000-199,999 lei 13] 4.0%] 13| d0%] 40| 123%] - 66| 68%] . %
, - F200,000 tei - ' 1| 34%| . 15) - 47| 54l 166%] 80| 82% e
QI0: Telephone  [No answer 128] 39.8%} 91| 28.3%]| 126} 38.7% 345| 356%
: tess than S0,000 Iei . SNl 4% 16} sow| 4] 12%| 3| 32%|
50,000-99,999 lei 84| 260%] 74l 2300 . 70| 21.5%) 228 2359
100,000-149,999 lei as] 14.0%| 63 19.6%] 51| 15.6%)  159] 16.4%|
150,000-199,999 lei 27| 8a4%| - 28] 8.9%| 251 7.7%) . 0] 8.2%|
200,000 lei - 271 84%| . s0] 15.5%] s0] 1s3%] 127 i3.0%

B

Household Income

Ta ask monthly houscholds income, mulilple cholcc method was: apphed

houschold income is as shown below

CAL218
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Braila Galati Tulcca Total
No. | Ratio | No. | Ratio | No. { Ratio | No. | Ratio
Q11: Household  |Noanswer 21 0.6% 8] 2.5% 51 1.5% 15] 1.5%
income less than 500,000 lei o 52| 16.1% 501 15.5% 41 12.6%] 143 14.1%
500,000-999,299 ey 101] 31.4% o3l 2899 88} 27.0%| 282| 2090%
1,000,000-1,499,999 lei - 80| 24.8% 48{ 14.9%| 52| 16.0%] 180] 18.6%
1,500,000-1,599,999 lei M 13.7% 271 8A4%  58) 17.8%] 129) 13.3%
2,000,000-2,999,999 lei 24} 7.5% Isf 109%F 4] 12.6%) 100{ 10.3%
3,000,000-3,999,999 lei 8] 25%| 18] 5.6% 19] 5.8%) . 45 4.6%
4,000,000-5,999,999 lei 8| 25% 12| 3% | 43% Y 3.5%
6,000,000-7,999,999 lei 3] 09% i3] 4.0% 5| 1.5% 21 22%
£,000,000-9,999,999 lei "ol 0.0% 12] 3.7%] 2] 06% M| L4%
10,000,000 lei - o] 0.0% 6] 1.9% Il 03%] - 71 0.7%

© 3.4.3 DISTRIBUTION OF WTP FOR SEWERAGE SERVICE

“To ask monthly willingness to pay (WTP) for sewerage service, niuhiplc choice method was
applied. The distribution of WTP for sewerage service is as shown below. : '

Braila Galati - Tulcea . - Total

_ No. | Ratio | No. | Ratio { No. { Ratio | No. | Ratio
Q7: WIP for No answer _ 59] 183%| 75| 23.3%[ 56| 17.2%]  190] 19.6%
sewerage service  |less than 5,000 tei 1291 40.1% 13| 35.1%) 141} 433%| 383f 39.5%

T 15,000-9,999 lei S 83) 25.8% 57] 17.7% - 54 16.6%| 194 20.0%

10,000-14,999 lei 12l 371% 16 5.0%] 23] 7.1%] - 51| 5.3%

15,000-19,999 lci 6] 1L9% 15| 4.7%] 151 4.6%) 36 3.7%

20,000-29,999 lei ' o 37wp o o9 28%| 15| 46%] 36 3.7%

: 30,000-39,999 lei 1 .5p 16%]  16] 5.0% 8] 2.5%} - 29) 3.0%
- |40,000-59999tei 1] 3% 3] a0 8f 2s5%] 3] 32%

60,000-79,999 lei o 2l 06%] - 3} 09% o 0.0% 5] 0.5%

80,000-99,9991ei © 2| o06%| 3| . 09% 4] 12%] 9 0.9%

woe00tei- . - ] 2| oew| 2| 0e%] 2] 06w 6 06%

% 3.5 ESTIMATION OF WTP FOR SEWERAGE SERVICE

351 ESTIMATiON METHOD

" As the representative value of WTP for sc\\eragc service, the mean value of \V”IP was
estimated based on the sampling result.  Procedure of estimation method applied in the Study
is as follows: ' _ S '

- -Lhmlnate no 'mswer samples

u ”

- Calculalc a central va!uc (X,) ol each calegory The subscriplion means the categor)
For c\amplc the ceniral value of category “5 000 9,999 Icn” is 7,500 lel '

- Ca!cu!atc a pmbablhly “of acccmancc to pay (P_.) at certain level of sewerage service

“charge. - In this calculation it is assumed that the person who acccpl to pay a level of

~ service charge will always agree to pay Io“cr level of charge.  For cxample, the
'respondent whose WTP is 50, 000 lei will agree to pay 20, 000 lei ofserv:cc chargc '

Applyalogiliransfor_matlon toP,-. Logit lransformallon can be wrilten as follows.__
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Logit P, =1 !
| ogit 1 = "[l-—P'_]

- Oplimize the followmg equatlon by thc regressnon melhod

Log:tP,Hanb * |08|0(X; rerreen 2]

where a, b are regression coeflicients.

- Calculate the hlcén vatue of WTP by the following equzﬂion_

Mean— L JP(Y)(A .-...._...._.,[3]
where _
Max : Maximum level of sewerage service charge,

x 1 level of sewerage service charge, and

P(x): probability of acceptancé at the level x. .P(\') can be éﬁpre_ssed as -

o expla+btlog,(x))
Py = l + exi)-{a+b*log,0(t)}

3. 5 2 RESULT OF REGRESSION ESTIMATION

The regrcssmn cocﬁlclenls in lhe expressmn [2] are obhmed by lhc regrcssmn melhod usmg
lhc data below S

TS 7.500 | 12,500 ] 17,500 | 25,000 35,000 | 50,000 | 70,000 | 90,000
[ Braita | 510%| 194%] 148%| 12.5%| 80% 6.1%| 23%| 15%
Pi [ Galan | 593%| 312%| 247%| 186%| 150%|  85%| 32%| 20%
o [iuleea | ATE%| 27en%| 193%| 13a%|  saw|  saw| | 23%| | 22%
tog (XD) 3875|4097 4243] - 4398] 4349 4.699] . 4843|4934
Draita | 00380| -14238| 17281 -1.9916| -2.443a| -2.7368| -3.7573] -4.1703
LogitPi | Galati | 0.1705| -0.1920] -1.1149| -1.4747] -1.7362| -2.3760] -3.3970| -3.8795
Tulcea | -0.0889] ~0.0535] -1.4333] -1.8401| -2.4221] 29061 -3.78%2| 3.7842

It is noted that lhe categories at bolh ends are climinated from the above table bcca'usc:_they
- don’t have central values. : S : e '

‘The rcsull of regression estimate is summarized below.

- Buaila: Logit Py~ 34933 Log, X + 13296 - K°=09587
- 'Galali'Légiil’-%'-B 5'281'log;;,\’,-¥13 899 - R’ 09636_
- Tulcea: LoguP,AJ 5195 Log,X; + 13.534. C . R=09908

Since all of three cities obtain very h:gh corrclahon cocfﬁclenls above 095 the esumauon
" seems to be fuily successful

The below graph shows the obscrved Valuc and calculated valuc or P,
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200,000, double amount of the highest presented amount.
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100%
90%
80% |

70% | \

. _Braila {calculatedy
Galati (calculated)

_ Tulcea (calcutated)

_ 50% & Braila (observed)
g 50% a  Calati {observed)
o 40% | » Tulcea (ObSEI\'Cd) ;

30%
20%
10% |
0% |- . a :
: . © 20,000 40,000 60,000 80,000 100,000
P x (lei) '

3.5.3 MEAN VALUE OF WTP

The mean value of W1P was estimated by the cquation [3]. Maximum level was set at ROL
The result is as follows.

- Braila: ROL 13,014.9 per houschold per month

- G_alati . ROL 17 029.4 per houschold per month
- Tuleea: ROL 14, 019.2 per household per month -‘

3.6 . HOUSEHOLD INGOME AND MISCELLANEOUS EXPENSES

'4 3.6. 1 ESTIMATION OF HOUSEHOLD INCOME

The abovemcnuoned logit model melhod was applled for lhc esllmahon of mean value of
household income. :

The regression coefﬁcwnts a, b in the express:on [2] are oblamed by lhe regrcssmn method

- usmg the da!a below

K Xi(l,ooo !ci) 750 | 1,256 1,7501 2500 3.560] 5000] 7,000 9,000
_ Braila | 83.3%| 522%| 27.2%] 13.4%]  5.9%| - 34%|  09%|  00%
o Galati |~ 84.1%]  54.5%] 39.2%] 30.6%| 194%] 13.7%]  9.9%| 3.7%
“Tulcea | 87.2%| - 59.8%] 43.6%| - 25.5%| - 128%] 6.9%| - 25%] 0.9%
log(Xl) 2875 3097 3243 T3398] 3503 3.699] 3845] 3954
. Braila | 1.6397] 0.0876] -0.9851| -1.8628] -2.7627 -3.3354 -4.6603]  0.0000
LogitPi | Gatati | 1.6639] 0.1788] -0.4401| -0.8201] -1.4225 -1.8109] -2.2115] -2.8000
' S| Tulcea ] 1.9212] 03977 -0.2569] -1.0697| -1.9212] -2.6094] -3.6668] -4.6634

The calegorles at bo:h ends arc cllmmalcd from the abovc table because lhoy don’t ha\'c cenlral

“values.

lt is noted that the unit of Xjis 1 000 len -

CAL22]
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- Braila: Logit Pj=-0.2471 Log,X; + 19.455 R*=0. 9935
- Galati : Logit P; = -3.7802 Log,oX; + 12.106 R*=0.9732
- Tulcea: Logit Pj=-5.7913 Log, X; + 18.537  R'=0.9933

Since all of three citics obtain very high correlation coefficients above 0.95, thic estimation
seems to be duly successful. .

‘The below graph shows the observed value and calculated value of P;.

100%

90% (T Brailad (calcu!ahon)
80% | W L e  Galati (calculauon)
76% : Tu]c_ea {calcufation)
60% * Brallh (ohsewalfon)

% som x Galati (observation)

o e - Tulcea {observation) |
40% - S .
30% W - e s o _l__.

0% L N e e e .
10%
0% . : O
0 2,000 4,000- . 6,000 8,000 12,000

-10,000 -
- x (1,000 lei) .

The mean value of household income was esumated by lhc equallon [3}

Maximum level was
set at l(){) 000, 000 lei. The result is as follows i S

- Bralla : ROL } 643 600 3 per household per month
- Galati: ROL 3,063,748.0 per household per monlh
- Tuléca :

'ROL 2, 088 266 9 per houschold pcr month

' 3 6 2 MISCELLANEOUS HOUSEHOLD EXPENSES

Monthly households’ expenses for houschold mamtenance eleclrlcuy, and telephone are
eshmated by 1nlhmel|c mean of obhmed data. The result is as fol!ows

- Unit: R_Ol_,lhouséholdlmonlh

_ Maintenance | Electricity Telephone . Total -
Ilraita | 1265332 - 61807| . 79,624 | . 267,966
2-Galati P393z | 8180 | 115932 | - 331,329
3Tulcea, 151.911.0 119,718 03212 | 375,840

The ratio of these expenses to household income is calculated as follows: ~ -

Maintenance

- Totaf. -

. Eleciricity . Tcl_cphon_c : :
1:Braila 1.7% 3.8%) . 48%| 16.3%
2:Gatati 4% 2,7%)| 3.8% - 10.8%
Fuleea 73% 5. 7% 50% 18.0%

B Al-iazz
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Table Al.2.1 Result of Parameter Estimation

Variable | Estimated value Standard crror .Le.v el of
significance
« 3.9966 0.03531} . %t
L s : -0.7129 0.01208 e
Braila _ ¢ o o124s8] 0.07287 44
Maximum log-likelihood - - . -376.4
a ' - 4.0763 ' 0.03948] | s
: ) & ' -0.3505] 0.01445 44
Galati o ' 1.0382 0.07226 1
Maximum log-likelihood -381.7
a - | 40sit o 0.02942 44
: s | -0.3258] - 000531 . e
Tulcea o . . 0.7344 0.04489 Y
Maximum log-likelihood T 1 X
P . 40848 0.03666 e
L : i 05579 - 0.02041 Has
,rrLonslrant_a o , 13188 _ 008793| - #w
Maximum log-likelihood . | - - R = X 1
o : 39516 - 0.04011 AL
S 5 : 203035 . . 002154 . e
Brasov o | - 13656] . 009498]  ser
~ Maximum log-tikelihood L -357.7
e ooo3ems| . 003s545) - #as
R 5 - -0.5387| 001542 s
Bucharest == =1 g " 0.07604 e
% : R : Maximum log-likelihood - : S -3505
' a o 28| . o092 e
SR s | 0439 T 0.00590 BE
F/$ cities e | T 0.9786 003533+
R - Maximum log-tikelihood .- | 1448
a . 4.0035 002151 . ¥
: - : S S 05333 S 001103 A
National samples = el 001967 FYYe
Maximum log-likefihood - S -lo649 o
a T ao| 0014531 s34
o s | 04729 © 000369 - e
Asawhole - o . _ 10995] 0.02007) -+
Maximum log-likelihood . | - 22136

#3% - Sipnificant level is lower than 1.0%.
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Attachment 1

The Questionnaires (Version El)

Introduction
This quesuonnalrc survey aims to estimate bu]eﬁts of the pro;ecl to conslruct
wastewater treatment plants along the downslrcam reach of Danube River.

_ This qucshonnalre consists of 4 sections. First section is descnptlon of the Danube
Delta. Second section is cxphmtlon of negative 1mp'1cts on the Danube Delta. Third
section is description of the project. The last section is a series of questions.

It is guaranteed that your personal information will never be disclosed.

SectionI . Description of llle Danube Delta
(-rSurveyor’ If necessary, show the pamphlet of Danube DeI!a )

'lhe Delta is located at the mouth of the Danube River. The river collecls the water

from 15 countries, and flows four caprtal cilies, Vrenna Bratlslava Budapest and‘
Belgrade : - Lo - :

- The Danube Delta is lhe sccond largest Delta in Europe wrlh about 4 ,200km?, 'lhe _
Danube Delta has very rich varicty of fauna and flora, eventually the 3" richest bio- -
diversity in the world next to the Grcat Barrier Leaf i m Australn and the Galapagos
Islands in Chile. : : '

There are 1,668 spceles of flora and 3 846 spccres of fauna Among thcm 277 species
of flora and 1,921 specics of fauna arc cndennc spec1cs and can not be found outside
the Danube Delta. : - :

Reeds cover around 1,700 km Rcedbcds provrde safe spawmng places for some ﬁsh :

- River water is fi ltered and purified by reedbeds. Decaying reeds form floating islands |

so called “plaur’ which provide suitable nesting places for b1rds and living places for
animals. |

White pellcan is a symbol of the Danubc Delia 2,500 pairs of whlle pcllcans are
fliving here. The Danube Delta breeds also other very important species of birds, for
example more than 60% of the world population of py gy cormorants can be
observed. The Danube Delta is a very important area for passage mrgr’mts ancl
. wmlermg birds, wlnch breeds more than 300 spemcs of the blr(lS

The Danube Delta i is very important for fish with more lhan 45 specrcs of fresh water, 3
including lngh value specics like pike and slurgeon. - : : '

- Pike prefers clear walcr However the watcr quallly has becn ge(lmg worse aud worse
because of the human activitics, and as a result the number of plkes has declined -
scvcrely

- Al-2-24
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Attachment 1

Action to Biosphere Rescrve

The importance of bio- dlversny is well recognized worldwide. To protect the highly
important  bio-diversity in the Danube Delta, the government of Romania has
designated that territory as the Danube Delta Biosphere Reserve in 1990. Since 1990,
the Danube Delta has been included in the International Network of Biosphere
Reserves and registered to the World Heritage List of UNESCO. The Danube Delta is
the only clelta listed in the International Network of Blosphen, Reservc in thc world.

Sectlon 1 Negatlvc 1mpacts on the Danube Delta

The Danube Delta has suffered delcnorallon of envnonment and loss of specws
caused by vatious human actwmcs

- a Increase nutricnt levels in the water (in part due to the domestic wastcwater from

households which is discharged into Danube River or tributaries of Danube River
without proper or even any treatment) lcadmg to dramahc losses ol' 'iquatlc plants
- and ch'mges in fish communitics.

‘o Construction of dams upslrcam Dams havc altered ﬂuctlntton of water level and

. flooding frequcncy Il is sald lhal dfims also dcslructcd sp"twmng places of
- slurgeon. o

o ~Creation of agncullural and f' sh poldcrs m lhc Danube Delta wlnch rcducccl the
.- original nalural area by over 20%.

o Fxtensmn of canals for navigation lhal carries polluted water all over lhe Danube
Delta and reduces the overall dramage time during the flood period.

o Industrial pollution and effluents that accumulated in fish and thcn in the eggs of

-~ fish- eahng blrds hkc pelicans and cormorants so reducing their breeding success.

Attempt toward plotcc(mn and lmpmvcmcnt of the Dbiodiversity and
environmental conditiﬂns in the Danube Delta

- Although 1t is unpossnble to rcmovc all of the above ncgatlvu impacts, there are some
_attempls towards nature conscrvatnon of the Danube Delta.  One cxample is a pilot
project for ccologlcal restomllon by re-inundating ab’mdoned agricultural polders

Th1s pllot prolcct is ongomg smce 1994
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- Attachment 1

Scction III Project Description
_ Please assume thal now Romanian (mvernment and seven cmcs along lhc I)'mube
River plan the followmg project, :

" “lhe Aim of the Prolcct

0 To construct a scwagc reatment plant with blologlcal treatment proccss in each of
~ the seven citics '11011g the Danube River: Drobeta Turmu-Severin, Turnu M g urele,
Giurgiu, C | ra i, Br ila, Gala i and Tulcea. After the completion of the
project, wastcwater from all the cmes will be propcrly trcalcd in compliance with
Romanian Standards.

Rcasons why the prOJect must be mplementcd

‘o A total populahon of these cities is around 1000 000 and dally wastewaler
generation in these cities is around 50,000 m®. Wastewater from kitchen, bathroom
and toilet is collected by sewer networks. The wastewater contains high pollullon

' ioads and necds to be lreated before dlschargmg '

v] At present, all Ihe seven cilies dlschargc the waslcwatcr wnth no treatment or
insufficient treatment. Drobeta Turnu-Severin, Bril a, Gala i and Tulcea do not
have sewage treatment facilities, and rcmalmng three cities apply mcch'mlcal
treatment process only. The water quality of d]schargc from all the sevcn cmcs

.. does not meet the Rmnaman Slandards S ‘

_(,osts of the Prolect

The implementation of thc prolect reqlurcs roughly one lnlhon léi | (l;ci
1,000,000,000,000} cquwalcnt to mghty mnlhon Us dollar (U8$ 80 000 000)

Benefits of the Projeet

Though the project aims to nuprovc thc watcr quahly of Danube Rlver aml o .
contribute to protection and improvement of the bio- dwersny and cnwronmcnla]
. condition of Danube Delta, the project can not 'lclneve hnglble lmpmvemem of river
water quality as a single project.  Please regard llns pro;ecl as the first step to protect
not only national but also mtermtnonal heritages, Danubc River and the Danube Delta.
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Attachment 1 |

Section IV Questions

~ Q1: Do you agree to implement this project ?

Yes : I
No 2 re-Surveyor! Skip to Q3

Q2a: Plcasc assume the followmg sntmtlon For the implementation of the Project the
State Government plans to collect your contribution of 5,000 lei per month. Your
contribution is needed for ﬁve ‘years. Your contribution will be uscd only for the
Pro;ect

Do you agree to implement the P'rojcct?

Yes 1 rrSurveybr! Skip to Q?b.
No - -2 m-Surveyor! Skip to Q2c¢.

' Q?.b: Plc_asc assume the féllowing situation 'l?or the implementation of the Projeét the
State Government plans to collect your contribution of 10,000 lei per month. Your

“contribution is needed for ﬁvc years. Your conlrlbutlon will be uscd oniy for lhe
Project.

Do you agree to implement the Project?

Yes _ S I e S‘urveyor"Skip to 3.
No e 2 r-Surveyor! Skip to Q3

Q2c Please assume the following situation For the implementation of the Pr0_|cct the
~ State Government plans to collect your contribution of 2,000 lei per month. Your
conlribution is needed for five years. Your contnbuhon wnll be used only for the
PrOjCCt '

Do )ou agree to implcmcnt the Pr()]cct" '

[

Yes , :
No ' 2
- Q3: Do you know something about Danube Slrategic Plan? ©~ -~ [Yes I
' | - No 2
' Q-i Do you know somelhmg '1b0ul Agenda 21 or R10 de Janeiro - f Yes T
* Environment Summit? .~ - No | 2
If the respondent has heard about at least one of lhem mark code . ' ‘

e

QS Have you ever bcen to the Dmube - Yes

w,S’urveyor! Continue with Q67

Delta? L o - . {No 2 1 m Surveyor! Skip to Q8!
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Attachment 1

Q6: When was your last visit to the Danube Delta ? 1 1 1 Year

Q7: How often have you traveled inthe | Many times a year

Danube Delta? Once a year

Once in three years

More rarely

F-Sap i gy e’ e o

Q8: In avcragc how many (hys dld you spend there (duringatrip)? | | |Days

Q9: How much dld you pay for your houschold maintenance in the hst month?

(Mamtcnance costs = water, garbage gascs clcvator) ,
' [ﬁ[.l__l_l_l thousand lei
Q10: How much was your houscheld income in the last month?

I_l.l_l_l__lthousand lcl

Q11: What is your occupation ? owner, manager, .
- | specialist, faculty graduate;

technician, teacher

clerk

services employee, merchant

qualified worker, cmﬁsman
worker - PR

 Tarmer

military

o O 0g N Oy B D) —

“other (What?)

Q12: What is your age? . = 18—25.yca'ts
S T K26 - 35 years

36 — 45 years

46 — 55 years

56 years and over

Wl e wl N =

Q13: Sex -Malc | ] -il’eméié_ - |..2 ]

- Q14: How many family members live together? . |_|_| Persons . - . .-

‘Thank you for your work! Plea‘sc'rea'd the fol'loll\ﬁng sentence and then sigtl Iup

mslruc[mns with a tespondent se[ec!ed according to rhe sampling instr uctmns B

I declare I realized this inferview according to the interviewing door to door|.-

Signature - . - . - . ... . . Date

' n-rSurvéybr! f City: | T - [ Sample Codc: |
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Attachment 2
The Financial Questionnaire
Section I Identity of Household Head
Q1: What is yo.ur age? 18— 25 ycars ]
: ' 26 — 35 years 2
36 — 45 years 3
46 —55 years 4
56 years and over -5
Q2: Sex - [ Male [ 1 ﬂ-Femalc [ 7 |
Q3: Marriage Status - [Marticd T HS'ithe | e |
Q4: How mmi_y. family niemb_ers live togclhér? ] Peféons |
Q5: What is your (_ii:cup:éti'dr.i.?' ‘ R , |
[ 1 | owner, manager; 6 | qualified worker, craltsman
2 | specialist, faculty graduate; 7 | worker
3" | technician, teacher 8§ | farmer
4 | clerk 9 | military
5 | services employee, merchant 10 1 other (What?)

- Q6: Wliat is YOIilf final education ?

I [ university;

. gener.al school

2 | post high-school education

W

no schooling

3 high school

6 | other -

Sectlon II Progect Descrlptmn

Iti is planned to conslruct a wastcwater trealmcm pl'mt in your c:ly

l he wastewatcr

treatment plant applies biological treatment process in order that wastewater from
. your city w1|l bc properly treated i in comphance with Romanian Standards.

The reasons why thc pl’O_]CCt musl be 1mplcmcmed are as fo]lows

tJ Wfastcwaler from kltchen balhroom and loﬂet is coliccled by scwcr nch\orks The
~ wastewater contains high pollulmn loads and needs to be treated before
~ discharging. However, at present your city docs not have any treatment facility

and collected wastewater is dlsch'lrged into Danubc River dlrcctly

a) Accordmg to Romam'm reguh{lons the city discharging wastewater without
~ . ‘proper treatiment should pay penalty to the state government.
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Attachment 2

0 To become EU member it is necessary to respect EU chnhtions (Directives).
EU regulations requests all settlements with population more than 2000 to install
wastewater treatment facility untll 2005

'_Se'ction n Questions

Q7 What will be the maximum limit you 'arc wil!ing to jny mbnthly (at present

lhc scwerage treatment pl'mt in your cny‘?

Icss IhanSODD fei o 1 6 ]30,000 ~ 39,999 Iei

i

2 15000 ~ 9,999 lei ‘ 7 140,000 ~ 59,999 lei
37110,000 ~ 149991k 8 160,000 ~ 79,999 Ici
47115,000 ~ 19,999 lei 9 180,000 ~ 99,999 lei -
5 20,{)00 ~ 29699 l¢i IG | more than I(}0,0(}O fei 7

Q8: llow much did you pay for your houschold mamlenance in thc hsl monlh'?
(antcnancc cosls = water, gﬂrbage gases, elevator) '

. |thousand lei - —

Q9 How much did you pay for electnc;ly m the last monlh'?
S _[ Ilhousand lei © _
" Q10: How much did you pay for te!ephone in the last month? |

L | (houswnd lel '

Q1l: How much was your hﬂuschold income in the lasl month ?

Tess Than 500,000 1¢ 3,000,000 ~ 3,999,999 Tei -

500,000 ~ 999,999 lci 4,000,000 ~_5, 999 999 Tei

6

7
1,000,000 ~ 1,499,999 tei 8 16,000,000 ~ 7,999,999 lei
1,500,600 ~ 1,999,999 lei = - 9 | 8,000,000 ~ 9,999,999 lei -

WA e ] Dy

2,000,000 ~ 2,009.999 iei ___§ 10 | more than 10000 0001e.

Thank you for your work! Please read the f(}!lowing sentencé' and then signup.
[I declare I redlized this interview according to the interviewing door fo door
instructions with a respondenl selecled accor(hng to rhe samp!mg mslmcnons ;

Signature . . L “Date .

 weSurveyor! fGy: [ T :_,'.ESﬁm'ple‘Codc:"I TR ]
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APPENDIX- 3 SFLECTION OF TREATMENT PROCESS

1. GENERAL

The wastewater treatment plants (WWTP) of the seven cities studied under this feasibility study
are required to produce the wastewater cfftuents that meet the effluent quality standards as set
forth by the Romanian Standards (N TPA OOI) “Load Limits of Pollulams in \\’astewater
Discharged in Water Resources.”

In view of the prime importance of the river protection, it is possible that more stringent
wastewater ellluent discharge quality control requirements witl be sct in the future for the
Danube River and its tributaries, for whrch additional treatment processes beyond the secondary
level may be required.

In selecling the most appropriate WW'TP system that will meet with the present standards and
possible more stringent effluent requirements in the future, a variety of alternative combinations
of treatment processes have been prepared and evaluated for 'tccrumg advanlages and
drsadvautages : :

Various diﬂ’crcnt types of treatment methods can be applied‘ for the treatment, including
biological (activated sludge, biofilm systems, etc) and physical-chemical processes

(precipitation, oZone, ete.).

' Among these avar!able processes, four scenarros of combination processcs are selected and

- cvaluatcd

= Scenario 1: BOD and SS removals, the convcntronal aclwated s!udge and oxidation ditch
s proccsses

- Scenario 2 : BOD S8, T-N removals, the recuculahon nitrification- denitrification process,
: and step inflow multi-stage nitrification- -denitrification processes; .

- Scenario 3 : BOD, SS and T-P remo\ral, Anzierobic-aerobic activated sludge process; and

- Scenario 4 : BOD,SS, T-N and T-F, Anacrobic-anoxic-aerobic process.

Al3-1
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2. PROCEDURES FOR EVALUATION OF TREATMENT PROCESSES

A sequence for the process selection mcihodology is shown below:

Investigation of fundamental condilions

* Examples of treatment plant in Romania

* Efftuent standards of Romania

Evaluation items

1.Basic comparison

Comparison of treatment process |2 Opcrallon syslem :

* Wastewater (reatiment process 3.Necessary area

4.Prepare  for advanccd wastewater

Sludge treatment process treatment

5. Ncccssnty of specral equlpment '

6.Special items for sludgc :
~ treatment L

Evaluation and selection of

Wastewater treatment process

WWTP of the three cities are selected by the i‘o]IO\vi|1g; steps:

Confirmation of design fundamentals and other conditions -‘

¢
Assumption of lf_ealed '..vater. q.'ual.iiy
$
Plal.ming- of 'fa(;_iiil)'-
v
A'djus.uﬁcnt for related ofgéni_zalion
v
Examination for future advanced
plan
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3. PLANNING BASIS

The two major wastewater dlscharge quality smndords concerned with lhe wastewater
management programs are “(NTPA 001) Load Limits of Pollutants in Waste Water Discharged
In Water Resources (NTPA 002) 1997%and “Quahty lndtcat:ons of Wastewater Dlschargcd into
Municipal Sewage Systcms

" The standard valucs for wastewater effluent quality limits discharging to the receiving water

bodics are as follows:

- BOD =20 mg/l,

- SS=60mg/,

- T-N= 10 mgll and
- ’l P— 1 mg/l

4. STUDY ON TREATMENT PROCESS

4.1 PRELIMINARY TREATMENT SYSTEM

b AII of the emstmg W\Vl Ps have screenmg fac:lhl[es ahead of pumps to protect the equipment

from clogging by large floatable obstacles, followed by gravity or acrated grit chambcrs 'md
grease removal devices. : :

The water qnalily data obtained from the water qualily survey under the present study show that

- the concentrations of grease and oil are generally high, ranging from 3~4 to 50 times higher

than the normal quality value (1 mg/l). The high grease and oil contents are detrimental to
proper opcratlon of wastewater treatment processes, and that grcase and oil must be removed

- ahead of lhe prlmar)r and secondar) treatment processes.

Aerated grld chambers and grcasc rcmoval l'amlmcs are generally placed after pumping process
in order to reduce construction costs and for easy operation and maintenance of the system. The

" WWTPs are providcd with disinfection process to kill ooliform bacteria.

42 BIOLOGICAL WASTEWATER TREATMENT SYSTEM |

' 4 2 1 BASIC PROCESS MECHANISMS

Thc \-.rastewaler entcrs a reactor basin where prefonned mlcroblal ﬂoc pamcles are brought into

_contact with the organic components of the wastewater. The organic matter serves as a carbon

and energy source for microbal growth and is converted into m!croblal cell tissue and oxidized

_cnd products (mamly CO,)

When the air is supphed info lhc was!ewater the number of m1croorgamsms increase, being fed

with organic matters from wastewater and producmg floc. This product is called activated

sludge bascd on baclcna proto7m mlcroorgamsms and i morg'mlc and orgamc compounds.

Ml\mg the aclwated sludge Wllll the waslewaicr wluch conlams dissolved oxygen, organic

nalters from the wastewater will be adsorbed by the activated sludge, and oxidized or
assmnlaled by metabolism of microorganisms w hich produces acrobic sludge and some pari of

nucroorgamsms change to acrobic sludge

in the actlvatcd sludge process air is supplled by eilher mechamcal or submerged devices

{mechanical aeration and diffuser aeration). Mechanical devices agitate the sewage in a reactor
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basin so as to entrain the air from the atmosphere. Diffuser acral:on induce the air or - pure
oxygen into the sewage by special devices which produce bubbles.

Mcchamcal and/or _dlﬂuscrsubmerged acration maintain actwated sludge in suspended growth
status. Mixed liquor of activated sludge which goes out from the reaction tank, is separated to
solids and liquid by gravity settling into lhc final seltlmg tank, and supematant liquor is
discharged as a treated water. : ,

Activated sludge which is settled and thickened, is returned to reaction tank to use for
wastewater (reatinent by mixing with wastewater, and some part of the activated sludge i is
withdrawn as excess sludge. :

The process of wastewater pollulauls removal by the aclwatcd sludge S)stem can be
summarized in two components: one is pollutant removal in reaction tanks by microorganisms
aclivity (such as  adsorplion, oxidation, assimilation ), producing activated sludge, and the -
~ sccond is separation of biological solids from the treated wastewater in final seltling tanks.

Primary Reaction Tank - N " Final Sedimentation ', _
Sedimentation (adsorption, oxidation, “Tank(solids- |1qll|d
" Tank - assimilation . .. separatlon)

: J ‘ | Treated Waber

' Bloﬁ’cr 5 ) 1‘ : f . ? o] S
S ReturnSludge ~ -~ | 7 Hxcess Sludge

Two processcs that are most wndely used for the blologlcal \vastewater lreaiment are
Convcnhoml actwatcd sludgc proccss
* Oxidation ditch treatment process

4.2.2 CONVENTIONAL ACTWATED SLUDGE PROCESS

There are many differences in plannmg thc co:wenllonal achvated sludge proccss dependmg on
localities and surrounding conditions, such as sludge rctenhon tlme m reacuon tanks densmes
of MLSS deplh of lanks shape of Ianks ete.

" Waste . i | : Trea{ed N
- water imary : N Rical o Watar =~ ° 7
PI'II].IHT)_ -~ b— Redction . |—» Fm_?fl‘ Co B NG
Sedimentation A | Sedimentation R
) Tannk . .
Tank : Tank
Return Srl.ud e SRR Excés§ :Si.l‘l-d e R
g L : ge -

Sludge treatment
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The characteristics of conventional activated sludge process are shown below:

- Required treatment arca is smaller than oxidation dntch process;
- Consumption of encrgy is not quite high;

- Operation and maintenance are rather difficult; and

- More excess sludge prdduclion. .7

Design bases of the conventional activated sludge process (Japanese standards) are shown
below:

" MLSS Density 1,500 ~2,000 mg/l
BOD — SS Load - |  0.2~0.4 kg BOD/ kg SS * day
Water depth of Reaction Tank 4~6m { Width of Tank is one 1o twice of depth)
Shape of Reaction Tank 7 Rectangular
HRT . . - - 4~6 hour
ASRT . : o : 4~6 days -

4.2.3 STUDY ON AERATION TIME OF CONVENTIONAL ACTIVATED SLUDGE PROCESS

Design standards of the convcntlonal achvatcd sludgc melhod in Romama and Japan are
summarized in Tbble Al3.1. : :

There are no mgmﬁcant dlﬂ"erences “between the two slandards as to primary and ﬁnal
scdlmentauon (anks houever as to aeranon tank the dnﬂercnccs are rather sugmﬁcant

_ The Sludy applles 6- hour aerauon time to the aeralmn tank desngn whlch follows the Japanese
_ -standards bascd on the followmg reasons. '

. n Comparison of DeS|gn Standards

In the Romaman Standards, the sludge retumn ratlo is set as hlgh as 100 %, because the mixed
liquor suspended solids concentration (MLSS, that is concentration of suspended solids in
activated sludge mixed llquor) in aeration tank is set rather high side. Under the Romanian
Standards, the aeration tank size becomes rather small, as the set aeration time of 3 hours in the
aeration fank is rclatwely short.  Conscquently, the increased number of refurn sludge pumps
- and lhe accom panymg encrgy makcs the cost hlghcr

By the Japane:.e Standards thc aeration tank volumc will be larger than that by lhc Romaman
Standards as the hydraulic tetention time in the acration tank is about 6 hours.  The return
sludge ratio is at the maximum 50 % to maintain BOD-SS loading level of 0.3 kg/kg-day that is
- as same as the Romanian Standards. ~ Although the proposed criteria in the Japancse Standards
will make the cml conslrucnon expenses nore costly, there are some advantages including: -

- ‘As the return sludge- ratlo is sel as low as 50 %, expenses for relurn sludgc pumps and '
: operauon are less costly; and - : '

“ - This system makes operation casy because of the low "vlLSS concentration. Should
* bulking occurs in aeration tanks, the return sludge ratio can be increased as a remednl
measure to as high as 100 % to recover the aerahon function to normal.

Lssenual cnlcna of the iwo des:gn standards are as show in table below. Installation and
opcrahon cosls are compared in ihc followmg sections to establish the reasonable treatment
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process from financial viewpoint.

Cdmpan'son of Desﬁgh Sfandards of Aeration Tank

Unit ' Romanian Standard | Japanese Standard

: S Case .- .. Case
BON-SS Loading _ BOD kg/(MLSS kg x day) (ﬁ— 0.3
Concentration of retum sludge mg/l. : 6600 5000
Return shudge ratio % 00 ‘ 50
MLSS mg/l. T30 1667
Hydraulic retention time (HRT) Hour 3 6
Retun  slidge  ratio  for % 200 100
equipmenl capacity - ) : ) B '
| Return sludge ratio for normal | - - % . 100 R
opelatmg ' ' B ) ’ '

{2 _f Cost Comparison

Cost coniparis'ons arc made with the Romanian Standards and the Japanese Standards for a
WWTP of 43,000 m*/day capacity (same size as the Tulcea WWTP). The costs for comparison
include civil works, return studge pumps, and operatlon of return sludge pumps '

Life pcrlods of the cml structure and cqitipment are assumed to be 50 years and 15 years |
respecuvel), and costs are calculated for over a 50 “year penod '

The concrcte volume of aerauon lanks wnlh 6- hour aeratlon time is calculated to be 4 300 m’,
whcreas lhat for lhc acration tanks of 3-hour aeratlon (lmc is 2 300 m’.

In plannmg ihe retum siudge pumps are assumcd lhat 4 small pumps w:ll handle 50 % of the

sludge, and 2 large pumps will handle the remammg 50 % sludgc Specifications of the two
types of pump are Shown in the lable below. TR R

Specificalions of Retumn Sludge Pumps -

Kinds of Pump TSmaliPump | Large Pump
" | Pump Type -« - ] Centrifugat - -+ Centrifugal -
Diameter . . ; o asoml T - 200
Capacily e - 1.9 m3/min .- 3.8 m3/min
™I T _ 0m . | T iom
Number of Pump G . Junits EE 6umls
. ' A : (mclud1ng4slandb))
Motor Qutpmt . A k\\' : 11 kW

Thc requnrecl number of lhe return sludgc pumps is selectcd based on lhc above spemﬁcanons '

As thc llfc pcrlod of Ihe pump cqmpmcnt is lS yeals 4 umts of thc relurn sludge pumps are
rcqlurcd over the 50- year period. A AN .

Opemtlon and maintenance cosl is reprcsen(ed by lhe cost of electric power. . The electric

© 7 power requireiment by the return sludgc pumps based on (he Japanese Standards is csumated as -
fo]low : '

.' 75k\\’><4l-11|\W>\2 52kW — o
~ 52 kw x 24 hours x 365 d1ys/year =455, 520 kthycar o

T he eleclnc po\\er requnruncm of RO case is lwme as much lhe JA case.” T_hc electric power
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costs are estimated by the required electric power and eleciric tarift of the Romania which is
about US$ 0.05 /kWh.

The construction and operation costs of the two alternative cases are summarized in the table
below.

Cost Comparison of Altermnative Cases

. Romanian Standard Case Proposed F/S Case

Zone.

*The result of the cost comparison indicates that only the civil works by the Romania Standards

is less costly than that by the F/S standards, but the equipment and operation cost by the F/S
standards is lower Ihan the Romanian Standards,  The total cost of the system over the 50-year
period by the Japanese Standards is apparently lower than that by the Romanian Standards,
conscquently, the 3-h'ou; acration are adopled in the Study.

4.2 4 OXIDATION DITCH TREATMENT PROCESS

Oxidation diteh treatment process is a system which gencrally omil primary scdlmcntatlon and

_ uses endless channels as reactor basins, which are provided with mechanical aeration equipment

for acration. - Oxidation ditches are used to treat the wastewaler by low- load activated sIudgc
and sollds hqmd separauon wnll be made in secondary settlmg lanks

Mechamcal aeration cqmpment is not only for supplymg the air to bmloglcal process, but also
for mixing of wastewater and activated sludge in dllches remrculauon of ml\cd llquor and
prevcntlon of sludge settlmg

Meclmmcal aerauon equnpment

R — ' Secondary
S R R ~ Scdimentation
- / : ‘ S \ Tank
ST IR —» Flow
- Waste T Treated
. water - ) . . . ST waler
———®» . | & Reaction Tank
S 4—. - :

? "Return Sludgc Excess Sludge

,

Treatment of‘ wastewater i a low load condmon (BOD .SS lmd is 003 ~ 005 kgBOD'

fkgSS,day), oxidation ditch treatment process is characterized by long solids retention time and
by mtnfymg reactlon mcrcasmg, 1l is alsa p0551ble to remove nlirogen by prowdmg an anoxic

AT

: HRT: 3 hours HRT: 6 hours
Unitcost Quantity | Cost{US$) - Quantity Cost{US$)

Civil Construction : _ S Coe : .

Concrete work _ 100 USS/m® 2300 m® 230,000 S 4300 m?
Pump Eqmpmenl ' - o

. Romanian slandard cas¢ 1,400,000 USS/unit S Juenits | 4,200,000

Proposed FiScase 700,000 USSfunit R oo T 3 units 2,100,000
Total Installation Cost 1 o T 4,430,000 - 2,530,000
Efeclric power cost i 0.05 Us$w - )

Romanian standard casé 911,040 KWh/year 50 years 2,217,600

Préposcd F/S case . 455,520 K\Whyear { - . . R - S S0 years |- - 1,138,800
Total Requited Cost for 50 years . . 6,707,600 © 2,530,000




Part Al: Appendix-3 Seleclion of Treatment Prdcess -

Characteristics of oxidation ditch treatment process are shown below:

- ‘Treatment of wastewater under low-load condition makes it possible to achieve stable
treatment performance against the fluctuations of inflows, changes of quantity and qualily,
and low temperature (-5°C) of wastewater;

- Itis possible to obtain a 70% cfficiency for nilrogen removal'- :

- Mixed liquor in oxidation ditch, because of dissolved oxygen density has a slopc to ﬂow
direction but density of MLSS and alkalinity are uniform;

- Excess sludge is has about 75% of 88 which enters Ihe lrcalmcnt plant, and is less than that
- from convcnlronal acllvalcd sludge process; :

- Excess sludge is decomposed at high level in aerobrc conditions, and becomcs more stable
than convcnhonal activated sludge process; and :

- Because of long retention time and shallow dcpth of reaction tanl\ ‘oxidation drtch nccds w
- wide site. :

l)esrgn fundamentals of owdallon dllch (J'lpancse slandards) (reatmenl pmccss are as fallows

. - Ml SS Concenlrauon _ 3 00{} 4,000 mgll
BOD-S8S load . - ol e © . 0.03 ~0.05 kg BOD/ kg 85+ day .
Water depth of reaction tank - - .- . S S 10=30m
Width of reaction tank - -~ . c e R20~60 R
Hydraulic retention time (HR.T) -~ = = |7 v - = 24~48 hour
Activated studge retention time (ASRT) - - |~ -~ - © 8~ 50days
Return studge ratio : R o 100 200%
Oxygen demand S ‘ : T4 ~22 kgOJkgBOD

4.3 SLUDGE TREATMENT

Gravrly sludgc lhrckcmng melhod has in gcncral low sludge lhlckenmg performancc lhan other '
processes, but the structure of equipment is simple and has less mcchamcal fallure llence
capital and Ol\l costs are generally low

Mechamcal sludge lhlckcncrs such as centrifugai and ﬂoa.talidn' thickénéré ﬁrIIZy rely. 0|1 

mechanical dewatering processes, with the higher capital and O/M costs and tend to have more
chances of mechanicat failures than the gravity thickeners. In view of these, the gravity sludge
thickener will be used for the sludge thickening under lhc prx,senl prOJecl rather lhan mechanical
processes. -

Three different types of anaerobic digester tanks are widely applicd, such as ‘egg-shaped,
tortoiseshell-shaped and cylinder-shaped types. Egg-shape tanks have the highest studge mixing
performance, but capital costs are the highest among the three difTerent shapes and réquire more
complicated construction methods, The capital costs for cylinder-shape tanks are the lowest, but
sludge mixing efliciency is generally lower than other two types. The mixing éfficiency of
tortoiseshell-shape tanks is lower than egg-shape tanks but the difference is minimal, and the
capital costs are lower than the cgg-shape tanks. In view of the above, the tortorseshell shaped
type is preferred for ameroblc dlgester lanks undcr thc prcscnt prQ]ccl ' '

For sludge dewatermg, a mechamcal dc\\fitermg is proposed because lhe rcqurred arca is -
relatively small, dewatering efficiency is high, and can produce stabilized sludge cake. Two

different types of mechanical dewatering equipment, centrifuges and belt filter press systems, -

are most widely used for the drgcster sludge dewatcrlng Cenlnf‘ugcs gcncrally consume more ..
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power and need more O/M costs than filter press type. The belt filter equipment has rather
complicated dewatering mechanism, and requires wider floor arcas and more capital costs, but
operation and maintenance costs are generally low compared with the centrifuges. For these
reasons, belt filter press system will be applied under the present project.

If the wide site area were available, the capital and O/M costs for dewatering could be
significaptly reduced by providing simple sand- dr)mg beds mstead of the meclnmcal
dewatering system.

4.4  ADVANCED WASTEWATER TREATMENT
4.4.1 GENERAI__‘
{1) - Removal of T-N

T-N removal measures of conventional aclivaled siudge and oxidation ditch processes mclude
the followmg

- -, Extension of facilities;
- Usea Bio- N-Cube in order to decrease a extension of facility; and

- .DCSlgn WAWTP facilitics taking into account future upgrade, such as prepar‘tlion of deep
acration tanks and two-story final sedimentation tanks at the initial stage, aud easy
lmprovemcnt of the famhucs casily in the future. :

(2) ~ Removal of T-P

For T-P rcmoval coaguhnt may be used cxcept for the biologlcal proccss If anaerob:c zones
- (retention time of 1.5 hour) can be provided in the first half of the activated sludge aeration
tanks itis poss;ble lo reinove a phosphorus in lhe convenllonal actwatcd sludgc proccss

(3) Removal of T N T -P

_ Necessnty specaal equnpmenl to lmke sure a high removal efli cucncy are e’('umned In case of
biological process for T-P removal, phosphorus may need to be removed from the sludge under
anaerobic cond;(lon ‘

'- 4.4.2 TOTAL NI.TROGEN REMOVAL PROCESS
(1) Remrculatlon Nitrification- demtnf’catlon Process

* Recirculation mtnﬁcatlon denitrification process consasts of the reaction fanks dwnded into two
separate zones: anoxic(denitrification) and acrobic(nitrification). The wastewater and the return
“sludge go over the anoxic zone, and also a part of nitrified ml\ed liquor in the ’lCi‘OblC 7one is
recirculated to thc aIIO\lC ZOne.

In the acrobic Zone, ammonia |1ilrogen that enters in i, is oxidized to form nitrite nitrogen

- and/or nifrate nitrogen.  Then, in the anoxic zone, oxidized nitrogen is converted to nitrogen
gas by oxidation reaction of organic matters from influent wastewater.
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Recircuration of
Nitrified water

By-pass :

Pri . : Final Treated
rimary - . . final - o Water
Sedimentation |~ A"{wa rf*:eroblc — Sedimentation -
o lank [ank -
lank _ Tank

Air _

Return Sludge . Excess Sludgc

For average water quahly of urban waslcwater removal eﬁ' iciency of total mlrogcn as annual

average is expected to be 60 ~ 70% for primary sedimentation tank eftluent, and also BOD and

SS removal efficiency exceeds the conventional activated sludge process. Charactcrlsucs of

recirculation nitrification- dcmmﬁcalmn process arc shown below:
" For tolal nitrogen demgn removal cﬂnclency of 60 70%, the capacnty of reaction tank is
: larger lhan conventional activated sludge process;

Ttis nccessary to dmde the reachon lank ) _
Some eqmpmcnt (pumps) 1s requnred to recwculalc a mluﬁcd ilquor

In order to ensure food 1o nncroorganlsms in the acrobic zone, it is necessary to providé a
channel fo by- p'lss lhe prlm'iry sed;mentaimn tank in casc of ramfall or for initial
opcranon

1t s necessary to ‘maintain Ml SS concenlratton of 2000 -~ 3 000 mgll (h:gher lhan
conventional activated sludge process). For final seitling tank design, a small value for
surhce loading and a high eﬂeclwe water deplh should be con51dered and

Scum breakcr should be prowded in the anoxic tank.

Dcsngn fundamenlals of rec1rculat|0n mlnﬁcanon dcmmﬁcallon process are shown bcl!ow N

lems of water Rcacrtvlon Tank il)ﬂzlﬁe;t_-—‘ ) Design Quality of |
Quality _ - Water Quality .- .. Treated Water-
BOD(mg/) oo 10
S8 (mg/l) : - 70 - A T
P T T I
Temperatore (C) -~~~ lgf?w . R
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Design Example
. ltems S Design Fundamentals
Reaction Tank ' T
~ Recirculation Ratio 150 (%)
. Return Sludge Concentrahon 9,000 mg/l
_Rcturn Sludge Ratlo : R - 50(%)
- MLSS Concentration -~ _ - 3,000 mg/l
Hydraulic Retention Tlme(llRT) : 12 hour .
HRT of Anoxic Zone -~ - 4.8 hour
HRT of Aerobic Zone o 7.2 hour
Activated Sludge Retention Time{ASRT) 14 days
Final Sedimentation Tank . .
Surface Loading - - = - . - i 20 m¥/m’/day
Scltlmg Time -~~~ L _ 4.2 hour
Tﬂectwc Watcr Dcpth _ ' S 35m

(2) . Step Inflow Multi Stage Nitrification-denitrification Process

In order to improve the removal efhciency of total mirdgen step—mﬂow l]llllll -stage
nitrification- denitrification process consists of more than two tanks, each having wo zones, an
_anoxm zone and an derobic” zone, conneet in series. It is necessmy to ensurc a high

concentration of MLSS and long Sludge Retennon Time (SRF ) and to dw1dc the wasle\»aler
' equally to each anoxw slcps of tank

Ammonia mtrogen l‘rom wastewater which enters to each step of anoxic zone is nitrified in
aerobic zone of the same step, after that enters into anoxic zone of the next step, and finally is
dlschargcd to almosphere asa mlrogen gas.

Durmg lhe denitrification reacllon orgamc maltcrs from waste\\ater IS applied wnth lhc influent
© 10 each sfep of anoxic hnI\

lnﬂm'\.r by Step e " lnner Circulation

_ Anéxic Aecrobic | . | Anoxic Acro.bicr ?Anoxic Acrobic
—» Tank Tank Tank . | Tank - Tank Tank

Sludge
e [ Treated
, Final : ~ {Water
=P Sedimentation - —» -
Tank '
RelumSIudgc I S Exécss S'udgc

AL



Part Al: Appendix-3 Setection of Treatment Process

To add more steps to this process, air volume is increased because it is applicd to denitrification
reaction afler the nitrification reaction, it is not necessary so many internal recirculation of

mixed liquor. So it is not nccessary to provide a circulation pumps, and also it is not necessary
clectric power for pumps .

Removal efliciency of total nitrogen of this process is higher than recirculation nitrification -
denitrification process, and wastewater which. is divided cqually to cach steps is treated by
activated sludge which is maintained equally at each tanks because each tanks is completely
mixd type. So it is possible to control all acrobic zones by momlonng only one aerobic zone, if

air volume is supplicd equally to each acrobic zone, and it is also efficient for control the
" treatment piant

Other charactenshcs are same as recirculation mtnﬁcal10n~dcmtr1ﬁcauon process

(3) Nltnﬁcatlon Quwkened Reclrculatlon Process Usmg BIO N- cubes

This proccss is a mtrogen removal process where added cubes lo aeroblc zone (mtnf' cation
zone). ~ It is also provided the recircuration nitrification-denitrification process in the same time -
with activated sludge process. The Bio-N Cubes have a size of 3 mm and are made by poly-

cthylene glycol. Durmg the process, the mlcroorgamsms are lmmoblhzed mslde of cubes, and
the nitrification time is shorlencd

Genemlly lhe recnrcurauon proccss needs a high retenllon time compared with convcnuonal
- activated sludge process ( almost two times than the convcnllonal activated sludge proccss) to
mainlain a nitrification bacteria, to produce enough nitrifi catlon in biological reaction tank and
fo produce enough’ dcmnﬁcatwn in anaerobic zone too. But Bio-N-Cubes process removes
nllrogen for almost the same retention time as convenhonal aclwated sludge process.

Circulation of - _
Nitrified Water

Primary o Aerobic Final .. - ;[J:::f g
—» | Sedimentation |— Anaerobic '3“k -~ ®| Sedimentation ——»
' Tank —p| Tank | Tank - ,

I]#JI][II]

Air f [ lmmoblllzed Mlcr()()rgamsm cube

Relurn Sludge SRR L‘(cess Sludge

Biological w astewater freatment S)SICIIIS use Ihe effect of nucroorgamsm acuvnly Bccause of
this, to shorlen a treatment time or to achieve hlgher treated water quality, it is nceessary to
maintain usable number of microorganisms in the reaction tanks by increasing the
nncroorgamsms concentration and the relenuon tinie of mlcroorgamsms in lhe reactlon lanks

This proccss was developcd to carry out a h:gh concentration of mtcroorgamsms and to’ mcre‘ise
the relenhon time of mtcroorganlsms in the reacllon tank.

Characterislics of n_ilriﬁcali_on'quickencd recirculatic')n proceés_are__as follows:

By adding immobilized microorganism cubes in the aerobic tank, which can maintain a -
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high concentration of microorganisms in the reaction system, and reduce the anacrobic
Zone capacity too;

By adjusting the quantity of immobilized microorganism cubcs, a suitable mmlymg
bacteria corresponding to nitrogen load can be maintained;

By adding immobilized microorganism cubes to the aerobic zone, control SRT will become
not necessary to maintain nitrifying bacteria into the treatment system; and

Because of the high BOD-SS load, compared with the recircuration process, this process
can have high denitrification rate and increase denitrification efficiency.

4.4.3 REMOVAL OF TOTAL NITROGEN AND TOTAL PHOSPHORUS

- Anacrobic-anoxic-acrobic process is mixed process of biological phosphorous removal process
and biological nitrogen removal process. It use a excessive uptake phenomenon of phosphorus
and mlnf cation- demlnficatlon reacuon by microorganisms in aclwaled sludge.

Phosphorus ren!ov‘ll process whlch is applicd fo lhlS process is anaeroblc-aeroblc aclw'lted
sludge process, and nllrogen removal process is decucural;on nitrification- dcmlrlﬁcailon
proccss :

This is a process where it is provide an anacrobic zone-anoxic zone{denitrification)-acrobic
zone{pitrification) tank step by step as reaction tank. The inflow of the anacrobic zone consists
of waste\\'ater aid relurn shidge and ml\cd Ilquor from the acrobic zone is recirculated to
-anoxic zone. ‘ :

. _ . Recirculalion of (Coasulanty
By-pass : S Nitriofied Water
Priniary : Anacrobic . .
Sedimentation [—W Tank - | Anoxic Aerobic Tank -
Tank - ) . - | Tank (Nitrification
» (Discharge (denitrific | Uptake of
of . ation) Phosphorus)
phosphorus) : S
Sludge
o Shudge
RIS
—P Sedlmentalmn P
tank ' '
Relurn.Sludge R .. Excess Sludgc

.

" For the average water quality of urban wastewater, it is expected for primary sedimentation tank
cfluent, that total nitrogén removal cﬂnmcncy to be 60 ~ 70%, and total phosphorus removal
el]i(:lcncy to bc 70 80%. . : -

Remova_! cﬂl_cwncy of lhis process has a tendency to decrease, especially for phosphorus, and if

it is necessary. (o ensure an appropriate phosphorus removal efficiency, in many wastewater
_treatments plant, this process is used together with with other methods, such as chemical
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precipitation.

Design fundamentals and important elements for operation of anaemblc -anoxic-aerobic process
are shown in below. :

In order to ensure food to microorganisms in anoxic and anaerobic zones, in case of rainfall
or for initial operation, it is necessary to provide a channel to by-pass the primary
sedimentation tank. :

In case of low concentration of alkallmly, or the rainfall influence is h:gh because of
special quality of watershed, it is necessary to prowdc a source of alkali matter or methanol
to support denitrification. For average water quality of urban wastcwatcr thls source is not

. necessary.

‘In order to obtam a high phosphorus removal cﬂiclency it is bet{er to thicken a sludgc from

primary scdimentation tank and excess sludge in separate facilities. - This can also be
useful when it is sclected the slu(lgc treatment proccss for low- Ioad reiurn sludgc commg
from settlmg tank. - :

Dessgn fundamentals of anacrobic - anoxic - acrobic proccss is shown in bello'w.

Design Fundamentals
" Ttems of \x{zite} o | "Reaction Tank Influent o D@sigh.'Q.ua_l'izt)-v of . -
~ Quality © Water Quality “Treated Water
BOD (mg/l) T R [ 10
SS(mg/y I .10 oo : "5
TN - 36 VR
(N B A N
Temperatore("C) ~ & - EREE ki ¢
o _ ”Des'ign Examb{e - _ _
ltems o Design Fundamentals
Reaction Tauk o T L -
Recirculation Ratio L : 150 (%)
Return Sludge Concentration , I 9,000 mg/l
Return Studge Ratio - R 50 (%)
~ MLSS Concentration o e 3,000 mg/l
H)drauhc Retcnllon’lune (HRl) R " 13.2 Hour
llRFofA|1aeroblc zone : 1 2 Hour
HRT of Anoxic zone ' 4.8 Hour
HRT of Aerobic zong ol 7.2Hour _
~ Activated Shldge Retention Tlme(ASRF) I 14Days
Final Sedimentation Tank . _ B o
SurfaceLoading - ... . [ 20 mfm¥Day
- Settting Time -~ - AU 48 Hour -~
Effective Water Deplh S - 40m
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5. CONSIDERATION FOR LAND RESTRICTION

51 PREPARATION OF ALTERNATIVES

Two major different types of secondary wastewater trealment processes are biological and
physical-chemical treatments. Physical-chemical treatment processes consume considerable
amount of chemicals, produce large amount of waste sludge, and need strict control of chcm[cal
dosing rates.

In biological wastewater (reatment processes do not use much chemicals, operation and
maintenance costs are low, and arc most widely applied to wastewater treatment processes
throughout in Romania and elsewhere in the world. For these reasons, the biological treatment
processes are considered in the sludy on alternative combinations of processes,

In view of the possible reslncllons for acqunrmg the W\V TP lands, the followmg two scenarios
are considered in the sludy R : . _ :

- No restriction for plant site area (normal iype); and

- Available land is limited for the plant sitc (small arca type)

For the both scenarios, various combinations of biologlcal and physical-chemical processes are

' sludled and advantages and dlsadvanlages aceruing to each proccss combination are evalvated.

: Norma! Type

_For comparlson of lhc WWTP processes, the following four scenarios of the process

combmanons are dcveloped and evaluated:

e Rcmoval of BOD, SS

Conventional activated sludgé proccss
Oxldallon ditch process.

- Removalof BOD, S8, T- N
- Recirculation nitrification-denitrification process
. Step inflow multi-stage nitrification-denitrification proccss

~ Removal of BOD, SS T-P

* Anaerobic-acrobic activated sludge process - '
(This process can be provided by adding anacrobic tanks wnhm a conventional aclwated
- sludge process, thus the acllvated sludge plant could be upgraded to the advanccd treatment
: plant) :

-.. Removal of BOD SS, I‘ -N 1 P

: Anaeroblc—anomc aerobic process

Coagulam dosmg equipment for removal of 1- P is reqtured Degrees of conlrol and operalion of

~ the equlpment c01151dered for thc abovc plans are moderale Icvcl not fully auloma(ed process.

.Small Area Type

T. his type is compared for T N and T-P rcmovals cfﬁcnencws tA coagulant dosmg systcm is
rcqulred for denitrification process from the experience obtained from other similar processes

“elsewhere. Also, Bio-N-Cube, deep aeration tank, and two-story sedimentation tank processes

are- compared for -their appropriateness. Each of the processes is then compared in its Iand
reqmremcnts capital and O/M costs. : SRR
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5.2  COMPARISON OF ALTERNATIVE SCENARIOS

5.2.1 REQUIRED LAND AREAS FOR WWTP FACILITIES

Nccessqry land areas are estimated for each of the wastewater treatment proccsses comprrsmg .
primary scduncntallon tanks, acration tanks, and fi nal scdunentatlon tanks.

5.2.3 Cousmucuou Cosrs

Construction cost for each process is esllmatcd and comparcd each othcr by the rauo of
construction costs. :

5.2.4 OPERATION AND MAINTENANCE COSTS
The ratio of equipment cost i each scenario is shown i in lhe ratios of return sludge quantity and

air supply volume of each scenario. Cost for sludge treatment is estimated based on excess
sludge volume. .

5.2.5 COMPLEXITY OF OPERATION

Dlﬂ“ culties as to MLSS controls because of the lype of mechamcal equrpment and process
control etc. are checked, : :

b.2.6 NECESSARY LAND AREA FOR FACiLmEs '

WWTP land areas are estimated for burldmgs all olher necessary l"|c|l1lles l'or trcatmg lhe
wastewater of 100,000 m’lda) :

The results of these evaluallons are shown in Tab!es Al 3 2 and Al 3. 3

6. EVALUATION OF TREATMENT PROCESSES

6.1 EVALUAT[ON OF NORMAL TYPE WWTP

Removal of BOD SS: Oxidation drtch WWTP requires wider area tlmn conventlonal aclivated
sludge process plants. In addition, there have been no existing treatment plants or fufure
construction plans with oxidation ditch process in Romania, according to the results of
investigation on seven target cities and 17 other cities (lreatmenl capacniles rangmg 1 400'\(

30,400 m*/day).

Because of its superior pollulanls removal eﬂrcreucles to other processes and long opcrauonal
experience gained clsewlicre in Romania, the convcnuonal aciwaled sludge process is proposcd
for rcmoval of BOD and SS C : IR

Removal of BOD, SS T N T p: Advanccd lrealmenl process necds a srgmﬁcant capllal costs as
compared with the “conveniional activated sludge process. Construction costs and land area

requirements of the advanced treatment process are about 1.5 times the conventional activated
sludge process Operation and maintenance cosls are also aboul l 8 times h:gher than thc

conventional aclwalcd sludge process e
.Comparmg ihe BOD rcmoval cﬂrcrency cost (lSOmg}l to 20mgll) and T-\l (30111g/l o lOmg/l)

the cost for T-N removal is higher. Therefore, rcmoval of BOD sr.ems to be more efﬁclcnt from
cconontical point of view. - : .

. A[-3'.'l_6_ ) .. .
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The advanced treatment process involves more complex actions for operation and contro! than
these required for the conventional activated sludge process,

From economical and technological view points and long experience in facilities operation and
control available in Romania, it is prudent to design the treatment process mainly for BOD and
$S removals as the first step, and the upgrading of the treatment process shall be made only
when the situations become to required that. :

Removal of T-N, T-P: It is difficult to remove phosphorus by the biological reaction in the
anacrobic zone in the first half of reactor tanks, because acrated grit chambers and oil traps will
be provided ahead of the primary treatment process and cannot maintain the influent under -
anaerobic conditions. Hence, biological removal of phosphorous is hardly achievable. For this

reason, T-N removal will be achieved by the recirculation nitrification-denitrification method.

8. 2 EVALUAﬁON OF SMALL AREA TYPE WWTP

In plannmg the small arca \VWTP the future upgradmg by T-N removal is considered at the
initial stage. Total WWTP land area, when upgraded in the future, will be almost equal to the
cmwcnltoml actwated sludge process.

Por Ihc small arca WWT Ps, three combmauons of processes are ‘selected and compared in
construction and O/M costs. Among the processes, “deep aeration tanks + two-story final
sedimentation tanks” process has the highest capital cost and the “Bio-N-Cube '+ single-story

_ fina! sedimentation tank™ process is the lowest. While the process of “Bio-N-Cube + tow- slory

final scdlmcntal:on tank” i is in between the othcr wo processes.

_ The operation and mamtenance difficulty increases in the order of the © ‘decp acration tank +
~ . two-story final sedimentation tank” process, “Bio-N-Cube + single-story final sedimentation
- tank” process and “Bio-N- Cubc + tow-story final sedimentation tank™ process.

The above dlscussmns Iead to the conclusions that if the avallablc land is SllﬂlClelll only for the
conventional activated sludge process, it may be appropriate to consider the small arca process

'~ as the first step, then leave the land space for the future expansion or additional advanced

treatment process.
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Table Al.3.1 Romanian and Japanese Standard Design Criteria for
Conventional Activated Sludge Method

Institution Item Unit Parameter
" lapan [ Romania
“Primary sedimentation llydraulic Flow Rate 7 '
Tank -separate system m¥m.day 35-70 26,5
-combined system 25-50 -61.8%)
Settling time 1.5-2 (Qd)
*)suspended solid -separate system hour >1.5(Qd) >1.0(Qh)
initial concentration -combined system >0.5 (Qh) >0.5 (Qh)
200-300mgA Eftective water depth m 2.5-40
Qd :Max daily flow - radial horizontal 1.6-25
Ch:Max hourly flow -Longitudinal horizontal 1.8-295
weir loading m3/m.day 250 (Qd) 1448 (Qd)
Acration reactor tank MLSS mg/l 1500-2000 3300
BOD —S$S Loading BoD-kg/ 0204 03
MLSSkg-day
Return studge ratio % 25-30 100
Effective water depth m 4-6 2-6
Hydraulic retention time hour 6-8 2-3
Romanian standard A—SRT ) day 36
*)Discharge conditions {Acrobic sludge  retention
BODS<20mg/l time)
Finally settling tank THydraulic Flow Rate m*fin’.day 20-30 11682838
Seilling time hour 3-4(Qd) 1.540(Qd)
Effective water depth m 25-40
- radial horizontal 2535
-Longitudinal horizontat 2433
' 192 (Qd)
weir loading m¥/m day 150 (Qd) :
Disinfection Contaci time minuies 15
' Chlorine dosing rate
-Biological treatment mg/l 24
-Primary treatment 7-10
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" Part AlWTulcea: Appendix-1 Planning Basis

APPENDIX-1
'PLANNING BASIS

1. INTRODUCTION

The followmg desngn basis for the Tulcea WWTP is studtcd and detcrmmcd based on analvms
of data and information provided by the Tulcea City, the public water company “SC ACET SA”,
and related organizations. The survey results of wastewater quantity and quality conducted by
JICA Study Team are also used to analyzc thc prcscnt conditions of wastowater generation and
pollutant loads. -

- Populat_lon :

Total Atinlinisttotivc Po'pul.a'tion‘ g |

Ser\tioé Popu'létioh'ot“ PuBlic Wator'Sup'pI).f at_icl_ Sot\'ofagc Syétt:m
-DesngnFlow | S

Wastcwatcr Generalion, Average Dally Flow Maxtmum Dally Fiow Maximuam Hourly
Flow, and Wet Weather Flow

- Wastewater Cha1 actenst:cs
Wastewater Pollutant Loads
| Design Influent Quality for the WWTP
2. POPULATIO'N .
_ 2 1 ADMINISTRATIVE POPULATION

The present admlmstratwc popuiatlon of (he Tulcea Clty is 96,278 in 1998 Iftgure Al 11
shows the statistical data of populatlon from 1982 to 1998 provided by the Tulcea City. It
indicates that there are two growth patterns before and after the year of 1992.  Before 1992, the
populat;on was increased with high annual growth rate at 2.26%, but after 1992 the popu]atlon '

. IS nearly constant about 97 000 but is slightly decreascd

The statlstlcal data of pOpulatton includes the ﬂoatmg population who is reglstcrcd but actually
not living in the city. The city estimates ‘that the ﬂoatmg population is about 10,000.
B Thcrcforc thc prcscnt actual populatton lwmg in tho mty is about 86,000. o

Z One of the mOSt lmportant industries in the l‘ulcca City is tounsm because tourists come to the _
__city to enjoy the natural environment of the Danube Delta.” Therefore, the number of tourists is
‘also studied to determme whethcr or not thc scwerage pIan should conslder the tourist
i 'waste\\ater gcneratlon L : : :

Because any statistical data on the number of tourists is not available the Tulcéa Clty and SC
ACET SA survey the number of tourist stayed in threc major hotels in the Tulcea City.

o Al-I-]



Part Al/Tulcea: Appendix-1 Planning Basls

Figure AIl 1.2 shows the monthly number of tourists stayed in those three major hotels during
13 months from June 1998 to Junc 1999. About 46,500 tourists stayed in the hotels and the
average monthly was about 3,600. The figure shows a seasonal variation, during high scasons
of four months from June to September, the monthly tourist number is more than 4,000.  The
highest monthiy tourist number is 5,502 in August 1998 and the second highest one is 5,283 in
Yune 1999. If it is assumed that the tourist stay three nights and four days in the highest month,
the daily tourist number is estimated about 750 (5,502/30*4=734). 'The daily tounst numbcr is
‘only lcss than 1% of the present total population of 96,000, '

As a conclusion of review on the administrative populatmn of fhe' Tulcea City it is proposed
that the administrative population in the hrget )car of 2010 is 100,000, glvmg some allowmce
of 4 000 to the prcscnt populatnon : : . i

| '2 2 SER\IICE POPULATlON

At present the publlc water company “SC ACET SA” prov:des the water supply and sewerage
services. The following table shows the present service population in 1998, The city and the

~ water company do not have any expansion plan of water supply service. Therefore, the present
service populatlon is apphed for the sewerage plan of 2010. o

Table All. 4.1 Semce Populatlon by the Publlc Water Supply '
" and Sewerage Systems '

Category | Per = Capita | Present Service Pop. Rcmarké“
(Norm) | Water - Service Pop. [ In the year| .
- 7 | Consumption (As of 1998) 2010 e
(Iped) (Proposed)
1 65 0O - - 0 C
2 | 1o * 27,000 27,000 a
3*F 170 e L 0
4* © 1295 - 19,000 9,000
5 - 380 60,000 64,000
Water a N _ 196,000 100,000
Supply ' : ' '
Sewerage 69,000 73 000

~ Note: * md1cale> the populahon of ISOOOprowded by gmund\\ater SOUrCe, oL T
3 DE_SIGN FLOW

" INTRODUCTION . : | R
The se\\eragc system of the Tulcea C1ty is separatc thus the samtary sewcrs 1nstailed collect '

‘and convey the wastewater and finally discharge off to the Danubc Rwer The wastewater
slnll be treatcd at a new wastcwater treatment plant ‘ - " o

_ ’Io m'\ke a demgn of lhc \\aslewater {reatment plant 1t 1s neccssary to determmc the wastcwatcr 2

~ flows such as Average Dally Flow, Maxm’mm Daily | Flow and Maxlmum Hourly Flow

The Average Dally Flow is uscd as the ba51s for the estlmatlon of poliutant loads sludgc volumc
- generation, and O/M requirements. The Maximum Daily Flow is used for the desrgu of

wastewater treatment units. The Maximum Hourly Flow is used for the desugn of pipes and
. chamnels it wastewater treatment plant. .

AR
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In order to estimate the present wastewater generation and to determine the design flows, the
following Romanian Standards are used in principle, STAS 1343 (Water Supply -
Determination of water supply volumes) and STAS 1846-90 (Sewerage — Calculation of the
wastewater flow). - Becausc the standard methods are judged be appropriate for a planning
purpose. Per capita water consumption is reviewed briefly in the following section.

3.2 DomesTic, COMMERCIAL AND INSTITUTIONAL WASTEWATERS

3.2.1 WASTEWATER GENERATION

Table AIL 1.2 shows a summary of the estimated present domestic, commercial and institutional
wastewater generation provided by the water company “SC ACET SA”. The consumers of
category 3, 4, and 5 have access to the public sewerage system.  The total wastewater
generation is estimated about 18,500 m*/d, and the amount of 16,600 m*d is collected by the
public sewerage system, i.e. about 90% of the wastewater genemted is collected by the existing
sewerage system

Table All1. 2 Present Wastewater Generattons except |
Industrial Wastewatel_'

Category | Per  Capita | Present Water Water Wastewater

{Norm) Water . . Service " | Consumption | Demand - | Generation
' Consumptlon Population " lat - Source | ****
(lped) - . | (1998) (m*d) i | ()
I R (m’id) .
2 0 110 112,000 "1 1320 1,782 860
2 . |ne . pFH5000 -0 11,650 - 11,935 - o | 1,070 -
3y e o - . o - Jo 0o
4%y 295 o 19000 - 12,655 13,584 © 11,730
5%y - 380 60,000 - 22,800 30,780 | 14,820
Total .} - 196,000 . 28,425 | 38,081 18,480
: Se\\crage ] 69,000 . ‘ . 16,550
Data Source: SC ACLT SA . : :

- " Note: *: the category includes sc\\cmge services )
' .- ¥%*: Water is groundwater source and provided by public water supply syslcm '
ke : Water Demand at Source = Kp x Ks x Water Consumption
- where, Ks=1.08, Kpr-l .25, Kp x Ks=1.350 for the surface water taken from
- Danube River
and Ks=1.02, Kp=1.15, Kp X Ks=1.173 for the groundwatcr source
| ##¥x . Wastewater Generation = K x Water Consumpllon
~where K=0.65 :
The eshmated water requirements at water sources and the estimated water consumptlon are
compared with the data of water intake volume and waler consumption. It indicates the
domesnc watcr consumptlon is the same as the metered water. :

All-1-3
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Tahle AllL.1.3  Water Supply Conditions in 1998

Daily Volume | Estimated Daily o
(/30 days) | Water Volume - Rem’mk_s
- 1 inTable All.1.2
_ . (m*/d) (m’/d)
| Water Intake Volume . _
Surface Water - 95,000
. Groundwater 8,640 .
* Total : 103,640 *38,100
Water Treatinent Plant .- , h
- Capacity . -~ - 108,000 : ' o
Trcatmcnl Loss' S 2700 0 - |20% of intake
- ' P oo : | volume
Water to the Daslnbutlon Network | 82,940 R
Non-metered Water - : 53,940 .
Metered Water ~ . - 129,000 . *28,430

Data Source SCACET SA

: No!c tisthe domcsuc water onI), an) mduslnal “alcr 1s not mc!udgd

3 2,2 WASTEWATER To BE COLLECTED BY SEWERAGE SYSTEM

- Before estlmaung the was{ewater generahon in the ycar 2010 by Ihe Romaman Standard -

Method or guideline for the design, the per caplla water consumption for domestic, commercial
~ and msnlul:onal purposes in the siandards is reviewed bnefly inthe fol!mvmgs

f he per cap;la walcr consumpllon for each categor)' already ¢ontains domestlc conuncrcml and
instifutional water consumption as shown' in Table All.1.4 below.  The domestic water
‘consumplion is reasonable for the design basis, taking into account the living standard and easy
. access to the surface water source, the Danube River. A ratio of commercial and institutionat
~ water consumption to domestic water consumption is set about 21% to 40% for consuniers of
house connections. The ratios are appropriate for the level of urban development of the city.
The standards also give some allowance to add some commercnl and institutional water

consumption up to 15 or 25% dcpcndlng on Iocal condmons and populatmn size. of
nnm:mpahucs :

A4
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Table All.1.4 Per Capita Consumption of Domestic, Public
| and Commercial Water (STAS 1343)

Category | Classification _ Domestic Public and - Total Qtoq,
No. Consumpti [ Comumercial q (Ipcd) Ratio
S o : . on Consumption ST

_9,(Ilcd) q, (led) . .

1 Water  distributed  through 40 25 65 0.625
street taps :

2 Water  distributed  through | 80 30 i10 0.375

| yard taps - : '

3 Houses with plumbmg and Mo | o | 170 0.214
scwer pipes . : :

4 | Houses with plumbing and 210 ' 85 .- 295 - 0.405
sewers, with in-house water | - : : ' !
healmg system : N - :

-5 Houses with plumbing and 280 : 100 |- - 380 0.357
sewers, with provisions of : : ' : o
central water healing

Note: ‘ihe value of qP can be increased depcndmg local conditions, but not e\ceeds the fo]lomngs b) the size of the
_ city; .

-uplo ]5% for cmcs ra.ngmg in populatlon fmm 300 000 ol 000 000
- up to 25% for cities havmg the population more than 1,000,000 '

Table AL l 5 shows the 4 weragc ﬂows of domes{:c commcrcml and mstltutloml wastewaters to
be generated and to be collected by the public sewerage system in the year 2010, The Romanmn
_ Standard Method is 1pplled to estimate the average flow. :

Table AII 1.5 Wastewater Generatlon except lndustrlal Wastewater
' Estimated by the Romaman Standards '

Category | Per ~ Capita | Service - | Water . P Water | Wastewater
(Norm) | Water . Population - | Consumption | Demand Generation
Consumption | (2010) o at  Source | *+*# '
(ped) ' m¥d) - {* [
. . ' ' (m’/d) '
2 110 - | 12,000 1,320 1,595 © - 1,280
2 110 *¥15,000 1,650 ~} 1,935 1,550
¥ - 1170 0 - S I 0 0
4%) - - {295 CF9,000 0 25655 T 13210 2,570 ]
5% 380 | 64,000 24320 .. 129380 - |23,500
ffowl o | - . - 1100000 " [29,945 . |36120 _  |28900
Se“erage : el 73 OOD - . 2 26,070 -

Data Soource: JICA Slud; Team .~ - -
- Nofe: . *:The category mcludes seweragc services
- *%: Water is groundwater source and provided by pubhc water supply system
~ F**: Water Demand at Source = Kp x Ks x Water Consumption
' where, Ks=1.05, Kp=1.15, Kp X Ks=1.208 for the surﬁcc watcr taken from
Danube River '
and Ks=1.02, Kp=1.15, Kp x Ks=1. 173 for the groundwater source
#+++ ; Wastewaler Generation = K x Water Demand at Soun,c '
where K—O 80 - :

- All-15



- Part AlVTulcea: Appendix-1 Planning Basis

Table All 1.6 shows the wastewater generation at present and in the target year of 2010, In the
present wastewater generation estimated by ACET’s, 65% of water consumption is used.
While the future generation estimation, 80% of water demand at source (consequcntly, 96% of
water consumption) is uscd for the estimation.

" Table All1.6 Average Dally Flow of Wastewater in the year 2010

Category Per Capita | Scrvice Average Flow .- | Remarks
(Norin) Water Population | (m%/d) o
Demand | (2010) Present | Year
] (Iped) 2000
2 : 27,000 (1,930) 2,830
4* : 295 9,000 (1,730) 2,570
5% - 380 64,000 (14,820) - .[23.500
Total 100,000 (18,480) ~ |28,900
Sewerage - 173,000 (16,550) 26,100

Note: * indicates the category includes sewerage services

Ma'xil'num Daily Flow and Maximum Hdurly Fldw_ of the domestic, commercial and
institutional wastewaters are calculated with using the coefficicnts sct forth in the Romanian
~ Standard ( STAS 1343!1) as follows The results of calculation are summarized in Table
AlLL7. o SR o

Table AII 1. 7 Desrgn Flows forthe Domest:c Commerc:al
' “and Institutional Wastewaters

Wastewater Flow Design Flow : JICA Study | Coefficient . | Remarks
' | (m¥d) (Lls) STAS 1343/1 |

Average Daily Flow [ 26,100 ~ | 302 I

Maximum Daily Flow | 28800 {333 - - *1.10t0 1.15

Maximum Hourly Flow. [36,000 = |417 {125

. Note: * indicates that the coeflicient for category 4 is 1.15 and that for category $is 1.10. "~
3.3 INDUSTRIAL WASTEWATER :

3.3.1 PRESENT COND]TIONS

Accordmg to thc mformatlon provided from thc sC ACE’I‘ SA, the total amount of 6 560 m’/d is
d:schargcd to pubhc sewers by contracts between manufacturcs and thc sC ACET SA

Table AII 1.8 shows a list of the major m:mufactures and compamcs whlch ate dtschargmg the
“wastewater, obtained through a questionnaire survey conducted by JICA Study Teant with the
cooperatlon of the SC ACET SA. - The daily flow of industrial wastewater is about 15 000 m

~ in 1998; in which only 450 m’!d is d1scharged lhrough publlc sewers, - . -

CAlLL6
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3.3.2_ WASTEWATER T0 BE RECEIVED BY THE SEWERAGE SYSTEM

The wastewater discharged from the listed manufactures and companics are hercinafter referred
as “point-source” and others are referred as “non-point source™ in the following discussion.

In Table AIL1.9, the following average design flow of industrial wastewater is proposed, giving
22% increase to the present wastewater discharge to the public sewers.

‘Table All1.9  Summary of Industrial Wastewater Daily Average Flow

Industrial Present (1998) | in 2010 Remarks
Wastewater . Ave. Daily
(m*/d) (m'/d)
Point Source 15,700
Non-point Source ' 2,300

Total 6,560 ' 8,000 22%increase

For the design of the sewerage facilities, the design flows of industrial wastewater are proposed

taking into account of flow variations. - The following cocfficients of flow variation are
* proposed, taking into account the scale of manufactures and companics. The coefficicnts

proposed are the same as the present coefficients used by SC ACET SA. '

= Table All.1.10 Flow V_ar.ié‘tio‘ri: Factors Sét for Industrial Wésiéwéter

Industrial -~ Average . | Maximum | Maximum | Remarks
Wastewater source Daily Daily - | Hourly -
Proposed e -

Point Source - 0.75 1.00 © 1125 | Medium to small scale
Non-point Source. | 0.75 J1.00 . 1.50 ~ { Small scale

Present ' 082 106 (122 - . [SCACErSA

The design flows of maximum daily and maximum hourly flows arc calculated using the above
flow variation factors and the calculation results are su_mmarized in the table below.

E Téb‘lé'All.1.11;' Sﬁmm'a'ry of'lf)e'sigh Flow of Ihdustria! Wastewater

Industrial = © - | Ave. Dailty . {Max. Daily Max. . Hourly | Remarks
- | Wastewater (m’d) (md) (m’/d) S
| Point Source < [5700 - 17,600 9,500 - 0.75:1.00:1.25
Non-point Source 2,300 3,070 4,600 . - . ]|0.75:1.00:1.50
Total 8,000 - 10,670 - 14,100 S
o S e 10,700 L o

3.4  GROUNDWATER INFILTRATION ‘
- The most of urban area 'of the city is deveioped on hilis, the groundwater inﬁlt;atidn h]ight be
small. - However, the data obtained at two existing wastewater-pumping stations indicates the
- groundwater infiltration should be taken into account for the design. - Duting four months,

‘from Marchi 16 June, additional wastewater of 180 m’/h (4,320 m*/d) is recorded at the pumping
stations; -SP-3 120 m’/h and SP-1 60 m'fh, respectively. - §f the additional wastewater is taken

DALY
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