4.4.1.5 Discharge of Efftuent from the Treaiment Plant

Effiuent from the stabilization pond is discharged, as the final cffluent, into a
drainage/ireigation canal that flows to one of the tributarics of the Tatula River alter about Sknv. This

tributary flows into the Tatula River afler approximately 3 km,

442 Characteristics of Sewage and Plant Performance

4.4.2.1 Existing Data of the Sewage Characteristics

The Water Company conducts a water sampling and quatity anatysis in a manner as follows:
Frequency: once a month
Sampling points:  inlet and outlet of the treatment plant
Samples are taken and analyzed at the State Company “Agro L.abo” in Birzai. The result of the
water quality analysis is summarized in Table 4.17 and shown in Figure4.7.
For BOD; of the raw water, there is one extraordinary high value (3,360 mg/l) for November
1996. Other parameters of the same date also show high values, but are not so remarkable when
compared with normal values. This high BOD should be taken as a special iregular value, probably
causcd by either error in the analysis or by dumping of unusual wastewater into the sewer on that day.

Aside from the laboratory analysis, the Water Company keeps the records of the temperature
and pH as shown below.

Table 4,16 Sewerage Temperature and pH at Treatment Plant

—_———y

Temperature (°C) H
B i e
Tnd7 V1051760 |79 | 78]
Feb-97 1.5 5.0 78 73 |
Mar97 | S0 |60 | 78 | 70
. Apr-97 9.0 9.5 - 13 1.2
May-97 110 17.0 7.3 7.2
Jun-97 12.0 21.0 1.5 7.6
Jun-97 12.0 20.0 1.6 7.5
Aug-97 18.0 17.0 1.1 7.5
Sep-97 15.0 14.0 7.8 7.6
Oct-97 10.0 8.0 7.8 (AN
Nov-97 120 | s0 | 28 | 73
Dec-97 120 | 5.0 7.1 7.4

Source: Birzai Water Company
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4.4.2.2  Performance of the Existing Treatment Plant

As shown in the water quality data, the existing trealment plant docs not satisfy the national

efftuent standards referred to in Section 3.5.1.1. The summary of the influent and ¢ffluent are shown
below.

Table 418  Summary of Performance of the Treatment Plant

BOD; S8 Total-N TFotal-P Oil
Inf. | Eff..| Inf. | Eff. | Inf. | Eff. | Inf. ; E | Inf. | Eif

Maximum | 3,360 630 1,037] 236 1s2| 67| 120] 90| L8 10
Minimum 123 70 43 19 13 3 09 1.2 0.7 0.6
Average 51 1870 240 62 44 32 5.0 39 1.1 0.8
Effluent 20 (ave.} 30 (ave)
Standard 30 (max.) 45 (max.) NA NA !
Averageof 44% 55% 18% 27% 17%
Removal Ratioj -

EfMluent standard; for <10,000 p.¢.
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BOD; and suspended solids far exceed the maximum values sct in the standards while oil is
within the acceptable range of the standards. This failure is casily explained from the design of the

treatment process that does not have sufficicnt capacity of biological treatment,

4.4.2.3  Industrinl Wastewalter

In Birzai, there are several business entities, institutions, and industries that are discharging
wastewater (0 the sewer syslem. Some of them have their own wells as a water souice at their
premises. Table 4.20 shows the tist of the commercial entities, institutions, and industrics in Birzai
Town.

Daily average water consumplion of these facilities is 596 m’/day in total. The Water
Company supplics 155 m*/day, while the reminder is taken from the decp wells of each user. From
this table, the quantity of real industrial wastewater is calculated at 498 m3fday in average, cquivalent
to 25 percent of the total amount of sewage.

Only one exception is a linen factory, This factory has its own water supply and wastewater
treatment plant. Itis taking water from the lake and discharging treated wastewater into the Apascia
River at a point immediately downstream of the lake.

As shown in the table, three major industries discharge process wastewater as follows:

Table 4.19 Major Industries and Wastewater Quality

Factory N BOD, (mg/l)‘ Suspended Solid (.mgll)
verage | Maximum | Average | Maximum |
?Lif\?&?ﬂim) 985 3,480 298 623
(D[i:\r)l; Birzu akeine pieno lenduovo) 702 l,l?O 163 734
(C.S?\Eg(ii}iozzdkonsgwa D) ‘ 475 960 212 603

Source: Birzai Water Company (1998)

Qut of these three factories, the dairy has ils own wastewater pre-treatment and sludge
treatment facility. The other two factories discharge wastewater into the sewer without treatment.

Aside from the major factories above, there are three small breweries in Birzai Municipality as

follows:
Rinkuskiai: located near Pump Station No.4, using its own deep well for consumption of
about 50 m’/day.
Ponoras: located - near the canned food factory, using its own deep well for
consumption of about 15 m’/day.
Klausuciai: located outside town boundary, using its own deep well for consumption of

about 10 m*/day, no plan to connect with the sewerage system.
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4.4.2.4  Results of the Water Smnpling and Water Quality Analysis

The MICA Study Team conducted a water sampling and water quality analysis to supplement
the data for sewage and industrial wastewater. Water samples were taken at the points and with a
frequency as follows:
Raw Sewage
From the inlet channel of the treatment plant
4 days x 13 samples/day (cvery 2 hours for 24 hours)
= 52 samples
Industrial Wastewater
From the discharge at the dairy
4 days x 5 samples/day {every 2 hours from 8:00 to 16:00 hours)
= 20 samples
From the discharge at the beer brewery
4 days x 5 samples/day {every 2 hours from 8:00 to 16:00 hours)
=20 samples
As well as water Sampling, flow rate measurements were conducted at each sampling time.

Samples were analyzed at the Victa Laboratory in Vilnius. Results of the sampling are
summarized in Table 4.21.

Table 4.21 Results of Water Quality Aﬁalysis’

. . sampling date Ce
tem UMt 112829 | Aug 0607 | Aug 13-14 | Aug 2021
Sewage Flow m'/day 2,920 2,770 3,050 1,790
|88 mg/l 255 163 286 229
BOD, mg/t 217 229 365 335
Soluble BOD, mg/] 54 98 158 175
COD mg/l 430 486 690 676
Total-N mg/l 23 36 - 31 33
Total-P mg/l 81 57 8.0 6.0
Note: Concentrations are calculated as a weighted average of the concentrations and flow-rates of
the 12 samples taken every 2 hours during 24 hours. Delails are presented in Appendix 4.

4.4.2.5 Evaluation on the Characteristics of Sewage

General

Sewage discharged into the Birzai sewerage system confains about 75 percent domestic
sewage and 25 percent industrial wastewater. Most of the industrial wastewater is typical
organic wastewater with high concentrations of BOD and COD.

Amount of Sewage

The Water Company has a billing record that shows the amount of sewage at 1,700 m’/day
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4.5

4.5.1

in 1997, Amounts of sewage in the billing are based on the water consumption for the
Water Company’s water supply system and personal deep wells equipped with meter.
On the other hand, operation records of Pump Station No.2 show the total running time of

pump as follows:

Date Running Time Flow
January 21, 1998: 935 minutes (average 31 minutes/hour), 3,120 m*/day
August 14, 1998: 942 minutes (average 34 minutes/hour) 3,140 m3fday

It is apparent that the amount of incoming sewage is much more than (hat discharged from
the consumers. It apparently includes a substantial amount of groundwater. Considering
that the water consumption is about 1,700 m’fday, the amount of groundwater is estimated at
1,500 m*/day.

BOD

There are three samples of high BOD in the historical record (November 96, August and
September 97). These dala seem to be caused by the wastewater discharged from the
factories in the town. Average BOD from the data excluding these unusual figures are 320

mg/l while the sampling results show lower values.
Nitrogen

Total nitrogen ranges from 13 to 77 mg/l in the historical records with an average of 37
mg/l. Except for the sample showing high BOD (November 96, August and September 97),
data is relatively consistent with the sampting result in this study.

Phosphorus

Total phosphorus leve! ranges from 0.9 to 12 mg/l with an average of 5.0 mg/l in the

historical records. Data seems to be consistent with the sampling result in this study.

CODb

There is no COD record in the Water Company data. Sampting results shows that COD is
about two times the BOD concentrations.

RESIDENT AWARENESS SURVEY

Questionnaire Survey Conducted

The Study Team conducted a questionnaire survey to collect information for resident

awareness on sewerage service and the willingness-to-pay. The survey was conducted from 13 to

18 July 1998 by the interview method with 50 people in Birzai Town,

The questionnaire included the following items:

=  family income and expenditure

4-29



¥ waler use
s waler supply conditions

»  sanitary conditions and facitity

s willingness-to-pay for water charge

»  willingness-to-pay for sewerage charge
4.52 Summary of the Survey Resulls

The majot issues in the questionnaire survey are summarized in the tables below and
described as follows:

s Average number of family member in Birzai is 3.38.

»  Average monthly family income is 1,125 litas with a range of 500 to 1,500 litas being
dominant.

» In nearly half of the households, two persons have income.

= Cost of water and sewerage is about 1.8 percent (15 litas/month) of the total family
expense. It is the lowest among the utitity expenses.

*  Very few households connected to water and sewerage have their own well sources.

* People show more willingness to pay higher fees for water supply than for sewerage

service.
Table 4.22 Number of Family Member {
- no. of family member | no. of sample
__, [ 6
Y R T
—— 3 6 —_
R 14
5 _ 4
6 3
7 1
Total S0
Average | - 338
Table 4.23 Family Income
menthly income no of member having income
(litas/month) t 2 3 4 Total
<500 4 . 5
500-1,060 8 11 1 20
1,000-1,500 4 7 2 13
$,500-2,000 2 2 2 6 |
2,000< 2 2 1 1 6
Grand Total 20 22 3 3 50
average monthly incomej Lt.1,325 !
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Table 4.24 Family Expenscs

inconte class average monthly expenses (litas/month) ]
(litas/month)|  total water & hot water | clectricity transport- | commun-
scwerage ] ation 1cation
<so0 | 3e0| 1o a8 @ ss| 2
300-1000 | sl 20l s Taa| e T4
1,000-1,5001  LIO8f Y8y 37 45( 135 49
1,3500-2,000 ( 800y 7] _60f 381 13 30
2,000< | 1,084 21 147 46 213 23
average 323 15 61 37 124 33
percentage; 100.0% {  1.8% 74% | 4.5% 15.1% 4.0%

Table 4.25 Connection with Water Supply and Sewerage Systems

connection with water supply system
connection with connected not connected
sewerage system | no other | with shallow | (with shallow total
water Source well well)
connected 19 2 7 28
not ¢connected 0 0 22 22

Table 4.26 Affordability and Willingness-to-pay

water supply sewerage fee for sewerage
- ‘ new conneciion
affordable no. of affordable 1o, of affordable 1o, of
_amount sample _amount sample amount sample33s
(litas/month} {litas/month) (litas/month)
<20 9 <20 2 <10 2
20-40 11 20-40 1 10-20 0
40-60 9 40-60 ] 20-30 1
60-90 2 60-90 1 30-50 2
90< | 90< - 50-100 3
' 100< 4
do nof accept do not accept do not accept
To be free fo be to be
of charge 2 shouldered 8 shouldered 1
B by gov. by gov.
do not - 18 do not 5
want {o pay want {o pay

4.6 EXISTING CONSTRAINTS FOR SEWERAGE SYSTEM
4.6,1 Technical Aspects

4.6.1.1 Collection system

Infiltration
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A remarkable deficiency of the sewage collection system of Birzai is a huge amount of
infiltration as discussed in Scetion 4.4.2.5. In 1998, about half of the inflow is infiltration of
the groundwater. This deficiency resuls in the large power consumption in pump operation.
Infiltration is considered to occur from the various parts of the sewer pipes laid below the
groundwater level. As the major part of small pipes is of clay, the infiltration likely occurs
at ceacked pipes and/or loose joints.

Detecting and reducing the infiliration will require great efforl and cost, but should be woith
catrying out.

Stormwater Intrusion

According to the Water Company, the sewage flow substantially increases during rainy
weather, This is apparently caused by intrusion of the rain water into the sewer system.
Rainwater normally flows into the sewer system from broken manholes, open connection
boxes at the houscholds, or sometimes by dumping floodwater into manholes by people or
illegal connections.

Prevenling stormwater infrusion is much easier than mitigation of groundwater infiltration.

In many cases, points of intrusion are visible and therefore can be found by careful
obscrvation in rainy days.

4.6.1.2 Sewage treatment plant

The ¢xisting sewage treatment plant was designed to remove suspended solid and organic
substances using sedimentation and biological filtration. Removal of nitrogen and phosphorous
was not considered in the plant design.

The plant is hydraulically overloaded and not functioning properly. Treatment capacity of
the sedimentation tank is estimated at 2,600 m*/day from its surface arca while the capacity of the
biological filter is estimated at only 1,300 m’*/day.

4.6.1.3 Industrial wasfewafer

The national standard LAND 10-96 sets the principal norms for sewage discharged into a
public sewerage system as described in Section 3.4.1. LAND 10-96 also states that:

“the norms applied to other materials (substances) shall be established by an orgamization that
operates the sysiepis in making a coniract Q:‘th a sub-user”.

With this provision, the 'municipélity or Water Company is given authority to set the
additionat requirements for wastewater discharged from the users into the public sewerage system.
In Birzai at present, no additional standard has been set for this purpose. The factories therefore
have no obtigation to reduce their pollution as long as the wastewater meets the minimum

requirements set in the LAND 10-96. The dairy, however, installed its own pre-treatment facility
while the other factories have not.
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From the data of waler quality and water consumption, BOD,; load of the wastewater from
three major factories is cstimated at about 35 percent of the total load incoming to the treatment
plant. Reducing the organic toad in the industrial wastewater will therefore also reduce the load at
the sewage treatment plant,

Aside from the average load discharged from the industries, a very high maximum valug is
recorded in the data of the brewery factory (BOD,; = 3,480 mg/l). This high value seems 10 have
resulted from the discharge of high concentrated studge from the factory. Such disposal musi be

prevented to maintain the treatinent performance of the municipal plant.

4,6.2 Managerial Aspects

4.6.2.1 Collecting Incorrect Charges from Collective Housing

A controller of the company checks the meters of the enlerprises and collective housing
once a month, writes the bills, and delivers them to the enterprises and collective housing. The
enterprises and collective housings then pay the charges to the banks, and are issued a receipt.

One person, who is in charge of checking water usage and collecting charges from cach
resident in a collective housitlg, has to pay the total charges for the housing to the company.
Collective housing has a single meter but has not necessarily meters for all flats.

It has been reported that some residents tried to manipulate meter reading to reduce the
consumption by use of a magnet or bj' releasin g water in so small amount that it cannot be detected
by the presently used water meters. This problem may however be more or less overcome by
replacing the existing meters with ones sensitive enough to detect small flow.

Some flats do not have meters. If so, they pay charges based on a norm, which is a standard
usage of volume for those who have no meters. The company has not been collecting the correct
charges from residents in collective housing because residents not having meters use more water
than the norm. It is estimated that the company has been losing 10 to15 percent of the correct
charge.

The Water Company must install meters at all houses and flats by 2000 according to
Government Decree and check all water usage from all collective housing. But installing meters is
difficult because of lack of funds. Another problem is that meters in collective housing are
normally installed inside of the flats in places such as the bath rooms. It will be difficult for the
company to check meters when no one is home.

Another method that is suggested is to subtract the water usage from the flats with meters
from the single meter reading the water usage from collective housing. The remainder would be
divided by the number of flats without meters and each would pay an equal amount. In other

words, change the norm that flats without meter pay.
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4.6.2.2 Expaunsion of the Coverage Area

Since 1996, the Birzai Water Company has provided services to three sub-regions, Papilys,
N.Radviliskis and Vabalninkas in addition to the Birzai region. It is possible that the company will
have to provide service to additional regions in the future, although this is under debate. The
number of employces was approximately 25 in 1995 and is 53 in 1998, The company provides
support for thice sub-region and manages three sub-region offices. This may cause management
problems, such as inefliciency due to dnplicated management staff members and communication
gaps, tack of control due to differences of management history, policy and practices among regions
and unfamiliarity with management of plural regions, ete. It is clear that these sub-regions might
gencrate losses before they are merged and those which may be merged or built in the future may
gencrate losses in the future because there is insufficient population to support profitable operation

in the countryside, The company must manage them en a self-supporting accounting system base
and lead them to healthier operation.

4.6.2.3 Possible Redundancy in Some Business Unifs

Business units have 'résponsibilily for operation of divisions but the number of employees in
some divisions may be mote than strictly necessary for management because of the expanding
coverage area and other reasons,

Personnel costs to sales and to operating costs before depreciation of other companies such
as large private water and sewerage companies in the UK., a former Sov'iet Union company and
Japanese public sewerage works are approximately 20 percent and 30 percent respectively as
shown in Table 4.27. The same ratios for Birzai are 55 percent and 64 percent respectively and
much higher than the others. It is difficult to compare the company with foreign companies

directly, but it gives some guidelines for management and level of personne! costs.
4.6.2.4 Short of Periodic Performance Evaluations

Al employees reportedly do their best in order 10 maintain their job slability. The Water
Company has not conducted periodic performance evaluations for employees using clearly written

requirements to meet and goals to perform. Employees may reduce costs and increase revenues by

performing more active work to meet their goals.
4.6.2.5 Lack of Integrated Management Information System

A computerized information system is installed in a controller room to manage billing and
collection of the water and sewerage fees. Computerized information systems are also installed in
water and sewerage equipment rooms {o monitor operations. There are no information systems for
the management functions. This lack of information systems causes inefficiency in gathering

correct information and inability to provide speedy action when required.
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4.6.2.6 Process of a Self Supporiing Management Systeir

The Water Company manages itself on a self-supporting accounting system and also follows
policies concerning tariff and costs of the municipality, Because of this dual responsibility, the
compaty does not have autonomous management. The company should be mote commercialized

to cover costs because the state and municipality budgets are strictly regulated.

Table 4,27 Personnel Costs Comparisen

Tumover and Operating Costs W
Personne} costs before Depreciation Personnel Costs
| 1o it and Personne] costs to it
Severn Trent ple in the UK.
(1997)
million Pounds and 1,215.3 673.2 2544
(%) (209) {37.8)
Anglian Water plc in the UK.
Q1997
million Pounds and 837.1 430.7 134.8
(%) (16.1) {3L.3)
Pskov in Russia
{1996) 48,143 40,105 10,836
million Rubles and {225) {27.0)
(%)
Public Sewerage Works in Japan
(1994} 988,288 374,963 118,809
millicn Yen and (%) (12.0) (31.7)
Birzai -
(1997) 1,588.1 1,379.7 8732
thousands litas and (553) (63.7)
%)

4.6.2.7 Unwillingness for Payment

Eighteen people out of fifty samples answered that they do not want to pay for fees of

sewerage services and eight people think that fees should be shouldered by the government.

Table 4.28 Willingness to pay based on the questionnaire survey (50 samples)

Fee for sewerage
Sewerage .
new connection
To be shouldered ‘
8 1
by government
Do nol want to pay 18 2

4.6.3 Financial Aspects

4.6.3.1 Unclear Business Units

Financial analysis is based on the sharing of assumed indirect costs between the water and

sewerage division. The cost sharing system for some business units that work for both the water
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and sewerage divisions, administration, and some of the other operational expenses necd to be
clearly defined.

4.6.3.2 Increase in Sales and Loss

Because the year 1997 was the only full accounting year since scpartation from the regional
Water Company, exact éoinparison is not possible. But the sates of 1997 increased by 186 percent
from the half year of 1996, mostly due to the increase of tariff and areas of service. The losses of
1997 increased by 352 percent from the half year of 1996 because the company has had to cover
three sub-regions besides Birzai region, since 1996,

4.6.3.3  Profits of the Sewerage Division and Losses of the Water Division

In the Birzai area, some users, particularly industrial users, use a well for their supply of
water. [In this case, the user does not pay for the water used, but only pays for the charge for
sewerage service. That is why the company had 58 percent of its sates from the sewerage division.
The sewerage division made a profit on the operating basis while the water division had a large
loss on the operating basis based on an assumption of sharing indirect costs between the water and
sewerage division. The sewerage division has enough .sales, almost 30 percent more than the

breakeven point. The water division has to increase the sales by 52 percent to reach the breakeven
point by the increase of the tariff.

4.7 FUTURE DEMAND FOR THE SEWERAGE SYSTEM

4.7.1  Design Year

The design year is set at the year 2010, This target is 12 years from the planning stage and
considered suitable for the desigh horizon of the new facilities.

4.7.2  Service Area

The entire urban area is set as the service area for the propased improvement ptan of the
sewerage system.

4.7.3  Planncd Population and Sewage Amount

4.7.3.1 Population

Future population of the urban area of Birzai is projected using the growth ratio applied in
the projection of country’s population prepared by the Department of Statistics as presented in
Section 2.3.3.2. Of three medium scenarios, the medium-3 scenario (medium-high) is adopted
since it has a slight increase in the couniry’s population and is on the safe side in the projection of

the amount of sewage. Yearly growth rates of population are tabulated as follows:
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Table 4.29 Ycarly Population Growth Rate
Year Country Totat Urban Arca
Tl (Ghtyeary | (elyear)
19972000 | 0.02% | 0.05% |
2001 0.0%% | 024% |
[ 2002 0.16% _032%
200 | 0a9% | 0d%
2004 0.21% 0.37%
2005 0.24% 03%%
2006 0.27% 042%
2007 0.26% 0.3%%
2008 0.24% 0.35%
2009 0.23% 0.32%
2010 0.23% 0.31%

Calculated from Population Projections of Lithuania (Medium-3),

Department of Statistics, 1998

Applying the growth rates in the table above, population of Birzai town is calculated as

Table 4.30 Projection of Urban Population
Year Urban Population
1997 16,183
2000 16,176
2001 16,215
2002 16,266
2003 16,321
2004 16,381
2005 16,445
2006 16,514

12007 16,578
2008 16,637
2009 16,691
2010 16,742

increase as calculated in table below.

* 4.2.3.2  Service Ratio and Population Served
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As of 1997, the service ratio of water supply and sewerage expressed in population is 45.7
percent and 50.9 percent, respectively. The Water Company expects these figures to increase to 70
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Table 4.31 Projection of Population Served

o Water Supply - Scwerage 3
Year population service ratio population setvice ratio
1 served served
1997 7,400 45.7% 8,240 50.9%
2000 8,088 50% 8,897 - 55%
2005 9,867 60% 10,278 63%
2010 11,719 70% 1,719 70%

Population served = urban population X service ratio

4.7.3.3 Sewage Amount

Domestic Sewage

From the water supply data in 1996 and 1997, per capita water consumption was calcutated

at 197 Veap/day (1996) and 158 Ucap/day (1997). It may be interpreted that the drop in

consumption from 1996 to 1997 is because of the increase in water tariff. The Water

Company anticipates that the people’s attitude of saving water should continue and that the

per capita consumption in 2010 will likely be lower than 1996 level.

For the projection of water consumption, increase in per capita consumption is therefore set G
at 160 and 180 Ucap/day for 2000 and 2010, respectively. It is assumed that 90 percent of

the amount conswmed is discharged into the sewers.

Water consumption at households not connected to the water supply system is considered

the same as the figures above as such households have deep wells as a reliable source.

Using the population served and unit water consumption, the amount of domestic sewage is
calculated as follows:

Table 4.32 Projection of Domestic Sewage

Year Poputation Per capita water Domestic Sewage
served consumption {Vcap/day) (m*/day)

1997 8,240 158 1,172

2000 8,897 160 1,281

2005 10,278 170 1,573

2010 11,719 130 1,900

domestic sewage = population served x per capita consumption x 90%

Industrial Wastewater Q
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The present amount of industrial wastewater is 498 m’/day as shown in ‘Table 4.20.
According to managers of the three major industrics, there is no plan to expand the factory
facilitics at present or in the near future, Only Rinkuskiai (small brewery) has a plan for
expansion of preduction facility and cxpects to increase the water consumption by 70
m*/day.

It is therefore assumed that the amount of industrial wastewater will increase to about 565
m*/day by 2010,

For the purpose of projection, 600 m*/day is adopted as a rounded figure for industrial

coniribwtion of wastewater.
Infiltration

As discussed in Section 4.4.2.5, there is a substantial amount of infilteation that is estimated
at approximately 1,500 to 1,700 m*/day. Of course, the amount of infilteation should be
reduced for effective use of the sewage collection and treatment facilities. How much
should be invested for a leakage prevention program will need 1o be decided from the
economical viewpoint comparing the cost of repair and reduction of the operation cost.

it is also practically impossible to determine the amount of infiltration reduction if such a
miligation program is implemented.

Considering that no measure will be taken for reducing the infiltration, 1,700 mB/day is

accounted for infiltration for projection.
Projected Ameunt of Sewage

From the discussion above, the amount of sewage is calculated as follows:

Table 4.33 Projection of Amount of Sewage (Daily Average Flow)
unit: m*/day
Year Domestic Industrial Infiltration Total Amount
sewage wastewater

2000 1,281 600 1,700 3,581
2005 1,513 600 1,700 3,873
2010 1,900 600 1,700 4,200

4.8 SEWERAGE SYSTEM IMPROVEMENT PLAN

4.8.1 Design Flow

The amount of sewage as a daily average basis is projected as shown in Section 4.7.3.3. The

design of the sewerage facility also needs to incorporate the variation in sewage flow such as

average daily flow, maximum daily flow, and peak hourly flow. These variations of sewage flow

are defined as follows:
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Daily average flow: The average Mowrate occurring over a 24-hour period during a

year,
Daily maximum flow:  The maximum flowrate that occurs over a 24-hour period during a ¢
L
year,
Hourly peak flow: ‘The peak sustained hourly flowrate occurring during a 24-hour
period.

For determining the daily maximuim flow, the variation in water consumption was analyzed
for daily and scasonal pattern from the water production data that have been recorded daily.

Figurce 4.9 shows the historic data of water production at the filtration plant,

28500 g e s e e

2,000 |-

1,500

+,000

500

Daily Production (m3/day)

13-0ct-57 -
27-Q¢t-97
10-Nows7
24-Nov-97
8-Dec-97
22-De¢-97
5-Jan-88
19=Jan-98
2-Fob98
16-Feb-98
2-Mar-98
16-Mar-98

Figure 4.9 Daily Water Production Records

The drop in a total water production in January 1998 may be as a result of the increase in

water tariff. The statistical analysis for each year is presented in Table 4.34.

Table 4.34 Statistical Analysis of Water Production

ltem 1997 1908 |
Total Production (m/year) 72,969 158,169
Daily Average Production (m'/day) - 1,039 697
Absolutely Maximum Production (m¥day) | 1,923 | 1,020
Absolutely Minimum Production miday) | a | T35
95 Percentile Production (m *Iday) 1,424 %7

| 05 Percentile Production (m*day)y | 792 | 503
Ratio of 95 Percentile to Average 131 | 132 |
Ratioof 05 PercentiletoAverage """ 073 | oz

1997 data: 13 Oct. — 4 Nov., 18 Nov. - 31 Dec
1998 data: 1 Jan. =21 Jul.

As there are some unusually high and low figures in the data, 95-percentile and S-percentile

tigures are calculated as shown. Ratios of the 95-percentile amount to the daily average amount é
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range 1.31 10 1.32. The varintion factor of the daily maxtammy Mow is set at 1.35 for luiure
planning.

Magaitude of the hourly peak flow depends on the pattern of water use in a day of the
people. As a rule of thumb, a formuta® is used as follows:

PP = sip'

where,

PF: peaking factor relative to the daily average flow
P: number of the population served in thousand

Applying the formula above with the population seived in table 4.31, PF is calculated as
follows:

PF= §p" =5/ (=12)"°=3.30

This factor is applied to the domestic sewage amount while the indusirial wastewater and
infiltration is considered stable. The hourly peak flow for 2010 is therefore calculated as follows:

Qrp = 1,900/24 X 3.30 + (500 + 360)/24 = 207 m’Mhour

This flow is 2.58 and 1.85 times the daily average flow and daily maximum {low,
respectively.  Aside from the caleulation based on the population, the flow measurement
conducted in this study shows that (here is no peak time in a day as presented in Section 4.4.2 5.
This is because the variation of the sewage Row is absorbed in storage at the three pump stations
so that the pumping amount of Pump Station No.2 to the treatment plant is almost fevel.

Actually, at Pump Station No.2 only onc pump out of three units is running throughout a
day. Running time ratio of the pump is 70 percent. The estimated amount of sewage in 1997 is
also 70 percent of that in 2010. This means that the running time of ong pump would simiply reach
about 100 pereent in 2010 while absorbing the variation of sewage flow. The incoming flow at the
treatment plant in 2010 is therefore oxpected to be steady at the discharge of one pump at Pump
Station No.2 as observed in the flow measurement.

It may be possible to assume that there is no peak flow throughout the future. However, for
safety of the system, a peak flow factor is defined, considering that the storage at the threc pump
stations cannot fully accommodate the variation. The peak factor is applied only for the domestic
sewage since the peak flow of the domestic sewage and industrial wastewater unlikely oceurs at
sante time. From the flow measurement in Skuodas, peak Mlow is observed around 22:00.
Interviews with factory managers showed that the factorics use water from 6:00 to 18:00. This
means that the industrial wastewater has no influence on the peak How at 22:00. Infiltration flow
is assumed to be constant and have no peak flow.

These design flows are then summarized in Table 4.35.

' Nicoll, E. “Small Water Pollution Conirol Works: Design and practice”, John Wilcy and Sons,
1988.
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Table 4.35 Desipn Flow

daity average flow | daily max flow | hourly peak flow é
- o __Qda (m'/day) Qdm (m'/day) Qhp (m*/day)
Domestic/industrial sewage 2,500 3,300 5,230
[nfiltration 1,700 | 1,760 1,700
Total 4,200 5,000 6,930
Ratio to daily average 1.00 1.20 1.65
Ratio to daily maximum 0.83 1.60 1.38

Qdm = Qda x 1.35 (for domestic sewage and industrial wastewater only)
Qhp = Qdm x 2.0 (for domestic sawage only)

4.8.2 Characteristics of Sewage and Poputation Fquivalent

With the projected sewage amount and pollution load, characteristics of scwage is calculated

using the per capita unit load (70 g-BOD/cap/day) as follows:

Table 4.36 Calculated BOD Load and Concentration
'} Amount | Population BOL}; Load BOD; Population
(m*/day) served unitload | TotalLoad | (mg/l) equivalent
(g/cap/day) | (kg/day)
Domestic Sewage 1,900 11,719 70 8§20 11,719
Industrial Wastewater '
Brewery Faclory 100 70 700 1,800
Dairy Factory 300 150 - 500 2,143 {
Canned Food Factory 100 50 500 714
_ Other Industry 100 25 2350 357
Infiltration 1,700 .- - -
Total 4,260 LS 260 15,933

Using the population equivalent calculated above, other pollution loads are calculated as
follows:

Table 4.37 Calcutated 88, Total-N and Total-P Loads and Concentrations
S8 Total-N Total-P
population equivalenf 15933 | 15933 15,933
unit toad (g/p.c./day) 70 7 12| 27 |
total load (kg/day) 1,115 191 43
concentration (mg/i) 265 45 10.0

These calculated figures are compared with the water sampling and historical records to

determine the final figures for the design. Comparison are summarized as follows:
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‘Table 4.38

Design Loads and Concentrations

Sampling Result historical Record .
item unit I‘.:;ffe'; 10128 | Augé | Augid | Aug20 | average | 95- bi‘i{&n
parceatile

Sewage Flow [m'rday| 4200 [ 2,920 | 2,270 | 3050 | 1,790 | - . 4,200
SS mgl 260 255 163 286 229 205 503 260
BOD7 g/l 260 217 229 365 335 3200 {7580 | 260
BODS mgh | 230 139 199 317 | @ - ' .
Soluble BOD7 | mgh | 120 9 | e 158 175 - . .
Soluble BODS | mgi 100 82 85 137 152 X .
Ccob mgl | 500 430 486 690 676 . . -
Total-N mg/l 40 23 36 kT 33 44 90 45
Total-I mg/l 10 8.t 5.7 8.0 6.0 5 9 10

In the table above, the design figures are determined considering the following:

* Calculated concentrations of BOD; and suspended solids coincide with the water
sampling result.

» Total-N in the water sampling results is low comparing with that calcutated from the
norm. This coincides with the water sampling result for the industrial wastewater, in
which the nitrogen content in the industriat wastewater is relatively low comparing the
BOD contents therein. Design figure is therefore set from the results of the water
quality analyéis.

= Historical records are based on the spot samples taken once a month and therefore they

do not represent the daily average figure. These records are shown as reference.
4.8.3 Effluent Standards to be Applied
LAND 10-96 stipulates the effluent standards according to the population equivalent as

discussed in Section 3.4.1.1. In this case with the population equivalent of more than 10,000 as

calculated above, the effluent standard shall be as follows:

Table 4.39 Effluent Standard for Sewage Treatment
Permissible Concentration {mg/l)
Pollutants Average annual Maximum instantaneous

B ' - concentration (Cave) concentration (Cmax)
BOD;  (>10,000 PE) 5 25 -
COD  (=10,000 PE) 75 120
Total-P_(>10,000 PE) 1.5 - 25 _.4
Total-N_ (10,000 - 100,000 PE) 20 35

Suspended Solid (<100,000 PE) 30 45

In addition to these standards, a special requirement must be applied over the normal

standards in Table 4.39 when the efiluent is discharged into the Tatuta River. This special
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requirement as shown in Table 4.40 was specified in the letler issued by the Ministry of
Bnvironment on fuly 16, 1997 addressed to the Mayor of Birzai Municipality. This special

requircment was set primarily to protect the groundwater quality in the karst region.

Table 4.40 Special Standard for EfMluent Discharged to the Tatula River

. Permissible Concentration {(mg/) |
Pollutants Average annual Maximum instantancous
oo ____.concentration (Cave) _concentration (Cmax)
BOD;, 4 . 8
Total-N 8 14 ]
| Total-P 1.0 1.5

4,8.4 Evaloation on the Exist_ing Treatment Plant

The existibg treatment system does not have sufficient capacity to treat the amount of
sewage projected for 2010, Furthermore, it does not have a process to meet the required effluent
standards for nutrients (N and P).

If the existing treatment plant is to be used, it will require modifications as follows (sce
Section 4.4.1.3):

= increase the capaéity for suspended solid (S8} remaoval
Sedimentation tanks will require to be doubled in area. The structure of the
sedimentation tanks must be modified to achieve a smooth flow regime and to
prevent turbulence.

*» increase the capacity and efﬁciency of BOD removal
Dlue fo its design, the e¢xisting biological filter is expected to remove only 70
percent of the BOD; which would lead to an effluent quélity of 20 mg/l of BOD,.
As this plant is discharging effluent to the Tatula River, the special standards
{BOD; = 4 mg/l) would be applied if 2 new system is constructed.

= install a nulrient removal systern (N and P)
To meet the requirements for nitrogen and phosphorous removal, new processes
must be introduced. As well as BOD removal, the special standard for the Tatula
River will require a high level of treatment.

It is apparent from the discussion above, the existing treatment plant will need substantial
reconstruction. 1t is therefore recommended that the existing treatment plant be abandoned. The

decision on whether the new treatment plant be constructed at this site will be discussed in later

sections,
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4.8.3

Fvalnation on the Design of the Parily Constructed Freatment Plant

4.8.5.1  Previous Design of the Treatment Plant

1) General

Detailed design of the new Sewage Treatment Plant of Birzai was prepared by a tocal
company Lkoprojektas in 1994. The biological treatment system is a process so-called A20
System that is designed to remove organic substances, nitrogen and phosphorous.

For biological removal of nitrogen and phosphorus, the reaction tank is split into three zones
- anaerobic (A), anoxic {(A) and acrobic (O) zones. No chemical treatment process was
incorporated to remove phosphorus.

2) Treatment Facilities

Primary Sedimentation Tank

Three sedimentation tanks are provided after the grit removal facility for removal of
suspended solid and organic substances included in the suspended solids.

Reaction Tank

Three reaction tanks are provided after the primary sedimentation tanks. Each reaction tank
has an anaerobic compartment with a separation wall immediately after the inlet. In the
design, 200 percent of the design flow is recycled into this chamber from the aerobic zone.
This compartment has a function of releasing phosphorous from the sludge under the
anaerobic environment so that the released phosphorous ean be taken up by microorganisms
in the aerobic stage thereafter.

Other parts of the tank have no scparation wall, but are split into {wo zones: namely, anoxic
zone and aerobic zone. The anoxic zone is a channel equipped with a series of submergible
mixers to keep solids in suspension. Denitrification occurs while the liquid is flowing
through the anoxic zone.

In the acrobic zone, 684 membrane disc diffusers are installed at the bottom of the tank to
provide the 4,349 m’/h of air. The air supply system is designed with automatic control with
a DO-meter installed in each aeration tank.

Final Sedimentation Tank

Thtee square shaped sedimentation tanks are provided after the reaction tank. Each tank is
equipped with mechanical sludge scrapers.

Aerated Lagoon

Two acrated lagoons are provided to receive the efffuent from the final sedimentation tanks.
The lagoon is an earth dike structure with bottom lining to prevent the seepage of water into
the groundwater. The lagoon is designed to have aeration pipes with blowers.

Polishing Pond
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After the acrated lagoon, a polishing pond is provided to fuither upgrade the quality of the
efMuent. The structure is the same as the aerated lagoon,

The acrated lagoon and polishing pond are also designed o treat the sewage in case of
emergency in which the main reaction tank is inoperable.

Disinfection

The disinfection tank is designed to inject chlorine at 3.0 mg/ into the effluent of the
polishing pond. A building is provided to house the chlorination equipment of 1.3 kg/hr
injection capacity.

Shudge Lagoon

Two sludge lagoons are provided to store the excess sludge and finally to reduce water
contents in the sludge for easy handling in final disposal. The lageon was proposed to
reduce construction and maintenance costs compared with the mechanical dewatering
devices.

The whote amount of sludge drained from the final sedimentation tanks is first collected ina
studge holding tank. The stored studge was to be recycled by pump to the biological

reaction tank as return studge while the excess sludge is drained by gravity to the sludge
tagoon.

Drainage
Wastewater discharged from the administration building or the supernatant from the sludge

tagoon and sand lagoon is collected into the internal pumping station and then returned to
the inlet.

Pipe Materials

The detailed design specifies the pipe materials for in-plant piping as cast iron, PVC and
steel.

Building

An administration building is provided to house the central control room, transformer room,
sludge dewatering room, blower room and office. |
Coustruction materials

Pre-cast concrete sheets named KVK-LI-77 were proposed for the structural walls. This is
the standard practice in Lithuania.

3) Design Flow and Quality of Sewage and Effluent

Design flow and quality of sewage and effluent employed in the detailed design are

summarized as fotlows:
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Table 4.41

Design Flow

ltem . First Stage Total Capacity
Daily Average 5,000 mYday [ 10,000 m¥/day
Hourly Maximum 420y | 750 m'/hr
Hourly Average 208 o fhr 416 m*/hr
Secondly Maximum 0.137 m/sce 0.208 m’/sce

Table 4.42 Quality of Sewage and Effluent
~ Tolal Lord (kg/day) ~ Effluent

ftem Influent First Stage | Total Capacily | (mg/h)
BOD, 380 mg/l 1,900 3,800 6
Suspended Solid 282 mg/l 1,410 2,820 1o |
Total-N 45.0 mg/l 225 | 450 12 (yearly ave.) |
Total-P 6.3 mg/l 315 63.0 1.5 (ycarly ave.) |
Temperature 12-15°C NA NA NA

Table 4.43 Removal Ratio of Pollutants

Process BOD; SS T-N T-P
Pre-treatmient 380 > 266mg/l | 282 - 141mgil 45.0mg/l 6.3mg/l
A20 Reaction Tank 26:?0? Sl(f :;fﬂ 141 ?Oé,fmg’ ! not specified not specified
Acrated Lagoon/
Facultative Lagoon 153 6mg/l 122 10mg! ) )

4) Block Flow Diagram

Flow diagram of the treatment plant is shown as follows:

5) Dimension and Specification of Major Facilities

Major treatment facilities in the detailed design have dimension and specifications as shown

in Table 4.44.
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Figure 4.10  Flow Diagram of the Treatment System
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Table 4.44

—_._ . Equipment
Receiving Well

Dimeasion and Specification of Major Facilitles

No.

_ Dimensiow/Specification
LS55 nxW2.5 mxHlL8m, v=355m’

Sand Collector

""" __Notes —

dia. 4.0m > D34S m
Water content = 60%

Incoming Sewage
Measuring Flune

1.2.6 mxW0.6 mxH0.9m

Anaerobic | Primary
Reactor Sedimentation
Tank

1.8.8 mxW&.8 mxH%.63 m
v =351 mfunit

Water content = 95%
Retention time = 2.6 hour

Anacrobic
Tank

L8.8 mx»W8.8 mxH9.63 m

v=2351 m*/unit

Concentrated sludge rate is 15-20g/1
Retention time 2.6 hour

Anaerobic
Tank

Reaclion
Tank

| tncase of high load,

(1) tank for 5,000
w/d, 48.8 m'Amit

either system can be
utilized.

LA4.8 mxW5 8 mxH5.77 m
v = 139 m*/unit

Receiving return
sludge

Anoxic Tank

L54.7_mxw5.8 m*H5.77 m
v = 1,583 m'funit

Submerged mixers:
(2.5 kwx6)»3

‘Aerabic Tank

L29.8 mxW5.8 mxH5.77T m
Circulating pump:

140 m*hxH2.65 mx2.8 kwx]
Membrane disc diffusers(228/each) 3,
864 m’/uit

Final Sedimentation Tank

L8.8 mxW8.8 mx119.75 m
Surface lead 1.08m* m¥hr
v = 60 1m’funit

Aerated Lagoon

L(100-110.8) mxW(40-45.5) mxH3.6m
»1 unit, v = 12,291.3 m*unil
L(100-110.8) m»* W40 mxH3.6 mx1 unit
v = 11,6704 m*funit

Aeration through
perforated PVC pipes

Polishing Pond

L{100-110.8) mxW{40-45.5) m=H3.6m
v=16308.9m’

Discharge pump:

208 m'/hrxH22 mx22 kwx2 (1 stand-by)

Activated Sludge Holding
Tank

W6.0 mxL6.0 mxH3.65 m, v = 104.4m’
Sludge pump:
1 5m’/hrxH6.6 mx4.2 kwx2 (1 stand-by)

Excess sludge
(4.4n°fhr)
Return sludge
(110m*/hr)

Internal Pumping Station

dia, 3.0 mxH4.65 m
Transfer pump: _ .
20m’/hrxH10.8 mx2.15 kwx2 (1 stand-by)

Sand Lagoon

L(24-30) mxW(12-15) mxH2.0 m
v = 518m’unit

Studge Lagoon

£34.8 mxW25.0 mxH2.0 m=4 units
v= 5,230‘4m’l_unit
L34.8 mxW25.0 m=1{2.5 m>4 units
v = 6,799.6m’/unit

Administration Building

Single story building

Floor area = 1,055 m?

Blower: 1,125-2,500m’/hr
x],563barx55kw=3 (Istand-by)

Disinfection Equipment

Chlorinator 1.3kg/kr
Use 1.5ke/hr capacity mobile cars

Deep Well for Utility Water

Well pump: 10m’/hr.xH10 mx2.8kwx|
W 2.1m® of elevaied tank
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4.8.5.2  Coustruction Cost Estimates

Cost estimales prepared in 1994 by Ekoprojcktas show that the total constructlion cost is

9,76 million litas broken down as below:

Table 4.45 Cost Estimates of the Treatment Plant Censtruction
o Estimation Cost (Litas)
{o. \ Facil '
_ho Name of ¥aci lty____k Civil Work | Equipment Total
| [Receiving Tank 22,243 0 22,243
2 |Grit Chamber 57,865 0 57,865
3 |Flow Measur¢ment Flume 15,153 57,226 72,379
Primary Sedimentation
4 Tank/Anaerobic Tank _ﬁ_z_sf_!_i o 0 625,013
Biological Reaction _
5 {Tank/Final Scdimentation 3,073,159 366,659 3,439,818
Tank ) -
5 [heraled Lagoon/Polishing 1,358,989 69,460 1,428,449
7 |Sludge Holding Tank | 69,190 18,004 87,194
8 |Sand Lagoon 104,776 0 104,776
9 |Studgelagoon 1,280,745 0 1,280,745
10 lintemnat PumpingSiatign 67,126 12,974 80,100
11 |Air Blower 949,849 1,575,637 2,525,486
13 [Main Building 30,914 5,700 36,614
Total 7,655,024 2,105,660 9,760,684

Source: Ekoprojektas Cost Estimates
Cost is based on the 1994 price,

The civit contract for the treatment plant construction was awarded to a local contractor in
PanevéZys while the tendering for the mechanical and electrical equipment was not carried out.
Parts of the biological reaction tank and final sedimentation tank have been constructed by the
civil work coatractor. Completed works include the foundation work, construction of the base
slab, and installation of pre-cast concrete panels for walls.

Cost of the civil work for the biological reaction tank was estima‘ted at about 3 million Litas
in the table above. The portion constructed is estimated at about 70 to 80 percent of the total cost.

Therefore, the constructed portion is accounted of 2.1 to 2.4 million Litas value.
4.8.5.3 Evaluation of the Previous Detaifed Design

The previously prepared detfailed design was carefully reviewed since the construction was
carried out partly for the reaction tanks which is the main structure. Economic value of the
treatment plant is also taken into consideration. The results of evaluation is summarized as
follows;

Design Basis and Treatinent Process
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*  Design flow of the previous design (5,000 m¥/day) coincides the daily maximum flow of
2010 projected in this study,

* Itis reasonable that the previous detailed design incorporated the removal process of
nitrogen and phosphorous. This concept meets the requitement of the latest effluent
standards in Lithuania.

» Sludge lagoon is not recommended. Phosphorous will be released from the setiled
sludge into the supernatant under anaerobic condition. The supernatant with high
phosphorous content will then be returned to the sewage treatment process and it will
adversely affect the efficiency of phosphorous removal in the entire treatment system,

*  Aecrated lagoon and polishing pond may not be required if the reaction tank and
recycling of liquid and sludge is properly designed to remove organic substances (BOD)
as well as nutrients.

* [t is recommended that primary sedimentation tanks not be provided since the influent
pollution toad is not high and the biological reaction tanks will be able to handle the

organic load.

Design of Structure

* The reaction tanks that have been partly constructed have sufficient volume to remove
BOD, nitrogen and phosphorous. This structure could be used as a reaction tank with
minimum modification.

*  The final sedimentation tanks are rectangular (8.9 m square) with 45 degree hopper al its
bottom. No sludge scraper or sludge exiraction pump is provided in the original design.
Sludge settled is to be remaved by gravity. The shape and sludge removal system is not
appropriate since it would make it difficult to extract sludge constantly and evenly from

" each of the six fanks.

[t is therefore recommended to construct two new circular seditnentation tanks with
sludge scrapers and sludge pumps. [t is further proposed that the existing structure of
the sedimentation tanks be converted 1o an equipment room that will accommodate the
following equipment:

- Blowers

- Return sludge pumps and excess sludge pumps

- Chemical feeding equipment
With this arrangement, the existing structure will be fully used for the new treatment
system.

Basically, the invested cost of more than 2 million litas should not be disregarded by

abandoning the constructed facililies unless it fails to meet the treatment requirements. As

evaluated above, the previous design can be used with some modifications as detailed above.
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4.8.6 Tmprovement Plan for the Sewage Collcetion System

As the capacity of cach pump station is suflicient for pumping the amount of sewage, no

major improvement will be required. Only improvements needed are as follows:

* To expand the existing monitoring system (for Pump Stations No.2 and No.4} to cover
Pump Stations No.l and No.3. The Water Company wishes (o have this system so that
the entire prmping system could be monitored at the head office building.

*  To repair the leaks in the walls of edch Pump Station. Fine cracks in the wall should be
chipped and filled with a suitable sealing material.

4.8.7 Improvement Plan for the Treatment System

4.8.7.1 Discharge Point Alternatives

As discussed in Section 4.8.1, two options must be considered for efftuent standards
depending on where the efiluent is finally discharged. YFor the site of a proposed treatment plant,
there are two alternatives: namely, using the existing old freatment plant site (hereinafler called
site No. 1) or using the site for the incomplcted new treatment plant (hercinafter called site No.2).

Effluent may be discharged to the following surface waters:

*  Tatuta River (through the Juodupe River)
= QObelaukias River
= Agluona River

»  Apascia River

The Obelaukias River is a small tributary of the Roveja River. It flows bypassing the Birzai
Town to the east. The Roveja River then flows into the Apascia River about 5 km downstream of
the Sirvenos Lake. The Obelaukias River flows in the eastern end of the karst area. The cotirse of
the Roveja River coincides with the boundary line of the karst area along the east side of the Birzai
Town. The 1994 design of Ekoprojektas is based on the discharge into the Obelaukias River. A
7km long transmission pipeline was proposed to discharge the effluent into the Obelaukias River
by pumping. This option seems to have been selected as a reasonable option with the least impact
on the karst area. .

Both the Agluona River and Apascia River flow down through the Birzai Town into the
Sirvenos Lake that is located less than 4 km from the treatment plaht site No.2. Discharge of the
efMuent into these two rivers will therefore mean the discharge of effluent into the lake. The
cnvironmentat impact will be serious if the effluent is discharged into these rivers since the
downstream lake is a sensitive area and must be free from risk of eutrophication. A high level of
treatmient will likely be required if the efftuent flows into the lake.

Considering the combination of the treatment plant sites and discharge points, the possible

alternatives and their comparison are summarized in the table below.
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Table 4.46

Comparison of Discharge Alternatives

Alternative Surface water Treatm?nl Dischargo pipa Dischqrge Rematk
o T | plantsite 3 length(my  f pumping F T
i Ta.!ula River No.l less than 50 m no ST1* has an impact
e Yvia . _ | on karst arca
2 {JuodupoRiver) | No2 | 20km | ro_ | lessimpacton
3 Obelaukias River No.2 1.0 km yes katstarea
4 Agluona River No.2 less than 50m | no | heavy impacten
I 5 Apascia River __No2 2.5 km “no  |thelake
Treatnient plant site No. L: near the existing treatment plant
Treatment plant site No.2: site for the new treatment plant _

For the options above, important points are discussed as follows:

Site for Alternative 1

In the preparation of the previous design for the new treatment plant, the arga around the
existing treatment plant (Site No.1) had been considered as an alternative. Objection to the
use of this location was made by the Geological Service of Lithuania becausc the area is
located in the karst area.

It should be noted that selection of this site leads 1o abandoning the previously constructed
facilities for the new treatment plant. Such facilities to be abandoned are the dual 400 mm
transmission pipes (ductile iron, dia. 400 mm, total length 4,000 m), biological reaction
tanks, and sedimentation tanks. The total cost invested for construction of these facilities is
approximately 8 million litas. Disregarding such investment should be considered
inappropriate in terms of financial, economic and political aspects.

Alternative 1 above is therefore not recommended.

Treatment for Discharge to the Tatula River

In Alternatives 1 and 2 above, a tertiary treatment will be required to further reduce BOD
and Total-N to meet the requirements in Table 4.40.

Discharge to the Sirvenos Lake

Alternatives 4 and 5 will have a heavy impact on the Sirvenos Lake water in termis of risk of

eutrophication. Currently, water quality in the lake shows signs of pollution as follows:

Table 4.47 Water Quality of Sivvenos Lake
. unit: mg/i
Location BOD; Total-N Total-P
Southem side 590 5.58 0.85
{upstream) 6.95 519 [ 0.5
Northern side 1.07 2.02 019
{downstream) 0.91 1.13 0.032 |

Source; water sampling and analysis by the JICA Study Team
figures (up): sampled on July 27, 1998
figures (down): sampled on August 20, 1998
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Water upstream is apparently polluted by incoming water of the Rivers of Apascia and
Agluora, Water downstream shows low levels of pollution that may be brought about by
dispersion and inatural purification process in the lake water.
Althiough the extent of the environmental impact caused by discharge of the efftuent from
the sewage treatment plant could not be immediately examined, it will definitely add a
poliution load over the present level. From the viewpoint of protection of the lake water,
discharge of the efftuent from the sewage treatment plant into the lake should be
discouraged. Alternatives 4 and 5 will therefore be excluded from the detailed comparison
for the combination of discharge point and treatment method.
Conclusion for Alternalives
Considering the discussion above, the possible combinations of the discharge point and
treatment method are limited only for alternatives 2 and 3. These two alternatives are
acceptable in terms of technical aspects, and arc proposed as Options 1 and 2 as follows:
Option 1: Effluent to be discharged to the Juodupe River after treatment by
a tertiary treatment process.
Option 2: Effluent to be discharged to the Obelaukias River after treatment
by secondary treatment process.

Detailed comparison between these options is discussed in Section 4.8.8.

4.8.7.2 Discharge Pipe Routing for Options land?2

For Option 1, a new discharge pipe is proposed to be laid from the new treatment plant to

the Juodupe River. The existing discharge pipe is defective and needs to be reconstructed.

Proposed routing of the discharge pipe is shown in Figure 4.11. The route of the pipeline was

chosen along the existing road except for a river crossing and about 400 m that passes through
agricultural tand.

For Option 2, a detailed design was prepared in 1994 for a 7 km discharge pipeline.
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4.8.7.3  Sewage Treaiment Method

Secondary Treatment

"‘} As discussed previously in Section 4.8.5.3, the existing structures at the new treatment plant
site ¢an be used with some modifications and operated in an anacrobic-anoxic-acrobic
operation mode (referred to as A20).

For comparison of treatment method, an oxidation ditch process is proposed as the most
feasible and economical alternative. Comparison between the alternatives is summarized as
follows:
Alternative 11 To complete the existing structures and use them for the originally
designed system with necessary modifications.
Alternative 2:  To construct new biological reaction tanks for the oxidation ditch.
The cost comparison based on a preliminary design is summarized as follows,
Facility Alternative 1(A20)  Alternative 2 (QD}
(litas “000) (litas ‘000)
Intet Works 28 28
Reaction Tank 139 2,476
Final Sedimentation Tank 561 561
Equipment/pump room 127 102
Slud ge Treatment ' 328 320
) Sludge storage yard 483 433
2 Administsation building 588 588
) M-E Equipment (70% of civil) 4,550 4,182
Others (road, site development ete.) 862 814
Total 7,658 9,553

The differcnce in the totat construction cost is apparently derived from the cost for the

reaction tanks. Considering that the originally designed system is appropriate and

completion of the structures is more economical than constructing the new system,
* Alternative 1 is recommended.

Tertiary Treatment

The effluent standard set for the Tatula River requires a high level of BOD removal. A sand

filter and a biological membrane filter are the two possible oplfons that are commonly

applied for the tertiary treatment for the effluent of the secondary bioclogical treatment.

The sand filter is similar to that used in the drinking water treatment, The biological

membrane filter consists of a filter media and aeration system. There are several types of

material for the filter media such as small plastic picces in various shape, anthracite, etc.

Microorganisms develop on the surface of the filter media.

Comparison of treatment performance of these two methods is presented in ‘Table 4.48. The

sand filter is normally used for removal of suspended solid while the biological membrane
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{ilter is uscd where higher removal is required for BOD. Nitrogen removal by the biological

membrane filter is said to be relatively better than that by the sand filter.

To meet the requirement of the BOD level, the biological membrane filter is recommended.

Table 4.48 Treatment Performance of Tertiavy Treatment Mcthods
3 e Sand Filter Biological Membrane Filter
B 1 ~ (ng/D) (mg/l)

BOD; 4-5 3-5 |
BOD, 56 3-6 ]
SS 6-8 6-8
Total N S-10 L4-9
Total-P <1.0* <1o*

* Total-P removed by chemical coagulation
BOD; = BODs x 115

4.8.7.4  Studge Treatment aud Disposal

1n Lithuania, sludge disposal is restricted as stipulated in the Ministry Order LAND 20-96 as
described in Section 3.5.1.2. In that, use of sludge produced from the sewage treatment plant is
strictly restricted in the karst region. Only the sludge mecting Category [ requirement is allowed
to be used for fertilizing the intensive karst arca in which Birzai is situated. In the existing
treatment plant, studge is extracted from the sedimentation tanks and stabilization pond and is just
stored in a pond in the site. When the pond becomes full, another pond will be excavated to store
the excess sludge. Because of the absence of a dewatering device, sludge has a high water content
and is difticult to transport.

The Water Company intended to process the sludge by a composting method using a
composting machine purchased by a private company in Birzai, In such a case, it is speculated
that the sludge could be transferred afler composting, to outside the karst area for fertilizing the
agricullural area. The composting machine has a treatment capacity of 14 m*/day that is sufficient
to treat the sludge produced in the proposed treatment plant.

In the new treatment plant, it is proposed that a mechanical dewatering machine be provided
o reduce the water content in sludge below 85 percent so that transportation will be easier. A
decanter {centrifuge) type dewatering is selecled as a suitable method due to its high efficiency and

casc of operation. Prior to dewatering, a gravity thickening process witl be provided to reduce the
water contents from about 99.4 percent to 98 percent.

488 Comparisen of Options

As diseussed in Section 4.8.7.1, Options 1 and 2 are compared in detail taking into account
the construction and operation costs. Layout and profiles for the two options are shown in Figure

4.12 to Figure 4,14, Results of the comparison are summarized in the table below:

4-57




Table 4,49

Recmmg Walcr

Ol‘TiON

Tatula  (via Juodup )

1 (Tatula via Juodupe) J '

Summary of Detailed Comparison

Obe !anluas N

2 (Ohelaukms)

L.ocation of Trmlmenl Plant No.2 (at tho New Treatment T I’hm Sllb)
F ﬂ‘lumt Standard as Annual Average (mgil)
BOD, | 4 15
. 8s 30 30
COoD 75 L 75
Total-N 8 20
Total-P 1.0 1.5
5 ‘ Treatment Faclhty e
Secondary treatment A20 A20
Tertiary treatment {Biological Membrane Filter N/A
Shudge Treatment thickening, dewatering, storage ]
Expected E€fluent Quahq at the Best Operation Praclice
BOD7? 3-6 7-10
Total-N 4-9 5-10
T Total-P_ <LO* <10°
Drischarge p!pc
pipe material reinforced conerete ductile iron
length (i) 3,250 7,000
dia. (mm) 400 3
Discharge pu mp no yes
L “ Economic Comparisorn .
Constmcuon Cost (‘000 hlas) 9,964 15,111
secondary liealment 7,689 7,689
tertiary treatment 1,300 -
influent transmission pipe - -
discharge pipe 915 7,325
discharge pump - S L
[Operation Cost ('000 litas/year) 178 212
secondary treatment 156 156
tertiary treatment 22 -
discharge pumping - 56
Total Cost in NPV** {000 litas) 11,215 16,303

*

Phosphorous removal is achieved by chemical coagulation.

+* NPV:Net Present Value for 25 years operation, discount rate = 5 %/ycar

Option 1 is more economicat than Option 2 in terms of both the construction and operation

Option 1 is recommended for its economical advantage provided that the Water Company is

4-58

due to ease of operation in case that the financial disadvantage can be overconie.

costs as shown above. Option | however necds careful operation of the tertiary treatment process
to meet the special requirement for the Tatula River. In terms of operation of the teeatment plant,

Option 2 will be less sensitive because of its simplicity of treatment process and less strict effluent
standard.

confident to operate the tertiary treatment syster. Option 2 is still considered as a possible option
These two
schemes are proposed as possible options so that the Water Company and Ministry of Environment

will make a final decision including the review of the special effluent standard for the Tatula
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Figure 4,14

Profile of Discharge Pipe
for Options 2 (3 of 3)
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4.8.9 Conclusion and Recommendation

- As discussed in the Sections above, the recommended improvement plan for the Birsai
o Sewerage System is summarized as follows:
I.  Sowage Collection System Improvement
*  Water Company must make an ¢ffort to prevent stormwvater from intruding in the
sewers;
« [nvestigation of the infiltration of groundwater into the scwers is recommended.
Budget may need te be allotted for this purpose.
2, Sewage Treatiment System
Common to Options 1 and 2
*  Construct 2 new treatment plant at the formerly proposed site outside the town
boundary;
Abandon the existing treatment plant upon completion of the new treatment plant;
»  New treatment plant will be designed to treat 5,000 m’/day sewage as a daily
maximum flow. The plant will employ the previously designed treatment method
that is a so called anaerobic-anoxic-acration (A20) method for secondary

treatment;

. = Excess sludge will be treated by gravity thickening and mechanical dewatering

using a centrifuge;

»  Tor emergency case if the dewatering machine breaks down, a sludge lageon
having one month storage will be provided; and

. Dewatered sludge will be transported outside the plant for composing.

For Option 1

* Treated effluent will be discharged to the Juodupe River that flows to the Tatula
River by gravity through a 3.2 km long discharge pipe made of reinforced
concrete;

* A tertiary ireaiment process using a biologicat membrane filter will be used for the
secondary effluent to meet the special requirement for the effluent discharged to
the Tatula River.

* It is recommended that construction of the tertiary treatment process be subject to
evaluation of the effluent quality of the secondary trealmént process and
reconsideration by the Ministry of Eavironment of the special effluent standard for
the Tatuta River.

For Option 2

=  Treated efflucnt will be discharged to the Obelaukias River by pumping through a

7 km long discharge pipe made of ductile iron;
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*  No tertiary treatment process is required.
»  For discharging the eMMuent to the Obetavkias River, pumps will be provided at

the treatment plant,

49 PRELIMINARY DESIGN OF THE PROPOSED FACILITIES

491 Generad

A preliminary design of the proposed facilitics for a sewage treatment plant and a discharge
pipeline is presented based on the recommendation described in the previous section. Detailed
preliminary drawings are presented in the volume of Drawing in the Supporting Report.  This

section preseats the engineering details of each facility of the sewage treatment plant,
4.9.2 Required Land Area of the Sewage Treatment Plant

For the proposed trealment facility, the required land area is estimated at 2.7 ha as shown in
the plant layout in Figure 4.15. This land area is smaller than the previously proposed scheme that

required a land area of approximaiely 5 ha.
193  Design Basis
Design basis of the treatment plant is summarized in Table 4.50.

Table 4.50 Design Basis of the Treatment Plant

item Value Remark
Designflow 4 .| o
Daily Average Flow 4,200 mY/day used for computing sludge amountand
i e | OPetAlioncost.
Dazily Maximum Flow 5,000 m*/day used for design of biological reaction tank
''''' - B | | and sludge treatment o
Houtly Peak Flow 6,930 m'/day used for design of pipelines, intet works and |
- sedimentation tank
Influent Quality
BOI, 260 mgil
BOD; 230 mg/l BODy is used for design of the biological
COD 506 mg/l treatment system.
Total-N 40 mg/l
Total-Pp . . 10 mg/l
Suspended solid 260 mg/l
Design Effluent Quatity Cave. Cmax.
(Secondary Trealment) o LAND 10-96
BOD, B mgl 25 mg/l
BOD; 13 mg/l 22 mg/l
cOoD 75 mg/l 120 mg/l -
Total-N 20 mg/l 35 mg/l
Total-P 1.5 mg/l 2.5 mg/l
Suspended solid 30 mg/l 45 mg/t
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‘Table 4.50 Design Basis of the Treatment Plant {continued)

Item Valug Remark
Design Effluent Quality Cave, Cmax.
(Tertiary Treatment) Special requirement for the Tatula River
BOD, 4 g/l g mgl (to be applicd for Option 1)
BODy 3.5 mgl 7 mgfl
Total-N 8 mg/l 14 mgil
| YoabP 10m/l | 1Smgd | B
‘Minimum temperature 7°C L e

4.9.4 Sewage Treatment Plant

4.94.1 Sewage Reception and Grit Removal

Incoming scwage will be reccived in a receiving box that has been partly constructed
according to the provious design.  This facility will be completed and used as a receiving box.
Incoming sewage will flow from the receiving box 1o a grit chamber. A gravity type grit chamber
is proposed due to its simple structure and ease of operation and maintenance. There will be a pit
at the bottom of the chamber to store the settled grit.

A main channel and a bypass channel will be constructed. A mechanicat bar screen will be
installed in the main channel while a manual bar screen will be instatied in the bypass channel.

Dimensions and design parameters of the grit chamber are as follows:

¢ Surface load = 1,300 m’fmzlday

»  Maximum velocity in the channe! = 0.3 m/sec

s Shape = Rectangular

*  Sand removal = by sand pump

* WI0OmxL4.0mxDO04 mx 1 unit(D = depth of water)

= Structure
foundation = direct foundation
super structure = reinforced concrele

Dimensions of the screen are as follows:
« Mechanical screen: W 1.0 m x H 1.0 m x Bar spacing 5 mm x | unit x 0.4 kW
= Manual screen: W 1.0 m x H 1.0 m x Bar spacing 20 mm x 1 unit
Other Provision:
A bypass of storm water should be provided to prevent the excessive amount caused by

accidental inflow of stormwater from flowing into the trealment system.
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T,

4.9.4.2 Flow Measurement

Flow measurement will be carried out by a Patshall flume channel constructed afier the grit
chamber. A Parshall flume is recommended because it is one of the most commeon praclices for
flow measurement at a sewage treatment plant, Water depth measured in the channel is conveited
to the flow rate using a formula particularly set for the design of the Parshall flume.

Dimensions and design parameters of the Parshall flume are as follows:

* Range of measurement = min. 24.3 - max 697 l/sec = (min.2,100 -max.60,220 m/day)
= Shape = Rectangular
o W 0.457 m (W: width at a throttle)

= Structure
foundation = direct foundation
super structure = reinforced concrete

4.9.4.3 Biological Reaction Tank

The biological treatment process is designed as an anaerobic-anoxic-aerobic (A20) method
that will effectively remove nitrogen and phdsphorus. In the preliminary design of the facility,
provision for an optibnal operation under the three-stage Bardenpho method is incorporated. This
optional mode consists of four steps as anoxic-anaerobic-anoxic-aerobic in which higher removal
of phosphorus is expected. Two operation modes are explainéd in detaif in Section 4.10.

When the average concentration of phosphorus is 6.6 mg/l or lower, the proposed treatment
system is said to be able to reduce phosphorus below 1.5 mg/l. For higher concentrations of
phosphorus, chemical coagutation will tikely be required to meet the cffluent standard. In the
preliminary design, this chemical treatment is recommended as back-up for the biological
{reatment process.

Aecration and mixing will be carried out separately using membrane diffusers and a
submersible propeller mixer to easily adjust the acrobic and anoxic operation.

Dimensions and design parameters of the reactor are as follows:

»  MLSS = 3,000 mg/l
s BOD-SS Ratio (¥/M ratio) = 0.06 kg-BOD/kg-SS 2z

* Hydraulic retention time (HRT):  anaerobic zone 2.0 hours
anoxic zone 6.7 hours
aerobic zone _ 28.6 hours

Total = 37.3 hours

»  Aeration system
Blower = roots type, 18 m*/min x 37 kW x 3 units (incl. 1 stand-by)
Diffuser = membrane diffuser

s Mixing system
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Subirersible propeller type mixer =
dia. 0.22 m x 1.1 kW x 3 units (for block no.1)
dia. 0.22 m x 2.4 kKW x 9 units {for blocks no.2 to 4)

"

s WS8mxL89.4mxDS5.0mx3units (D= depth of water) =
Each tank witl be separated in 6 zones as follows:
Block no. | Length of channel {m) COperation
- in cach tank Mode } Mode 2
1 48m anagrobic anoxic (1)
2 80m anoxic (1) | anaerobic
3 8.0m anoxic (2) anoxic (2)
4 9.0m aerobic (1) | aerobic (1)
5 29.8 m aerobic (2) | acrobic (2)
6 20.8 m aerobic (3) | aerobic (3)
Mode I: anaerobic-anoxic-aerobic (A20)
Mode 2: anoxic-anaerobic-anoxic-aerobic (3-stage Bardenpho)

= Structure (as constructed)
foundation = direct foundation
bottom slab = reinforced concrete
wall = pre-cast reinforced concrete panel

The reaction tanks will be equipped with internat récycle pumps that will recycle flow for
denitrification in the anoxic zone. Specifications of recycling pumps are as follows:
»  Maximum recycling ratio = 150 % of the daily maximum flow Q
= Type of pump = submersible non-clogging pump
= Number of pump = 3 units
= Capacity of pump = 1.8 m*/min x 5 m head x 3.7 kW

4.9.4.4  Final Sedimentation Tank

Two final sedimentation tanks will be provided to clarify the effluent from biotogical
treatment. Dimensions and design parameters of the sedimentation tanks are as follows:

*  Surface load = 8 m*m*/day (taking into account the low settling velocity under low
temperature) :

»  Shape = Circular

=  Bottom slope = 106/100

»  Mechanical sludge collector = center post type, center driven sludge collector with
picket fence

»  Sludge extraction = by pumping

*  dia. 20.0 m x D 3.5 m x 2 units (D = effective depth of water)

s Structure
foundation = direct foundation !
bottom slab = reinforced concrete
wall = pre-cast reinforced concrete panel
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4.9.4.5 Sludge Recycling

Settled sludge extracted from the final sedimentation tanks will be returned to the reaction

tank to keep MLSS at tho cequired tevel. Recycling will be carried out by sludge return pumps
that will operate continuously.
Specifications of the sludge return pumps are as follows:
«  Maximum recycling ratio = 100 % of the daily maximum flow
= Type of pump = non-clogging centrifugal sceew pump
*  Number of pump = 4 units
*  Capacity of pump = 0.9 m”min x 5§ m head x 2.2 kW

4.9.4.6 Disinfection

In Lithuania, disinfection of efiluent is required only when the effluent is discharged into
bathing water. In this case, there is no bathing area immediately downstream of the treatment

plant. Therefore, disinfection facility will not be provided.
4.9.4.7 Effluent Discharge Pump (For Option 2)

For Option 2, efftuent will be discharged into the Obelaukias River by pumping through a
7,000 m long discharge pipe. A discharge pump well will be provided making use of one of the
ariginally designed final sedimentation tanks. The pump units will be installed in the equipment

@ FOOM.
Specifications of the efftuent discharge pumps are as follows:
»  Maximum discharge = 100 % of the peak hour flow
»  Type of pump = horizontal shaft, single suction, centrifugal pump
»  Number of pump = 2 units (including 1 stand-by)
= Capacity of pump = 4.8 mmin x 45 m head x 50 kW

Discharge pump welt will be provided in the existing structure constructed for a

sedimentation tank as follows:
»  Shape = Rectangular
* WS88mxL88mxmax. D 7.8 mx I unit (D = effective depth of water)

s  Structure
foundation = direct foundation (as existing)
bottom slab = reinforced concrete (as existing)
wall = pre-cast reinforced concrete panel (as existing)

For Option 1, the discharge pump well above is provided as an effluent holding tank to

maintain the water level af +61.20 m.
4.9.4.8 Sludge Treatment

Excess sludge in the final sedimentation tanks will be withdrawn from each tank using
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sfudge pump. Sludge extraction pumps will operate by pre-set timer to maintain the sludge surface
level in cach tank. Sludge extracted from each sedimentation tank will be pumped to a sludge
thickener provided in the sludge trcatment building. The sludge thickener is provided to reduce ésf
the water contents in the sludge. Thickened studge will be discharged to a sludge storage tank
before it is transferred (o a sludge dewatering machine.

Dewatered studge will be transferred to a sludge storage yard by a screw conveyor, In the
sludge storage yard, sludge will be stored for one month. Sludge will then be transferred to the
private company that has a composting machine.

In these processes, water contents of the studge is set as follows:

Excess {sccondary) sludge: 99.4%
Thickened sludge: 98.5%
Dowatered sludge: 85.0%
Design criteria and parameters of each sludge treatment process are described below:
Studge Extraction Pumps
*  Type of pump = progressive cavity pump
*  Number of pump = 2 units
*  Capacity of pump = 6.5 m’/hour x 10 m head x 2.2 kW

Sludgce Thickener
s Dry solid surface load = 30 kg-DS/m*/day @
*  Solid yield = 80%

= Shape = Circular
= Boltom slope = 10/100
Mechanical sludge collector = hanging type, center driven sludge collector with picket
fence
»  Sludge extraction = by pumping
»  dia.7.0mx D 4.0 m x 1 unit (D = effective depth of water)
= Structure
foundation = direct foundation
bottom slab = reinforced concrete
wall = pre-cast reinforced concrete panel
Sludge Storage Tank
»  Retention time = 2 days
»  Shape = Rectangular
*  Bottom stope = 10/100
»  Mixing = by blower
»  Sludge extraction = by pumping @
= W4SmxL7.0mxD4.0mx ! unit (D = effective depth of water)
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*  Structore
foundation = direct foundation
botiom slab = reinforced concrete
wall = pre-cast reinforced concrete panct
Sludge Dewatering Machine
= Type of machine = centrifugal dewatering machine (decanter)
*  Solid yicld = 95%
s  Number of unit = 1 unit
*  Capacity = 12.0 m¥hour x 44.5 kW

Sludge Storage Yard
= Storage period = 1 month
»  Stockpilingyard=W 120 mx L 24.0mx 1 line

»  Structure
foundation = direct foundation
bottom slab = pre-cast reinforced concrete panel
wall = pre-cast reinforced concrete panel {1 m high around each stockpiling yard)
roofing and support = metal roofing with steel columns and steel frame trusses
(roofing oaly on the stockpiling yards)

4.9.4.9 Sludge Lagaoon

For emesgency, in case the siudge dewatering machine breaks down, a sludge lagoon will be
provided to receivé the thickened studge. ‘
Dimensions and design parameters of the sludge lagoon are as follows:
s Storage volume = one month volume of sludge for daily average production
* W (top) 32 m-{bottom) 26 m x L (top) 44 m-(bottom) 38 mx D I.5m
X 1 unit (D = depth of water)

»  Structure: open cut
4.9.4.10 Chemical Feeding Facility

Chemical feeding facilities used in the proposed treatment system are as follows:
For Phosphorous Removal
*  Type of chemical = aluminum oxychloride
*  Dosage ratio = average 2.4 mg/t — maximum 7.0 mg/t as AL;O;
= Chemical mixing tank = FRP made, 13.0 m’® equipped with a mixer x | unit
s Chemical fecding pump = diaphragm pump, 0.3 Vinin x 2 units
For pH Control in Sewage Treatment
* Type of chemical = Caustic soda
*  Dosage ratio = average 27 mg/l — maximum 80 mg/l as 20% liquid

*  Chemical mixing tank = FRP made, 8.0 m’ equipped with a mixer x 1 unit
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v Chemical feeding pump = diaphragm pump, 0.2 Viin x 1 unit

For Sludge Dewatering
*  Type of chemical = polymer @
*  Daosage ratio = average 1.2 % -- maximum 1.5 % of dry solid "
* Chemical mixing tank = FRP made, 8.0 m® equipped with a mixer x 1 unit

Chemical feeding pump = progressive cavity pump, 1.3 m*hour x 1 unit

4.9.4.11 Septage Receiving Tenk

The sewage treatment plant will receive some kinds of wastewater or studge taken out of
septic tanks at households or factories that are not connected with the sewerage network. Such
wastewater will be transferred by tanker trucks and dumped into the treatment process. Such
wastewater should be defined as “seplage” that is'nc:rmaily named for waste from a septic tank.

Septage dumped from the tanker trucks will be either transferred to the sludge thickener or
to the biological process depending on its characteristics and load condition of the treatment plant.

Septage receiving and transfer system consists of the following facilities:

. Seplage receiving tank with screen
* Scptage transfer pump
Specification of the septage receiving tank is as follows:
*»  Storage volume = 4 m®(same as the volume of a tanker truck)
* Shape = Circular ' 6
= Manual screen: W 1.0 m x L 1.0 m x Bar spacing 15 mm x | unit
*  Dia. 20 mx depth 2.5 m | unit
*  Structure _
foundation = direct foundation
bottom slab = reinforced concrete
wall = pre-cast circular barrel
Pump equipment will be provided in the septage receiving tank as follows:
*  Type of pump = subimnersible non-clog pump
*  Number of pump = | unit

*  Capacity of pump = 0.3 m*hour x 10 m head x 1.5 kW

4.9.4.12 Tertiary Treatment Facility

A biological membrane filter will be provided for tertiary treatment to meet the effluent
requirement for the Tatula River. Pollutants to be removed by this process are BOD and Total-N.

Discharge pump well is provided in the existing structure constructed for a sedimentation
{ank as follows:

= Filtration rate = 200 m/day !

*  Aecralion rate = 0,15 m*/m’/min
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«  Air sconring rate = 1O m¥m*/min
r  Backwash rate = 0.9 m*/m*min
*  Shape = Rectangular
= Filter media thickness =2 1.0 m {effective thickness)
*  Flow type = gravity flow
»  W25mx13.5mx Arca 8.75 m¥/filterx 3 units
»  Structure ‘
foundation = direct foundation
botiom slab = reinforced concrete
wall = reinforced concrete
Equipment provided for the biological membrane filter are as follows:
*  Feed pump = 2.4 m"/min x 7.5 kW x 3 units (including 1 stand-by)
»  Blower for acration = 4.0 m*/min x 7.5 kW x 2 units (including 1 stand-by)
»  Blower for air scouring = 9.0 m*/min x 15 kW x 2 units (including 1 stand-by)
»  Backwash pump = 4.0 re’/min x 15 kW x 3 units (including } stand-by)
*  Drain pump =90.25 m*/min x 0.75 kW x 2 units (inctuding 1 stand-by)

4.9.4.13 Instrumentation

For Birzai, a central monitoring system using computers will be provided to reduce
manpower and cost. Basically, the control of equipment will be carried out at the equipment site.
Aeration volume, s'ludge volume and flow rates will be monitored by operators at site. Gperation
control of each equipment will be carried out by setling timers and manual control.

The instrumentation systems for monitoring and operating the treatment plant are

summarized as follows:

Table 4.51 Instrumentation of the Treatment Plant
. Item to Place of Place of
Treatment Facility monitor | monitoring Item to control ___control
. monitering
Parshall flume inlet flow room L. .
. L monitoring operation of equipment
Chemical tank liquid level room , feed pump side
. ) . ‘monitoring operation of discharge equipment
Discharge pump well waler level rogm pump and backwash punp side
wmonitorin operation of thickened cauipment
Sludge holding tank liquid level N8 sludge pump and sludge quipmen
room f side
zed pump
Feed pump pit for water level monitoring opziation of cquipment
Tertiary treatment room feed pump side |
Tertiary treatment ) monitoring opeéralion of .| equipment
drain tank water level room drain pum side
pump
Biological membrane . , monitoring ) equipment
filter water level room back w ashhﬁﬁ L side
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4.9.4.14 Power Supply

Power supply will be provided from the Power Company’s power line, The Power

Company will install an cxtension line and a transformer of a capacily required for the treatment éj

plant. A 300 KVA transformer wilt be required for the operation of the proposed treatment plant

including the tertiary treatment plant,

In Birzai, the entire volume of sewage will be transferred from the sewer nelwork to the

treatment plant by pumping. The last pumping station No.2 does not have a stand-by power

supply unit but has an emergency sewage slorage pond to store 12hours volume of sewage. This

means that no sewage will reach the treatment plant in case of power interruption. Stand-by

generator will therefore not be provided at the treatment plant,

4.9.4.15 Auxillary Facilities

Administration Building

An administration building will be constructed as follows:

Rooms included = workers room, faboratory tooin, office, store room, warehouse,
drying room, toilet, electric, electric room, garage
Single story, W 12.0 m x L 8.0 m x Total floor area 216 m’

Structure
foundation = footing foundation

floor stab = pre-cast reinforced concrete panel e
wall = brick walt

roofing and support = metal roofing with ceiling

Sludge Building

A studge building will be constructed to accommodate the sludge dewatering machine and
chemical teeding systemn as fotlows:

Rooms included = sludge dewatering machine and chemical feeding room
Single story, W 12.0 m x L 11.0 m x Total floor area 132 m’
Structure

foundation = footing foundation
floor slab = pre-cast reinforced concrete panel
wall = brick wall

roofing and support = metal roofing with ceiling

Equipment Room

The structure of the final sedimentation tanks that has been previously constructed will be

converied to a cquipment room to accommodate blowers, sludge pumps, chemical feeding

" equipment, effluent discharge pumps, and a discharge pump well.
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Dimensions and design parameters of the equipment room are as follows:

Single story, W 9.0 m x 1. 48 m x 1 unit x Total floor arca 432 w*

Structure

foundation = direct foundation {as constructed)

bottom stab = reinforced concrete (as constructed)

wali = pre-cast reinforced concrete panel (as gonstructed)

roofing = pre-cast reinforced concrete panel with asphalt tining (new construction)

4.9.5 EfMuent Discharge Pipeline

For Option 1, as discussed in Section 4.8.7.2, 400 mm diameter RC pipe is recommended.

Flow conditions for the proposed pipeline are catculated s follows:

Total length: 3,250 m

Diameter of pipe: 400 mm

Material of pipe: Reinforced concrete
Hously peak flow: 6,930 m*/day = 80 sec
Velocity in pipe: 0.64 m/sec

Friction loss in pipe: 4.6 m (by Hazen-Wiltiams formula, C=110)

For Option 2, a 7,000 m long pipeline will be constructed. The pipe design for this case is

as follows:

Totat length: 7,000 m

Diameter of pipe: 300 mm

Material of pipe: Ductile iron

Hourly peak flow: 6,930 m*/day = 80 I/sec
Velocily in pipe: 1.13 m/sec

Friction loss in pipe: 42 m (by Hazen-Wiltiams formula, C=110)

4,10  OPERATION AND MAINTENANCE PROGRAM

4.10.1 Maintenance of Sewage Collection System

4.10.1.1 Sewer Facility

Q)

Inspection

Objectives of operation and maintenance of the sewer facility includes:

maintenance of flow capacity

prevention of damage

prevention of infiltration and rainwater intrusion

extension of life
Raw sewage contains various materials such as human wastes, garbage, and solids that
may seitle in the pipe and cause problems. Possible troubles caused by such
setilement are clogging, reduction in dissolved oxygen, emission of hydrogen sulfide,
etc. Deterioration of sewage, in particular, excessive anacrobic conditions also results

in poor treatment performance at the treatment plant. Maintenance of sewers is

therefore of importance to prevent deferioration in the sewerage system and treatment.
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It is recommended that the Water Company piepate a scheduls for inspection and
repair of the sewer system. Frequency of inspection and repair will be dependent on
the age of pipes and local conditions.

*  Major inspection ilems are summarized below.

Table 4.52 Major Inspection Items for Sewage Collection System

| Hem Point of Inspection
Pipe & Culvert flow conditions, sediments
land or pavement settlement
any physical damage to structures
infiltration of groundwater
intrusion of rain and surface run-off
existence of hydrogen sulfide
offensive/itlegal activity on the sewers
Manhole safety of manhole cover )
erosion and corrosion on inside walls
i any physical damage to structures
House conncction any physical damage to structures
sediment in connection boxes
intrusion of rain and surface run-off

2) Cleaning and Maintenance
Cleaning the sewers will be required to maintain the sewage collection system in good
condition. Frequency of cleaning may be once in a few years depending on the actual
condition of sediment in the sewers. An effective method of sewer cleaning is to use a high
pressure flushing machine. Sewer cleaning, using such a machine, can be carried out under a
sub-contract with a firm that provides this service. _

As the size of the sewage transmission pipeline (dia. 400 mm) is larger than the optimum size
of 300 mm, the pipe is expected to have solids at the bottom over the long distance to the
treatment ptant. To remove this sediment, it is recommended that all three pumps at Pump
Station No.2 be operated at the same time occasionally so that the high flow will flush out
sediments in the pipe.

{3) Recording of Maintenance
Recording the activities of inspection and maintenance and information obtained through
such activities is important and useful for future operation and management of the Water
Company.

Data and information to be collected and compiled must include the following items:

= date and activities performed
= costs of repair or maintenance

= as-built drawings if there is any construction or modification work on the existing
facitities
« cause of the problem
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4.10.1.2 Pump Stations

1) Normal Operation

All existing pump stations are operated by an automatic on-off system linked with a water
level detector installed in the pump wet well. As this operation will continue in the future,
the Water Company will n¢ed to properly maintain the automatic operation system.

Aside from maintenance of the instrumentation equipment, physical conditions at cach
pump station should be inspected periodically. An inspection checklist is presented in
Volume H{ Supporting Report, together with the inspection check lists for the treatment
plant,

Data from the pump operation will be useful to evaluate the sewage flow, variations in
sewage dischargo, power cost, estimates of infiltration ete, Operational data to be recorded
must include running time of each pump, electric consumption each day and when

lubrication is performed, and repairs pecformed,
{2) Inftow of Stormwater

As discussed in Section 4.6.1.1, the existing pump system has a sufficient pumping capacity
for the projected sewage flow. The most serious problem for the sewerage systen is
intrusion of stormwater into the sewers. This problem will result in an excessive amount of
flow from the pump stations to the sewage treatment plant.

By-pass facility should be provided to avoid the hydraulic overloading in the treatment
plant. Particularly, overloading in the reaction tank will result in the washout of the MLSS
and cause matfunction of the biological reaction in the tank. Although a bypass will be
provided at the treatment plant, operation at Pump Station No.2 should be limited to only
one or two pumps at same time.

When the stormwater ﬂow::;.iri, and only one or two pump units will be run, excessive
rainwater, if occurring, will flow into the emergency reserveir at the Pump Station No.2.

When the emergency reservoir is full, it will overflow.

4.10.1.3 -Organization for Operation

{1) Required Staff

It is recommended that operators of the treatment plant also circulate the pump stations for
operation and maintenance,

If additional manpower is required which exceeds the Water Company’s staff avaitable for
special work such as cleaning operations, employing of temporary workers is recommended

as an économical measure.
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) Firergency and Sccurity

The most probable emergency may be an interruption of the pump operation caused by a
power failure. This occasion will cause scrious problems at the pump stations. Onaly Pump
Station No.2 kas an emergency reservoir with a 12-hour storage capacily. No pump station is
equipped with a slaﬁd-by genctator. In Birzai, power failure occurs about once a month, the
duration of which varies from 30 minutes to 12 hours based on the 'pést record. Vo
accommodate power faitures, it is recommended that the Water Company purchase a mobile
generator with a capacily 1o support any one of the pump units at the four pump stations.

For the sewer system, the possibility of accidents or damage is rare. 1f an accident does
occur and the pipe needs repair, the Water Company must respond as soon as possible to
prevent raw sewage spifls. Normally, preparing for an accident will require a stock of
construction vehicles, spare parts, pipe materials, special equipment for repair work, etc.
Since storing these equipment and materials at the Water Cbmpany is not economical, it is
recommended that the Water Company make an arrangement with the Municipality, other

agengcics or private sectors for lease or rent of the equipment on an as nceded basis.

4.10.2 Sewage Treatment Operation
4.10.2.1 Operation and Maintenance of the Proposed Sewage Treatment Plant

(1) Principle of Secondary Biological Treatment

Two Operation .Modes

The proposed treatment plant will employ the Anaerobic-Anoxic-Aerobic (A2) treatnient
method.  This treatment method is designed for effective removal of nitrogen and
phosphorus as well as organic substances through biologiéal treatment. Each of the three
existing reaction tanks will have separation walls to create five compartments (zones) as
detailed in Section 4.9.

The proposed preliminary design also makes it possible to operate the reaction tanks under
the three-stage Bardenpho System (anoxic-anaerobic-anoxic-acrobic mode) which ﬁay have
even higher efficiency for removal of nitrogen and phosphorus. Conversion between the
two operations, the anaerobic-anoxic-aerobic mode and the three-stage Bardenpho mode,
can be casily made by only operating valves on the inlet and internal recycling pipe in each
reaction tank.

A schematic diagram for operation under the two modes is shown in Figure 4.16. As to
which of the two methods is best, there is no clear criteria in the operating parameters.
Treatment performance is also affected by various factors such as the characteristics of

sewage, temperature, conditions of microorganisms in the tank, etc. As there is no
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difference in the operational cost of the two modes, it is recommended that the reaction tank
be operated alternately under both modes each for several months, Data accumulated during
stch operations will be useful in deciding which operation mode under variable conditions
in the incoming sewage is the best for Birzai.

Phosphorous Removal and Chemical Coagulant Dosage

A chemical coagulant system is provided to supplement phosphorus removal in the
biological treatment process. Phosphorus will likely be reduced to 1.5 mg/l by biological
treatment when phosphorus in the influent is not higher than 6 mg/l (daily average). The
chemical coagulant system can be used only when the biological treatment cannot reduce
the phosphorus to the required level of 1.5 mg/l. As the chemical coagulant is an additional
operation cost, the dosage amount must be minimized, To reduce the chemical dosage,
biotogical reaction for phosphorus removal should be carefully monitored and should be set
to the most appropriate condition as much as possible.

If the pH in the effluent decreases to a low value because of the addition of the alum

coagulant, a caustic soda feeding system is provided for pH adjustment.
) Tertiary Treatment Process (Biological Membrane Filter)

The proposed treatment plant will be provided with a tetiary treatment process after the
final sedimentation tanks to further reduce BOD, Total-N and Total-P to mect the special
efflucnt requirement for discharging to the Tatula River. The proposed tertiary process is a
biological membrane filter that Tooks similar to the existing sand filtration system of the
plant for water supply in Birzai. Differences between the biological membrane filter and the
sand filtration are as follows:
¢ the biological membrane filter uses a special filter media to attach acrobic micro-
organisms. Various types and materials of filter media have been developed and
used by a number of manufaciurers;
+  the biological membrang filter requires aeration during the filtering operation to
supply oxygen to the aerobic micro-organisms; and
s  the biological membrane filter removes pollutants through a biological reaction that
occurs when influent flows through the filter media.
The biological membrane fiiter 'requires backwashing just as in sand filtration.

Structures and components of the biological membrane filter are also similar to these used in

sand filiration.
3) Operation of the Secondary Treatment Plant Systemn

This section describes the operation procedure for each component of the proposed

secondary treatment system.
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Grit Chawmber

At the grit chamber, large floating materials will be removed by the mechanical screen while
refatively heavy particles will setile in the hopper provided in the channe). Materials
trapped at the bar screen will be automatically removed as screenings and dropped into a
container. Screenings stored in the container shoutd be disposed of every few days either lo
the Municipality garbage disposal facility or be buried on site.

Setiled grit in the hopper will be removed by a sand pump that will pump a grit solution to
the sand bed for scparation of solids and water. Dry grit should be removed for disposal

every few wecks.

______________________________ Internal Recycle for Denitrification
! Dh ¢ DE {max. 150%}
recycla
mixer mixer mixer mixer pump
i} i} 1T B I e
— ! 111111] il OIOTOTEOTTERTEOTE
Anaerobic Anoxc{l) AnoXic (2) Aerobic {1} Aerobic
or Anaxie (3)
Return Sludge from Sedimentation Tanks
(max. 100%)
Anaerobic-Anoxic-Aerobic (A20) Operation Mode
) internal Recycle for Denitrification
T i>'!'<| T {max. 150%)
recycle
mixer mixes mixer mixer ' pump Ay
i I} T B e O
- 2 WS, SRR Y 3 A - CITEIININ HAZENARRA NSNS NN AERERNAN]
Angae (1) Anaeroblc Anoxic (2) Aetobic (1) Aerobic
or Anoxic {3)

Return Shudge from Sedimentation Tanks
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3 - Stage Bardenpho Operation Mode

Figure 416 Two Operation Modes for Reaction Tank
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Parshall Fluine

At the Parshall flume, the water level in the flume is measvred, indicated and recorded for
conversion to a flow rate for the incoming sewage. Theie is no activity or operation for the
Parshall flume.

Biclogical Reaction Tank

As mentioned above, the reaction tank has several zones cach equipped with mixers and/or
diffusers. In the anaerobic and anoxic zones, only mixing will be provided while acration
through finc bubble diffusers witl occur in the aerobic zone. There is an internal liquid
recycle system for nitrogen removal and for recycle of sludge from the final sedimentation
tank. Control of the flow from these recycle systems is the main operation parameter, The
intensity of acration is also an imporiant aperation that will affect the acrobic reactions in
the tank. These opetations will be controlled as follows:

Mixing: Mixing the liquid in the anacrobic and anoxic zones will be
performed by the submersible mixers installed at the bottom of each
reaction tank. All mixers will operate 24 hours a day.

Internal Recycle: An amount of about 100 percent to a maximum 150 percent of the
incoming sewage flow should be retumned to the anoxic zone by a
recycle pump at the ‘end of the acrobic zone. Recycled liquid has
been nitrified in the acrobic zone and deaitrified in the anoxic zone
mixed with the influent as a carbonatious energy source. Intemal
recycle will normally be opérated 24 hours a day,

Sludge Recycle:  Settled studge from the final sedimentation tank in the amount of
about 60 to 100 percent of the incoming sewage flow is to be returncd
by a return studge pump to the infet of the reaction tank. The amount
of return studge is determined to keep the MLSS level in the reaction
tank at a proper level (normally 3,000 mg/l).

Aeration: Aeration is to be operated 24 hours a day for removal of organic
substances and for nitrification. Intensity of acration will be
established so that the DO level in the end of the reaction tank is kept
at about 2.0 mg/l. Insufficient aeration results in less removal of
BOD, less nitrification; and the discharge standards will not be met.
Excessive aeration affects the reaction in the anaerobic zone that
receives the internal recycle flow, and also affects the discharge
quality.

It should be noted that clectricity consumption due to the blowers
supplying air will be the largest portion of the operating cost of the

treatment plant, Setting the blower operation at the optimum level
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while adjusting to the incoming pollutant load will therefore
contribute substantially to saving cost for operations.
Opceration parameters for the reaction tank arc summarized as follows:
Pesign BOD-SS load = 0.06 kg-BOD/kg-SS
MLSS = 3,000 mg/l
ORP (oxidation-reduction potential) in the anaerobic zone == -200 {o -250 mv
Final Sedimentation Tanks
The final sedimentation tanks will separate suspended solids from the effluent of the
reaction tanks. Each tank is circular in shape and equfpped with a mechanical studge
collcctor.  Scttled sludge is coltected at the center of the tank by the mechanical sludge
collector and removed by studge pumps for retum to the reaction fank and for removal as
excess sludge. Operation of the sedimentation tanks will be as follows:

¢  Extraction of the retumn sludge must be made by pumping basically in a continuous
mode over 24 hours;

¢ The amount of return sludge will be dependent on the MLSS in the reaction tanks
and suspended solid concentration in the return studge. A rute to follow is to
maintain the MLSS in the reaction tanks at about 3,000 mg/l;

*  Extraction of excess sludge will be carried out to maintain the sludge surface in the
sedimentation tank at a certain proper level;

»  Proper extraction of excess sludge is to be given high imporiance since the
accumulation of excess sludge in the system will cause prdblems such as anaerobic
conditions, deterioration of biological treatment, and degrading the settlement in
the sedimentation tanks. Extraction of sludge must therefore be carefully
controlied obscrving the incoming potlution load and aceumulation of sludge.

¢ Scum will also be automatically removed by a scum skimmer rotating with the
mechanical studge collector. When scum is not properly removed by the scum

skimmer, it should be manually removed.
@) Operation of the Sludge Treatment Systemn

This section describes the operation procedures for the proposed sludge treatment system.

‘The most important issue in sludge treatment is to remove excessive sludge from the system
immediately. This operation is important to prevent release of phosphorus from the sludge
under anaerobic conditions. Phosphorus released from the sludge is returned to the network
through removal of supernatant from the sludge thickener and increases the phosphorus

concentration in the effluent. 1f chemical coagulant is used, release of phosphorus can be

controlled.

Sludge Thickeneyr
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A gravity sludge thickener will be provided for reducing the water content in the sludge
exiracted from the sedimentation tanks. The thickener is rectangular in shape and cquipped
with a mechanical picket fence that rolates in the tank to accelerate studge setitement.
Scitted sludge is automatically collected by hydraulic means from a pit at the bottom and
transferred wsing sludge pumps to a sludge storage tank located adjacent to the thickener,
Operation of the sludge thickener is to be carried out as follows:

*  Excess sludge pumping from the sedimentation tank needs to be regulated at a
constand rate as much as possibte to avoid a peaking load at the thickener:

*  Dxtraction of the thickened sludge from the storage tank must be made every day
by pumping set by a timer;

*  The sludge surface in the thickener should be maintained at a level not higher than
1 m from the water surface;

*  Design retention time of the studge should be limited to 19 hours, at a maximum.

Studge Dewatering Centrifuge (Decanter)

A mechanical centrifuge will be provided to further dewater the thickened studge up to
about 85 percent water content. Polymer needs to be added to the thickened sludge prior to
the centrifuge operation. Operation of the centrifuge is to be carried out as follows:

*  Thecentrifuge is designed to operate every day for 6 hours each day;

*  Operating parameters such as dosage rate of the polymer, rotating speed,
differential speed, ete. will need to be determined by trial operation by the supplier,
before delivering the plant to the Water Company;

*  Loading the thickened sludge into the centrifuge should be at a constant rate as
much as possible to achieve a high degree of dewatering;

+  Characteristics of the supernatant discharged from the centrifuge should be
monitored.

Sludge Storage Yard

In Birzai, the Water Company will make an arrangement with a private firm which has a
composting machine to treat the sludge for final use as low-level fertilizer and soil
conditioner for agriculture. A sludge storage yard for one month volume of the dewalered
sludge will be provided. Dewatered .sludge will be transferred from the centrifuge by a
screw conveyor to the storage yard.

Sludge Lagoon

For emergency conditions, if the centrifuge ceases to operate for more than a few days or for
repair or maintenance, a sludge lagoon will be provided for storing the sludge to be
extracted from the thickener. The sludge lagoon also has a volume for one-month storage of

the thickened sludge. No daily operation will be required for the sludge lagoon.
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)

Operation of the Tertiary Treatment Systemn (Biological Membrane Filter)

This facility will be provided for Option 1 only.

Operation of the biological membrane filter is basically the same as that for the sand filter

system at the water treatment plant operated by the Water Company. Operation of the
biological membrane filter is as follows:

©)

1t will be operated observing the fitter head loss, and will be backwashed
periodically as the media clogs;

The filtering rate will be set at about 200 m/day. The number of filters to be
operated will therefore be determined so that the filtering rate does not vary far

from this rate;

Backwashing will need to be performed propetly until the backwash water becomes
clear;

Acration will need to be maintained at proper levels as defined by the

manufacturer,

Septage Receiving Facility

Septage receiving system will be operated to receive septage transferred from the

households or factories that are not connected with the sewerage system.

Receiving tank will be provided with a manual screen to remaove objects included in septage.

Septage received in the receiving tank will be pumped either to the sludge thickener or to the

biological reaction tank. Selection of these two routes will be made by manually operating

valves,

Y

Inspection and Maintenance

There are various points to be inspected and maintained in the sewage trealment facilities.

Major activities ate defined in categories as follows:

Daily Inspection: This will be carried out by the operators every day at each of the

treatment process units and at each piece of equipment. Activities
include operation of equipment, observation of conditions of the
ranning equipment, treatment performance (.. conditions of efftuent

and sludge), data acquisition from instrumentation and meters, etc.

Periodic Maintenance : This will be carried out about once a year, normaily by

shutting off each piece of equipment. Activities include detaited

inspection and maintenance for lubrication, adjustment, calibration,
elc.

Special Maintenance : This should be normally performed by a sub-contractor,

usually a manufacturer of the equipment. Frequency will depend on
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the condition of equipment.

equipment that needs special knowledge, skills, or spare parts for

maintenance.

%) Data Acquisition and Compilation

Equipment

Data and information acquired for the operation of the treatment plant needs 1o be compiled
for management of the treatment system. Such data will be useful for evalualing the
treatment performance and for financial evaluation of maintenance and operation. Data to
be ac-quiréd and compiled are as follows:

Equipment inventory: Upon completion of the treatment plant, an inventory listing

Operational data:

Water Quality

Water quality must be monitored at various points in the treatment process. Recommended

This activity is required only for

all the details of equipment should be provided by the

contractor/manufacturer.

Operator will need to record operational data for the

equipment at the treatment plant. Data must also include

records of trouble and repair.

sampling and analysis is suggested as follows:

Location Daily Once a week Once amonth |

Raw sewage odor, lemperature, S8, COD BOD, NH;-N,
transparency, pH Total-N, Total-P

Reaction tank odor, temperature, MLSS, ORP MLSS
transparency, pH

. ORP, DO, MLSS

Final sedimentation | transparency, pH S8, COD, NH;;-N, | BOD, NH,-N,

tank effluent NO;-N Total-N, Total-P

Final Effluent transparency, pH 88, COD, DO BOD, NH-N,

Total-N, Total-P

For the anaerobic-anoxic-aerobic reaction tank, the foliowing monitoring schedule is

recommended:
Location DO | NHyN | Org-N | NOx-N| PO,-P | ORP | pH
Influent - A A A A - B
Anaerobic zone - - - - A A
Anoxic zone - - - A A B
Aerobic zone A A B B B - A

A: high priority, recommended to monitor frequently
B: medium priority, recommended lo monitor less frequently
-+ low priority, recommend to monitor as necessary




Characteristics of Studge

It is recommicnded that characteristics of sludge be tested and monitored as follows:

T hocation 1 paily Oncea Week ]
Sludge thickener | Thickened examine temperature, pil, solids,
sludge visually sludge surface level

*heavy metal (*as required)
Supernatant | 1SS, 8S BOD, Total-N, Total-P

Dewatering Dewatercd examine waler content
sludge visually ‘
| Supematant | §S BOD, Total-N, Total-P
Studge storage Storage examine water content, *bacteria
_ visually *heavy metal (*as required)

4.10.2.2 Organization for Operation
(1 Required Staff

It is reccommended that the treatment plant will be manned 24 hours a day with two
operators during day time and one operator at night. The total number of operators will be
four. The additional operator rotates when the others are off duty. Suitable procedures must

be adopted to safeguard the singte night operator from accidents,
(2) Emergency

Emergency and Security

The most probable emergency that could occur at the treatment plant is an interruption of
the power supply. Power failure will result in stoppage of all equipment in the plant.
Sewage will however continue to flow through the plant by gravity as long as Pump Station
No.2 is operating and transferring sewage to the treatment plant, The tertiary treatment
process will however, not operate for very long after a power failure as it need electric
power for pumping and aeration. A bypass line is provided for the tertiary treatment process
to release efMfluent to the discharge pump well. From the discharge pump well, a bypass line

will be provided to release effluent to the adjacent Agluona River if the discharge pumps
cannot work.

4.10.3 Sludge Disposal

As mentioned previously, the Water Company is to transfer sludge after dewatering to a
private firm for composting. The estimated amount of sludge is 4.6 wet-ton/day or 1,686 wet-

ton/year. This process should be monitored by the Ministry of Environment.
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