APPENDIX F
DIGESTER GAS UTILIZATION

1. Introduction

By using digester gas, heéting of digestion tank contenté and
drying of wastewater sludge are widely practiced in many Coﬁntries,
and, in large plénts; the gas may be used as fuel [or boilers and
internal combustion engines, that is, in turn, used for pumping waste;

water, operating blowers, and generating electricity.

among above utilizations, the thing Bangkok requires earnestly

must be electric power generation.

In the past, the econ@my'of'powér generation by digester gas
utilization has been questionable. However, because of rising costs
associated with the tightening enerqgy sitﬁatioﬁ,_sludqe gas is likely

to become an increasingly attractive enérgy source,

In this appendix, a p0551b111ty of electric power generation hy
digester gas in the proposed wastewater treatment plant is studled
considering practices in European and American countries in whlch

electric power generation by digester gas is widely applicd;

2. cCharacteristics of Digester Gas

The digester gas with potential high energy source is'produccd
from the anaecrobic digestion process at normal condition, temperature

- at approximately 30°C and detention time of 30 days.

As shown in Table F.1, digester gas is composed of approximately
60 percent. methane, 35 percent carbon dioxide, and 5 percent varying
amounts of nitrogen, hydrogen, and hydrqgen sulflde_by volume,

The heating value of the gas is 5,000 - 6,000 Kcal/ﬁm?.



Table F.1 Digester Gas Component

Component _ Percentage (%)
Methane (Cﬂq)' ' 57 - 62
Carbon Dio#ide_(coz) 33 - 38
Hydrogen (Hé) _ o - 2
Nitrogep (Nz} ' . 0 - 6
Hydrogen: Sulfide (st) 1.005 ~ 0.010
3. Electric Power Generation Process by Digester Gas

Energy balance of electrio'poﬁer'genefation process by digester

gas is illustrated as Figure F.1.
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Figure F,1 Energy Balance of Gas Engine

As shown in the Figure, heat energy recovered through a process of

converting heat to electrie power is in a rather low range of approximate-

ly one third of supplied energy. That is energy recovery through gas



generator is not always of high efficiency.
However, if it is economically feasible, this energy recovery system
is favorable because electric powexr is very convenient for use for

any putposes.

The next one third of total ehérgy being latent in COolihg
water { hot water ) and exhaust gas are possibly recovered and may bhe

used for heating or cooling.

The rest of one third is hardly recovered and is wasted as

radiant heat.
4. Estimation of Energy to be Recovered

Electric power to be generated by di@ester gas and rocm area
to be air-conditioned using recovered heat energy from cooling
water (hot water) and exhaust gas are estimated, assuming to be

used in the proposed wastewater treatméent plant,
(1) Electric Power to be Generated by Digester Gas

Estimations were performed based on two wastewater flows, that is,
flow of this Feasibility Study Area (called Ist Stage) with rmodified
aeration treatment and flow of whole Zone-2 (called Final Stage) with
conventional activated sludge treatment. And all basic figures adopted

here are average value.

<:Estimat10n.of Electric Power Generated by Digester Gag>

Item First Stage Final Stage

Design Flow 135,800 m3/day ' 380,000 m3/day

Infldwing solid to Digester _ . _

(refer to Appendix D) 16,210 kg/day 86,280 kg/day

pDigester Gas ' o o L
, Ry, - .

275 ¥ 1/kg x 16,210 kg/day 275 x B6,280 x 1/1,000

% 1/1,000 = 4,458 m3/day ' = 23,7127 m3/day
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Potential Heating Valu¢ of Digester Gas
4,458 x 5,500 ¥
= 24,5 x 10%cal,am’
Potential Power Generation via Digester Gas
24.5 % 10° x 17860 ¥
x 0.33 4 . 9,401 kuW/day
Power of Generator
9,401 kW / 24 hr
= 392 kWwh
Power of Engine |
392 kwh x 1,36 &
= 533 ps

23,727 % 5,500 &
= 130.5 x 106kca1/Nm3

130.5 x 10° x 1/860 ¥

x 0.33 ¥ = 50,008 KW/day

50,008 kW / 24 hr
= 2,084 kWh

2,084 kWh x 1.36
= 2,834 ps

Note : 1/ .... Gas generatlon rate per solid walqht

200 - 350 1/kg (average 275 1/kq)

2/'.... Potentlal heatlng value per standard cubic meter of

digester gas

5,000 -~ 6,000 kcal/Nm® (average 5,500 kcal/Nm )

'3/ .... Power generation rate to gas heating value

1 kWh = 860 kcal/Nm>

. : *
4/ .... Engine efficiency (dual fuel engine)

30 - 35 pefcent {average 33 percent)

* iwo types of engines, namely dual fuel and spark ignition,

are adaptable for gas engine system.

Although these two

types have both merits and demerits, dual fuel engine is
selected for this study purpose because this type is superi-
or to spark ignition type in that heavy 0il can be usecd

for fuel when gas supply is not enough.

5/ ... Conversion rate kW to pPs
1 kW = 1.36 ps

(2)  Air-Conditioning by Energy from Hot Water and Exhaust Gas

As one of potential heat energy recovery systems, alr-condition-

ing (cooling) of opexation building was considered here,

By means of heat recovery, approximately 1,900 m? of room area {more

than the office room area of the pfoposed opérating building) may be air-

conditioned as shown in the following calculation made on the condition of

using average vaiues in the First Stage.
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<Bstimation of Room Area to be Air~conditioned>

Total heat value of collected gas (refer to pric\p_'séction)
craeane 24.5 % 106kca1fday

Heat valuc obtained from hot water and exhaust gas
eieees 24.5 x 10° x 0,33 = 8.085 x 10°kcal/day
(Heat recovery rate is assumed at 33 percent)

Required air-conditioning {cooling) load in normal office room on the
condition that outdoor temperature is 32 °C and expected indocor temp-
erature is 26 °C

eaeuae. 180 kcal/hr/m2

(This vlue is varied from 160 to 200 kcai/hr/m2 depend on
structure of room. From exemplary data in Japan,)

Expected room area to be alr-condltloned

3085 X 200 ) ey

180 x 24

Potal area of offlce room in the proposed operatlng bu11d1ng
[PEPEPRPEPEN 9l5m '

Above calculation was carried out on the condition that temperature
of hot water was more than 95 °C and water temperature at outlet point

of heat-exchanger was more than 125 °C, (Refer to Figure F.2)

Hot Exhaust
Water Gas

More Than

95 °C
Gas~Water Heat " More Than 125 °C Alr-
Exchanger . {Hot Water} g Conditioner

Figu;e'F.Z ﬁir-Cohditioning éystem
Usually above temperatures are not high enocugh and supplemental

heating device is required prior to air -conditioning. Therefore this

systemn is usually economical ly unfeas:ble.
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5. Cost Saving by Electric Power Generation

_ if collected gas is good in quality and suff1c1ent in quantity, as
shown in thefollow1ng calculation, approximately 23 and 43 percent of
total requ;red electrlc power are self~supp11ed in the 1st Stage and
Final Stage respectively. In monetary texrms, approximately 3.3 million
Baht and 17.2:million Baht of total required electricity will be saved

in the Ist Stage and Final Stage respectively,

Item Ist Stage : Final Stage

Average daily power generation

9,401 kW/day x 0.75 50,008 kW/day x 0.75
= 7,051 kW/day = 37,506 XW/day
(safety factor 1s assumed at 75 %)
Total requlred electrlc power Ve 1/
135,800 m /dey x 0.23 kw/m> 380,0000 X 0.23
= 31,234 kW/day = 87,400 kW/day
To he self supplied electfic povwer
7,051 / 31,234 x 100 37,506 / 87,400 x 100
= 22.6 pereent . = 42.9 percent
Required heavy oil (class A) to operate gas engine
13 1/hr2 24 x 1 unit 13 1/he24 24 x 6 units
= 312 1/day = 1,872 1/day
Daily cost saving 3y 3
7,05} x 1.42 baht/kW 37,506 x 1.42 tht?iW
& '. 4/
-~ 312 x 3.5 baht/kW. - 1,872 x 3.5 bhaht/kW
= 9,000 baht = 47,000 baht
Annual cost saving
9,000 x 365 x 10° 47,000 x 365 x 10°
= 3.3 million baht = 17.2 million baht
Note : 1/ Required power per influent wastewater flow {from

axemplary data in Japan)

2/ Required:heavy oil {pilot oil} for the gas engine of
550 ps

3/ Electric charge of MEA

4/ Unit price of heavy oil {class A)
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6. Construction Cost of Electric Power Generation System

The following is the éStimatéd'cohstruétiOn cbét:of'eleétric
power generation system by digester gas for the proposed first stage

program,

Cost estimation was carried out based on Figure F.3 and all

“machines were assumed to be imported.

1) Civil and Archtectual Works _
- 48 mz x 5,000 baht/m~ = 240,000 baht
2] Electfic.Gehefation System

Machinery 12,800,000 baht

‘Piping _ 150,000
Installation Cost 100,000.
Overheéd Expense (20 %) 2,610,000
Sub- Total _ 15,660,000 baht
Total (1 + 2 ) 15.9 million baht




Figure F.3 Plan of Gas-Engine and Generator Room
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7. Practices in European and American Countries

In European and Ameiiéan countries!’ ﬁaétew&tér'tfeatﬁént pléﬁts,
electrie power generation by digéster gas has been widely appliéd'since
2493 (1950). The system is installed in many plants of ﬁathWatéf_
treatment capaciﬁy: ranging = from ZQ,OOQHté 1,300,000 mS/aay'ﬁifh:high
electric self—supply_rate ranging from 50 to 100 percent. =

One of the reasons why the system has been widely appliéd.in:_
Europe and America is that thé puﬁlio electric power supély gyském had
not been established well and wastewatér treatient planté had bEen
constructed on the condition with provision:of power generator. In
addition, as showﬁ iﬁ Table F.2, it seems that inflowing wastewaters
are in_favorable quality of BOD and S8 for gas production. Mprebﬁer
their operation and maintenance procedure must be well CQntrolied'based

on plenty of experience extended over a long time.
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8., Conclusion and Recommendation

The study, so far made with some assumptlons, reveals that the
electric power generatlon using the dlgester gas to be generated at
the proposed treatment plant will contribute to the sav1ng ‘of power
cost by 20 to 50 percent. The calculation also shoﬁs that:there
would be a saving, in monetary terms, of 3.3 million Baht Eor the
first stage plant and 17 2 million Baht for the final stage plant,
and the estimated construction cost of the firsi stage capa01ty
system is 15.9 million Baht; Cdﬁélusively, the eléctric power genera-

tion by digester gas for the plant use is economically feasible.

Regarding the implementatibn of the said system, however, there
are still some issues to be considered, namely, 1) Bangkok has little
cxperience in wastewater treatment, 2) Estimated waétéwater BOD and
85 are prétty low, and 3) Bangkok has a well established electrid'p0wer
supply Syétem. Therefore, the following must be vefified and assured
when the treatment plant is put in service, before proceeding to the

detailed design.

1) Digester gas component is suitable for gas engine.

2) Gas volume routinely produced is sufficient for gas engine
operation.

3) Application of this system is less costly than purchase of

MEA eclectric power.

4) Operation of the treatment plant has becore constant and routine,

From the above consideration, it is recoﬁmended that detailed
investigation with regdard to the above items be carried;out after the
completion of the first stage project, and then the detailed design
of the-syétem dﬁd its constfuchion be lmpLemented in the second stagé

project; which is sheduled to start in 2532 (1989),
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APPENDIX G
CONSTRUCTION METHOD OF TRUNK INTERCEPTOR

In view of the importance of the main interceptor between the
. existing Rama IV Sewer nearest to the railway and the propoéed treat-
ment plant, some alternative construction methods will be studied here-

under to select the least cost and most suitable one,

1. Given Condition

Characteristic features of the route 6f this interciptor are as
follows: 1) Rama IV Road, one of the main roads of the City, has con-
étantly heavy traffic all day long, and 2) no space is available to
construcét a'pumpinq'stafion{ and besides, the sewer has a large size,
2.4 m in diameter or 2.1 m square, due to the planned large flow,
6.204 n3/sec, and the small available gradient of the route, 0.0008 in
700 m length (Refer to Figure G.1}. |

2., Alternative Methods

Under the above given conditions, conceivable alternative nethods

are the following three:

Aiternative I : Jacking for the 450 m span from the diversion
chamber to the approach road to the treatment
plant, and open-trench for the remaining 250 m
span,

Alternative II Jacking for all the length,

Alternative I1I : Shielding for all the length.
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3. Particulars to be Compared

With regard to the above alternatives, the following aspects

~will be compared and the most suitable one will be selected.

1) Capital cost _ _
'2) Suitability of the method to the specific site condition

3) oOther related technical matters

4, Comparison

IWith_regard to the above particvlars, each alternative has the
following characteristics. Summary of capital cost for each alter-

native is shown in Table G.1.

Alternative I

o Capital cost is 37.8 million Baht

o Jackihg method tequires an aera of approximately 200 m? as a
shaft space at intervals of approximately 50 m and at turning
of road in'progress of construction, The reguired areas are
available for all the length. Required areas at Rama IV Road
do not hinder the traffic in progress of construction.,

© The open-trench span has area enough for construction of open-

trench methed.
0 Local contractors have a capability of jacking and open-trench

methods,

Alternative IT

o Capital cost is 42.2 million Raht.

o Jacking methed regquires an area of approximately 200 m2 as a shaft
space at intervals of approximately 50'm and at turning of road
in progress of construction., The required areas are available
for all the.length. Required areas at Rama IV Road do not obstruct
the traffic, howevér requited areas at northern road of Rama 1V
road may stop the traffic in progress of construction.

0 Local contractors have a capahility of jacking method.



aAltemative Ii1

o Capital cost is 54.4 million Baht.

o Shieiding methdd requiiésfan-arEa of approkimatély 1,000 m2
as a shaft space’at staitinQ'and end of the line and at'tﬁfﬁing
with an‘acute'angle of road. Required areas are obtainable
for all léﬁéth, but these areas at northern road of Rama IV
rRoad may sﬁép'the traffic

o Local contractors have a capability of shielding method.
5. Conclusion

From the above compatison, Alternative I is slected for the con-

struction method of Trunk Interceptor. :
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Table 6.1 Estimated Construction Cost

of Interceptor by Alternative

thutive I

Facilities or ey L _ Unit Price  Amount
ke . Specihcatiop _ Quantity (baht} thaht)
AtoB lnme #2,40 m, 450 m length,
: Invert Elevation = 27.60 m,
: and Jacking Method
* Stewl pipe with PC : _ : _
Lining | " . 665.8 ton 23,860 15,579,720
* Jacking - - 445 m 8,078 3,594,710
% pipa laying | . _ : 445 m 1,157 514,865
* pipe welding : 111 units 17,246 1,914,306
* pack filling 445m . 2,969 1,321,205
b TerpOrany works : ' 9 places 194,561 1,750,503
- * Shaft construction 9 places 204,1c8 1,837,512
* pDevatering ' ' 203 days 138 28,014
* Maphole construction . - _ o 3 vnits 30,982 92.946
* Division Charber (at Rama IV Sewer) 1 unit 271,977
. : : ) : ) 27,405,783
‘B to € 1line [2.1x2.1m 250n length :
Average excavation depth
= 9.80 m, and Open-trench
: _ mzthod
% Concrete works ‘ 892.5 m3 1,280 1,142,400
* Oyshed stone works _ 150.0 m3 316 47,400
* Yomm works _ 9,000 2 24H 2,160,000
* Excavation . 11,795 m3 24 283,080
1 pestoration of paving . 1,200 w2 247 295,400
* Gravel. 360 m3 K11 113,760
* pack filling . S . 6,155 m3 20 - ¥23,100
* Sapd £{1ling 2,760 m2 150 414,000
* Soil refoval ) ) _ 5,640 3 114 642,960
* piling P200 mm -8 m length 1,600 pieces 115 - 410,600
+ Stoel sheet piling 17 m length Y250 m 13,013 3,253,250
* Dewatering - 280 days 138 33,640
% Lean ooncrete works - ) 19 md 1,160 82,500
* Firbering ' : " 1,425 2 85" 121,125
* Scaffoldirg 1,102,5 =3 130 . M3
* Steal works _ 30 ton 11,400 1,025,000
* Manhole setting _ Type IV 2 units 45,526 91,052
’ _ : 14,388,592
Total 37,798,756
Altemative IT .
AtoC : P2,40 m, 700 m 1c
. ’ Invert elevation = 27.60 m,
. and Jacking Method . .
# Steel pipe with PWS dning - . 1,035.7 ton C 23,400 0 24,235,380
* Jacking - : €92.8 m 8,078 5,596,438
t Pipe laying : : 692.8 m - 1,157 861,569
* pipoe waldlig o 173 units 17,246 2,983,558
* Back filling 692.8 m 2,969 2,056,923
* Terporary works 14 places 194,501 2,723,014
_# shaft construction ’ . 14 places 204,168 2,858,352
* Dewatexing 0 316 days 138 43,608
* Maphole constroction 4 units 30,982 123,928
* piversion Chapder (at Rama IV Sever) ] 1 unit 771,97
rctal R 42,194,747
Alterpative III
Ato ¢ $2.40 m, 700 m length,
. Invert elevation = 27.60 m,
) and Shield Hethod S . .
* shield works : 700 m 53,364,984
* Manhole construction 4 units . 262,563
* piversion chapber (at Rama IV Sewer) 1 unit C 1IN0
Total 54,399,524
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: APPENDIX I
BASIC COST DATA AND UNIT PRICES

1. Introduction

This Appendix presents basic cost data used for cost estimates of

facilities of this Stﬁdy.

All the costs presented here are based on fhdse official ¢osts prevail-
ing in'Bangkok as of October 2524(1981). The costs of locally ptbduced matériak
inciude standard profit and business tax, and those of locally availabie im-
ported or directly imported materials and equiphent include customs duty,

standard profit and businéss_tax.

Table i.1 shows the lo¢al labor costs including those of skilled

laborers.

Table H.2 shows the cost of major materials for construction of civil

work structures.

Table 11,3 shows costs of pipe materials and Table H.4 shows the rental

rate of construction machine and equipment in Bangkdk.
Table 1.5 shows the unit rates of civil works and architecture.

Table H.6 and H.7 show the cost of machinery and eguipment

to be imported for the proiect.

Table H.8 shows thé sewer construction costs per meter run and Table 9

shows manhole construction costs.

table .10 shows electric'fates which can be applicabie to the estimat-

ing electric chatge of pbmping‘stations and treatment plants.

Table it,11 shows monthly allowances of BMA Staff.



Table H.1 Labor Costs

Rate_(BahE}

Welding Operétor

Item Unit
Common Worker day (8 hrs) 70
Carpéentey " 100
Pluiber " 90
Steel Woxker " 120
Brick FLayer » - 80
Bulldozer Operator " 260 -~ 300
Power Shovel Operator " 200 - 300
. Cement Finisher " 150
Foreman " 150
Supervisor o 200
Driver " 70
Painter " 130
Eléctrician b 130
b 100

Table if.2 Costs of Major Materials

iten

Unit Cost ({Baht)

Crushed Stone (For concrete) m3 210
Sand (for concrete) " 180
Wood {for form works) m? 160
Portland Cement ton 1,400
Round Steel Bar ($15,19,20mm) u 8,480
Deformed Steel Bar

{#16,20,25, 28mm) " 8,890
Prestressed Conérete Pile .

(400ma X 400mm X 21m length) piece a,100
Gasoline liter 11




Table H.3 Costs of Pipe Materials (Béhtfm)

pia. (m) - - VCP CAC RCP CRCP . sp
S ‘ : '(Rocla Pipe)

6.15 63 83 - -

0.20 160 152 - -

0.25 126 220 - -

0.30 176 315 115 -

0.40 553 220 352 1,380

0.50 872 300 452 1,820

0.60 1,162 335 587 2,220

0.70 - 722 2,540

0.80 550 826

0.90 - 1,010

1.00 805 1,262 3,776

1.20 1,060 - 1,642 '

1,50 1,735 2,568 6,625

Theéé-prices are estimated based on the qﬁotations of factories,

The price includes joints and transportation.

(#100rm, Head: 20m)

Table H.4 Rental Rates of Construction’
: Machine and Equipment
 Item Unit Rate (Baht)

Back Hoe 8 hrs 3,200

Bulldozer " 5,500
- Air Compressor " 1,250

Dragline’ # 3,500

Truck {6 ton) " 600

Dump Truck (6 ton) " 800
" Crane (B ton} " 2,300

Compactor (Tumper) " 700
pewatering Pump

set

40,000

" % The rate is purchase price.
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Table 1.5 Unit Rates of Civil Works

and Architecture

Description

Item Unit Rate{Baht)
Labor = excavation For pipelaying m3 c0
-For foundation of c1v:l
structure
Machine excavation ‘For trerch m3 24
For foundation of civil
structure _
Backfilling _ With excavated soil m> _ 20
Backfilling and com- With selected soil m3 150 - 160
paction _ _
Form works By Timber 2 2490
Turfzng Fof'bank m2 25
Lean concrete works For foundatlon of 01v11 = (840
S : " works - _ :
Steel works For civil structure ton 11,400
‘Concrete works Mix 1:2:4 for civil w3 1,280
' o o structure C
Mortar worké Mix 1:2 m? 75
" Qpen calsson construc—' For pﬁmp well m3 3,000
~tien
Build1ng construction 'For ‘operator building floor m2 8,000




Table H.6 Costs of Electric Equipment

Total

: o Duty Transporta-
item CIF . & Tax tion & Local (Baht)
(Baht) {Baht) Handling(Baht)
For high voltage
o Voltage detector 40,000 21,760 300 62,060
Te] Discohneoting switch 260,000 141,440 2,000 403,440
{cutdoor) : '
o Air blast ¢ircuit 700,000 380,800 5,400 1,086,200
breaker {outdoor) : . '
o Current transformer 50,000 27,200 390 77,590
(outdoor) ' _
0 Grounding Transformer 100,000 54,400 710 155,170
(outdoor) . . ' . B
o Load disconnecting 180,000 97,920 1,390 279,310
" switch (outdoor) ' ' - o
o Transformer (outdoor) 900,000 489,600 6,940 1,396,540
o Lightning arrester 49,000 26,650 370 76,020
{outdoor} o _ _
o Disconnecting switch 40,000 21,760 300 62,060
(outdoor) : :
For low wvoltage - S :
o Transformer for 770,000 418,890 5,940 501,830
electric power _
o Electric power 500,000 272,000 3,860 775,860
master controller -
o Electric power switch- 500,000 272,000 3,860 775,860
board o : o
o Transformer for 400,000 217,600 3,090 620,690
lighting '




Table H.7 Costs of Mechanical Equipment

-

pipe

' Trans- ‘
o cr W e
Ttem Description & & Iocal Total
{Baht) Tax ' Handling {Bant}
(Baht) (Baht)
Inlet gate 1.50 x 1.50m 390,000 167,000 3,300 560,200
‘ ©. cast ivon make . :

Traveling crane 0.3 m° bucket 5,200,000 2,862,000 40,000 8,102,000
and Hoist with ' .

bucket .

Sewage Pup B600rm x 4Sd/min x 1,430,600 - 450,000 5,600 1,885,600

' _ 13,5 Head o

Mortor for sewage - 6KV x 1,000rm x 790,000 - 268,000 2,100 1,060,100
purp : _ LNy : o _
Electric-powered £600mm x 1.5 270,000 115,000 1,900 386,900
" sluice valve _ _ j

(heck valve F600nm 280,000 120,000 2,000 402,060
Check valve #800mm 550,000 - 235,000 3,900 788,900
Controller and 1404 use 160,000 87,000 1,000 248,000
resistor : ' .

Controller ard 250k use 210,000 114,000 1,500 325,500
resistor : _ - ;
Submersible pup @50mm x 0. 3m3/min 25,000 7,900 200 33,100 -

i ¥ 1.5KW x 10m Head :

Movable inlet weir ~ 1.0m x 0.5, 150,000 64,000 1,000 215,000
for acration tank _

Manual inlet cate 0.50 % 6, 5 68,000 28,600 500 97,100
Driving unit of $26m x 2.5m high 770,000 . 424,000 6,000 1,200,000
sludge scraper x 1.5k

Eloctric-powered #2500m x 0.4%7 89,000 37,600 600 127,200
sluice valve for : :

sludge extraction _

Cont'.znlrbutterfl'y' S400mm x 0.4k 140,000 60,000 1,000 201,000
valve : _ : :

Chlorination - 40kg/hr 480,000 271,000 1,500 762,500
injector y
Canpressor 300 1/min x 7kg/cnd 30,000 12,800 200 43,000

. X 22k ’ : .

Incinerator for 650,000 358,000 5,000 1,013,000
eXoess gas

Ductile cast iron @300ma, per 1 reter 120,000 10,900 400 31,300




Table H.B Unit Sewer Construction Costs Per Meter Run

(Unit: Baht}

Pipe Depth of Earth Covering (m)

Dia. —_—

() 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
0.30 1;624 1,723 1,922 5,915' 8,317 8,976 - -
0.40 1,894 1,994 - . 2,192 6,186 8,588 9,246 - -
0.50 2,293, 2,367 2,599 6,597 9,004 9,667 11,533 -
0.60 2,659 2,770 2,979 6,984 9,403 10,324 12,197 13,475
0.80 3,859 3,981 4,201 8,512 10,923 11,603 13,487 14,776
1.0G 5,338 5,573 5,604 12,056 12,752 14,651 15,955 16,732
1.20 6,543 10,183 10,827 13,288 13,992 15,900 17,214 17,999
1.50 8,040 11,695 12,355 14,838 15,558 17,481 18,810 19,611

Table H.2 Manhole Construction Cost by Sewer Size
and Depth
| (Unit: Baht)

Man- Inter-{1) Depth to Sewer Invert Elevation of Lower Point (m)
hole nal

Type Size{m) 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Type 1 0.9 (2} 15,723 17,246 18,722 20,198 21,721 23,197 24,672
Type II 1.20 (3) 22,889 24,464 26,037 27,661 29,234 30,809
Type III 1.50 (4) 30,234 31,954 33,672 35,440 37,157 38,877
Type IV 1.80 (5} 36,297 38,132 39,969 | 41,853 43,689 45,526
Note: (1) Internal manhole sizes are decided by those of sewexs connected

to the manholes,

(2) Less than 0.5 m sewers are connected:
(3) 0.6m - 0.8n
(4) 1.0m- 1.2 m
(5) 1.3 m-1.5m

H=7

sewers are connected.
sewers are conneckted,

sewers are connected,



Table H.10 Electric Rates (SCHEDULE 5 LARGE INDUSTRIAL)

~ Item : Description
Applicable

To the electric service through a single demand meter for lighting and
appliances used in industrial establishments including related grounds
with a maximum i5-minute integrated demand of 500 kiloWatts or over.

Monthly Rate

~ Pemand Chargeé: Baht 90.00 per kW of billing demand

Energy Charge: . First 200 kWhr per kW of billing demand
Baht 1.46 kwWhr

Next 280 kWhr per kW of billing demand
‘Baht 1.45 per kWhr

All over 480 kWhr per kW of billing demand
‘Baht 1.43 pe¥ kWhr

Minimum Charge: The demand charge for 60% of the highest billing
demand occurring during the last 12 months ended
with the current month.

Billing Demand : The-billiﬁg demand (determined to the nearest whole
kiloWatt} shall be the maximum 15-minute integrated
demand during the monthly billing period.

Power Factor Charge

For lagging power factor customer, in any monthly billing period during
which customer's maximum 15-minute kilovar demand is in excess of 63% of .
his maximum 15-minute kiloWatt demand, a monthly power factor charge of
Baht 15.00 for each kilovar of such excess (determined to the nearest
whole kilovar) will be made.

1. For 69 or 115 kv delivery, the above rate is applicable.

2. For delivery at 12 or 24 kv, the demand charge in the above monthly
rate will be increased by Baht 5.00 per kiloWatt,

3. Foxr below 12 kv delivery, the demand charge in the above monthly
rate will be increased by Baht 7.00 per kiloWatt.

4. Where transformers belong to customer, if deemed necessary, MEA
may elect to meter on the load side of transformers, in which
case meter readings shall be increased by the amount of the trans-
former losses individually determined by tests or estimate.



Table H.11 Monthly Allowances of BMA Staff

Item : Rate (Baht}
Labor : 1,000 - 2,500
Technician 2,200 - 4,600
Draftman 2,200 - 4,600
Engineer 2,700 - 5,700

S (Section Chief) 3,700 - 9,300
‘Division Head . 6,900 -14,000
birector General | 10,400 17,700

- H-9



APPENDIX I
ESTIMATION OF CONSTRUCTION COST

Estimation of construction cost is made based on the preliminary
engineering design and the basic cost data. This appendix presents
procedure and breakdown of construction cost estimates for sewers,

interrediate pumping stations and treatment plant, as shown in Table I.1
through Table I.6.

1-1



Table I.} Sewer Construction Costs

Unit

Pipe Pipe Crdk frount - Mo, of Arount o, of Unit Aot Sub-. Experdi~ Total
Dia. Length Cost {million Oiversion Costs Imillion Manhole Costs (millict  tobal tuce Cost
(22 BRI 1) {Baht) gaht) Chanber  {Baht) Raht) {Baht} Baht} Cost {20%) (millicn
) ‘ Baht}
1. Cwula Interceptor .
£00 140 2,K59 0.312 1 13,41, 0.020 1 20,868 0.021 C0.413. 0.G83 0.496
] . {0.044) ) {0.002} . {0.000) S {0.0646)
1,000 1,005 5,513 5.601 2 19,741 0,033 8 38,132 0,365 5.945 1189 7,134
-{0.679) ) o {0.004}) : : - (0.018) o £0.761)
600 235 2,593 G.765 - - - 1 20.888 0,¢21 0.786 0.157 0.943
{0.G51} €0.002) : {0.093}
Sab-total 57y
{0.84m
2. Charcen Krung Intercegtor .
100 1295 1,894 0.559 1 19,741 . 0.020 L | 15,723 6.063 0.642 4.128 0.770
(0.002) BT ( X3 o {0.010
530 465 2,592 1.2G9 2 19,741 0.039 8 17,246 0.133 1.385 Q.277 - 1,683
C (04004 : {0.016) ‘ (0.020
€00 155 2,979 1.385 i 13,741~ 0.020 & 23,464 D.14¢ 1.552 0.310 1.862
(0.231) (0.002}) i (0.012) (0.245)
1,000 325 12,956 3.918 1 13,741 {.024 1 33,672 0,135 4.07) 0,815 4.883
: (0.683) (0.002) - {0.008) . (6.533)
&3 ‘165 2,593 0.428 - - - 1 20,8568 0.021 0.449 0.430 0.5319
. {0.002¥ {0.002)
Bub-total 3,772
(0.970)
3. Klong Sathomn Interceptor ‘
300 20 1,624 0.032 1 19,741 .020 - = - Q.052 0.011 - .06
: {9.002) _ - (.00
00 240 1,922 Q.461 1 19,341 0.0 H 18,722 . .05 0.556 0.117 0.673
{0.031) {0.002} (0.003} ) : (9.031)
400 2E0 2,192 d.570 2 19,741 0.03% 3 18,722 0.056 3.665 0.140 0.805
{0.100} : (0.004) (0,006} D )
o) 230 2,559 0.624 1 19,7141 0.020 k) 16,122 0.056 qQ.700 0.147 0.847
£0.103) (0.002) : {0.008) 0.1
B0 55 2,979 G.283 1 19,741 G.020 - - - 0.303 0.C64 LY
{0.030) {0.002) ) £0.052)
600G 220 6,984 1.535 i 19,741 0.020 2 26,037 0.052 1.468 0.333 1.¢46
(0.269) {0.002} (0.004) £0.235}
B 30 2,512 2.639 2 19,741 0.020 2 26,037 0.052 2.111 0.569 3.280
{0.463) {0.604) L {0.004) {G.471)
8OO 135 8,512 1.430 1 19,741 0.020 2 21,681 0.055 1.565 0.329 1.8%4
{0.251) {0.002) ) {6.004) (0.267)
1,500 160 8,040 1.288 1 19,741 0.029 2 38,132 0.076 1.3132 0.229 1.672
{0.225) i {0.062) {0.0C4) {9.231)
1,500 710 11,695 8.303 5 19, 741 0.032 1 33,569 0.040 8.442 1.773 10,215
{1.455) {0.010} (0.602) . {1.451
1,500 135 12,353 9,323 2 19,741 0.0)% ¢ 33.,9¢5 0,180 2,521 2.001 11.528
{1.635) {0.002) (0.008) {1.465)
500 20 2,142 0.193 - - - - - - 9,912 0.041 0.2
Sub-total 33,54
{4.728)
4. Chorg Nonsi Corbired Sgwee
1,275 43,305 55.214 - - - ] 36,297 4.290 5%.504 11.a95 £6.5%4
{0.0186) (0.016)

3. Trurk Intercestor {cefer to G.1 of Appendix G)

Mote: Figures in parentheses indicate Foreign Currercy Corporent,
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APPENDIX J
STAFFING AND ORGANIZATION FOR OPERATION AND MAINTENANCE

Staffing and organtzation 1equ1red for operation and malntenance
of the present project, except for that requ1red for the headquarters
of the sewerage agency are planned as detalled in the follewing, From
the difference in nature of work between the sewers and the treatment
plant, staffing and organization are considerxed sepérately for the two
sections, and further it is assumed that the operation and maintenance
of the new sewerage system will be performed under the proposed Sewerage

Control Division.

(1) staffing and Organization for Sewer Maintenance

The scope of work of this section covers operation and_maintenanée
of the existing sewers, proposed interceptor, gates, and intermediate

pumping stations in the present project area.

In planning the staffing for the séwers, special consideration'is
given to the fact that the existing sewers are to be used as combined
sewers. Due to the above, the sewers of the present project may possibly
require more freguent cleansing because of grit and others settling.
Therefore, frequency of cleansing is assumed as once a year. From the

total length of sewers, 100 km, two crews consisting of 12 persons will

he required.

The recommended organization and staffing, including above crews,

are shown in the following Table J.1.

Jel



Table J.1 Staffing and Organization for Sewer Maintenance
Section ;

Function ' Required Personnel . Total Staff

Section Chief i Engincer - 1

Sewex Cleanéing, . _
Sewer Inspection 1 Field Engineer
' {Assistant Engineer)}

2 Cleansing Foremen

2 Secutity Guards

8 Laborers 13
Inspection & Mainte- '
nance for Pumping
Station & Gates 1 Inspector
' 1 Labor 2
Totai 16

{2} staffing and Organization for Treatment Plant

Basically, the staff for the treatment plant is planned to be
organized into four subsections as shown in Fig. J.1l. The required

number of staff for all the subsections are estimated in Table J.2.

The estimation of staff number is made on the assumption that
working day is 5 days a week, and all the subsection teams are on duty
only in the day time. Therefore, the required numbex of staff is com-

»

puted as 1.4 (= 7 - 5} % the number of team members,



Sewerage Control Division

Treétmeht Plant Section

Mechanical
Maintenance

Electrical
Maintenance '

Wastewater

~Treatment
“Facilities
Operation

Figure J.1 Organization for Treatment Plant Section
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APPENDIX K

DATA FOR PRICE ESCALATION

The costs for the first stage construction have been estimated at

available price data in 1981. Such costs are, assumed, however, to be

increased at the implementation stage in accordance with future price

escalation which will affect the procurement of materials and labor costs,

In order to estimate the realistic costs for the fznanCLng purposes the

trend of price escalatlon in the past has been surveyed based on the

following data.

Foreign Currency Portion {(materials to be imported)

wWholesale Price Indexes, 1981 by Research and Statics Dept.,

The Bank of Japan

-1

All Commodities

19?5-w—[——1978 1979 1980 1901
Annual
Average l i
1.4% 17.8% 1.7%

Iron & Steel

19?5—ﬁ]—~1978—- 1979 1980 — 10981
Annual ’
Average |
4,3% 5.2%

Machinery & Equipment

1975—f-[w—1978 1979 — 1980
Annual ‘ ‘F—

Average
f0.03%

1981



B.

1.

Local Currency Portion *

Wholesale Price Indek, Bangkok Bank, 1981

1976 1977 -—1978-——["—1979-«—]ﬂ—IQBO-*]-~1981

7,8% : 11.2% 20.1%

* personal view of treasury officer of Bangkok Bank for'future

éstimation of price escalation is 5 - 713 per annum,

Majof Indicators of the Economy, 1970 - 1978

1970—1—1971~I-1972—I-1973‘]-1974*1—1975—1~1976—]—1977—]—19?8

0.4% 48% 15,6% 24.3% .4% 4.2% 7.2% 8.4%
Statistical Handbook of Thailand. 1977

a. Wholesale Price Index

197% | 1976 | 1977

4% 5%

b. Construction Materials

1975 I 1976 1977

14% 5%



APPENDIX L
EXISTING SANITARY CONTROL REGULATIONS

The féllowings are existing'régulatipns more or less related to

sanitary control.

{1) Public Health Act B.E. 2484 (1941) _ _
{2) Act for the cleanllness and<31der11nes of the Country B.E.
2503 {1960)
{3) Building Control Act B.E. 2522 {19?9) and its By-Law
- {4) Bangkok Metropolltan Admnnlstration Act B.E., 2518 (1975)

(Sj Clty Planning Act B.E, 2518 (1975)

(6) Natlonal Environmental Quality Act (No. 2) B.E. 2521 (1978)

(7) Notificatlon of the Ministry of Industry issued under the
Factories Act B.E. 2512 (1969}

(8}_By—Law of Bangkok Metropolis on Control of Trade which is
ObjectiOnable'br may be dangerous to Health B.E. 2519 (1976)

(9) Other Regulations

{1) Public Health Act B.E. 2484 (1241)

This Act appears cdmprehensive in its wide coverage of sanitary
control for the area where no sewerage services are available. This
Act requlates the disposal of rubbish, filth and drift and authorizes
the local authority to issue by-law or rules which stipulates the method
and proceduré of such disposal. The other items to be controlled by
local authority are commercial undertakings to be objectionable or in-
jurious to health and unsanitary dwelling place, latrines, night soil
receptacles, urinals, nuisance including places and facilities, water-
course and drain in such a state to be hazardous to health. This act

has penal clause but the amount of fine is minimal not exceeding 50 -

100 Baht.

(2) Act for the Cleanliness and Orderliness of the Country

B.E. 2503 (1960) .

This Act is'estabiished to regulate and control mainly the public
offence including disturbance and anti-aesthetic activities. Such

forbidden activities include passing fecal matter as urine on the road



or any place of public places visible from the road or public or disposing
into the river or canal with the local authdrity's poster forbidding such
acts, and the owners of food or refréshment shops, are required to provide

lavatories for persons' willing to pay.

{3) Bu11d1ng Control Act B.E. 2522 (19?9) and its Mun1c1pa1 By-Law,
B.E. 2522 (1979}
The above Bulld;ng Control Act and its Muricipal By-Law are
renewed version of respective old Control of the Construction of Build-
ings Act B.E. 2479 (1936} and Municipal Regulation on Building Control
B.E. 2483 (1940}. The Act stipulates mainly control on the.buiidiﬁg
construction as licensing, construction modification, tearing down _
and removal of buildings including.a proﬁision to empowér locél.authori—
ty to issue By—Laws to éontrol, among others, design and nuxber of'bath—.
rooms and toileté. The Municipal By-Law, namely, the BMA's Regulétion
of Buildihg Control, B.E. 2522 (1979) issued on the above Act includes

following provisions in its Section 8, Sanitation,

No. 84 Buildings in construction shall have the systems of storm
water, wastewater drainage, which are adequate.

No. 85 The slope of drain pipe from Buildings to public drain in
drainage be set in gradient of 1:200 and try to keep it, In
case of circular pipe the manhole have to be built at every
interval of not more than 12.00 m, at every change of and at
every point of interconnection between a private property to
the public drain,

No. 86 The waste drain in buildings must be at least 10 cm wide before
it reaches a public drain. There must be an opening for inspec-
tion where a refuse screen must be installed. These shall allow
convenient inspection and the building owners have to take care

about that.

No. 87 The Industry, Hospital, Fresh Goods Market, Restaurant; Build-
ing Complex, Pormitory and Commercial Buildings have to build
a disposal system for the wastewater, before discharge to the
public drain,

4
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No. 88 The Building which people may live in/or otherwise utilize
must be equipped with adequaté sanitary facilities, and these

must at least include thelfollowings:

. n s Latrine for . Wash-
£ Build
Type © utiding Excrement U;lnal basin

Each Unit 6f Residential Building 1 - -
Each Unit of Building Complex 1 - |
RGw House and attached Commercial .
Buildings (which is not taller _ _
than 3 stories in any section} 1 = 1
Attached Commercial Buildings
(which is not taller than 3 stories
in any secttion) : 2 1 1
Hotel/room 1 - 1
Dormitory/50 m2 1 - 1
Office Building, School, Hospital
& Commercial Buildings/75 m2 1 1 1
Assembly Hall and Theatre/250 mé 1 1 1
industrial Factoiry/400 m?2 1 1 1

The excess of specified areal sizes shall be taken as a full size.

No. 89 The inner area of a toilet room shall not be smaller than 0.9 mZ,
width 0.9 m. In case bathing is included the area shall not
be smaller than 1.50 m2. The configuration shall dllqw ease
of cleansing and ventilation shall be.provided by an opening
of at least in an area not less than 10 percent of the flocor
area or otherwise a force ventilation shall be provided.

No. 80 The latriné for excrement shall be the type which allows cleans-
ing with water and discharge into a septic tank-seepage pit.

A 1atrine which is built within a distance of ZO.OOIm from
public canal and water courses must be made into a water tight
tank. .

No. 21 A complek building for residential purpose or large buildings.
which are neither a row house nor an attached commercial build-
ing which occupies area more than 2,b00 m?. or a hotel shall
have an area for garbage disposal without causing any nuisance

to the nearby building.



Note:  Manhole is the opening where the inspection of the flowing con-

dition of water in the drain may be made possible,

(4) Bangkok Metropolitam Administration Act B.E. 2518 (1975)
This Act empowers BMA to execute the following duties, among

others, related to the proposed sewerage project.,

1. Control on sanitaxy in public places and entertainment places

2. Activities to enhance public health, family sanitation and
medical care ' _ '

3, Develcpment and improverent of public utilities facilities

4. Maintenance of cleanliness and order of the métropolitan area

5. . Construction and maintenance of.streets, water ways, and drai-

nage

The financial proceduwres for BMA are stipulated for the following
items:such as (a) Tax, license fee or service fee
{b} Revenue and expenditure
{¢) Borrowing money and payment of loan
(d) Commercial activities of BMA

(e} Issuance of Bonds

In each case a draft by-law shall be proposed by the council of
BMA to be enforced subject to approval of the Governor of BMA. BMA
is empowered by its Section 68 of the Act, among others, render services
to p;ivate'individuals, state agencies or other official units by
receiving fees. Section 8l specifies the authorized revenue of BMA
which include income from public utility fee, license fee, fines, ser-
vice fee, loans and subsidy through the central government, assistance
from foreign and international agency with the consent of the Cabinet,
taxes and other duty fees. This Act authorizes the central government

to supervise the administration and financial operation of BMA.



{5) C;ty Planning Act B.E. 2518'(1975)

This Act specifies the formatlon of Clty Plannlng Committée for
Bangkok Metropolis and empowers the Commlttee to play instrumental role
to proceed the comprehehsive city planning and otﬁer utilities project
planning by virtué of the Ministerial Regulatibn'155ued by the Minister
of Interior. The land and other immovable proﬁerty are expropriatéd

under the law on eéxpropriation of immovable property.

{6) Natioﬁai Environmental Quality Act (No. 2) B.E. 2521 {1978)

.This is a revision of old Act enacted in B.E. 2518 (1975} with broad
objectlve to conserve and improve the envirconmental and sanitary con-
dition in whole Thalland by establlshlng the "National Environment
Board“ as an adV1sory board for any development plan, project, standard
including recommendatlon and amendment of laws related to the env1ron~
mental quality. The office of the National Environment Board entrusted
by Natiornal Environment Board has the duty to cakry out the study;
research of the environmental conditions and quality to be used for the
standard or the guidelines for the enhancement of the national environ-

mental quality.

The Prime Minister may, under this Act, require submission of
categories and magnitude of Projects of the government agencies and
" other private organization to prepare the study report for prevention
of and remedy for the adverse effects on the environmental quality dur-
ing prepardtion stage of the project to Nationat Environment Board and
such report shall be approved prior to further proceedings. The Prime
Minister also has a power to issue an order prohibiting the person from
causing such danger or damage which will intensify environmental pollu-
tion. This Act has also the penal provision for the persons who violates
or fails to comply with order of the Prime Minister and other law, rule

or regulation concerning the control of environmental quality.

(7) Notifiéation of the Ministry of Industry issued under the
Factofies Act B.E. 2512 {1969) _
Under the'FactOries Act, the person obtaining a license to operate

the factory are legally required-to make an arrangerent for the removal

© of wastewater such as pretreatment system for the offensive wastewater



and shall be punished with fine not exceeding 2,000 Baht in case

they’ falled to comply Wlth above requirement. Above Notification is
issued by virtue of above ‘regulation to notify the details of required
arrangenent for wastewater disposal specifying allowable chemical com-
ponent. Among the regulated contents of the wastewater to be discharged
to publlc waterways, BOD value is limited to 20 mllllgrams peér litre
dependlng, however, on geographic condltlon and judgement of off1c1als

concerned, providing maximwn loadlng is 60 milligrams per lttre

(8) By-Law of Bangkok Metfoﬁolis on Control of Trade which is

objectionable or may be dangerous to Health B.E. 2519 {1276)

Thls By-Law is 1ssued ba51cally in conformance with Public Health
Act B E. 2484 (1941}, Sections 7 - 9 which generally stipulates about
11cen51ng the commercial undertakings subject to public health control.
This By-Law regulates the sanitary systems required including dishcarge
of all kinds of trade and factories, installment of drains for waste-
water dréinage, toilet, refuse receptacles to prevent any annoyance in

accordance with the advice of the Public Health Officials.

(9) Other Requlations _

There are other regulations which are concerned for the activities
of pollution centrol and waste disposals such as Royal Decree on BMA
organization B.E. 2520 (1977) in which Department of Drainage and
Sewerage is authorized to plan and control the disposal of wastewater
and Department of Sanitation is authorized to control activities related
to disposal of rubbish and faecal waste disposal, and Department of

Public Works is authorized to design and construct the buildings under
the Building Control Act. The Declaration of the Revolution Farty on

the Distributing Sale of Land No. 286 B.E. 2520 (1977) which regulates
the persons who organize the sale of land to provide facility of discharg-

ing both of the storm water and sewage from the land,
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