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Table 7.2.4.3 Standards of Heavy Metal Contents for Agricultural Use Sludge in
Developed Countries (1/2)

(1) Sewage Sludge Repulation in E.C

Items Max content of sludge Max: allm\‘fable Manx. loading
content in agsiculiuzal
. soil
Heavy Metals (mgfkg) pH 6-7 (mg/kg) (10 vears, kg/ba/yr.)

Cd 20 - 40 1-3 n1s
Cr not specilicd 100 - 150 nol specificd
Cu 1,000 - 1,750 50 - 140 12
Hg 16-25 1-15 0.1
Pb 750 - L200 50 - 300 15
Ni 200 - 400 3¢- 75 3
In 2.500 - 4,000 150 - 300 3

(2) Maximum Conteal and Loading of Heavy Metals in UK. (1989)

Iems Max. allowablc content
{mg/kg dry soil} Max. loading
pH pH pH pH (10 years kg/hafyz.)
Heavy Metals 5.0-55 | 55-60 | 60-7.0 > 1.0
Zn 200 250 300 450 i5
Cu 80 100 135 200 1.5
| Ni 50 60 75 110 3
pH > 5.0
Cd 3 0.5
Pb 300 0.15
Hg 1 0.1
Cr 400 (tentative) 15 {tentalive)
Mo 4 .
Se 3 0.15
As 50 0.7
F 500 20
(3) Maximum Heavy Mcial Contenls for Agricultural Use of Sludge
{Unifs: mg/kg
Country | !:bcI:h‘:lient Cd Cu Cr Ni Pb Zn Hg
France 1988 20 1,000 | 1,000 200 800 3,000 10
Spain 1550 20 1,000 | 1,000 300 50 2,500 16
1999 i.2 1,00 100 45 120 4,000 1.2
Denmark
1995 038 1,000 100 30 120 4,000 08
Fintand 1995 1.5 600 300 100 100 1,500 10
Norway 1995 4 1,600 125 80 100 1,500 5
Sweden 1995 2 600 100 50 {1 800 25




Table 7.2.4.3 Standards of Heavy Melal Contents for Agricultural Use Studge in
Devcloped Countries (2/2)

(4) Maximum Allewable Content of Agricullure Soit

{Units: mg/kg)

Country le;ﬁ?srh?;em Cd Cn Cr Ni Pb Zn Hg
France 1988 2 100 150 50 100 300 1
ltaly (ro data) 3 100 150 50 100 0
Spain 9% | 50 100 30 50 150 |
Nethertands (no data)

A-Valee 0.8 36 100 a5 &5 140 0.3

C-Value 12 190 280 210 534 a4 {§
Denmark 1990 ns 40 3 5 40 100 (S
Finland 1995 0.5 100 20 60 60 150 0.2
Norway 1995 1 50 100 30 50 150 1
Sweden 1995 0.5 40 30 15 40 100 0.5

(5) Limitation in Scwage Sludge Use in Ontario State, Canada
flems Non _ (N/metal
polluted | Max. limit Max. Min. Application | content) fo
Heavy averags (mgA) (kg/ha) content limit 3pp‘]ica)[.im]
metals {mgfl) limes

As ? 14 14 100 10 480

Cd 0.8 1.6 1.6 500 6 4,200

Co 5 20 30 50 11 220

Cr I5 120 210 6 9 kY

Cu 25 106 150 10 11 45

Hg 0.1 05 0.3 1,500 9 8,500

Mo 2 4 4 180 5 1,700

Ni 16 32 32 40 9 210

b 15 60 90 15 10 75

Se 04 1.6 24 500 9 2,800

Zn 55 220 330 4 10 20

Sousce: Manual of the Use for Agricultural Land and Green Land of Sewage Studge, issued by
“Association of Sewage Sfudge Use” in Japan (1996).



'Table 7.2.6.1 Sludge Mass Transition in Studge Treatment Steps

Siudge Treatment Options
Opiica L1 | Option 2 | Optics L3 § Opticald | Optica Al | Gption A2
Land6ll | Landiili | Landfitt | Lanafin Ag“;"s':“”' Ag“&i’““'
Studge Treatment Steps Unit Ashafier | Dewatered | Ashwithout| Dewatered | Conypost Compuost
Digestion | Sludpe after | Digestica Studge afies withoul
Dhigestion without Digestien | Digistion
Digestion
Inlet of Thickening (from Wastcwater Treatment Plant)
Dry Sludze (t DS/d) 2004 20.0 200 20.0 200 200
Organic Sludge (t DS/) 9.9 9.6 9.6 9.6 9.6 9.4
$norganic Sludge (¢t DS/d) 101 10.1 10.3 101 10 10.1
Wet Sludge (/d) 2,000 2,0008 2.000 2,000 2,000 2,000
Outlet of Thickening
Dry Sludge {1 DS/d) 2000 200 200 200 20.0r 200
Organic Sludge {1 BS/d) 9.6 9.6 9.6 9.6 9.6 9.6
Laorganic Sludge {1 DS/d) 10.1 10.1 10.1 101 10.1 101
Wel Sludge {1/d) 400 400 400 400 400 400
Qutlet of Digestion
Dsy Studge {t DS/d) 149 149 149
Oiganic Sludge {t DS/d) 438 4.8 4.8
Inorganic Sludge {t DS/d) 10.1 104 10.1
Wet Sludge (vd) 298 298 298
Outlel of Dewatering
Dry Sludge (t DS/) 149 14.9 19.7 19.7 149 19.7
Organic Studge (t DSN) 4.8 48 9.6 9.6 4.8 9.6
Inoepanic Studge (t DSk) 10.1 10.1 101 1o 10 10.1
Wet Studge {114} 74.6 74.6 98.6 98.6 74.6 58.6
Outlei of Incineration
Dsy Sludge (1 bS/d) 10.3 106
Organic Shedge (1 OS/d) 0.2 035
Inorganic Sludge (1 BS/d) 101 101
Wel Sludye Q/d) 109 11.1
Outlet of Composting
Dry Sludge (1t DS/d) 12.5 149
Organic Shudge in Raw Sludge (1 DSA) 24 48
Inorganic Shudge in Raw Sludge (t bSA) 10.1 161
Product Volume including Butking Material (1/d) 74.6 08.6

Nete:

The comparison is undestaken based on the following conditions:
Raw sjudge dry solids: 20 1/d,
Raw sludge concentration: 1.0 %7,
Ash moisture content: 5 %,
Remaining organic in ash: 5 .

V3 ratio of raw sludge: 48 %,

VS removal 1atio in digester: 50 %,
Dewatered slrdge moisture: 80 %,
VS removal in composting: 50 %,
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Tahle 7.2.6.4 Cost Catculation Basis for Alternative Scleetion

Scope of Cosls:

1) Included facilities:

Civil and architecture works, Mechanical and Electrical works

2) Conditions of daily expense calculation:

- Life of facilities: 50 years for civil and architecture works, 15 ycars for
mechanical and electzical works,
- Renining Values: Nothing

3) Included operation expenses:  Consumption of chemicals and eleciricity, maintenance and

labor

Funciional Equations:

1) Sludge thickening:
Dailyexpense = (3.9Q°7+35.1Q°" + 94Q)x 228x a xK
(US$/8)
2) Digester:
Dailyexpense = (25.7Q"7+51.8Q™'45.16Q0+C) x 228 x a x K
(US$/d)
1) Dewatering:
Daily expense = {38.700'“ + 36.400.13 + 3.31(:00"2 + 760) x 228 x

a xX (US$H)
4} Incineration:
Daily cxpense = (0.85Q"*47.9Q" ®+2.75Q"'+6.42Q°%
+0.154CQ°%) x 228x a x K (US$/d)
5) Composling:
Daily expense = (33Q7*+2.90°"+(0.184Q+1.08}x C)x 228x «

x K {US$/d)

6) Pipcline transportation by pumping:
Daily expense = (15.3Q°* + 1.81Q0"% + 246Q" 7 + 20)x 228x @
x K(US§/9)
7) Truck transportation (for sludge cake):
Unit cosl = 0.14 x L+ 0.78 (US$4-Sludge Cake)

8) Barge transporlation (for sludge cake)
Unit cost = 0.0785 x L + 1.7 (US$/-Sludge Cake)

9) Landfill disposal

Experiential
equation analyzed
stalistically

Experiential
equation  analyzed
statistically

Exgpericntial
equation  analyzed
statistically
Experiential
equation  analyzed
statistically

Experiential
equation  analyzed
statistically
Experiential
equation  analyzed
statistically

Desived from  this
Swdy
Derived from  this
Study

Uit cost = Dewalered sludge 19.3 USS$/A-Wet Derived from  this
Ash 1.5 USSA-Wei Study
Symbols:
Q:  Inletshudge flow (1000m*/d)
a :  Coefficient fos local price adjustment
K: Coefficient for special design conditions and works
C: Labor expense {million J¥/man.year)
L: Teansporiation distance (km}
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Table 8.1.2.1

List of Unit Cosls

US$ Pasis Bahi Basis ]
Wastewater Treatment Plant
Exchange rate {B/USS) 5
Construction cost (US$/m’/d) 1.000]  (Brmd) 36,000
Annual O&M cosl ( USS:’m’{d) 15 ( B."m’{d) 540
WW trealment charge (USifm’) 0.139 (Bm’) 5.00
Wasfewater Sludge
Compost-DS ratio (Non-digesied, 1:0.5) {1 compost/t DS) 50
Plant construction (20 year depreciation}
Incineration (ash type} (USS//day) 21 (B/Vday) 767
Digestion (USSA DS) 41 (BADS) 1,464
Compost (US5A DS} 39 (BADS) 1,035
ProductionfirealmentfO& M cost
Incineration {ash {ype) (US$Aday) 21 (BA/day) 1582
Digestion (US$A DS} 18| (BADS) 1,254
Compasl {US$1 D3) 833 (B2 DS) 3.000
Usit revenue from digestion {USSi DS) 550 (BADS) 1,980
Pristance from WWITF to STC {km) 250
Distance from STC to Landfit} &m) 15.0
Pistance from Compost Faciory to Markel (k) 10.0
Distance fronl WWTP 10 Compost Factory {km) 100.0
Landfill {controlied type) (US$1) 7.30 ) 263
Weight reduction by incineralion: cakefash 125
Bulking materials density 0.2
Bulking materials cost UssH) 2 (B1) 75
Compost sakes price (US§A) 42 (B) 1,500
Wastewater Reclainked Water
Watering public parks and gardens
and plants along read (evervday) {(m/10Cha) 30
Road sprinkiing {once 2 week) (m’li GOha) 10
Cost of additional facitity installation (USSfunity 88,972 (B/unit) 2,203,000
O&M for additional Facility (Ussmh 0.025 (B/m) 0.89
Rectaimed water sales prive (USS/mY) 0.139 {B/m3) 5.00
Rectaimed water production cost (US$/m”) 0.067 (B/m®) 240
Transportation cost (6 ton truck)
Hauting distance 2 km (USS!m;) 1.675 (B,’m’) 8w
auting distance 4 km (US$/m’) 1.372 (Bm?) 49.39
Hauling distance 6 km (US$/m*) 1669  (Bm) €0.07
Hauting distance 8 km (US$/m’) 1.965 (B/mY 70.75
| Hauling distance 10 km (Usiimh 2262 (B/m’y 81.44
Night Soil Treatrsnt Plani
Plant construction (US$/m’i) 9722  (Bm'n) 350,000
o&M (USS/m’) 2,600  (BA'Ad) 93,600
Charge cost/bill (US$hill’month 0.078 | {Bbill'month) 28
No. of people/house (People/house) 5
Chasge rate (Uss/m’) 1aso|  (Bm) 50
Transporiation of collection (20km) (USS/m’ 3.000 (B/nv’) 163
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Table 8.1.2.2 Cost Recovery by Generating Power in Digestion Process

Specification
Capacity (tDSA) 160
Gencration capacily (kWh) 8.000
Construction cost (US$) 18,500,000
O&M cost (US$/y) 500,000
Tatal cest for 20 years (US$) 28.500,000

Revenue
Gencration clficicncy {%) 88
Daily generated power (kWh/d) 140,800
Annual operation days (d’y) 320
Annual generated power (kWh'y) 45,056,000
Total powcr for 20 ycars {kWh) 901,120,000
Unit sales price (BxWh) 2.25
Unit sales price {US$/kWh) 0.063
Total revenue for 20 years (US$) 56,320.000

Unil revenue
Total revenue for 20 years (US$) 56,320,000
Unit revenue per capacity {US$/t DS/d) 352,000
Unit revenue per capacity (B/t DS/d) 12,672,000
YUnil revenue per t DS {USS/L DS) 55.00
Unit revemue per ( DS (Bt DS) 1,980

trcatment capacity of 160t DS/d.

T - 104

Note: The estimation of unit cost recovery here is calculated based on assumption of




Table 8.1.2.3 Cost Estimation for Digestion Plant and Composting Plant

Digestion cost at STC

Bry solid capacily (1t DSAY) 160

Construction cost
Digestion {US$) 7,500.600
Generalion {US$) 18,500,000
Odor remaval {US$) 72,000,000
Dewater (US$) 9,500,000
Leachel {(US$) 5,000,000
Sub-total {US$) 417,560,600
Sub-unit cost (US$/t DS) 41

O&M
Digestion (US$/y) 140,000
Generalion (USS7y) 500.000
Odor removal (US$Hy) 800,000
Dewater (USS$/y) 550,000
Leachet (US$7y) 45,000
Sub-total (US$/y) 2,035,000
Svh-unil cost (USSH DS) as

Unit cosl USSH DS) 76
% Composting cost al centralized plant '

Dry solid capacity (1 DS/d) 112

Construction
Composling process (US$) 16,500,000
Odor removal (US$) 7,000,000
Sub-total (US$) 23,500,600
Suh-unit cosl (US$/1L DS) 29

O&M
Composting process {USS/y} 2,607,000
Odor removal {USS/y) 800,000
Sub-total (USS/y) 3,407,000
Sub-unit ¢ost {USS/1 DS) 33
Unil cost (USS/t DS) 112

Note: The cslimation of unil cost tecovery for STC is calcutated based on assumplion of

treatment capacity of 160 1 DS/d.

The cstimation of composting unit cost is catculated based on assumption of

treatment capacily of 112 1 DS/

T - 105




Table 8.1.2.4 Mixing Process of Composting (non-digested sludge)

Inorganic Organic Water Total Water
substances | substances | contents
Original contents (%)
Dewatered shudge 0.07 0.13 0.80 1.00 £0.00
Bulking materials .08 0.77 0.15 1.0 15.00
Mixed ratio
Dewatered sludge 1.00
Bulking materials 0.50
Contents after composting
Dewatered sludge .07 0.13 0.80 1.00 §0.00
Bulking matenals 0.04 0.3% 0.08 0.50 1500
Mixed sludge 0.11 0.52 0.88 1.50 58.33
Contants change 1alio in composling process
Dewatered sludge 1.00 0.50 0.50
Bulking materials 1.00 1.00 0.50
Final ratio in conpost
Dewatered sludge 0.07 007 0.40 0.54 74.77
Bulking materials 004 0.39 0.0} 0.46 8.131
Compost 0.11 0.45 0.44 1.00 43.86

02kgDS —p

Ratio of compost fe D

1 kg dewalered shudpe ——p 1.00 kg compast

Sinkg

50
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Table 8.1.3.1 Local Cost Based Coniparison Antong Sludge Treatment Oplious

Agricultural]  Landfitl Landfill Landfill
use disposal disposal | disposal
Option Ne. A2 L2 L1 L4
B compost | Dewatered Ash Dewalered
Oplion Name without | studge aftec after sludge
"Digestion | Digestion | Digestion | withowt
digestion
Cost
Dewater at on-site
Dy solid capacity (1 DS/d) 10 10 10 10
Construction (USS) 2,038,000 | 2,038,000 | 2,038,000 § 2,038,000
0&M (US$y) 253,000 253,000 2530001 253,000
Unit cost QUS$1DS) 27 97 97 97
Transport
Unit cost USLDS) 5.09 1.67 1.67 0.00
Incineration
Unit cost of construoct. (USSA D3y 106.54
Unit cost for O&M (}/S$1 DS) 10538
Unit cost {US$/ DS) 211.92
Digestion
Dry solid capacity (¢ DS4) 160 160
Constroction uait cost (US$/1 DS) 41 41
Q&M unit cost (US$/t DS) 35 35
Unit cost (US$/t DS) 0 76 16 0
Composting
Dry sotid eapacity {tDS/d) 112
Construction unit cost (US$/tDS) 29
O&M unit cost (USSA DS) &3
Production
Bulking materials () 280
Bulking materials cost (USSA) 582
Transporiation (Usshy 0.79
Production unit cost (USSH DB5) 7.18
Unit cost (US$/LtDS) 119
Unit costiexcl constructiorn} (USS/t DS) 92
Compost production {th bS) 5
Transport
Unit cost (US$/t BS) 099 1.22 0.16 236
Landfil
Unit cost (US$/1 DS) A6.50 292 36.50
Tolal cost (US$/1 DS) 223 112 J89 136
Revenue
Sales income of compast {USS/1 DS) 208 o 0 0
Cosl recover by generalion {US$/1 DS) £5.00 500 0.00
Totzl revenue (UIS$/1 DS) 208 S8 58 0
Treatment cost induding Dewater{=Cost-Revenue)
Onverall dry sludge
freatment cosl (US$/1 DS) 5 157 AR 136
(B/1 DS) M 5,657 12,038 1,899
Balance alter WWTP
(Excluding dewaler} (US$/t DS) -82 60 FRY K3
{B/1 DS} -2,969 2,156 8,539 1,399
Balance altcr composting (=Revenue-Cost)
{Amount of profit) (US$/1 DS) 82.56
(BAL DS} 3,152

T-107




dLans BAR 18 30 P00y UMD AWILOW 2ames
UOTHRGO UM JOTEMIISCM O POIETA 10U 51 WRIGM *LaST 'WRL UL PALIEIS UoHaNIsu0s oidadaiug
DUIESIL R £ 54T UL S P D0 IO BITG 0N

(2 oiemaism w1 uai00d Tpres
(uow/) a¥pnis
606 LIN'R 960 850°01 z1g'6 Y6 S CEPL  L96'M LLR'W LIR'® epEW gWe'R ome™  O¥0'% WLT% ITYR HeR™ (MTUIIUOLL I S] 40) 1800 LU0y
4 01 160 Ll [r i T 14 |{ir4 02 w8t 4 [6'T %'L 8¢ o'l $6'1 w0 1 LW S WRLL APNIXT ¢
wT 26'T 2 rL'l {49 [+ ore $6°T 9%6'T 6X'T L 8T b 4 64T LLird W7 T  rar g § W apapRy T
0T 4 oLt LN wt W ot¢ $6T 98 (T34 ‘e a7 e 6L'T 98T T pi d T 1508 [1E 3pruatt T
{3/ L IEg) Lajem pisem JEaIL 01 1800 )
€ b4 v Lalid ¢
4 4 o1 4 [ 91 124 oz Lt 1A 1A it it Al A1 Hl 1 #t pus UL T
Tt 4 b4 at 3t pAd or It ot ot ot ot oL ot o1 ot or ot LITIS MM T
s e on!
Py 96 Fa ) TH6 [y 1% L'es 906 6T P 6 L] g6 +'T6 123 () h &5 S 2 {up) eaowa 09 ©
9 RL 194 = 99 [+ St » oL §9 1Y Lr " oS v o Ry % (/) Ju qog ¢
0096 0096 00161 0006 00261 o0otsL oLy [ 4] oory 0058 0053 OFN'R QLR OPS'S O¥9M OOUR o6t 005 () ) Jurmey 1
AT PACALYL
PRCRIC GRYBOL  PRLSDS WOOSYL  LOVEYL  CICUTRL  [ITOWNS  RLL°A05  CEU'SIS  SWWUIIS  SUOUNS  protls  ES0US ofw'r0s  ritelS OLT'6TS TOTPOS  OTTUISY (L W yWRN apmioxg
POCOOY  GIWIES WLOLIR  SSOLTOT  LETWIONM COIIIOML [10S°CeR  CPO'SYL  CRR'ILL SeRIGL SUTUSLL  ERIUOL TLTNLL 6OFURL rRSTLL VTOGHL  THRIPL  OSWB6S 5 WP IpnEXY
PES'ORL  ULO'SOL  PTECOO'T  RIOLIOT LETWIOT  COTITON [1NSCPR UrOSyL  SPRLLL Op'los  SUTSAL  eepler TATNLL  evryms eRETILL 910'GHL  TRETTeL  OFW'e0s 1B Ao
1000'ST  000'ST  000%SS 000'T 000"ST 000'ST OUO'LT  00O'LI  0OO'LT  000%MT 000D 000Ul 000Xl 000D 000l 000l OO0LT o00'at SO ! @
L IAD
LIS g weg
IS Ut
OUG'THT  OYO'CLT  QORRLY  GOUINT  OMLPLD OQSR'GLT  |OPE'PRT SOWLLT  OTITPD  QUS'SCT  OLO'WND OOR'NT  0T9Tel OUO'IPl QIPWST  Ori'esT QDU OrlLeD e ¢
Apngs Tuidung 9
Osa Rl OST'OHT  OST0RT USMDISUGY JouddaaaT 5
00TY ooy [+ 04 i 1. r-3 DOYME  0OP'IC  OOP'IS  OOVIE  0OO'TY  OOVTY OWlY QWY QDS'IY OOTIY K9'TY 0om'e waeds dnals Buineday
00008 000°08 00008 0OO'DS  000'0S  0OC'0S  D0O'CS  (O0'0E 000'0S 0L0'DS LuCTOE GOO'OS U00s s O Sukepe Fuwindoy
PSHLT wSO'TL UL 00008 000°08 00008 GOC'EE OO OOSSY QOCWY 00NN OOVWY  DOVNY QOO ODNWY OOUY OOCEY 000'Re sy asedy pue (10 Yy
s ‘ST ROUTTL 00 *ROT OOvI0L QOLWGT OU'EOL  OOX'COT  QOE™O!  OOL'COT  OOK'COT  OOU'E0T  OKWOI  OOCWOT  OONCCl  00EC0T 60T 0 aeday WIW
TI'OT TTG'T T 00ROPT  QOR'OPE  QOR'OPT  |0OT'RIT OOI'RIT  CQOT'WIT QOTRIT OOIWIT OOIWID OUIWIZ wOTWIT OOIWIT OQOTWIT OUI'RIT 00F'NS UOLAIXID 7 BMUTUDIMIEIY ¢+
[STagE  SEWOY  SRROY SHROY $5etL &vLL G0PLL TPV Teee TPV SNSS guWN  omil STNR Dwee se'oro STNer 08 Aiduns Jaem, o
1SO6TE  SETULS  SUsTILT S96IT Fa 4 sPr'lil SITSL STPTL SIWSL 09T ODW'TL STYOL STOML  DSTW9 DIWUY GOSN BOTTL 009w (Banagy o
lasas2ts orv'esl RRUELE  WACSOC  TTWPOC  COTNOU  ITOPULLT  eARSSL BSUAIY  TUOIE  LTS'RID  NCA'OIT TOSWIZ es¢'lnl  wsUS13_ s00S0r  4il'Uet  ogtel Araupain 1
Teg? | Gueg)  oweg) Tveet) gy R R T S T R O S R O L R LT AN 1503
W AT ARNWRP  oqwidd]  AqUaAON 3000 |equndos  wrlay Aing amp Aew tahy g Avvuge  ARMIE W00 AGRIBAdN 0RO
Lol [1! L801 [ Q661 968! [ 0661 G661 [ [T Yot G5t 66T Ghnl San stn1 cnol

(1) 3ur]q JUIIBILY, INEMIISEA BARIYJ IS 10) sisd[euy eje( uonesdd( 1°'1°7'8 d1qelL

T-108



...-.EE_ PRHUOD FIPRIY JANIAY
uAlianmanrem Gl upiuod J3pnt
Guou) 38pnis
wL'l UYL TUN'L ey &R1H YR 9LL e RER'H LRE'H Li'e ore s sile TUCWL/ ORI/ W) 30O 40] 1500 31U;]
107 01 60 L0l o0 660 o P60 "o 160 $6°0 L0 D60 16°0 LW 5 WO PRI ¢
ol (1, 44 8T ot A T |8 [T - rie 'l 'L o't [a. | w1l ¥ wajyapRpxy
€7 16’1 6o ¥ 81T raf4 otz [ 4 [ T L LI L't 691 81 or't 8T L 1503 (IE ABrY T
ﬁ_..._....c\_ﬁmu A3 BN JUDAL O3 1N I
« £ v £ £ [ DS o v % v ¥ v ¥ AU Y
| |34 |64 4 12 T L o2 (3] 9 o ot ' ot ot PLUCE TH PR N R
Y 4 5 I < k44 4 4 ] put M1 M b1 o h4d 108 WAL T
TIE JO 'ON
wew 76 606 916 o6 ¢'0b R R R $P6 L FAnd) ros Ul L086 () 1m0 QOd ¢
oos oL o're Tos oLs o'on e s D] P Gy 13 *'is o o ) yur 00d
,ﬁ 00107 009'07 [L 54 0ar'ol 000"t [, 8.1 0xT0T OKT'OT  ORTUT [L LV A ] § 0FTHT T U566 Ly R/ 0 JH sty T
D1 PRICBLL,
PERTPD  RIR'OPO TAOEY  wLT'06S  TTO'WSY  OSOUISS  QUR'0US OLTUIAS  TAST06S  JOODMRY  RILIRE  SWR'GOY G0WGop ST'eLT SYR'LLC |4 Wy Wi Sy
PIRTLR RALILR TGRSR wCOLOR  ITTILL  DXOUSSR ONO'CLR  OIR'SRE  TOWSLR  [ONO'BOL  WIKPIN  SOSIUN O YRB'SLL 9SuUres IrQTTON |5 WA opmiail
POPPOCT RLOWES'T  TLOWLOT  PISTONST IOWEEZ'L OITRLET 09T9SU'l 058™MOPT SUMRIMD [08T'wme  wos"OTOM $¥L'WOU'l WETT00 G09'0se  Jobwrl s Aigwon
920 w00 SO0 L0 00008 000%08 00008 000'st  000'sY  000'ST  DDO'S® QOO'P  OUU'SY 000 WKD'ST ODUUST DOOSC oou'sT 000'sS SOORULIRISIY %
(AL ¢ TG LS OIS'L  OME0L OTXOL ogE'PR OwNOTR L KD
002°00T  00T'00T 002'007 00200L  DOT'00T  OOX'POI  OUT'DOT  DOTWR AUk Sty g
oro'ey ovo'ry or0'ry vy oro'ry oot RSl OoRIT TN WAL
o [ gl o0 560 DLE'RTT  Owe'eTl DIVGTT  QUS'ATT  QOT'SIT  ORGTIOY  OIMELIC  OFDWOT  OPI'SWT  |URGWNLT  DOYRLT  OLWIND  OKI'GLE ORITRRT OTPeRT aRem L
o0 [cae] 0o 00'0 0 [+ 0 i+ Q Q 0 Q 23pnts Jundwog ¢
bt /RO o' oo'e CHE'TIS  ORETSTS ORgels o] e ORS'TTS  ORS'TTS  ORSTSUS  ORS'TIS  ORS'TSS  loSTORT osTowl  OSTowT QneRl  OLTORT UoLdnITUG Jordanai
0 00 00 e 0TeLt oTeLt i A P AN (WA S YA [P QRN+ R S S TR S V4 o W ¢ T [Rihay [V U MU ¢ wiaids Maw21a Juumdon
00 00'e €00 RU0 ¢ 0 1] ] ¢ 0 0 [} o v o 0 Auyaps Funieday
Lo L0'0 00 10 Hor R oot Ie 0or'le  OWP'le  OORly  OWle OerIr 09rTlE (RS9I psOMtD eSO'ID wEONT o mOQD w0 skivd savds pun (e wr
o o oo &0 085, 059°L 0347 059's 089°L 089 [<4r3 0s59°L osuL OOl ROONT  WEOTL WROTD RUOTL  KWUTTL dreday T
fra] e Ly 0870 [ T VA 0498 OEL'We  DEL9Y OEL'Y QUL9R QLU ORL'9R [ITe'e Vel L18'0D Dol IDe0l I UOURIAdD 3 DULLILICHY &
000 w'e 00 o0'o oo ov 198 StL oo 509 RRY Y @ity 'H08 hat 0 'Sy oy el o) ha Anddns s, ¢
70 92'0 10 ) 000'0IT  OSO'LIZ  OOS'EBT  OLL'SZT  OIR'0IT  O60'9SD RO LUol  wOUWST  [SSe'eXl  OSOUCT WST'CL wal'RUL divtas SOr'IS e 3
ro'n $5°0 V0 R0 00T CPCRIE  [AOMOTY STUOE  TUR'TIS STONIE  ROR'TIN  OIMWRC POOTSE  [LIS'WEC SeOvly  DOIMOC amn'ony arfiel  Ieliect AP 1
e w) Qe Qarg) ey lvve) Tomg)  Gwem) udes) | GQeer Gwedr  oMemd odesn | ey Gaed) Owed)  (weg) Guedd Guew) JINNIS 150
UMD  FRE-LULG GLO-QT/MG 6196-01/56 (] 1wy Ay aung few ey WREN AMTruGed AN JGISAON fegwienlex  sndmy Amr wnf AR 1y
1500 11Um Sy w61 Riws 1 Ll woi{ NEOT REGT HAGL Nont Lt Livs] £60T L6t £o6T Ll Livh]

(7) Jur]q JUAWILIL ] INEMISBAL BABIYJ IS J0] SisA[euy eje( uoexddQ 1°1°7°8 dqe],

T- 109



Table 8.2,1.2 Opcration Data of the Nong Khaem Night Soil Treatment Plant

2535 2535 2837 2538 F3T) 2530 Tol  Awverage
1652 1993 1694 1995 1995 1997 (mY) ')
Opetator Axano Asano Asano Asano Warachak  Worachak
Night soil (mh £9,041 100,745 9,446 93,650 106,957 103840 583,688
Leachate {nh) 9,136 50,467 53,61 42,892 43,600 30643 230,107
Tonal (") 98,177 151,292 142,807 141,551 150,560 134,438 818,795
{Baht'm®)
Salary (Bahy | 19,251,735 23015656 27,611,768 26,107,024 22,739,840 28477854 192
Electricity Ba) | 18719236 2653013 2377467 2105664 2117200 1,699,226 16
Walct {Bsh) 149,220 214917 203,400 282421 255,452 194,747 2
Chendicals Mty | 6207200 12706930 2373143 6,189.910 2401522 2,799.639 4%
Labor Bty | 9,432370 6819000 9305981 776,128 9032610  2,735619 63
Mainterance  (Bahl) | 3322190 4,443,690 4446928 4,280,229 4,620,798 4,098,036 3t
Total (Batt) | 40242052 54,853,356 47,448,782 46,728,386 46,172,451 45,004,581 m
Night soil (/)
Leachate () 25 133 245 18 119 84
Total (i) 249 414 39 388 412 368

Treaiment unit cost

(B2} 410 353 pL}] ¥ 307
Source: Operation dals of Nong Khaem NST?

Note

Plant is in non-slop opcration, 24 hours and 365 days.

Satary is Worachak 2adm/tech staff and Lebor is Worachak workers, nolincluding BMA shaff.

Feachale is leaked water from mearby garbage dumping site, pumped up lo [he planl.

Previous analysis show low Tevel of heavy metal containin sludge, even mixed up with feachate.

Chemical expenditure fluctuated greatly since as large amounted were imporied.

Eabor and maistenance for 1993 to 1996 are estimated from data for 1991 10 1992,

There is leachate treatment plant in On Nut, m2naged by DDS.

Gatage Dispasal Div. of DPC manages compast incinerator 21 On Nut and Landfill site at La1 Krabang.

Coptraet treatment amount with Worachak Worachak Ralaace
Period Targel Actual Remark Hem 1996 1997
(m’7d) {m'7d) Revenue 32370400 28914520

95.12.16-95.12.15 480 412 Fapenditure 41,308,277 40310559
96.12.16-97.12.15 500 L2 Profit & Loss| 9027877 11,396,049
$97.12.16-98.12.15 830 542 |(Dats inDec} Note:
08.1216-99.12.15 600 Revenue = tola] freated volume (m3)x 215 (Bahis’md
99.12.16-00.12.15 600 Expenditure = Salary + Labor + Maintenance
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Table 8.2.2.10 Breakeven Cost Analysis

Set Accumulated fo)
Value Surplus
up to 2020
B/mor) | (Mil. B)
WWTP System
WHW treatment charge rate
Original rate +40% 7001 37.229.48
Original rale +20% 6.00| 24,555.37
Originat rate 5.00 11,881.25
Original rate -20% 4.60 -792.86
Original rate -40% 3001 -13,466.98
Estimated Breakeven rale 4.06 0.60
NSTP System
NS charge rale (Bm’) | (Mil. B)
Original rate +1000% 500.00 607.94
Original ratc +600% 300.00 -220.61
Original rate 50.00 -1,256.29
Estimated Breakeven rale 353.00 2.00
Composl sales price {B/1) {Mil. B)
Original rate +100% 3,000.00 21691
Original 1atc +50% 2,250.00 -519.69
Qriginal rate 1,500.00 -1,256.29
Estimaled Breakeven rafe 2,780.60 0.00
Overall System
WW (rcatiment charge rafe (B[m’) (Mil. B)
Original rate 500 12,182.68
Original rate -20% 4.00 -491.43
Osiginal rate -40% 3.00| -13,165.54
Estimatcd Breakeven rate 4.04 0.00
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‘Fable 11111 Requirements Regarding the Environmental Impact Assessiment (EIA) {1/2)

Items Types of Projects or Aciivities Size
t. | Dam or rescivoir Storage volume of 100 million cubic meter
{MC) or mote or storage, sutface area of 15
square kifomelers or motre
2. | luaigation Irrigated area of 80,000 rais (12,800 ha) or
more
3. | Commercial airpont All sizes
4. | Hotel or resornt 80 roonss or mote
5. 1 Mass transit system and expressway as defined by the | Al sizes
Mass Transit System aod IExpressway Act, or projects
similar lo expressway of tail {ype mass {ransit system
6. | Mining as defined by the Mineral Act All sizes
7. | Industrial estate as delined by the indusirial Estate All sizes
Authority of Thailand Adi, or project similar to
industrial eslate
8 | Commercial poirt and harbor With capacity for vessels of 500 t-gross or
more
9. | Thesmal power plant Capacity of 10 M or more
10. | lodustries:

(1) Petrochemical Industry Using raw materials which are produced from
oil refinery andfor natural gas separation with
production capacity of 100 ¥/d or more

(2) Oil refinery All stzes

(}) Natural gas scparation of processing All sizes .

(4) Cbloro-alkalive iodustry requiring NaCl asraw | Production capacity of each or combined

material for production of Na,CO,, NaOH, }ICl, | products or 100 t/d or more.
Ct,, NaQCI and bleacbing power

{5) Ilron and/or steel Industry Production capacity of 100 1 or more
{production capacity calculated by using
production  capacily of furpace i Vhour
muliplied by 24 hours)

100 1/day or using furnaces with combined
capacity greater than 5 ¢/batch

(6) Cement Industry All sizes

(7} Smelting Industry other than iren and steel Production capacily of 50 t/d o5 more

(8} Pulp Industry Production capacity of S0 t/d or more

18. | All projects in watershed arca classified as 1B by the | All sizes

Cabinct Resolution
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Table 11.1.1.1  Requirements Regarding the Environmental Impact Assessment (E1A) (2/2)

Ttems Types of Projects or Activitics Size
12. 1 Coastal reclamation All sizes
13. | Building in areas adjacent to rivess, coastal areas, Building
lakes or beaches or in the vicinily of mational patksor | 1. 23.00 mbeight or more.
bistorical parks 2. Total area of all floors or area of any
floor in the same building is 10,000 m? ot
more
14. | Residential buildiog as defined by the Building Act 80 upits o1 more
15. | Land appropriate {ot housing development) Number of tavd plots is 500 plots or mote

Total land area is more than 100 rais (16 ha)

16. | Hospital which is Jocated:
(1) in arca adjacent 1o rivers, coastal areas, lakes, or | (1) A0 beds or more

beaches
(2) Ioarea other than (1) (2) 60 teds or more
17. | Pesticide fodustry or industry producing aclive All sjzes

inpredient by chemical process

18. | Chemical fertilizer industry usiog chemical process in | Adl sizes

production
19. } Highway or road as defined by Highway Act passing | All projects which are equivalent to or above
thiough following area: the minimum standard of rural hiphway,
(1) Wildlife sanctuaries and wildtife noo-bunting jucluding roadbed expansion,
arca as defined by Wildlife Couservation and 7
Protection Act %

(2) National parks as defined by National Park Act

{3} Watershed class 2 as approved by the cabinct

() Maangrove forests designated as National Forest
Preserves

(5) Coastal atea within 50 melers of maximum sca
level

20. | Central waste treatment plavts as defined by the All sizes
Factory Act

21. | Sugar todustry
(1) producing raw sugar, while sugar, refined sugar | All sizes

(2) producing plucose, dextrose, fructose o the like production capacity of 20 1/d55 or more
22. | Petroleum Development

{1} Geophysical drilting exploration and/or Allsizes
production
{2) Oil and gas pipeline sysiem All sizes

Source: (1) The Minisuy of Scieace, Technelogy and Favitonment  Re: Specifying types and sizes of projects of activities of goverament
agency, skale entesprise of privale person which are required 1o prepare reporls on environmentat impact ascessment.
{2y The Minisy of Science, Technology and Eavirenment  Re: Specifying fypes and sirzes of projects or activities of goversment
agency, slale enlerprise of privete person which are required to prepare feporis op environmental impact assessmend No.2, B.E.
2535 (1992
{3 The Ministry of Science. Technology and Eavirosment  Re: Specifying types and sizes of projects of activities of povernmen)

agency. stile enteqprise of private person which are requised 10 prepare Feports on environmental fmpact assessment No3,BE.
3539 (1996). s
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Table 11.3.1.1  Format for Scyeening (Option A)

No,

Enviroomental ltem

Description

Evaluation

Social Emvironment

Resctilement due 10 Tand occupancy (transfer of the rights of

. 1t ! . Y ?
! Rescttlemen residence and land ownership) l ]®l I
2. | Economic Activities Loss of production base and change of economic structure [Y} ﬁ@ 1%}
3 Traffic and Public Impacts on schools, haspitals, and present traflic conditions, such as @ N}
| Facilities traffic jams and accidents 1
4. | Split of Communities Separation of regional communities by hindrance of regional traffic (Y} @[7]
Loss o decrease of the value of cultural assets, such as temples,
7
3. | Cuttural Propeity shrines and archacological asscls lﬂ@[]
Water Rights and Rights . —_ . .
. ; 15 ?
6 of Commen Obstruction of Fshing rights, water righis, and rights of common {Y] @[ ]
N i Ith Hary condition d the g ti
7. | public Heatth Cooditicn Worsening of hea a_nd.saml.aq condition due tathe geaeration of Y] @[?f
garbage and pathogenic insects
3} Waste Generation of construction waste, surplus soils, sludge, and domestic @ NI
wasle
9. | Hazards {Risk) Increase in risk of cave-ins, ground failure and accidents Y] @{"]

Natural Environment

10 Topography and Change of valuable topography and geology due fo excavation and (] @ .
* | Geolozy eanthfill "]
11. | Soil I'rasion Topsail erasion by rainfall aller land reclamation and defovestation 1Y} @["1
Exhaustion of groundwater caused by over-draft, and water potlution
. dwat ?
12. | Groundwater by leachate SIIE
. I Changes of river discharge and riverbed condition due to filling work
3 : ?
13| Nydrotogicst Stustion | | oo infow YN
19. | Coastal Zone leal e[osion and chan{g,e of coastal vegetation due lo change of [Y]@{?}
littoral drift and rectamalion
. Obstroction of breeding and extinciion of species due tothe changes
= ?
1.} Fauna and Flora of habitat condilions kvl ®i )
16. | Meteorology Change of micrcrclifnate, such as len%peralure, wind, ele, due to IY.l@[?]
large-scale reclamation and constiuction
Change of topography and vegelation due to reclzniation.
17 X - = . ?
andscape Deterioration of acsthetic harmony by struciures 1Y} ®[ l
Pollution
18. | Air Pollwticn Pollm.im caused by exhaust gas oF foxic gas from vehicles and (Y] @ Pl
factories
19. | Wates Polution River and groundwater poflulic«j. l.:‘ijllSCd by inflow of drainage and [¥] lN]@
sludge from water (realment facilities
30, | Soil Contamination Cor_xl:aminatim.caused l?y discharge or diffusion of waste water [Y]IN] @
drainage or toxic malcrials
21, | Nuise and Vibration Noise and vibration generated by vehicles and operation of water @ N} [}
treatment plants
. . Land deforniation and fand subsidence eaused by the lowering of
: c ?
22. | Lidnd Subsidence water fable v @[]
23. | Offensive Clor Generation offensive odor and exhausted gas @ (N1

Overall Lvaluation:
Fither IEE or TIA is necessary for the Project Implementation?

91
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Table 11.3.1.2  Format lor Screening (Option B)

No. Environmental lem Description Evaluation
Social Emvironment
Resettlement due ko band cocupancy (transfer of the rights of
i ‘ t 7
Rescitlemen residence and land ownership) A ®l ]
2. | Economic Adivilies Lcss of production base and change of economic siructure i‘l’[@ ]
1 Traffic 2nd Public Emspacts ca schools, hospitals, and present traffic conditions, such as @ NI
T | Facilities affic jams and accidents V] “___
4. | Splitof Communities Scparation of regiona} communities by hindrance of tegional traffic [Y] @ g]
1.oss or decrease of the valve of culiural assets, such as temples,
. 1 1 ?
5 Culiural Property . § shrines and archaeological assels ‘Yl@i ]
Water Rights and Rights . L . . 5
6. of Common Obstruction of fishing rights, water rights, and rights of common IY]@ ]
.. w i i iti t ti
7. | pubtic ttealth Condition orsening of health a]-;d_samlary condition due to the generation of [ lN]@
garbage and pathogenic insects
8 | waste Genesation of constrection waste, surplus soils, sludge, and domestic @ (NI§)
waste
Q. | Mazards (Risk) Increase in risk of cave-ins, ground failure 2nd accidents [‘l’}@ 13

Natural Emvironment

10 Topography end Change of valuable topography and gealogy due fo excavation and v @ 9
" { Gealogy earthfill YR
11. | Seil Brosion Topscil ercsion by rainfall afier fand reelamation and deforestation [Y}@ 12]
i Fxhaustion of groundwater caused by over-drafl, and water pollution
12. | Groondwater by teachate 1D
. I Changes of river discharge and riverbed condition due to filling work
A \ 1 7
13. | Hydrologieat Situstion | o 1N
. . Coastal erosion and change of coastal vegetation due to change of
"
14| Coastel Zone hitoral drifl and reclamation lYl@ )
. Obstruction of breeding and extinction of species due to the changes
.,
1. | Favna and Flora of habitat conditions Yl [N]@
Change of micro-climate, such as lempcrature, wind, etc., due to
6_ ? 1] L] ?
! Meteorclogy large-scale reclamation and construdtion M @l )
Change of topography and vegelation due to reclamation.
. | Land . .
v andseape Deterioration of aesthetic harmony by siructures [ lN]@
| Pollution
15 | Air Poltution Pollutfon cavsed by exhaust gas or toxic gas from vehicles and wl@ ()
factories
] River and groundwater pollution caused by inflow of drainage and
.| Water Poliut
19 aler Seliuhon sludge from water treatment facilitics 1Y [N]@
o . . - s P i
20, | Soit Contaminatico ns]wmmahon .caused l?y discharge or diffusion of waste waler |Y]® [
drainage or foxic malerials
- 4 vibrati - . ]
51, | Noise and Vibration Noisc and vibration generated by vehicles and operation of water @ (N}§2)
- treatment plants
» 4 : o
22 | 1.and Subsidence Land deforniation and land subsidence caused by the lowering of lYl@ Il
waler lable
23, | Offensive Cuor Generation offensive odor and exhausted gas {Y] [N}@

Cherall Evaluation:
[ Lither JLE or 1A is necessary for the Project Implementation?

@)
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Table 11.4.1.1 Envirormen{al Issues Raiscd by IEE

Option 1
Social Environment
1) Traific and Public Facilitics

2) Wasle

Option 2
Social Environment
1) ‘Fraftic and Public Facilitics
2) Public Health Condilion
3) Waste

Natural Environment

1} Ground Waler

Pollution
1) Water Pollution
2) Soil Contamination
3) Noisc and Vibration

4) Offensive Odor

Natvral Envirmimenl
1) Ground Water
2) Fauna & Flora
3) Landscape

Pollution
1) Water Pollution
2) Noisc and Vibration

3) Oifiensive Odor
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Station for Water Dilution Systems

No. |[Name of Pump Siation & Gate | [System 3
System 1 &2 12 |Satbom P.S, )
) |Bang Khen Ghao P.S. 13 |Choug Non 56 Temporary P.S,
2 |Baog Khen Mai P.S. 14 [Rama IV PS.
3 |Bang Sue PS. System 4
4 |Sam SenP'S. 15 | K. Toey P.S.
5 | Tavate P.S. I6 1Bang Chak P.S.
6 |BanLumPin G 17 |Baog Or P.S.
7 | Phia Phivklao G 18 {Bang N1 P.S.
8 |Pak K Talad G Acratcd Lagoon Systenis
9 1OugAug G No. |Name of Aeraled Lagoon Systems
10 | Krung kasem P.S, A-1 |Makkasan Pond
11 | Pbra Khanong PS.

-2 |[Rama IX Pond
A |Buddamouthon Sai 2

TIIE STUDY FOR MASTER PLAN ON
SEWAGE SLUDE TREATMENT / DISPOSALAND LOCATION OF KIILONG WATER

RECLAIMED WASTEWATER REUSE IN BANGKOK

Figure 2.15.1

IMPROYEMENT FACILITIES

JAPAN INTERNATIONAL COOPERATION AGENCY
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TIIE STUDY FOR MASTER PLAN ON Figure 3.1.2.1

SEWAGE SLUDE TREATMENT / DISPOSALAND TYPICAL SEPTIC TANK ARRANGEMEN
RECLAIMED WASTEWATER REUSE IN BANGKOK ! EMENTS
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THE STUDY FOR MASTER PLAN ON

SEWAGE SLUDGE TREATMENT / MSPOSAL AND
RECLAIMED WASTEWATER REUSE IN BANGKOK

Figure 4.5.3.1

JAPAN INTERNATEONAL COOPERATION AGENCY

TYPICAL TREATMENT SYSTEM OF
SHERATON IIOTEL
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TIHE STUDY FOR MASTER PLAN ON
SEWAGE SLUDGE TREATMENT [ DISPFOSALAND
RECLAIMED WASTEWATER REUSE IN BANGKOK

Figure 4.5.8.1
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EACH ITEM{19Y8)
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