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Document A 

Executive Summary 

This report complies with the Terms of Reference for National Sub-contract 
(Annex B) which requested assistance to International Experts on the selection of a 
hazardvus waste incineration system and a distillation plant for Thailand_ 

Three national experts provided the service for the total of 6 man-months 
during the visits to Thailand of 2 international experts : Mr. Eric Street in 1992 and 
Mr.E. Glynn Hughes in 1993. 

Since a solvent distillation plant has been set up by a private company in 
Thailand the need for a second plant should be reviewed after it has been in operation a 
few years. 

Based on estimation of types and volume of hazardous waste output provided 
by national constJltants as well as local basis for calculation of labor and material cost, 
the intemJtional experts selected and prepared specification for an incinerator with a 
nominal burning capacity of2 tons per hour. 

Data on types and output of industrial HZWs was included in the report by Mr. 
Eric Street as well as calculation sheets for the incinerator's capital and op€;ration cost. 
The transportation cost was included in Appendix 4 of the report (Document B). 

The final specification of the incinerator was prepared by Mr. E. Glynn Hughes 
as part of the Tender Document rrady for the Thai Government. The specification 
(Document C) was completed \virh all steps of waste handling and disposal including 
environmental measures as well as sketches of site locations provided by national 
experts 

The national consul rants by request from the Ministry of Industry had prepared 
the complete Bid Document in Thai including the Bid Notification (Document D), 
General Condition (Document E) and Contract Form (Document F). 
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INDUSTRIAL WASrE TREATMENT CENTER 

BACKGROUND 

Thailand-'s first industrial waste treatment cemer was conceived designed and bui!t 
under the auspices of the Industrial Works Department (IWD) of the Ministry of Industry. 
The center is located at Samae Dam in the Bangkhuntien district of Bangkok and construction 
was completed in January 1988 funded by an investment of B. 32,000,000 kgm the Ministry. 
The primary objective for the establishment of the center was to provide factory operators, 
particularly S!llali scale operators, located in Bangkok and the suburbs a comprehensive 
collection and disposa; servic: of toxic .vaste product-;. 111e services offered by the center 
include the collection cf toxic waste in specially designed tankers, treatment of the waste at 
the center and final disposal of stabi!ised residues to a secure landfill site. IWD has realised 
rhat many factory operators fail to operate their own treatment facilities effectively and for 
small scale operators it would be uneconomical to install the appropriate facilities to handle 
hazardous waste products and treat them in order to meet industrial effluent standards. These 
Stdndards are laid down in the Factory Act Be 25i2 and every factory operator is obliged 
to comply with these standards. Withou! appropriate pollution comrols and the correct 
handf i;1g and treatment of hazardous wasres, our natural re.sources and the environment will 
inevitably deteriorate to such are extent that they cannot be restored. After construction 
was completed and the center had been commissioned a contract to operate the plant was 
granted to SGS Environmental Services Ltd. The comract was granted for a period of five 
years commencing in April 1988. 

SCOPE OF SERVICE 

The center offers treatment for three basic types of waste 1.e. 

1. Electroplating wastewater 

2. Dyeing, bleaching and relaled wastewater from the textile industry 
3. Sludge or solid wastes conta111inated with heavy m<?tals, e.g. Mercury, Lead, 

Copper, Chromium, Nickel and Zinc etc. 

Witil prior approval from IWO other types of waste may be accepted depending 
primarily as their characteristics, treatability and compatibility with :aandard waste heing 
treated. 

The conditicns of service can be summarized cis follows :-

1. A service contract for the tre:umenr of wasie valid for a period of one year 
will be signed between the producer or !he waste (client) and SGS 
Er~vironmental Services Lld. 



2. The contract covers the collection or the waste rrom the clients premises, 
transportation to the center,. treatment including detoxification and stabiliza 
lion and then transpc;-tation from the centet or the stabilized residue for 
ultimate disposal in landfill site. 

3. Client must provide waste collecting sump or other suitable storage space with 
adequate volume within the factory premises 

4. Calculation of the recs for the service will be based upon volume and 
characteristics of the waste and the distance or clients factory form the center. 
Each type of waste will thus incur of different service fee. 

FOR MORE INFORMATION REGARDING 11-IE SERVICE. Please contact 

OR 

INDUSTRIAL WASTE TREATMENT CENTER 
68139 Samae Dam Road, Bangk!mntien District 
Bangkok 10150 
Tel. 415-3817, 415-3728 
Fax. 415-3817 

SGS ENVIRONMENTAL SERVICES LTD. 
994 Sukhumvit 55, Bangkok 10110 
Tel. 392-1066 
Fa,. 381-1994 
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S.G.S., BANG KHUNTlEN - ROAD TANKER DISCHARGING CYANIDE LIQUORS IN1'0 
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. --· 
INTRODUCTION 

1.1 Profile of Pesticide Industry in Thailand 

Thailand's agriculture occupies 20 million hectares of land with rice 
accounting for 58%. Three crops, maize, rubber and cassava in nearly 
equal proportions, account for 28% of land and the remaining 14% 
includes significant vegetables, fruit, ~ya and cotton. OAAC, 1990) 

.JI,., • 

Thailand imported 29,463 tons total value at 3,458 million baht of 
pesticides in 1990. CAgricult11ral Regulatory Division, 1990). About half of 
the quantity was for herbicides, 31.8% were insecticides and the rest w ~re 
fungicides and • miscellaneous. Besides paraquat which is the only 
herbicide produ~d locally from imported inte~aediates, others are either 
imported as finished products to be repackaged or imported as technical 
grade ingredients to be formulated in Thailand . 

. ·: ... __ .. ~ ....... 

' . . \ 
. ' 

.... . herb ic i des 49.2 % . . ~ 

- ... 

.• 
Figure 1 shows quantity and value of pesticides imported during 1990. 
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In 1989, the percentage of the total value of insecticide~ at farm~r level of 
paraquat Ua), methomyl (I~ monochrotophos (ItJ a.TJ.d methyl parathion Ua) 
are reported to be 152, 4.4, 5.3, 4.6 respectively. (IAAC, 1990) 

Pesticides imported are formuh!ed or repackaged as finished products in 
Thailand. According to the Agricultural Regulatory Division, there are 
sixty five registered producers of pesticides in Thailand in 1992. One 
company is registered to produce pesticide from intermediates, 26 
formulating plants and 38 repackaging plants. Thirty one of the producing 
companies belong to the Thai Pesticide Association. The Thai Pesticide 
J~ci~tion has 82 percent of the market-share (GIFAP, 1992). Other 50 
or more companies beiong to local owners (The Local Thai Agro-chem 
EllSiness AS:sociation) whose business can be classified as small to 
medium. There . are a number cf small plants which do not belong to 
neither one of ~ese :issociations. The majority of the formulation and 
repackaging plants are located in Bangkok Metropolitan area. (Bangkok 
including Nonlhaburi and Pathumthani and Samutprakam ~ci 

Samutsakorn.) 

·.".1 .,, 

orntR:5 

~-c" i. 
. PUf'otJT 

Figure two shows market share of the major agrochemical comparues 
1989 (DOA, 1990) 

/ 
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1.2 Availability of Hazardous Pesticides 

According to the World Health Organization recommended classification of 
pesti~ides by hazard. we compare 169 insecticides distributed globally to 
78 available in Thailand . 
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Figure 3 shows the profile of the globally distributied of 169 insecticides 
classified under WHO classification (Copperstone, 1987) and the 78 
insecticide5 imported to Thailand classified under WHO classification. 

The profiles of insecticide availability do not seem to vary greatly. But if 
we look at figure 4 which shows the qua "ltity of insecticides used which 
belong to Ia and lb classification compared to the totai insecticides, the 
hazardous potential of insecticides which might be involved in formulating 
/ repackaging plants can not be ignored. 
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Fifty one percent of the total quantity of insecticide used (active 
ingredient) in Thailand are class Ia and lb· 

*.. Formulations in class I need firm restriction to prevent 
unsupervised use, and a case can be ma-:ie that class Ia 
formulations should only be used by trained and approved 
operators" °(Coppcrstone, ·1987) 

Ninety percent of all the insecticides used are under classification Ia, lb 
and II. 

Another interesting feature compared to neighboring countries is that there 
are relatively many more different trade names listed for each pesticide. 
For example, there are 282 different trade names for methyl parathion (Ia) 
available in Thailand, while there are 13 in the Philippines, 0 in Indonesia, 
0 m Malaysia, and there are 229 different trade names for 
monochrotophos 01) available m Thailand while there are 7 m the 
Philippines 6 in Indonesia and 2 in Malaysia (ARSAP, 1992). 

-



£ CONCLUSIONS 

1. A quantity of incinerable waste has already been 

detected that will amount to 7000-10000 tonnes a year by 1994 or 

thereabouts. No doubt more will arise before the incineratoi is 

commissioned, as the national Thai authorities continue their 

search, and start to clamp down on illegal disposals. 

2. A Two-stage incinerator to burn wastes and detoxify 

the gases with an input of 2 tonnes an 3~· hour appears to be 

justified~ even now, and the design could later be used again. 

There are several contractors throughout the world who can supply 

turn-key plants. 

3. Of the two sites visited, the Ratchaburi one is the 

easier to develop but the one at Chunburi appears to be nearer to 

the main sources of waste. 

4. Data collection is difficult because companies 

consider that they may be expected to make promises that they 

cannot, or do not want to, make. 

s. Other subsidiary programmes, such as the recovery of 

solvents by distillation, and the cleaning of waste oils so that 

they can be used for fuel, will have a much shorter time scale to 

that above, and should be dealt with separately. 



f. RECOMMENDATIONS 

1. A detailed specification far a suitably sized 

incinerator should be sent to at least five contractors, for them 

to assess whether or not they can bid for the project. Visits 

should then be made to them, so that their technology can be seen 

and a=cepted., before their bids are requested. (allow one 

month). 

The bids should be directed to Vienna, where~they can 

be inspected and swmnarized, for presentation to the Thai 

authorities. (another month). 

2. A more detailed investigation of the Chonburi site 

should be made to survey it, pr~pare layouts, estimate tl.e 

transportation problems and the environmental impact on the 

surroundings. 

3. The possibility of making an aerial survey of some 

of the older, larger factories should be considered, searching 

for stocks of old drums. 

4. A search should be started for proprietary solvent 

distillation units. 

5. A project for the cleaning of waste oils of all 

kinds should be offered to one of the national 

institutes, using outside experts when necessary. 

research 
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Appendix 4Q) 

COST OF TRANSPORTATION 

Assumption 

1. Waste quantities are 14,000 tonnes/yr., oil is 1,000 

tonnes/yr., mixed solids and dirty packages and drums are 7,ooo 

tonnes/yr. 

2. A collective station at Bangkok is Samaedam'"ltite and 

a nominated. railway static~ in Bangkok is Bangkok-Noi. 

3. Average distance from Bangkok to Ratchaburi (at 

site) is estimated as 100 kms. 

Alternatives of transportation 

1. Using road all the way to site. 

2. Using road to collect hazardous waste from generator 

and then by rail to the site. 

Vehicles 

Vaccum tanker (10 tonnes) 

Long bed trailer with container 200 L. 

Fork lift truck 

MS. PAKTA.~WIMOL PP.IENLUMPLERT 

(Chulalongkorn University). 



Alternatives : 2 Using Road to collect H2W from generator 

and then by rail to the- site. 

Capital Cost 

Land purchase 
4 Station 
track (14 km @ 5 MB) 
Locomotive 
Signalling 
6 wagons 
Forklift 
Extra 10% 

Total capital cost 

-
Annual Cost 

Supervisor 0.3 m-m 
Drivers 2 m-m 
Men 2 m-m 
Record clerk 1 m-m 
Social service (30%) 
Hire of fork lift truck, 

(3,600 B x 150 d) 
Hire of container, 

(2,000 B x 300 d) 
Fuel {200 B x 300 d) 
Electricity, 

(20 KW x 24 h x 300 d x 3 B) 
Maintenance (2% of track) 

(3% of engine) 
Depreciation (10% ot rolling, 

stock) 

Million Baht 

50.0 
40.0 
70.0 

100.0 
5.0 
6.6 
0.4 

27.2 

299.0 
----------

0.36 
0.72 
0.17 
0.15 
0.42 

0.54 

0.60 
0.06 

0.45 
1.40 
3.00 

17.00 

(5% of track & land) a.oo 

Contigency (10% above) 

Total of annual cost 

Baht 

299 I 000 I blf0 
----------------------

32,870,000 

33,187,000 

66,057,000 
--------------------
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Alternatives : 1 Road all the way to site 

Ca?ital Cost 

Vaccwn tanker 
Motor 
Trailers 

(1) 
(1) 
(2) 

Total capital cost 

Annual cost 

200 Pallets (10) 
Drivers 2 m-m 
supervisor 0.3 m-m 
Record c:.lerk 1 m-m 
Men 2 m-m 
Social Service (30t) 

Million Baht 

2.S<i 
1.5 
1.20 

s.20 
--------------

Hire for Forklift truck (3,600 B/d x lSOd) 
Fuel (2 x 200 d/B x 300d) 

0.01 
0.72 
0.36 
0.15 
0.17 
-0.42 
0.54 
0.12 
1.04 
o.os 
0.11 

Depreciation of capital cost (20\) 
Insurance of capital (lt) 
Maintenance (2\) 
Extra 10 \ above (contingency) 

Total annual cost 

Baht 

5,200,000 
------------------

3,690,000 
889,000 

4,579,000 
------------------

Hazardous waste quantities 

Average Cost of transportation = 4,579,000 
14,000 

14,000 tonnes/yr. 

= 327 Baht/ton 



AP Pff>\DIX 4 {.~_~o.f~.~f:P,~~!:_~-~~ .. ~.~g.Q_) 
DRAFT QUESTIONNAIRE ON CHEMICAL AND OTHER STRONG WASTE~ FROM BANGKOK FACTORIES 

Please answer the questions by making a mark in the ap~ropriate box below 

CompAny name (optional) 
Major raw materials: 

Major effluenr:s per day/week: 
" 

Gases Acidic Vol.(units! 
water 90l. rceutral 

2-phase sol Alkaline 

Organic sol. Flammabl t 

Sludge water 
reactive 

Solid Volatile 
-bther 

W~ere do your effluents go 1 

I 

strength(% 

District•' I tentre I NW r-N~ [ SE I SW I 
Major poducts: 

r· . -···---· 
Secondary effluents per day/week: 

Gases ~cidic IVol(units) S~ngth(%) 
Water sol. Neutral ' 

2-phase Alkaline I 
Flammabl1 
Wlll1 er 
reactive 

Solid Volatile 

Other 

Atmos. ~olar Drain Sewer Store Sale Off-site Disposal va. . - ---ru·~ampan~ .. . l 
l~;~::ar, I J ____ J ______ J::~.~:~J __ : ~ :=:~-1=·--·-t= . - ~-

Wuuld the Hanagem&nt give an interview to a neutral reporter for less than one hour? 

Your telephone no. please ? 
Please Leturn this sheet in the envelope ~rovided to Asst. Prof, Wongpun Lampaaeni. 

Dept of Environm~ntql Engineering 
Chulalongkorn Unteraity.Bangkok. 
Tel. 2525001 

! 
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A~d.Ti.t:y 1..2 

~o ia-cily spec:~o ~rist:ica of S:ncllitratecl UJ41or 
Usdllac.cl i~ ID•. • .e. vut .. ru4y for: dispoNl.. P*t1 
for sal.•. and air -1•riaas. bi !.1- vitL. ~t:&1 s~ 
al~ ••t bf KUI. 

Md.vit:y l .l 

'Io~~-. ad if aec9•NIT zwrlae. ~ fo~ts of 
i~CIU~ pradaat10ll pl.au z:alatin& ta iJlcf.Dep.eiq mid. 
d.1sdlla'C1111 i.D4ustt'fAl BZJiJ for the twa selcetwd aX•H £or the -xt 

s r-ar•-
A.eti~t:y 1.4 

'Io ~r•. basecl on th. filld.iup fr- .l.cd.vit:y l.3, dle 
i.Dpar/'pa.tput ~crton p1- for U.u C.,;ta:'IS in lt&cbabu.n. GE! 

t.:banburi, • £<-r n 1'!..-t dM 119'Xt ' JWIZ* 

Sd•au4 syn~., ~o-r imd.J19:r:ad.on and distill.ad.an of !:odusm.&l 
1£1Jr1• ad ~aera.L •lJest-pnctlce• pd.aDc• to 'be applied at t:be 
bcbaba%1 ate!. Cbo1lbur1 c.aa:H. bdecl on Oa~ 1. 

~rlvit:y 2.1 

~o 6-taad.ae :f'!lr cads q-pe of iilduatrlal. B2.Y, tbe mort suitable 
iuoinera::lOD .m;or: distllla::i.011 syst- on the basis of perlomace 
requirm-ct•, taJdDg into aocount the pi-aduct:1on pla:c as reflected 
la aut:put 1. 

To Hl.•ct on tbe bub of fincUag• from .&.cd:ri.q 2.l, the 'be" 
Cftllabh ayartea m be applied at the Centr•• in llchaburt ad 
Cboaburi m)4 idautlfy 1.-nl •best-t)r&c:tic•• pd&nc:•. 

bp:aeerlna dHi.p Oil dee&iled la7-ov:t (bcludins decdled 
a,.c1fio&tiou) fa'C die 111Cioent1aa am distll.ladoa facil1U.. 
(ia0lu41.D1 fHd.1°' .,.-. aab IMNliag .,..c. •. RZU atoddl\I. 
••X'ltlDOY fae111tlH) an4 of related ~i"f'• tacUitiH (saab u 
aato•feedlng oootro1 .,..um, ~o·ftd.Hioa 110aito~ ~-· &ix 
poll\Jtioa. oouaol sys~. vaate .ater i:rut11e1tt fadlii:1 .. r m be 
HUhlhbff, poH1bly J.a pbasn, at d. l&cbaburl ad Cboahdri, 
CeDttH, ba•ed cm t:IM fimlUlp 1enerated aader ouqiuc• l &lld 2. 

Aociwi t:y 3. l 

l&Hd on oucput• 1 mid 2, to pre~n al cp~d.-.. •acJ.~ d.e•ip.s 
(1.Dcladiui eqap1eat spec:f.!1Cl.ltiaa.) and lay-oats for t.be 
1r.c:b•r•d<m and d11tillation facWef.•• at the itachabu.ri .m 
Cbotlburl Ccocres. 
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Acdvicy 3.2 

To prepare a deuilecl C09t -1.yau of dla initial in•utllollc oaed.ed 
to coa.sc:uct di. ind.JM1:atloe ad csutll..l.an- faeiliu ... cil to • 

,ro,are diem for operau--

&c:t:irtt:y 3 .3 ...... 
To \'r•J19A. to die ~eot pocsJ.ble, .ai anal.1'8h of cbe ~ 
operad.- coaca of cb. i.oci.Daracioo. uad d1st:11lad.GD fac:Ui:cie•, u 
-u u ua .-nal.ysb of die r.ap of service f••• co be cbar&ed CO 
pd.Tate .. ocor for c:na~t of dleir iDkaatti&l. HZils. 

Activi'ty 3.~ 

To •el.ec;t, ba..d. cm Avt1T.1.d.- 3_1. 3.2 GJd. 3_3, the masc 
c:ost-•ffecn:i•• •ol~- for eacb C.Ui::re ('b&.9ed oa •ocio-e-1.c as 
vell .as. .!inanc:W crl.teria). 

J..crtvicy 3.5 

To d•stgn dla lay-mt a-1 t•c:boical/org&.Disatioaal requirements of 
SGppC>ri::l.llg facilities (Le. laboracorles for n•earch on 
lDciueratiag 6Dd{or cil.nUlad.Jig inOasa::i-.l BZtis LDCl tor eDllillat.iOD 
of c:eaucl vuc.s and by-prodacu. ~tie etodd.ug, 9oldn'CeSIS"C8, 
-rc•DCT fac~d.••, &11t".ofeeclb1g cout:rol, .suco-emissioa .oni~rlJtC 
o;yn-. n.su "Bt:er a-~ fe.c.ilid.es, dr pollatioo ccmt:r..Jl 
1-,•cea). in li.De vich the projected praduc:tiaa plans of badl ~es. 

Outpy; 4 

Two repori:., ODIR fDr di.scilla-c:ioa and wpporti- hcilid.u sad OM 

for 1~n.tloa ud .uvpoz:CiTe f'aciliti-. co.pri.•~ all d.etd.l.ed 
•peof..tiudoa. requi:red to -bl• IUD of !fOI to init&u 'b~ (~or 
dllt1lla.c1cna) end uader JIEOC*Sar- (£or inci.nerat:loa) wldl priva~ 
~or for ~cd..Dg, ~iq aDCl uae rmmUic die fac:Uid.•• 
at the oean•• in llaababurl am Cbonbart. 

£ct1.rlty 4.1 

To pnp.u:• & xep>n iu die toaaai: u dHi.red by !fOI. ccaprisiu& all 
d.eca.il.ed deaip JSP8c1tf.catioas tor me 1a.c~ntioo md relat:ed 
sappor:U..-. f&eilit1H, required i:o enable It!P;HOI to eai:er int;o di. 
t•ad•r prooe•• vi.ch prl~• se~or. 

Ac:d.vlt:y 4.2 

To prwpu• & 1"9?0rt: iD u. fozm&C .. c1 .. 1z.s by HOI, compd•iJI& all 
deeailed de.Ip specifie&'ClCIGS for 41.ullad.oa and re.lated \ 
.upportiY• facilld.••· required to caable IVD/HOl to eai:er lni:o 
biddioe vi.th 11dft.u ..etor. 

rai 005 



Appendix 6 (1) 

Draft Specification for Incinerator 

Location 

The working unit will be located on a _ prepared piled 

concrete slab of suitable dimensions for itself, auxiliai;y equip

ment and ancillary service items at the site close to Ratchaburi, 

about 120 km. West of the city of Bangkok in Thailand. 

An alternative location is at Chonburi, about 90 km 

East of tfie same city, the final decision has not yet been made. 

Feed stock 

1' Seven types of material are to be incinerated; 

- clean light oil and solvents with flash point less 
0 

than 70 c {support fuel) 

- clean diesel and mixed heavier oils (support fuel) 

- dirty mixed solvents with a solid component yet low 

flash point. They may contain chloro-hydrocabons. 

mixed organic sludges of pumpable viscosity, containing 

small solid particles and low flash point solvents 

{calorific value unknown). 

- mixed organic solids in cardboard, P.V.C., P.E or P.P 

plastic containers up to lOkg in weight, with two 

dimension not exceeding Joe nuns, also containing an 

inorganic non-flammable component and low flash point 

solvents. 



time. 
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- hospital wastes, such as clothing dressings, 

carcasses, bones in plastic bags holding 10 to 20 kg. 

in weight with two dimensions not exceeding 300 mms 

and containing some low flash point solver.ts. 

- ground soil, rocks contaminated with oils 

solvents, loosely packaged as above, or to be 

by shovel. 

and 

added 

All the above materials will contain water from time to 

The .materials will arrive from the 

vehicle or possibly railway wagon or container. 

city by 

They will 

roads 

have 

and been given a preliminary inspection at the point of loading 

appropriate chemical or distinguishing markings attached to each 

drum, and payment extracted at the same time. Any deviation 

from the loading sheet in quantity or quality of type or 

packaging must be notified to the sender and non-conforming 

articles set aside for return to him. The total weights of goods 

received per consignment must be noted in terms of the principal 

categories. 

When road or railway tankers arrive, bringing bulk 

liquids, they must be resampled and analyzed prior to unloading, 

recorded, and appropriate charging bills prepared and agreed 

before the vehicles are emptied. Until such vehicles are 

attached to the unloading pipes, they and their contents will 
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remain the sole responsibility of the owner and his nominated 

supervisor, probably the driver. 

Reasonable facilities must be provided for the 

par~ing and self-maintenance of the vehicles. Reas iable 

shelter must be provided for the driver and passengers of the 

road vehicle, together with paid access to telephone or ·facsimile 

transmission purposes. 

~Liquids for incineration will also be received in many 

other containe~s, but mainly 10 to 200 litre drum~. Space must 

be provided £or the storage of up to 100 pallets on concrete 

floors ~l adequately drained to a road vehicle for transfer off 

site. The whole area must be suitable for the operation of fork 

lift trucks, and fenced around so as to prevent unauthorized 

access. Fire protection must be provided over all the area. 

Space must be provided for the drums to be opened and emptied, 

and the contents transferred both by portable and fixed pump into 

the bulk storage system. Fire prevention equipment .must be 

inunediately available in this particularly hazardous area. 

Preparation of feed materials 

(a) Liquids. 

1. Bulk liquids must be stored in bulk tanks to be 

provided by a local contractor according to a prearranged and 

agreed design. Such tanks will be of carbon steel, with overall 
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tight fitting covers and inspection and clip point and ventilation 

duct to the incinerator. 

3 
2. The tanks will be between 30 and SO m capacity and 

be fitted with a common top acce~ platform, with at lecst two 

ladders. A water hydrant systelti fitted with a foam generato= 

will be installed on and around the tank farm so that all tanks 

can either be quenched with cooling water or covered>~.with an 

anti-fire foam at immediate notice. 

3. Each tank will have a top ventilation and several 

side-sample points of at least 25 mm diameter and not more than 

75 mm ~iameter, also three points for draw off and bottom 

loading, and top and side manholes of not less than 150 mm 

diameter, well secured and bolted. The whole construction will 

be rested on a sand and strong concrete base previously piled and 

prepared as necessary. A suitable level indication device will 

be fitted to each tank, with provision made for the acconnnodation 

of a level detecting and transmitting device at a later stage. 

4. The number of tanks in a bund should be not more 

than three. A water removal point must be fitted to the base of 

each tank to an exit manifold, so that non-combustible fractions 

can be drawn off and stored in a s~parate slops tank for 

inspection and eventual disposal, possibly to drain or to a 

biological treatment tank. 
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The vapour ventilation pipes from the tanks must be 

connected to the ma.in air inlet system of the incinerator, with 

intermediate flame flash-back prevention devices fitted. (Extra 
provision must be provided for times when the tank~ are being 

filled, and the incir.erator is not working). 

5. The base exits of the storage tanks must be fitted 

with suitably sized pipinq arranged as two separate man1-folds in 

parallel. These will feed liquids to two low pressure pumps 

which will transfer them mainly to a location near to the 

i~cinerator but also to a tanker-loading point. 

6. Nearer to the incinerator metering pumps must be 

fitted to feed fuels to the primary combustion unit and the after 

burners. 

7. Each cow.bustion unit should initially be self

contained and operated from a nearby central room, manually at 

first, but with potential to be linked together with an overall 

computer control system. As far as possible the combustion units 

must be 

(b) Liquid sludges 

These materials usually come in closed drums, and 

frequently have very unpleasant odors. At least one va~our 

removal hood must be available in the working area. 
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1. The 200 litre drums in particular will contain 

water wet organic and mixed residues will calorific values 

ranging from negative up to 10000 kcals per kilogram. If the 

contents are clean and combustible they will be added to the so 
3 

m tanks by means of a portable or semi-portable pump. If they 

are pasty, and in open-top drums they must be elevated to a 

gantry at about the 2.5 m level, using a fork lift truck or 

other device. 

2. The gantry must be fitted with transfer rollers so 

that the drums can be moved to an unloading point where ~hey can 

be safety tilted inverted and emptied. Then the drums must be 

moved a location where they can be crushed and cleaned by 

water or steam from a lance so that they can be loaded onto 

pallets for safe dispatch to a steel ;_;.:; ... ;:....i..ug factory. 

3. The drum contents will be deposited in a cone-based 

tank or similar fitted with a heavy-bladed agitator so that 

their fluidity and homogeneity can be assured, and then pumped 
3 

to a sludge storage tank of not less than 3 m where they are 

retained prior to injecting them into the incinerator. 

4. The method of feeding must be.to produce a constant 

controlled flow of sludge at a high pressure so that it can be 

delivered to a suitable dispersion nozzle located close to the 

support fuel nozzle. The sludge will then vaporize, ignite, or 

both according to its component parts. 
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s. All the sludge preparation and transfer system must 

be provided with safe access ways and fire fighting equipmen~ 

preferably of a type compatible with that proposed for the liquid 

storage system. 

6. The sludge transfer system must be provided with 

one pump per stage in place, with appropriate spare pumps in 

readiness for installation being kept in a safe storage place 

near by. Recycle pipes can be provided for pressure relief, pump 

testing, fluid sampling and recycle, and system cleaning, as is 

considered nec~ssary by the supplier/contractor. 

7. The process tanks must each be provided with 

ventilation to remove vapours, sampling, clean o~t point and 

level indication positions as is required for the safe operation, 

cleaning and maintenan=e. 

(c) Solids preparation 

The incinerator must be arranged so that the lOkg 

packages of solids can be fed one after another into a single 

charging system which can be operated safely. 

1. A range of solids must be anticipated, ranging from 

occasional lorryloads of contaminated soil, through 200 Litre 

drums, to 5 and 10 Litre metal or plastic containers and down to 

individually wrapped plastic bags or paper sacks, or any other 

informal small package. 
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2. Space must be provided for the primary storage of 

these materials as they are unloaded from the incoming vehicles, 

and they must be stored principally on pallets, with some under 

cover from sun and rain. 

3. Space must next be provided for their 

identification, grouping and of necessary repackaging by hand so 

that they can be made into packages approximating to lOkg· each. 

4. Finally there must be secondary storage for the 

grouped materials, preferably under cover, with a safe lifting 
. 

device so that they can be elevated in pallet-sized loads to a 

high platform from which the incinerator can be fed. 

5. The flammability of the packages will vary 

considerably, partly according to the degree of pollution on 

their outer sides, and local points must be established where 

portable fire-fighting equipment at least can be made available. 

A more remote fire fighting system with hosed-water must be 

provided. The area where solids are unpacked and/or reloaded 

into smaller containers must be safe for manual operation and 

adequately ventilated, preferably into air used for the 
incinerator. 

(d) Solids feeding 

1. A high level operating platform must be provided to 

receive the up-coming packages of solids, so that they can be 

safely man-handled from the lift to the incinerator feeding 
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device. There must also be a small storage area for the contents 

of up to one pallet, safe manual access, working space for two 

men, rain and sun protecti0n, and fire control equipment, at and 

under the platform level. 

2. The method of charging the incinerator itself must 

permit the regular feeding of lOkg containers or packages, one 

after another into a chute or other device that can be- safely 

operated, _ bearing in mind the occasional rapid changes in 

pressure that will occur in the incinerator itself, and any 

consequment back-firing. 

3. The loading of the packages is intended primarily to 

be manual job, but other methods will be considered on their 

effectiveness, safety, maintenance capability, and price. 

Incinerator Unit 

1. Two stages of combustion are envisaged, the first 
0 

up to 900 Celsius to provide the completes vaporization of the 
0 

organic components, and the second to 1200 c for an appropriate 

time to permit the total decomposition of the vapours so 

produced. 

between 

The total heat load emitted in the process will be 

12,000,000 and 15,ooo,ooo kilocalories per hour, 

approximating to a feed of about 2 tonnes of mixed materials. 

2. There must be provision for entry of air, either 

preheated or cool, as required along the system, and for the 
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of liquid support fuel, after-burner 

sludge and solids all coincidentally so that 

fuel, 

steady 

conditions can be maintained throughout the system with a minimum 

of back-firing or explosion. 

3. It is required that the air used for combustioP 

shall, in part at least, have been derived from the ventilatic-.1 

of the liquid storage tanks, the sludge handling plant;~and the 

solids pac~aging area, provided that·there is adequate protection 

against the back-firing of the incinerator. 

The ·whole unit must be designed by one company, with 

appropriate materials c.f cons~ruction, corrosion resistance and 

thermal insulation both inside and outside. 

It must be safe to operate at all times, and accessible 

for local and total maintenance. 

The design should be so divided that only minimum 

number of pieces need be imported to Thailand with other less 

critical components being made, inspected and installed by local 

subcontractors. All civil works ~nd the supply and installation 

of service 

compressed 

supplied as 

equipment, such as main electricity, water, steam, 

air, vacuum, lubricants and lubrication should be 

far as possible by Thai companies, under the 

supervision of the main contractor. 
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It is anticipated that the majority of the control 

items required will be imported either individually or 

collectively or pre-fabricated ~ccording to the major contractors 

requirements and this equipment shall be installed, tested and 

commissioned totally under the control of the main contractor. 

Ash removal 

1. It is anticipated that a considerable amount of hot 

ash, containing 

discharged from 

very little or no combustible materials will be 

the b~se of the incinerator in one or more 

places. Provision must be made for its cooling and safe removal 

either on a regular or intermittent basis. 

2. Such ash may be cooled by depositing it into water, 

and a simple, probably manual, method will be adopted for the 

raking-out ot the wet ash from any pit. 

3. The ash must be s~bjected to regular testing so that 

it can be proved to contain no toxic organic materials, and that 

any inorganic oxides of known toxici~y, such as arsenic, lead, 

cadmium, etc. can be post-treated to render them innocuous. 

4. The ash removal area must be partly closed off so 

that only certain operators, adequately protected, will normally 

allowed to work there. 
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Treatment of effluent gasses 

expected 

1. The hot gases from the after burner chambers are 

to contain no carbon monoxide, but quantities of acid 

gases such as HCL, NO , SO , that equate to the impurities fed 
x 2 

to the system. They will be corrqsive especially as they enter 
0 

the ~ater phase, especially at between 350 and 450 c. 

_2. It is up to the main contractors to decide whether 

these hot gases can effectively be used either to preheat the in 

coming air, or to raise steam in some kind of heat exchange 

system wi tho11t it all suffering from corrosion or du.st 

deposition. 

3. In principal the hot gases must be quenched ~ith 

water and alkaline liquors, either in one stage or more so that 
0 

they can proceect at about 90 C, saturated with water vapour 

towards the gas exit. 

4. At this point the gases must be regularly tested and 

proved to be free from acid mists, and with only a low level of 

NO that can be tolerated locally. (This to be defined and 
x 

agreed later). They will of course be loaded with droplets of 

the alkaline washing fluid. 

s. Equipment mcst be provided to increase the pressure 

of the gases above atmosphere, using one major fan that can be 

maintained and/or replaced without a prolonged shut down of more 

than 24 hours. 
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6. Mains electricity of so Hz will be available 

throughout the site, at voltages that will be appropriate for the 

operation of all equipment. Any special equipmeLt, such as speed 

regulars must be supplied by the main contractor. 

7. The main contractor will decide how the 

effluent gases will be demisted physically at this stage, and 

should design equipment that can be fabricated or ~l>µrchased 

locally where possible. After a preliminary demisting the gases 
-

must be cleaned either by mesh demisters or electrostatic 

precipitators, or other device so that the hot wet gases going to 

the chimney are free from droplets and particles of salt etc. 

a_ Initially it is intended that the these gases will 

be emitted directly into the atmosphere, with the consequential 

thick white plume, but at a later stage it may be necessary to 

add hot air to them, so that they appear as a transparent 

unsaturated haze. 

9. Space must be allowed for the production and 

introduction of warm dry air at a later stage. This air may be 

heated in any way, either by combustion or by heat exchange with 

the hot liquor from the gas cleaning plant. 

10. The hot liquor from the gas cleaning plant must at 

all time be alkaline above pH 12, and contain only a controlled 

level of sale impurities. It must be sampled at regular 
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intervals, fed with new alkaline reagents and blown down so as to maintain it 

at a prearranged quality. 

11. The wash liquor must be cooled in an appropriate place close to the 

plant, so that it can be fed back to the gas cleaning towers. The capacity of 
the liquid recirculation system must allow for at least one hours loss of make 

up water without impeding the operation of the incinerator. It is intended to 
consider a spray pond for the cooling, but a tower can be used if it can be 

shown to be economic. >" • 

12. It is anticipated that a signle l.D. fan and liquid pumping system 
should be installed for regular operation, with appropriate stand-by equipment 

being located in an adjacent store for rapid exchange. 

13. General terms of the contract (revised after a final meeting with 

the M.I.W. on Friday April 3rd). 

1. The major overal contractor will be a Thai national company, and all 

suppliers of technology, engineering project design, construction and 

fabrication companies will act as sub-contractors to the major one. 

2. The engineering contractor must have full technology and be able to 

demonstrate its use in a running incinerator plant. 

3. The engineering contractor must prepare all drawing, documents and 
lists neaded for the construction of the incinerator, and auxiliary equipment, 

and outline data from which main services can be provided by the major Thai 

contractor. 

4. Whilst the main e~sential components, the control and instrumentation 

equipment may be manufactured out of Thailand, the major contractor is 
expected to make sub-contracts with national suppliers for some of the 

auxiliary components, piping and per;.pheral services. 
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S. The major contractor vill be required to co111111ission the whole plant 
on a suitable mix of feedstock to be provided nationally, and to maintain it, 

and to have full management powers for a period of 12 111Gnths from t.he 

nominated commissioning date, using engin~ers from the engineeriTig sub
contracto~s as necessary. 

6. The major contractor will guarantee all pieces of equipment purchased 
anywhere, or build on site for a period of 12 calender months. 

7. The major contractor must demonstrate that at the full rated capacity 

of feed, and with a feedstock containing up to 31 of halogens, or "sblphurous 

material or a mixture at that level, the gaseous effluent from the chimney 

will comply with the current E.C. Regulations (detailed spec.:.fication later). 

8. The major contractor vill, during this period, train a team of 

permanent managers and operators and maintenance men to take full contra~ of 
the plant after 12 calender months. 

9. The major contractor will as.int ;n at least one managing engineer on 

site for a second period of 12 calender months to act as technical advisor for 
the operation of the plant 

10. No details of financin~ the project are availabie at this moment. 
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A. Approximate Costing for Incinerator Project ( 1 000 Sterling) 

-Purchase of technology/consultant fees 
-Preparation of basic engineering-

( 2 x 2 m.m) 
-Detailed engineering & package-

( 4 x 4 m.m) 
-Engineering management (6 m.m) 
-construction team to site (4 x 9 m.m) 
-Constn1ction team accommodation St.80/day 
-Air fares 
-Office services & salaries 

Total direct charges 
Contingency 20% 
Project 20% 

Capital Cost of plan~ (estimate) 
Main contractors Bill 

200-300 
20 

80 

30 
180 

80 
30 

100 
820 
160 3 • 

190 
1170 
2500 

-3700 

(4-5%) 

Site installation mainly by sub-contractors 2500 
Total Cost 6200 =USS 10 rn 

B. Managing Contract for 12 months 

-4 men to site for 12 months (includes-
training) 

-Accomodation ft.80/day 
-Air fares 
-Office facilities, transport 

Contingency (40%) 

c. Engineering advice for 12 months 

-1 1/2 men to site as {B) 

I 000 

160 
110 

30 
30 

130 
460 =USS 0.7 m 

200 =USS 0.3 rn 

-------------------------------------------------------------------/ 
NOTE The main items are inevitable, but the main costs are 

very speculative, and may have + 30% deviation. 
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APPEND IX 7 (i) 
(iv} Vorked Exampled for a Dedicated Rotary ltiln Incinerator 

The methods discussed above are illustrated in a worked example. making 
use of Figures 7.4 20 through 7.4-24 and the various equations. 

Basis 

Incinerator type 
Composition of vaste (chlorine and ashJ 
Calorific value of vaste 
Calorific value of support fuel 
Vaste feedrate 
Afterburner chamber 
Excess air usage 
Heat release rate 
Gas tempe~ature downstream of scrubber 
Total pressure drop through system 
DCF rate of return 

Calculations 

Heat input = (14 GJ/t} (lt/h} E 14 GJ h 

rotary kiln 
6% chlorine. 8% ash 
14 GJ/t 
30 GJ/t 
1 t/h for 8000h/year 
12oo0 c for ~. 
150% 
1.2 GJ/h/m3 
ao0 c 
0.2 bar 
15% 

Heat output c (1.7 .H.J/std.m3 x 9000 std. m3/h) + (14 x 0.1 GJ/h) 
+ (14 x 0.05 GJ;h) = 17.4 GJ/h 

Support fuel needed= (17.4 - 14 • 3.4) GJ/h = ?.4/30 = O.ll)t/h 

Combustion air needed = 14 GB/t (3.2 x 150 + 320)= 11,200 kg/t 

Total heat input• (14 + 3.4 • 17.4) GJ/h 

Dry fluegas generated = 12 0 000 std m3/h • 61
0
375 actual m3/h 

at i200°c 

Volume of rotary kiln• (17.4 GJ/h)/(1.2 GJ/h/m3)• 14.5 m3 

Volume of afterburner • (61 0 375 m3/h) (2/3600)• 34 m3 

Area of cylindrical rotary kiln surface for estimate of refractory 
co•ts • 5.76 (volume) 0.67 • 61 m2 

Dry fluegas flowrate dovnstre~ of scrubber. at aooc • 
(353/288) (12.000 std m3/h) • 14.710 actual m3/h 

Vater vapour crmtent at ao0c • 50% 

Total flovrate downstream of scrubber• (14.710 x 1.5 • 22.100) 
actual m3 /h 

Power rating of fan • (0.2 bar) (22,100 ml/h) /26 • 173 kV 

Ash production• {0.08t/t)(l~/h)(8000h/year) • 640t/year 

i 

I , 
1 
1 

l 

l 
I' ., 
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INCINERATOR 

APPROXIMATE OPERATING COST 

1. {capital USS 10 = 250 • Baht) 

Repayment & Interest @ 10\ = 250 m x 10 = 
100 

2. Wages 1 Manager 20000 x 12 
4 Shift Supervisors 80 x 12 

24 men 26 x 700 x 12 
2 clerks 

Social Service 30% 

3. Maintenance 1 Engineer 
1 Electrician 
1 control 
3 men 

Social Service 30% 

4. Office Building use 
Services 
2 cars 

200,000 x 
10,000 
10,000 x 
21,000 

= 240 

12 

12 

960 
2,180 
3,380 
1,900 

240 
490 

210 

•ooo Baht/year 

25,000 

4,380 

" .... 
940 

s. Services Electricity 200 KW. @ 2 Bh/KW. x 7500 h 
3 

3,000 

-1,000 
s,ooo 

Water 30 m /h _ 
Support fuel 1000 tonnes @ 5 B/L 

6. Insurance 2% of plant = 2% x 200 m = 4 m. 

7. Maintenance materials 2% x 200 m = 4 m. 

a. Chemical services & analyst 

9. Ash disposal 2000 tonnes @ 200 Bh. 

Total estimated cost per year 

Incinerator load = 13,000 tonnes/yr. 

4,000 

4,000 

500 

400 

2s,220,ooo Bh· 
+ 2s,ooo,ooo Bii 

Average Cost of Incineration = (25 + 25,220,000) = 1,940 Actual 
13,000 

TOTAL 

+1,900 Depre
iation 

============== 
3,840 Bh/Tonne 
============== 
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DRAFT SPECIFIC.\TION FOR INCINERATOR EXPERT 

Engineering graduate with recent experience in the 

construction and/or operation of a chemical waste incinerator, 

and it's control. He llUSt be able to prepare a detailed 

specification for bids to be made, checking them and monitoring 

the construction of essential items. He must also be present 

when the plant is colllllissioned to compare it's pet-formance 

against th_e guarantee. 

DRAFT SPECIFICATION FOR THE DISTILLATION EXPERT 

Qualifies engineer or chemist with recent experience in 

the construction and/or operation of a solvent recovery unit, 

ope~ating on chlorinated hydrocarbons and low-flash solvents with 

boiling points up to 160 Celsius He must be able to prepare a 

detailed specification against which bids can be made, check 

them, and monitor the construction of essential items. He must 

also be present when the plant is commissioned to compare it's 

performance against the guarantee. 

DRAFT SPECIFICATION FOR THE OIL RECOVERY EXPERT. 

Qualified engineer or chemist with recent experience in 

the construction, and/or operation of an oil recovery plant, with 

adequate knowledge of the control of such a plant and its 

products. He must be able to communicate effectively with 

national engineers and chemists, and make basic specifications 

for the raw material testing, plant items and products. 
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This note supersedes a hand-written document of the 11 March. 
which after preliminary discussion is in need of revision. 

A: Main Criteria 

1. The Thai Government will consider joint-ventures 
between foreign operating companies and Thai 
investors. : 

2. Speed is essential for the implementation of the project. 

3. Accurate plant specifications are essential. with 
good agreement about its mode of operat.ion. 

4. Local environmental matters rnust be settled before ...... 
construction of the operating element begins. 

5. The Quantities of sludges, waste solvents, will 
probably not exceed 20.000 tonnes/year. depending 
mainly on the soivent component to be burnt. and 
there will b~ a need to dispose of small quantities 
of hospitai wastes and illegal solids possibly up to 
1000 tonnes/year (more accurate estimates are 
desirable, but probably not worth much) 

6. Wastes from oi1 companies are to be included in this 
study. 

B: Incineration programme-options 

1. Find a source of technology and buy a .. package" from 
which a pilot scale unit can be made. principally to 
burn liquids, sludges and small Quantities of solids, up 
to 1 tonne/hour capacity. 

Such a plant will require 6 months to establish the 
design at a preliminary level, and one year more to 
complete. The incinerator and essential components can 
be constructed at source, whilst the civil & peripheral 
work is being made at Ratchaburi, and then the plant will 
be imported & installed. 

The cost of the essential equipment will be of the oroer 
of 40 million Bahts. The plant will be available for 
minor co~~ercial work but also to establish better the 
amounts of waste arising that will become apparent, and 
to tra~n the national managers and crew. 

Ba!ied on the experience gained with the p i1 ot, a 
second 1 arger unit can commence. . . design and 
construction for ChcntJuri possibly capable of up to 4 
tonnes/hour. and the costs will be proportionally 
greater. In this case the Chonburi plant wi 11 not be 

( 
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The Hazardous Waste Inventory 

------------------~~!!1~~Y-~-D~~-~8~! _ _P_~c:!t-------------------
Th e nation al hazardous waste inventory was prepared by 
Engineering-Science Co., Thai DCI Co.Ltd., and System Engineering 
Co.Ltd., for the project "National Hazardous Waste Management 
Plan" in 1988. The report describes the inventory of hazardous 
waste for regions of Thailand, and classify the waste based on 
physical (i.e. oil, liquid) and chemical (acidic) and biological 
(infectious). From the number of firms in the provinces and the 
number of employee, the unit waste generation rate ( take:i from 
literatures and some surveys), the total hazardous waste 
inventory was obtained. 

The consultants point out that the inventory is not very accurate 
due to the_ following reasons: 

!. The number of employee is not the most appropriate indicator 
of the activity of a factory. Many of the employee are· in the 
servicing, packaging, front office, which make little waste. 
This is particularly true for the ir.dustrial chemic~l 
manufacturing (as commented by the DIW in the letter sent by DIW 
to the Working Group on Revision of the National Hazardous Waste 
~nventory, 24 January 1992). The textile industry in Thailand is 
also very labour iutensive, as well as the service machine shops 
and electronic part manufacturers, which make the amount of waste 
as calculated above too high. 

Moreover, many factories are just for repackaging of the products 
manufactured abroad, such as pesticides (sometimes including 
rcformulat ion). 

Based on the consultants' experience in working with such types 
of data from factory's registration and the actual surveys, there 
are large discrepancies between the number of workers reported 
and the actual number working in the production section. Our 
view is also. being supported by the findings of other consultants 
such as the Environmental Technologic Thai Co.Ltd. (Interim 
Report, FS Study for the W~ter Supply , Wastewater and toxic 
Waste Management for the Rangsit, Pathumthai, 1991). 

I 

In order to obtain reliable quantity of hazardous waste for the 
country or any part of it. the consultants have developed the 
strategy that may shed some light on the issues. The strategy is 
as f o I low: 

A. Survey of the existing waste disposal means. 

It is expected that since there are quite a number of industries 
which should have produced hazardous waste for some years, there 
must be means of disposal of the existing waste as managed by the 
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eel lulose matter can 
capacity to absorb it. 
bed composition). 

holdup to ax H2So4. there is plenty of 
(ie up to 80 - 160 kg/m3 depending on the 

Afterwards the trench can be treated with lime or chalk, then 
filled in with the removed solid, and fl3ttened •. In this way it is 
possible to cut a number of parallel trenches and &lowly advance 
the work towards the newer part of the refuse dump. 

Care must be taken to control the type of liquors added to the 
trench. Acids, metal salt solutions, alkalies and some mixed 
acid/organic sludge can be added, but cyanides and sulphides must 
be excluded since they will produce very toxic gases. 

...: This method has been in use in the U.K. for many years and it 
has the cautious approval of the Ministry of the Environme~. The 
site is near London and is the main depository for London refuse -
and sludge, much of which comes in by barge from the river. 

It should be possible to obtain access to the site via the 
Ministry of Environment in London and to obtain any essential 
control data and technology. 

+ 
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LIST OF PERSONS CONTACTED DURING THE MISSION 

MINISTRY OF INDUSTRY 

1. MR.SIVAVONG CHANGKASIRI 
PERMANENT SECR.E'I'ARY. 

2. MR.PREECHA ATTAVIPACH 
DIRECTOR GENERAL, DE?ARTMENT OF INDUSTRIAL WOP.KS. 

3. MR. BOONYONG LOHWONGWATANA 
DIRECTOR, OFFICE OF INDUSTRIAL SERVICES AND WASTES, 

TREATMENT. 

4. DR.. SAf'..ARN TUNGTHONGTAVEE 
CHIEF OF HAZARDOUS WASTE MANAGEMENT SECTION. 

5. MR.VI::lAH MAHVICHAK 
DIRECTOR, HAZARDOUS SUBSTANCES AND CHEMICALS CONTROL, 

DIVISION. 

6 • DR. VERA PONG CHAI PERM 

ENVIRONMENTAL ENGINEER, INDUSTRIAL ESTATE AUTHORITY, 
OF TP.AI LAND (I EAT) • 

7. KITTI SOPHONPAK 
ENVIRONMENTAL ENGINEER, !EAT. 

8. SANTICHAI HORPAOPAN 
ENGINEER, IEAT. 

THAI OIL REFINERY 

1. MR.PIM GHIJSEN 
TECHNOLOGY MANAGER. 

2. DR.ANEK SINGHAKOWINTA 
ENGINEERING Y~AGER. 

3. MR.ABHINANT SUPATRABUTRA 
OPERATIONS MANAGER. 

ESSO REFINERY 

1. DR.SOMRATNA YINDEEPIS 
ENVIRONMENTAL COORDINATOR. 

SGS THAILAND Co. 

1. SOMCHAI PIYAVORASAKUL 
ASSISTANT PLANT MANAGER 



Chemical industrv 

-Al(OH)J and Mg(OHJ2 production. Waste is dumped with municipal 
refuse. 

Fertilizer and Pesticides . The contaminated containers are 
incinerated by factory. Unused raw meterials, oil, solvents and 
alkalies are stored for private contractors for disposal. 

Svnthetic resins Tejin Polyester Co. which is the largest 
manufacturer of staple fiber and filament yarn in Thailand, 
incinerates own ~aste (~0-50 tons/day). Howev~r. most is 
unqualified products. 

Pharmaceutical t'4·o factori~s did not report 
of significant ~cantity. any hazardoy~- waste 

Soap. From sul!onation of fats, oil waste from 
about 200 limonth. a factory is 

Plastic Sacks Lubricating oi! and 4lil waste of 40 !/day i~ 
disposed with rn~nicipal •aste. 

Plastic bot~les Waste oil is used for termite protection in the 
factory. 

Metal industrv Waste oils are usually sold. 
are recycled. Solvents sometimes 

Electronic industrv halogenated solvents (no treatments are 
identified). Acidic waste with heavy metals are being stored in 
one factory. 

Automotive indu,;,:rv Acetone waste is recycled by distillation, 
residue is dumped with municipal waste. 

In conclusion, there are much smaller waste volume to be expected 
from the factories as compared to the National Hazardous 
Inventory of 1988 (the surveyers estimated to be only 20 ~). 
Moreover, major conclusions are: 

1. There is a good market for waste lubricating oil from industry 
and gas stations already. An informal survey revealed that waste 
oil sells for I.50 baht per litre. The oil is used for wood 
varnishing and termite protection. 

2. There seems to be very little amount of solvent waste in any 
factory. It is likely that solvents are le.ft to evaporate, as 
there are no prohibition against that. Sorre may be dumped into 
the sewer. 

3. Liquid wastes seem to be treated successfully with the 
existing treatment facilities (including the Samae Dam of DIW). 

4 

I 
L 
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KIJJA CONSULTING ENGINEER Co. (INCINERATORS) 

1. MR.KIJJA WISAWAKORANANT 
MANAGING DIRECTOR 

INSTITUTE OF ENVIRONMENTAL RESEARCH, CH!JLALoNGKORN UNIVERSITY 

1. ASST. PROF. DR. SUTHIR.AK SUJARITTANONT 
DIRECTOR 

COUNTERPARTS 

CHULALONGKORN UNIVERSITY 

1. DR.SANGSANT PANICH 

2. MS.PAKTARAWIMOL PHIENLOMPLERT . 
3. ASSOC. PP.OF. WONGPUN LIMPASENI 

4 • DR. SOMCHAI RATANAKOMO'l' 

DEPARTMENT OF INDUSTRIAL WORKS 

1. MR. NARATIP LAOHATIRANANDA 



Post: Tide: 

Durat:ion: 

Date required: 

APPEl'JDtX 13 

JOB DESCRIPTION 

DP/THA/88j004/ll-01 

Crant: Ramsay 
Oct:ober 1991 

Expert: in indust:rial hazardous waste processing 

1 m/m 

ASAP 

Bangkok~with travel within the count:ry 

Purpose of t:he oroject:: 

Duties: 

:rhe Minist:ry of Industry in Thailand plans t:o est:ablish 
twc cent:res for the treatment: of industrial hazardous 
~astes. The purpose of this project: is to provide 
advisory services to assist with the establishraent: ~f 

t:hese cent:res. 

To work with nat:ional experts to complete the following: 

l. to review the current: status of hazardous waste 
;;;:;:nagement in the area including the availability of dat:a 
on volumes and types of hazardous wastes current and 
projected, environmental standards already set: by MCI, 
sources of wastes and the means of their collection and 
transportation to treatment sites; 

2. to review the c~~rent plans for hazardous waste 
m.;.nagement, including the plans to build incineration and 
distillation facilities. and to recommend appropriate 
follow-up activit:ies; 

3. to define the ~esources required and a general work 
plan to implement the recommendations from (2) above. 

~ to write a report whilst in the field outlining the 
findings of the above investigations, and in particular 
defining the expertise required, and the specific <l~ties, 
for a follow-up mission(s). 

Nb It is envisaged that the expert: will complece as far 
a~ posstble, in association with local experts, 
activities 1.1 to 1.4 in the attached project TOR plus 
the over-lapping and extra duties as outlined above. 
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APPENDIX 14. ---

l'NIDO• AREA _ PROG ~ llfQ>P BANGKOK 

'IERKS OF R!.F£REl'a FOil 
~ 1R£aDmrI SPECIFICAJ'.lOf'S 

UF/1BAlllJV04 
(U~-dat:e of 10ll dated 1 August: 1991) 

: 

27.09.91 

n.. aoy...i. Thal Qo.wrame11t: iJ2t:aals t:o caldttuct: two 
inc1o•i:at:lon/diat:1.llat:lon r..-ntt•• for n-•ac.eat: of !ad\Mtt:rtal b&za:xdou.s vascee 
(BZ'l5). or-oe l.n lt&enaburt and omo in Cbcmbu:ri.. Olre .tsubllsbed me Gcrrenmeoc 
nil leas• cbem to tt. pri~t:• s..etor. 

11" Cent::n l.n bc:babarl (estt-t:ed coses of 200 .Ulloa baht) vill be 
used. for hazardous vastes i.Dctaerar.:100. distillation Gld land.fill. lbe H:zW 
v;l.l ~ tr-om t:be industries .around ~ ICbuntiim Cencn and t:tM- are.a vest: of 
Chao Pbaya dvor. 

Ibe c.nr:-" in Cbonburl (es~t:lld coai::s of ~50 llilliou baht:) ~-i.l.l be 
as•d for bazard""'8 v•st:l!I d1scill.•t:la11. iocinerarloa, landfill as well .as 
physical and chell!.cal t:reabllent:. TIM -1.n beneticiaries "'-il.l be die 
tudn:Scries loeat:ed. at t:bw easni:n side oi BangJr:oli:, arOUld SU1Ut P'rabrn aiid 
t:be ~~rn Suboam.· 

The tvo inc1Derac1oo aIJd distillation Cent:rws rill cQver f!be :Bcig.kok 
regi0t1 (vruch -procsw:es 71.I: •.1f llZV g*OCrd:od b}' th• 11"...,f.11ctu.ri.nf iadu.st:rT • 
SH Amlu II) aJCl al.so the west. Cent:ral. and .Ea.st:irrn Regic-.:s ( .. idch produces 
16% of HZ'1 gwnerated l:ry t:be 1Mwf.act:uring ~tr;). 

A(tvis.,i:,- serrlees under tbw rropond •ct::f..Vit:y ~e beftl requened by 
!SJ.uistry of lumat:ry (MOl) in re•pect of specific e:q1erd.:se :.ad knov-bo1; t:o 

init!&ce Cid i>l&n £or Che Htablis1-Dt of the 1=VO Cll!DUes. These adTi.sory 
services vil.l b. prortded in ~o pbas••· aaiMly a otOp!=&COl!T *- to collect 
and asse.s b&aic lufo!Slt:i.011 on the type an4 quantitl•• of -...te gwaerated, • 
the eurno.t n.at:u.s of aid plans f:or emit.e collection az.I -1.-.nc. etc. Gld 
pave tba srcnmcS tor: die pin obf.!• l&Dder which all th. ,repara.tious .for the 
operation of tb• cvo cncrH ril1 be m:id.ertalcen (incineration axl dist::f..ll.ation 
producd.oo. pl~, stlect1oa of syst:••· etc.). 

J:11c1.De~tioo •nd d!•rtllnion product:ioa ?lCLS. in respect of t:he 
two .. 1.ected. locad.ODJS, for n-t:meot of industrial Brw• iuto VI.St•• 
nad:r tor dl•posal and for sue. la lhle .witll st.imclard.s alr:e.ad.T Ht 

by tfO[, !or c.t i. ... t tbo -n ' years. • 

Act:1Tity 1.1 

To •••••• sooerlo ~· of hldust:rl.Al s:tU srruuu:. suiuble for 
t..oeinar:ation a>d or dJ.at:Ulc.tloa. lll Tba.il.aud oa t:beir 
ch.traet:•rist:ies &:ad qwmct!:les • .u meot:ioafXl ia t:h• report •Nai:ioo.al 
R..urd.oa.s ~Ute tS&na&uenc nan•. e.d,,pted. by tJw. Hadon&l 
Eavir'OD99at r.ouct . 
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Executive SUilllDary 

This report complies with the Job Descripticn (Appendix 13) and with the 

Terms of Reference (Appendix 14), which requested assistance on the selection 

of an incinerator system for Thailand, and similarly for a distillation plant. 

It has proved diffic~t to obtain quantitative .:iata on both projects, 

especially that for distillation, but it has been possible to prepare a draft 

specification for an incinerator with a nominal burning capacity of about 2 

tones per hour. 

It is recoODDended that work on the d_stillation project should proceed 

separately from the above and also that a subsidiary project for the recovery 

of waste lubricating oils should be considered. 
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Advisory Assistance for the Preparation of 

Aspecification of a Waste Treatment Incinerator 

B. BACKGROUND 

Between the issuance of the terms of reference for this 

project on 27 Sept. 1991 and now the officials of the Ministry of 

Industrial Works have strengthened their opinion for the 

necessity of such an incinerator, and the main question was not 

whether it could be justified, but how soon could the 

specificat~on be completed. 

From my previous experience I explained that foreign 

operating companies would be willing to put up plant in Thailand 

provided that they could have an assured input, total management, 

and rights to take out profits. The Permanent Secretary rejected 

this and insisted that cih external contractor should erect the 

plant, supply all technology, manage the plant during the first 

year (whilst making good any faults) and then leave a responsible 

engineer on site fo~ a second year. 

He further suggested that, if we still wished to obtain 

firmer data, we should only visit a few large companies·, in 
be 

Thai land and assume ~that:::. the ·othersl- vou Id obliged 
·• - - ... - .. fl. 

to patronize the 

waste treatment centre once it was working. 

This has been our plan of action, and,~ visits wil 1 be 

made as soon as possible by the national experts. 



C. COLLECTION OF DATA 

1. The National Hazardous Waste Management Plan of 1989. 

This plan is not much use in trying to establish how 

much waste should be incinerated, or distilled for recovery 

purposes. 

It is five years old, and contains practically no on

the-ground information about what, a~d how much, waste factories 

are producing, and the bulk of the report is based air· outside 
_/ 

estimates -.and 5-year projections. -(~ee Appendi~ t2). · 

Already to M.O.I have reduced many of these numbers by 

up to 90%, presumably based on their observations and reports. 

2. Lists of Chemical Imports to Thailand. 

Lists of chemical imports from 1982 to 1991 were made 

available to us by the M.O.I (Mr.Virah Mavichak) and the 

M.O.S.T.E (Environmental Quality Standards Division}. 

-See Appendix 1 (1-8) for 1991 only. 

This was done to establish where the roost toxic 

materials went, so that we could investigate what poisonous 

residues might accrue from them, but most of these items went to 

agents etc. and so far we have no list of users. 

Apart from mineral acids which are also.made in the 

Kingdom the 1991 list showed : 

18000 tonnes of chlorinated hydrocarbons (cleaning fluids) 

8500 tonnes of Cl-F-C materials (coolants) 



in a detoxified condition whilst the hot gases rise up through an 

after burner where the more thermally resistant molecules are 

decomposed. The hot gases are then cooled and cleaned so that 

they go to atmosphere in an acceptably clean condition. Emission 

limits set by the EPA (USA) and the EEC are well known and must 

now be met in those countries. Similar Standards will no doubt 

be required of this incinerator, and quarantees will be based on 

them. 

2. capacity and capi~l Cost of Incinerator. 

At this stage it is difficult to know what size the 

incinerator should be but based on our recent observations, we 

are likely to find about 7000 tonnes, including oil from the 

refineries and tanks. I propose the incinerator should have a 

thermal capacity of about 14000 tonne calories per hour, 16 

Megawatts, which will approximate to about 2 tonnes + 30% of 

combustibles. 

I have made a very rough estimate of what this 

incinerator might cost indicating how a contractor's charges will 

be made up, but this is illustrative only and not definitive, and 

may not be complete (Appendix;tj. This appendix also reproduces 

several pages from World Bank Paper No.93 "The safe disposal of 

Hazardous Wastes" which gives a useful and fairly independent 

comparision, based on U.S. practice and prices up to 1989. 

The operating cost of the incinerator will depend on 

the quantity and type of material bPtng burnt, but the figure of 

u.s.s 541 given on P.732 of the Worla Bank report shows that it 
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is likely to be of the order of 15000 Bahts per tonne now in 

Thailand. An estimation of operating costs ~s given in Appendix 7(2). 

3. Pricing of Waste for combustion 

The price that can be asked for the incineration of 

dirty liquids and solids depends on the calorific value as 

determined by using a bomb calorimeter, the potential acidity 

determined by titration of the calorimeter residues, and the 
........ 

quantities of inorganic oxides which are still considered to be 

hazardous:-

For some clean liquids which can ne used as support 

fuel it may be necessary to make a small payment to the suppli~r, 

but for mosts wastes the prices will rise steeply as the impurity 

level increases, possibly up to 40000 Bahts per tonne. See the 

drawing oppo-sit-efor a non-scalar example of a prices stcuctare. 

4. Possible Distillation Reauirements. 

The installation of any kind of distillation equipment 

will take a shorter time than that required for the incinerator, 

and a later start to the specification of such plant is 

reasonable. 

The problem remains that, there is no clear indication 

of what and how much material could be sent to a central 

facility for distillation, except that it will be solvents and 

cleaning fluids, but not oil. The National Hazardous Waste 

Management report of 1989 claims that there could be over 30000 

tonnes/year of solvent waste (page QS) and says that up to 80% 



could be recovered. But it is located in widely dispersed pl~~e~ 

and, at present, a lot of it is reused locally on dirtier and 

dirtier duty until it simply disappears. (manufacturers commen~), 

and quantificat~on is impossible. 

There could be anything 20000 tonnes/year of . waste 

solvents in need of treatment, which will fall into three main 

categories : 

(a) cleaning fluids like chloro-carbons ~which are 
0 

insoluble in water, and denser, with low boiling point (80-120 C) 

can be collected by steam distillation. At present most of this 

material is ailowed to evaporate locally into the atmosphere and 

the current annual replacement rate in the National Import list 

is at least 18000 tonnes. Because of natural the evaporation it 

is not likely that much of this material will be available for 

transportation to a proposed central the proposed sites, and as 

it is also a poison, treatment stations should be erected close 

to the pla~es where it used, and be provided with refrigerated 

water for the condensers. 

(b) water-soluble solvents like alcohols and most 

esters can also be recovered by steam distillation, and offered 

for sale as lower-grade materials. However it is likely that 

much of this material will be flushed away with effluent water, 

or at best treated in a Bio-plant. The replacement rate of such 

solvents is not yet known but the National Import list for 1991 

shows at least 10000 tonnes of esters and Ketones. 

(c) water-insoluble and highly flammable solvents are 

• 



used in many non-returnable ways, like as paint addi.tjves. The 

quantities that couid be made available for recovery by washing 

and distillation have still to be established, but initially 

these materials, whether highly contaminated or hot, provide 

excellent •support fueln which are essential in keeping the 

incinerator up to temperature. The national import list for 1991 

shows that there is a substantial importation of Thinners, and 

probably there is some manufactured as light fractions from the 

oil refinery stills. 

Therefore, reviewing types (a) (b) and (c) above, it 

seems that apa~t from (a} there is not enough factual evidence to 

warrant ~etting up any elaborate distillation plant at the first 

stage of development of the waste treatment site. However, 

storage and future operating space in a flame-proof area should 

be provided.. 

s. Possible recovery of Lubricating Oil. 

A recent UNIDO report SI/THA/88/801 states that there 

is a ~urrent sale of up to 200,000 tonnes/year of lubrication 

oils, all supplied by the highly-competitive commercial oil 

companies. This goes all over the Kingdom, and, after use, must 

appeur as dirty residues every where. The National waste 

management plan predicted in Table E3 that t'1e commercial sector 

would emit some 44000 tonnes a year, and the manufacturing sector 

about 95000 tonnes. 



With some reasonable enforcement it is likely that a 

good proportion could be collected by road tankers, but it is 

known that there is already a substantial unofficial collection 

system for used oil, and it is resold as paint, fuel or possibly 

as lubricating oil again. Basically, however, this dirty oil 

will contain quantities of petrol and of chlorinated 

hydrocarbons, and it is not good practice to try and reuse it 

neat. 

At the best it can be collected, treated in a central 

plant and made into a low-quality fuel, or alternatively it can 

be used as a fuel, in the incinerator. 

,_ 

A separate project should be consid~redfor the recovery 

of this kind of wixed dirty oil; it could be done by a national 

research organisation without much difficulty. 



B. Data relating to case studies. 

There are case studies prepared oy local consultants for the 
Rangsit and Chon Buri areas. also under DIW sponsorship. 
Howe\·er. all studies employ the estimation of inventory 
techniques based on the National Hazardous Waste Management Plan 
(1988) which has serious drawbacks as indicated earlier. 
However. some of the actual surveys by the other consultants 
yielded interesting cases. 

a. The Airport of Bangkok. The Thai International Airways Co. 
maintain a lrage airplane servicing which produce large 
quantities of paint stripping. For each plane. the wa~te amount 
to 2,000 - 3,000 liters. The waste is mixed with lime for 
neutralization and disposed by the contractors, along with 
domestic t.raste. 

Some chemicals used in cleaning of the equipments are collected 
in 200-liter drums. Each year it amounts to 25-JO drums and they 
were disposed- in an anaerobic lagoon of a dis ti I lery, under a 
special contract with Water and Environment consultants Co.L~d. 

b. The Port Authority of Thailand. The waste is usually the 
expired or unciaimed chemicals. At the year 1988 there are about 
160.000 kgs. of hazardous waste remaining in the port. Of these~ 
73.850 kgs. are Nisol (tar wast~) and 65,390 J~s of :.ilicone. 
At the present most of the waste has been disposed. only 14 tons 
remains. The estimated 10, tons may be suitable to be 
incinerated. 

c. The Narcotics. The amount of narcotics destroyed by open 
burning in Thai land, 1979-89. 

Heroin 7,033 Kg 
Morphine 9,911 Kg 
Opium 10~715 Kg 
Marijuana 64.329 Kg 
Others 4' 144 Kg. 

d. Actual surveys of fact-:>ries in Rangsit area 
Environmental Technologic Thai Co.Ltd. done by 

Textiles The oil waste estimate (182 I/employee/year) is too high 
as this is usually labour intensive factory. 

Svnthetic t~xtiles for upholsterv again the oil waste estimate is 
too high. 

furniture The estimate called for inorganic sludges and solids of 
tons/factory/year. The factory informed that the paint and 

lacquer which cannot be used are sold, so the only waste is 
lubricating oil which amount to only 40 I/year. There are wood 
chips and sawdust as solid waste. 

Print)_[!_~ Solvents are disposed with wasrewatcr. 



industry itself. 
investigated. 

The following country situation was 

(l)Incineration. The candidates for incineration are the 
pesticides and pharmaceutical companies, whose wastes are 
probably too toxic to be disposed by other means. An 
investigation yields one manufacturer of incinerator in Thailand 
who manufactures normal two-chambered incinerators for 
industries, but they are usually for the non-hazardous ones (no 
liquid). Since he is the only incinerator manufactu-rer in 
Thailand. this indicated that there are no hazardous waste 
incinerators locally made here. 

There are few incinerators purchased by companies from abroad to 
treat their own wa~tes. There is a waste oil incinerator at ESSO 
refinery. s·emi-pyrolytic incinerator at National Pet::-ochemical 
Corp (NPC). purchased from China, and small incinerators at some 
pesticide factories. In general. t~ese incinerators are not 
amounting to significant treatment of the national waste and 
often become burdens for companies who would rather use the 
centralized service, if becoming available. The drawbacks of 
having own incinerators are the difficulty in operation, high 
investment cost and technology involved, as well as the local 
pollution problem such as odors! ash. 

(2) Landfill .and dumping sites. These are the most popular 
methods of disposing hazardous waste in the country at the 
present. as there are no strict enforcement of hazardous waste 
dumping in local landfill and dumping sit'!s. .rn Samut Prakarn, 
two dumping sites were identified at Theparak Rd., and Bangping
Praeksa Rd.! which contains evidences of emptied drums and sacks 
of unidentified industrial residues. The practice may go on as 
long as there are no effective enforcement and treatment centers. 
At the present most factories are required to treai wastewater or 
send it to the central treatment plants! but as the government 
have not had the hazardous waste treatment facilities {with the 
exception of landfill at Rachaburi, which have not yet begun to 
operated), the dumping will continue. 

CJ) Disposal to the sewer and drainage system. As Thailand does 
not have separate sewer and stormwater system, not the industrial 
wastewater collection system, the disposal of industrial 
wastewater into the sewer is easy. 

(4) putting the waste away in containers, drums. or landfilling 
within the compounds. This practice is less attractive if the 
waste can be dumped .:>utside the factory anyway. However. some 
waste which are extremely toxic 1 ike me~curial waste are now 
being stored. 

If there are no effective regulations to force the factories to 
submit their waste to the centralized treatment facility. there 
are chances that the wastes will be disposed in the form of four 
methods above. 

2 



available in less than three years even al lowing for &ome 
overlap with the pilot project. 

2. Select and contract one external operating compar.~ who 
has good experience in the incineration of no,. ious 
comp_ounds waste and make a joint venture with a That 
source (private and/or Government). 

The foreign company will probably insist on managing the 
pl ant, and the guaranteed input of a 11 wastes in the 
area, for several years at least. 

This plan may be build with a capacity of 3 to 4 
tonnes/hour, and 11Ust be capable bf handling PCB's, 
solids, hospital waste and illegal solids up ~o 1-2000 
tonnes per year. It w·i 11 requ i re at 1 east two"' "year to 
build, but should come up to capacit~ quickly once it is -
r~ady. 

C: Distillation Plants 

There appears to be about 20000 tonnes/year of waste solvents 
in need of treatment, which will fall into three main categories: 

(a) cleaning fluids like chloro-carbons which are insoluble 
in water, and denser, with low boiling point {80 - 120°c) 
can be collected by steam distillation. At present most 
of this material is allowed to evaporate locally into the 
atmosphere and the annual replacement rate has still to 
be determined (check with th~ national import list). 
Because of the evaporation it is likely that not much of 
this material will be available able after transportation 
to the proposed sites, and as it is also a poison, 
treatment station~ should be-erected close to the places 
where it used, and have be provided with refrigerated 
cooling. 

(b) water-soluble solvents like alcohols can also be 
recovered by steam distillation, and can be offered for 
sale as lower-grade materials. However it is likely that 
much of this material will be flushed away with effluent 
water, or at bes~ treated in a Bio-plant. The 
replacement rate of such solvents is not yet known but 
cou 1 d probab 1 y be estab 1 i shed by studying the natura 1 
i mpo rt 1 i st . 

(c) water-insoluble and highly flammable solvents are used in 
many non-returnable ways, like as paint additives. The 
quantities that could be made available for recovery by 
washing and distillation have still to be established, 
but initially those materials, whether highly 
contaminated or hot, provide excellent "support fuel" 
which are essential in keeping the incinerator up to 
temperature. 

z 



l. 

Therefore, reviewing recommendation (a) (b) and (c) above, it 
seem~ that apart from (a) there is not eno~gh factual evidence to 
warrant sBtting up any elaborate distillation plant at the first 
stage :Jf development. However, storage and future operating space, 
in a flame-proof area should be provided. 

0: Oil Recovery Plant 

A recent UNIOO report SI/THA/88/801 states that there is a 
current sale of up to 200,000 tonnes/year of lubricating oils, all 
supplied by the highly-competitive convnercial oil companies. 

With some reasonable government enforcement a good proportion 
of this should be collectable and whilst the above'~·report 
recommer:::ts an elaborate and expensive re-refining process, a 
simpler alternative is available, mainly to recover it as a second
grade fuel oil. 

The plant concerned should be build close to the harbour 
facilities at Bangkok so that it can handle the residues ari5ing 
from ships tank c,leaning as well. The total Quantities that may be 
involved is given as 75,000 tonnes/year from the ships etc, and as 
much again from land-based locations. 

The object of the plant would be to dewater and decontaminate 
the waste oils, reducing the w~ter content to less than 3~, and 
blending them together so that they can be used a3 fuels to make a 
reproducible oil suita~le for use in heavy industries like cement
making, limestone-burning, steel melting. There is a well
organized market in such fuels in other countries, and the 
technology is available for purchase. 

This project could be established in little over a year from 
start, with most of the civil work and tankage being provided by 
national construction companies. Certain special items must be 
purchased externally. but there is good second-hand market to start 
from which could reduce the initial costs. ' 

E. Spec i a 1 Landf i 1·1 deve l op:nent An optional solution. 

The cost of incineration is high & it produces Carbon 
Dioxide. The cost of chemi ca 1 treatment. is less; it produces a 
f~lter cake or a sludge that must be dumped and liQuor that has to 
be put into a water course. 

One cheaper opt ion is to t•c:A an o 1 d ref use dump where the 
solids have had time to de-ga~ and to compact into an inert mass. 
In such a bed of old refuse, say 2-3 m thick, it is possible to dig 
a long slit-trench about 1/2 m x 1 m deep, horizont~lly, and to 
pour waste acids in at one end so that the~ flow along th& trench. 
These liquors soon diffuse downwards a.·d sideways, and since 

3 
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Lime required fjr neutralization• C0.06t/t)(lt/b) x 
(l.04t of lime/t of cblorine)(8000b/year) • 500t/year 

Capital Costs 

Cost of gas cleaning equipment to treat 12.000 std m3/b of fluegas 
•$0.4 million 

Total equipment costs. inclusive of gas cleaning equipment for input 
of 17.4 GJ\h • $3 million 

Electrical and Instrumentation c (0.15 x 3) • $0.45 million 
Buildings, structures and foundations a (0.3 x 3) = $0.9 million 
Piping • (0.4 x 3) - $1.2 million 
Installation = (0.15 x 3) • $0.45 million 
Installed Plant Cost c $6 million 
Total Capital Investment c $9 million 

Unit Cost 

$/t • c + aI + bV + cU - S 
G 

G • (1 t/h) (8000h/year) s SOOOt/year 
I '"' $ 9 million 
S c credit for steam recovery from input of 17.4 GJ/h = $1 million 
U • SI of TCI • $0.45 million . 
Y '"' 15% of rnnual revenue. assumed to be $9 million • $1.5 i:rillion 
C =annual operating costs. From a consideration_of power. chemical 

consumption. wages. laboratory costs. etc. assume 
C - $200/t ~ $1.6 million/year 

R = 15/100 s 0.15 
a • 0.36 b • 0.3 c c 0.18 
$/t'"' 1.6 + 0.36(9) + 0.3 (1.35) + 0.18 (0.45) - 1 

aooo x lo-§ • 541 

The unit cost of incinerating a tonne of waste is thus, for this example. 
in excess of $500. 

For a waste containing more chlorine a~d ash-forming material, unit costs 
would be higher, because of greater consumption of neutrali:ing agents and 
the higher cost of ash disposal. 

7.4.14 Concluding Remarks 

High temperature incineration is likely to re111ain the "best practicable 
environmental option• fox a significant portion of hazardous organic 
wastes. Indeed, for compound• such PCBs, incineration is the onl7 
disposal route that can safely o.nd adequately cope vilh the volumes of 
waste arisings in some countries. 

Incineration is a high-techn~logy option and depends for it1 safety on -
good proce11 control. Before deciding to build a sophisticated and 

J ., 
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expensive incinetator. careful consideration should be given to the need 
to pr~vide both trainEd personnel and adequate financial resources for 
managemen~. operating and maintenance. 

Purpose-built incinerator~ designed to handle a variety of wastes are 
rxpensive to build an1 operate, and require a relatively large waste 
quantity to justify their existence. In many countries. smaller scale 
units or the adoption of existing process facilities such as li.Ule, cement 
or aggregatf' kilns would se~ ;. more likely option. -1 

Further vork to demonstrate the use of such facilities on a s:iall to 
medium scale in developing countries is recmmaended. 

The need to retain incineration as a ~isposal option is not necessarily 
shared by the general :~blic. Hazardous vaste incineration has been a 
particula~ targ~t for public concern, especially since the re~elation that 
hazardous by-products such as dioxins and dibenzofu~ans can be emitted 
when PCBs are not incinerated at optimum conditions. Local coDIDunities do 
not relish the prospect of a hazardous waste incinerator being sited in 
their midst, and frequently express their opposition thrcugh the Hot Ir_ My 
Back Yard (NIMBY) syndrome. Strong pressure is sometimes placed on 

_ politician~ and waste disposal authorities to ban hazardous waste 
incineration altogether or. at least. ban the incineration of the very 
wastes which can only be treated in this manner. The consequence is that 
other. less environmentally acceptable options may be pursued. 

The need to improve existing technology, in order to lower energy 
consumption. reduce incinerator size and hence reduce capital and 
operdting costs. has spawned a number of new thermal destrJction 
processes, most of them currently at the bench or pilot stage. The most 
promising of these nev processes include: 

o Holten salt technology. a process in which waste in injected beneath a 
bed of molten sodium carbonate. The process requires lower 
temperatures for waste combustion, and the bed is an effective 
scrubbing medium for acid gases. 

o Pyrolysis systems. vhere vaste is broken dovn into less complex 
materials through_ the application of heat in the absence of oxygen. 
Potential advantages include lO\ler support fuel usage and reduced 
emi s dons. 

o Electric reactorr., processes that pyrol;·se was~es at very high 
temperatures from particles surh as soil through th~ use of an 
electrically heated fluid vall reactor. 

o Plasma systems, processe~ that use the extremely high temperature of 
plasma to destroy vastes. Advantages, shared with electri~ reactors, 
are that reactor size is considerably reduced, and conventional fuel is 
not used. 
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In addition. there is considerable score for improvement in conventional 
incinerator designs. for example. in the development of more efficient 
liquid injection systems. and in the processing of solid wastes. 
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660 tonnes of cyanides (Plating etc) 

500 tonnes of cro (plating) 
3 

370 tonneE of Thiols 

54 tonnes of Aniline 

550 tonnes of Arsenic ox.ides 

600 Tonnes of phenolics (Probably for 
pesticide 

230 tonnes of HF manufacture) 
.> ..... 

13 tonnes of mercurials 

i'l tonnes of PoCl 
3 

The· quantities of the Thiols etc. used for chemical_ 

manufacturing purposes listed here amount to about 1900 tor11es 

per year. 

If they are converted to pr0ducts with average 

efficiency, say 80%, there will be about 20% going as residues. 

Thi:.se might appear with other liquors and form up to 2000 tonnes 

of contaminated sludge for incineration, wherever that may be. 

3. Oil ~efining and Associated industries. 

Visit were paid to Thai Oil and ESSO refineries South 

of Pattaya to ask what happened to ship's tank cleanings and to 

estimate their own actual wastes. such cleaning was done almost 

as a matter of courtesy, and the slops were pumped ashore, 

separated .:ind incorporated in other raw materials. But this does 

not happen of ten because most ships do not change ~heir grade of 

cargo in successive voyages. 



Factory residues, which are currently deposited on 

spare land were said to amount to 3000 tonnes per year at Thai 

oil refinery. It was agreed that this material could have been 

burnt, had an incinerator been available. 

However, the factory management posited out that, on 

the ccastal strip between Bangkok and themselves there were 

probably 100 oil storage tanks of considerable size, which had to 

have their cottom residues removed every few years. T~e residues 
3 ~~. 

might amount to 40-50 m each, so that the annual removal rate 

coLld be·.as big as 500-1000 tonnes. However, not all this oil 

need be incinerated, because between 30 and 50% of if could be 

recovered in a special separation plant. There are now definite 

projects for two new refineries and one lubricating oil plant, 

and all of these can be expected to send their residues and off

spec. materials to the in~inerator. More new ventures of this 

type are being encouraged, probably with a proviso ·:hat they must 

disposP. of their waste iTl a ".':lean, acceptable way. 

4. Pesticide Wastes. 

The Th<ti pesticide industry is mainl~1 arra1 .Jed to 

formulate mixturP.s from imported bulk f inishe<i products, and 

also to repackage imported buJk formulated ~aterials. There are 

about 60 packaging plants in the Kingdom. 

In only one major case is a product a~tually made in 

the Kingdom; I.C.I. (Asia) make paraquat f rorn i1T1ported 
intermediates. The main ·"eight of waste dr.'..ses not from the 

actual chemicals, but from the inter'Ttediate and final packaging 



5. Visit to Chonburi Site. 

A visit was paid to Chonburi site, the North part of 

which was originally an even slope upwards fron the centre, and 

is now being quarried (illegally?). Vehicles use a rough track 

to remove the stone. The South pa.rt of the site is being 

cultivated by small farmers. 

an The North end will stilL be suitable for 

inciner~tion/distillation plant if it can be made in'to three 

plateaux, _and the prevailing wind would take the plume from 

chimney up into the hills. A large water storage tank will 

essential. See Ap?endix 2 (1-4) for possible layout. 

the 

be 

Road construction for about 4 km. should be easy 

because of the presence of other quarries in the area which, 

incidentally,already fill the air with an unpleasant amount of 

dust. 

6. Visit to Ratchaburi Site. 

A 'Tisit to Ratchaburi revealed an excellent site for 

construction, about 3-4 km from the nearest living areas. See 

Appendix 3 (1-3) for possible layouts. 

If the local roadway is improved, and water is pumped 

from a nearby canal and stored in a pond this site would provide 

a good facjlity, altho~gh the road tra~sporting of wastes about 

120 km from Da11gkok by road will always be a potential and 

obvious hazard. 



materials that become contaminated, either at the factory or down 

the line of usage. 

The Thai Pesticide Association, the G-Fab organization 

and others are well aware of the problems and a paper to be given 

by Dr.Palarb Sinhaseni of the Thai Development Research Institute 

in April, as this report is being issued, will explain the 

situation in detail. It indiGates that at least 450 tonnes of 

wastes are available each year, and some manufacturess~ha.ve said 

that they would prefer to have their wastes -burnt than dumped. 

Some companies have admitted to having stock piles of 200 L 

drums. (A copy of her pape~ will be appended to this report 

later). 

In addi~ion, the-manufacturess use considerable amcunt 

of solvents, principally Xylene and Petroleum ethers (sometimes 

called white spirit) for the cleaning of the manufacturing and 

packaging machinery. Because of its toxicity and because there 

only onP. or two formal solvent recovery systems known to be 

operating it is likely that the dirty solvents will have to be 

burnt. 

The major pharmaceutical companies like Bayer, Shell 

and IC! have incinerators for their own wastes and some are 

prepared to take in wa~te from other places, probably as a good

will gesture, but no double they would be glad to be relieved of 

this onerous job when a public facility is built. 



7. Transporta~ion of Waste 

outside the scope of this survey, it was noted that 

both these sites are only a few km. from the existing rail 

tracks, and if local sidings or rail extensions could be built to 

the proposed sites the major road transportation hazards would 

be greatly reduc~>d. In this case, 200 L. drums and other 

container;;, of wa,:-:te could be loaded into open or closed wagons 

at nominated stations in and around Bangkok so that th~.could be 

moved discreetly and very safely to the waste centres, and 

unloaded in tne sidinys there by fork lift truck. This work 

could form a good contract for S.R.T. (Thai State Railways). 

The alternative would be to purchase about ttree long-

bed articulated trucks and lease them to a private operate~ who 

could operate them between the customers site and the incinerator 

site. However, even if this is cheaper and apparP.ntly more 

convenient, it may be the more hazardous way of dealing with the 

problem. ~ee Appendix 4 for cost estimates. 

8. Visit tc, Bang Khuntien Treatment Centre. 

A visit to Bang Khuntien, which appeared to be 

operating smoothly showed how those facilities were now being 

used. The 

companies 

1988 survey by Siam Control Ltd had identified 
3 

making up to 1400 rn /day (in total) from the textile 

finishing and metal plating industries. T:1e rate of input to the 

plant has increased since its start up to about 60 vehicles per 
3 3 

day, each with up to 10 m of liqu0r, or 12000 rn /month at which 

it was said be operating near to its maximUJ'l1. capacity. However, 



it is indicative of how a proper disposal site, once built, will 

attract trade. 

9. Data Collec~ion and Questionnaire. 

Collection of data about current and future factory 

wastes is an acute problem, and whilst a list of the larger 

potential generators can be made, we do not have sufficient 

authority to get them to ask questions or to inspect their yards. 
~ .... 

For this purpose it will be necessary to have entry agreed 

between tlie factory manager and senior official of the M.O.I. 

(See Appendix 5 for a draft questionnaire). 

The M.O.I. have a small aeroplane at their disposal and 

it is understood that it may be possible to fly over the 

industriul areas to see what stock~ of old drums lie in the back 

yards of some of the factories. 

D. ANALYSIS OF SITUATION. 

1. Design of Incineretor. 

I have prepared a draft specification for an 

incinerator (Appendix 6) which, based on existing technical 

know-how is capable of dealing wi·:h all the usual toxic wastes. 

It is a gen·eral stateme11t ,lthcugh it will be obvious to 

manuf acterss of this kind of equipment that it is based on a 

rotary cy:indrical combustion chamber with the fuel being burnt 

at the upper end, where the sludges and solids also enter. The 

hot gases, burning liquids and solids flow down the tube, and at 

the lower end separation occurs so that the ashes fall downwards 
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Document B Mr. Eric Street's Expert Technical Report 'Advisory Assistance for the 
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Industrial Hazardous Waste Incineration Plant 

Document D Bid Notification (in Thai) 

Document E General Condition (in Thai) 

Document F Contract Form (in Thai) 
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1.3 Previous Studies of Formulating and Repackaging Plants _in Thailand. 

In 1988, the Agriculture Regulatory Division, Department of Agriculture, 
Ministry of Agriculture surveyed 35 formulating and repackaging plants in 
Thailand (Department of Medical Sciences, 1988). During 1985-1986, 
Thailand Development Research Institute and the National Institute for the 
Improvement of Working Conditions and Environment (NICE) conducted 
jointly a study of 10 pesticide formulating and repackaging plants (TDRI, 
1986). Some obvious example of potentially unsafe conditions were 
found such as the following table · l which indicates that some of the 
plants did not meet requirements for proper location according to 
L1NEP{IEQ guidefine. 

In these studies, the general impressions of the situation were given 
regarding the premise arrangement, unsafe methods of loading of 
chemicals, improper storage of chem.icais,. health hazard prevention 
practices and valuable reco:nmendations. 

Tablel : Surroundings of formulating I repackaging plants (Regulatory 
Division, 1988 as cited by the Department of Medical Sciences, 
1990) 

Surroundings yes no yes 

(%) 

1. Populated area 16 19 45.7 
2. Canals, river 13 22 37.I 
3. Rice paddy 10 25 28.6 
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SCOPE OF THE PRESENT STUDY 

2.1 Objectives 

The objectives of this study are to further identify and characterize the 
involved pesticide hazards in the formulating / repackaging plants and to 
propose reoommendations (with joint expert consultation) to reduce 
hazards in pesticide formulating and repackaging plants in Thailand. 

2.2 Survey Methodology 

Field visits·. were oonducted to 6 plants as categorized in Table 2. These 
plants &re producers (are either fromulating or pack:ige or both) of 
agriculture pestic!des which are located in the Bangkok and metropolitan 
area. 

In each factory, a survey was conducted and first-hand assessment of the 
potentiai hazards of the chemicals used were taken. Data and general 
impressions from previous reports completed in this area were analysed. 
Observ..Ltions were made according to a predesignec! questionnaire. 

Due to the hazardous nature of insecticides in classification Ia and lb 
which are prominent in Thailand, all of the 6 formulating / repackaging 
plants selected for investigation are producers of pesticides including the 
ones classified under Ia and lb_ 

Percent market share of the plants selected separate the plants into two 
categories. The one above 5% is classified as large. The ones whose 
market share are over 0.5% but less than 5% are classified as medium. 
We selected plants both in and outside the industrial plants to explore the 
difference due to management. 
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Table 2 : Types and Market Share of Pesticide Plants Visited 

I eompany Management Fungicide Type No. of Product Location $ 

Code Fungicide/ Market 
Herbicide/ ·share 
loscctic idc in 

1990 
1 Multinational Fromulating I s I 4 I 16 inuustrial 151 

Repackaging park .lJ . 
2 Multinational Fonnulating - I - I 8 outside of 5.20 

- industrial . 
Park· 

3 Multinational Form:ulating i I 2 I s industrial 552 
park 

4 Local . Fonnulating I 1 /·4 I 12 outside of 2-52 
Repackaging jndustrial 

Park 
5 Local Formulating I _6/-/6 industruJ i38 

Repackaging 

6 Local Repackaging 6/1/11 0.75 

Figure S shows the distribution of all 6 plants in Bangkok Metropolitan. 

I 
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Check-List (Adapted from UNEP/IEO, 1990) 

1. Location and Site Layout of Warehouse 
1.1 Does the warehouse satisfy the requirements 

relating to the location? 
(near drinking water 9lurcc? Liable from 
enema! hazard such as flood, locating near 
school or hospital?) 

12 Does the warehouse satisfy the stipulations for 
site access? 

13 ~ bunding exist? 
What additional system for runtainment of 
fire-fighting water? 

1.4 Is the wa.rehouse well ventilated? 

1.5 Is a_91y offi~ or amenity accommodation exists 
jn the warehouse structure? 
Is it :!.d~quately segregated from the store? 

2. Warehouse Management 
2.1 Are Material Safety Data Sheets for all products 

available? 
22. Separations of flammable solvents? 

3. Hygiene and Worker's safety 
3.1 Axe standards of hygiene and housekeeping 

ad~uate? 

- separate dining and cleaning area? 
3.2 Are personal issued with work clothes and 

protective gloves? 
3.3 During the process do wot~:>.rs exposed to 

pesticides? 
3.4 Does protective equipment exist on the premises 

for handling spills? 
3.5 Axe adequate first aid materials and facilities 

available? 

- 8 

yes n9 

0 [] 

0 ""'" 0 

0 [] 

0 0 
0 0 

0 

[l 

0 

0 

0 

0 

0 

0 

[] 

0 

0 

0 

0 

0 



3.6 Have the chemical amtaminatiRg been routinely 
monitored? 
- air? 

- biological monitoring? 

4. Spillages 

4.1 Is there an agreed procedure for dealing with 
spillages? 

4.2 Is absorbent material available? 

5. Waste .disposal: describe wastes (what quantity?) 
5.1 Ar~· waste.; disposed of in a safe manner? 

5.2 Have wastes been monitored for pesticides? 
By whoJJ\?' 
How often? 

53 Are empty containers reused? 
How are they disposed of ? 

5.4 Are packaging materials burned? 
How are they d;sposed of ? 
- paper 
- glass 
- plastics 
"'metals ·------·-----

' I 
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0 0 

0 0 

0 "~· 0 

,0 
0 

0 

0 

0 
0 

0 

0 
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3.1 Consequential hazuds due tn fire accident in pesticides plants 

Besides proper location and proper structure, f"tte p .. evention in pesticide 
warehouses :;hould consist of hazardous · chemical separation, good 
housekeeping, good maintenance, good-discipline and good co-operation 
with fire brigade for emergency planning. 

Table 3 : Data on fire accident in Bangkok during 1988 (Ftre Department, 
1991) 

.. -'>. 

Causes of Fue Cases 

Negligence 128 

-Accident- 107 -

During Investigation 319 

Fire-oo.iecr---- - ----- -
Shop houses 111 
Private residences . 113 

Government building· 12 
Industrial Plants 44 

Temple 4 

Vehicles 102 

Electrical instruments 45 

Schools 3 
Hospitals 1 
Warehouses 11 

Estimation of damage cost 298,827 ,389 Baht 

I 
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All six plants that we investigated do not locate near or in the vicinity of 
schools, hospitals, anals. However, during our survey, we noticed the left 
over packagmg (paper) materials on the floor, which are prone to rire. 

Good housekeeping and maintenance is not adequate. 



Office area in plant # 6 is in the warehouse, not panitioned. 

~=--
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There are no bunding to contain fire fighting water in three of the plants 
investigated. If fire accident were to occur in these plants, containment of 
toxic substances will not be ~"ble due to the lack of buildinB bunding 
and the lack of additional system for containment of fire-fightmg water. 
Therefore it is likely that the contamination of sunounding environment 
with toxic chemicals will be UDavoidable. 

Acc.ording to Jensen ct al. (1986), on April 12. 1986, there was a fire 
accident in the Nongjok District. Several commercial and residential 
buildings were burned including a retail pesticide store. The burnt down 
buildings were about 5 meters from the Sacnsab Canal. Water sample and 
fish specim~n were collected by the National Environmental Board 
personnels. The samples were found to be contaminated with pesticides. 

/ 



14 -- . 

3.2 Health baz.ards to occupational exposed workers 

·Hazard· can be expressed as the probability that injury will result from 
pesticide in a given formulation, quantity or manner. Pesticides arc 
designed to be poisons to kill the pest they are used against and they arc 
also toxic to a certain degree to man. All pesticides are poisonous if 
absorbed in excessive amounts . · 

Hazards from acute toxicity of pesticides arc often categorized such as by 
the presently adopted World Health Organization. Hazard can also occur 
from chronic toxicity or from prolonged or repeated low level exposures. 
The possibilities include cancer, reproductive problems such as sterility 
.md birth defects, damage to nervous system, damage to internal organs 
and allergic rensitization. Recently, many biological monitoring of 
pesticides such as eqthrocyte protein conjugates <Lewalter and Koraaus 
1986), chromosome aberration and sister-chi<:>matid exchange analysis. in 
peripheral blood ·lymphocytes -Ole-Fctrari et al. 1991); and estimation of 
MAO activity iJi thrombocytes CZeinalors and Gorkin 1990) have been 
suggested as means to possibly detect pesticide hazar&. 

Hazard is a function of two other variables besides toxicity; contamination 
and duration of ex~re. ~l~ 1989) The monitoring of blood 
cholinestera-;e activities in work_eFS . exposed to organophosphorns 
compounds has been acce.P.ted as a satisfactory assessMent of the extent of 
exposure. The interindiVIdual ~ariation is exr ~cted to be high and various 
factors which affects plasma cholinesterase levels such as liver diseases, 
anemia, malutrition, severe infection or previous chemical exposure sucl-. 
as to organic mercury, carbon disulfide may play a major role in plasma 
cholinesterase determination. Ideally, pre-exposed values should be 
determined for exposed workers. It is, however, generally accepted that 
acute cholinergic effects of organophosphate insecticides are related to the 
severe cholinesterase inhibition. 

In 1983, Mitaree, in her master's thesis, studied the average value of 
plasma cholinesterase of 37 male and 78 female workers m pesticide 
formulatin,s / repackaging .E>lants in Thailand. She found that this value. 
was statistically significant lower than the average value of the healthy 
blood donor population. The cholinesterase level of workers were reported 
to be correlated with LD50 of organophosphate insecticides that they 
exposed to ~d also depended on the duration of exposure, and system of 
safety protection. 

Hazard is the degree of danger involved in using pesticide. Pr~venting 
exposure is the key to the safe use of pesticides. 

I 
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From our survey, the enforcement of protective clothings are still not 
being exercised in one of repackaging plant. 

In three of these plants (plant # 4, 5, 6) inappropriate prQtective clothing were used. 

The production line, in one plant IS in open system therefore p~-ticide exposure can hardly be avoided. 



.-... .... 

In one of the plant (plant #4), we spotted food and soaps 
pesticide packages. 

• 

16 

lying on 
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We investigated the health repart of workers in fromulating , repackaging 
plant number 4, S and 6 which had been reported by the occupational 
health, Departm~nt of ~ealth. Table 4 _summarized numbers of workers 
which have their cholinesterase determmed to be depressed at least 1 
standard deviation from the average mean of the normal sub jeers. 

Table 4 : Workers with Depressed Cholinesterase Activicy 
{At Least:. SD. Below Normal Average) 
(Occupational Health Division, Department of Health, 1990, 

1989 and 1986) 

Formulating I Year No. of workers with Chemiclas,,, -found 
repackaging plant investigated depressed plasma plant atmosphere 
number cholinesterase at least (mgJm3) 

. 1 SD./ total number 
invcstiiated 

#1 1989 0/24 I nil 
1986 0/10 DDVP 4.08 

In 

. Dimethoate 1.04-3.06 . malathion 6.12-10.86 
#4 1990 6/94 not available ' 
#5 1989 4/28 Dimethoate 0.02 
#6 1988 I i/14 not available 

In 1982, the department had examined 200 normal (100 male and 100 
femal.!) subjects in Thailand for pl~ma cholinesterase activity using 
Biu's determination. It was found that the average value for Thai normal 
subject was 89±15 Bigg's unit/m1- Therefore the department had considered 
7 4 ill/ ml as being depressed lo warn the workers of exposure and to 
recommend being shift to other positions. 

* We looked at the complaint record of workers from 
formulating / repackaging plant # 4 during yearly health 
examination. We found that the working condifrJn had 
certainly not been acceptable due to the fact that generally 
these workers will report to the health clinic only when the 
symptoms are severe. Such as the complaint records of:-

# Worker number I. male , aged 38 

14 September 
3 January 
7 December 
9 September 

1981 
1982 
1983 
1985 

headache 
nausea, vomining 
confusion, cramp, headache 
h'!adache, muscle ache 



' • ,.. I 

#Worker number 2, male, aged 27 

22 June 
14 September 
30 August 
9 September 

1981 
1981 
1982 
1985 

headache, nausea, vomitting 
headache · 
headache 
~';Sea, headache, blurred 
VJSion 
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This is compatible with interview carried out during our survey with plant 
# 6 which indicates that pesticide poisonings occurred 3 times during the 
last 5 years. 

Pulmonary Function Test was al.so employed to determine the well-being 
of workers using Vitalograph Spirometer. Forced Expiratory volume at 1 
~cond and Forced Vital Capacity were recorded and FEVJfFVC were 
calculated as % lung function. 1he department considered 75% function 
as a cut poil,.. attd will recommend further investigation such as x-rays 
for workers who have performed below such value. 

Table 5 : Workers with Abnormal ·Pulmonary Function Test_ 
\le>.ss than 75% FEV ifFVC by Vitalograph Spirometer) 

Formulating I Ye::.r -No. of workers with abnormal pulmonary 
repackaging plant investigated f1D1ction test I total number investigated 
number . 

#4 I 1990 13/72 

#5 1986 6/27 
-

* 'From plant # 4 records, there are at least 10 additional 
workers whose records show marginal values at the cut point 
'(approx. 75-80%) and. there arc at least 6 complaints of 
respiratory infection, persistent cough and phlegam exudates. 
(However, there are at least 2 heavy smokers who smoke 10 
cigarettes per day for 5-10 consecutive years according to the 
record.) 
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3.3 Hazards Due to Improper W~ Disposal 

Improper disposal of . pe.~ticide-con~g wastes ~ -~ a source _of 
environmental oontanunatton. Destructron of aquauc lives, benefiaal 
insects. soil quality and water quality have beeJi reported in literature. 
From our survey, these ar7 hazardous pesticide Wastes occurring from 
the for:n:tlating / repackag!ng plants. 

-: ": t --·"' Unwanted pesticides (off specifi~ expired products, 
expired technical grade pesticide) 

Contaminated packaging materials C20o L metal drums, 
paper, plastic drums, paper boxes, glass bottles) 

~.,.. 

Liquid wastes from equipment wash or analysis. Sludges 
from waste water treatment. 

Improperly ~Cd, _pc_s~i<!!de _may also ~bly lead \.J sround W~ter. 
contamination -or tun-OTfs to be toxic to abiotic and biotic cnvuonmenL 

--- --· ---- - ---·-· -- - ------

From our survey, pesticide contaminated 200 L-metal drums arc refilled 
by the :ompany for their products, or sell for other purposes. Some arc 
generallv seen to be left deteriorating on the f otmulatmgf repackaging 
plant irr"ound. One company (#1) triple-rinsed their druniS and crushed 
them befor sending out to smelters. Two ~es (#2 and #3) send 
them to contraetors to rinse before smel!ing. Thfte companies (#4, #S and 
#6) after having sufficient amount of drums to be refilled for their 
products will sell good drums to local buyer, llllWUhed, and leave old 
defected drums lying in their back yard. · . . 

I 
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From our observacion. pesticide fonnulatingJ repackaging plants have made 
some :memt>ts to cieai with these wastes., Open fire buriiers <stoves) were 
built :o bum contaminated paper packaging materials. Ash was then 
buried in the near by ground. 

.. .... 
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:... :i.·:,.:ame:: :::esnc:ccs .;rhich .:::in not be improved or ph.ysiaily corrected 
:ire :-e=.or:e:l to c~eate c;ome :irobl~ll1S- There were incicicnc::s when the 
bur-!-!ci · ·.:::·~:anteci inse:::=i~ :ae -~e:e unintentiomlly ciiggcd up from chc plant 
~cl!::c i::e:- :a ;>crioe :Jf :i::ie. Some workers (plant # 61 ~re rcponcd to 
'::e ::c~..:::e:i ~:om s:.:.::~ ~az:.r=.~us waste. 

Broke:-:. ;::::numinate .... liass ::..m!es ~P"C !ying m>und waiting :o be disposed. 
~ - ~ ~-... ~ . . .. .. : ... 'i .. ,· 

Contaminated paper packaging materiab await garbage truck pick-up. 
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Table 6 : Estimated Amount of Pacbging Materials {imPortanon statistics 
from DOA, 1992) 

~fcal Dr.o:::::s 
(oil ::.qui,:. 
EC, v:sc.,sU 

Pz.pc:- Box 

Pack size 
1 180-200 lit 

~1 
37,916 dnlm 
1 dram weighs 2(J-30 kg. • 3.121 tDos/ye:ar 
approx. IK •311 fODS/ycu 

• llA 

If L~e metal drums go through th.: triple-rinsed method as recommended 
(GIFAP 1991) the metal d.."llJllS should be much less contaminated (0.01% 
ms•ead of 0.1 %). Problem arise ~ ~pack.aging plants wbea solvents can 
noc be used for formulation and solvent can not be disposed of properly. 
Drums should be rinsed by the original formulating / ~ging plants 
where data of waste disposal and product information exist. H?.zatds ari:>e 
when these drums are allowed ro go out of the premise and sold to 
unknown destiny. hon smeltets arc sources for dispOsal but should be so 
after t."le drJ.mS arc triple-ri'lSed and crashed. 

If we consider the plastic bag lining of plastic ~ ~ drmns and 
paper box as primary packaging materials amtaminated With pesticides 
and assume 1 O~ of metal drums which ate not used for refill by pesticide 
plants. the total waste that needed to be incinerated will be 449 tor.s/year 
excluding lD'\Wanted pesticides (off-specifir.ation. expired products and 
expired technical grade pesticides), SCQllftdary packaging materials and 
retail packaging materials. 

/ 
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Collments of UHIDO Backstopping Officer 

Kr. Street has aade considerable progress in assessing the current 

status vi thin Th:liland as regards plans for the disposal of haza:·dous vaste, 
and bas recommended that an incineration facility be constructed '_mmediately. 

This seeas an appropriate reco1m1endation, and a UNIDO expert vill be fielded 
without delay to assist vith the preparation of detailed specifications and 

contract documents for the proposed facility, vith a view to the authorities 

contracting out certain responsibilities of the plant construction. Before 

the contract documents c<1n be fina.lizad, ii: must be decided exactly what 

responsibilities vill be giveia to the contractor, particularly regarding the 
~,... 

initial operation of the plant and construction supervision. It appear that 

the preferred approach is for one main contractoc to be responsible for the 

overall project, with other activities to be sub-contracted. This must be 
confirmed, including details as to the exact limi t:s .)f the contractor's 

responsibility before the contract documents can be finalized. 

It is recoimaended that bidding for the main contract be international 
(i.e. for Thai and foreign companies) allowing for a wid£r range of offers and 

experience to be considered. 

UNIDO is very willing to proide assistance in further stages of the 
project. This could take many forms, from providing expert advice on on-going 

activities to UNIDO being responsible for tendering and contract~r selection, 
and recruitment, through a trust fund or other mechanism. 

There is still a need for further effort to locate sources of waste 

which could be used in the incineration facility, and hopefully this task can 

be undertaken by the national experts. 
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1. INFORMATION FOR TENDERERS 

1.1 Project Outlines 

As a result of new environmental legislation the 
Department of Industrial Works, Ministrt of Industry, Thailand is 
proposing to dispose of certain industrial waste in a 
centralised plant. This project will provide this facility, 
which will incorporate incineration. 

The new incinerator plant will initially comprise one 
stream with the capacity to incinerate 2 tonnes of hazardous 
waste per hour . The plant should be laid out in such a 
manner that additional streams can be added at a later date. 

The incinerator plant will be housed in a purpose built 
building. The building works, including utilities, will be 
completed under a separate contract by a separate contractor. 
The entire plant including storage, etc., must be arranged within 
the limits of the existing site boundary at Ratchaburi. 

The design for the civil works will be the 
responsibility of the contractor who is awarded the contract 
under this tender document. Alternately, the Ministry will have 
no objection to the contractor entering into a joint venture 
agreement with a Thai company for the purpose of completing this 
project. 

Facilities will need to be provided for the reception, 
analysis, storage and feeding of solid, liquid and semi solid 
(sludge) wastes at the site, to feed the incinerator. 

Contractors are invited to submit Tenders for this 
incinerator project. 

1.2 Contract Site 

The site for the plant is within the toxic waste 
disposal site at Ratchaburi, Sketch Drawing Figures 1 and 2 show 
this area. 

The contract works shall take place in and around the 
designated area. Tenderers should note the amount of space 
available for craneage, etc. The Engineer recommends tenderers 
to visit the site to ascertain for themselves access, available 
space, etc. 

1.3 scope of contract 

The contract is for all works, plant, installation, 
testing, commissioning, training and providing of the total 
working waste incineration facility from waste reception to 
residue disposal and flue gas cleaning. It shall be inclusive of 
the following. 



1 . 3 .1 Input to design of the waste storage provisions, 
laboratory, detailed design of the waste handling provisions, 
shredder, incinerator, flue gas ducting, emergency dump stack, 
gas cleaning equipment, instrumentation, con~rols, flue gas 
reheat equipment, chimney works, ash removal, ash handling and 
ash storage provisions. 

1.3.2 There is no requirement for waste heat generation other 
than what may be required for the incinerator. However, it is 
requested that, as an option, a waste heat boiler, turbine and a 
generator for electricity generation be quoted for. 

1 . 3. 3 Input to the design of the waste storage provisions, 
recovered materials storage, detailed design of waste handling 
provisions, emission controls, odour prevention, instrumentation, 
controls and safety mechanisms. 

1. 3. 4 The detailed arrangement of the above plant and 
equipment within the space available at the contract sit3 with 
allowances for building and building utilities provisions. 

1 . 3. 5 Provision of detailed design and arrangement drawings 
for the complete installation. 

1 . 3. 6 co-operating with the Engineer and the Purchaser ( ie. 
provision of plant information details, performance criteria, 
etc.) when preparing building designs, etc. 

1. 3. 7 co-operating with the Engineer, the Purchaser and the 
Building contractor to effect timely, completion of the project. 

1. 3. 8 Manufacture, delivery and installation of all the 
incineration and associated plant, using Thai manufacturers where 
possible. 

1.3.9 Testing, commissioning and setting to work of the 
incineration and associated plant. 

1. 3 .10 Training of plant operators in all aspects of the 
incineration units and associated plant operations. 

1. 3 .11 Training of the maintenance staff in all aspects of 
incineration and associated plant maintenance requirements and 
procedures. 

1.3.12 Responsibility for conducting the performance tests of 
plant in conjunction with the Purchaser and/or Engineer. 

1.3.13 Provision of all operating and maintenance instructions 
required to adequately run and maintain the incineration and 
associated plant. 

1. 3 .14 Provision of a performance bond 



1. 3 .15 Guaranteeing the incineration and associated plant 
operation, throughput, reliability, performance and fitness for 
purpose. 

1.3.16 Connection of waste heat boiler to allow steam supply 
to the electricity power generation turbine, if required. 

1.3.17 Testing, connnissioning and proving of steam supply from 
wasce heat boiler, if fitted & output of electrical generation, 
if fitted. 

1.3.18 Full compliance with all applicable codes, standards, 
specifications and regulations including those contained in this 
document, those referred to in this document and those not 
contained or referred to but necessary for the successful 
completion of the project or to comply with any relevant 
legislation. The standards issued by the Internation 
organisation for Standardization lIOS) will be the general 
standard. 

1.3.19 Operating the facility for a period of one year. It is 
the intention of the Ministry to privatise the operation of the 
facility at the end of this period. For the following year the 
contractor will keep a competent Engineer at the facility to act 
in an advisory capacity. 

1. 3. 20 It is the intention of the Ministry to enter into a 
further contract, during the life of this contract, for a second 
facility to be established at Chonburi. It is envisaged that 
this second facility will be identical in terms of throughput and 
technology to the facility covered by this document. The site 
details for the second site at Chonburi are included in the 
Appendix and given solely to familiarize the contractor with the 
situation. 

1.4 Tenders 

1.4.1 The tender price shall be geared to an extended validity 
period, remaining open for acceptance for 4 months from the 
tender date. Thereafter it shall be valid for a further period 
of 18 months subject to increases according to the indices 
specified in the special conditions. 

1. 4. 2 The tender price entered in the Formal Tender must be 
inclusive of a.1.l options and items identified separately in the 
subdivision of tender price. The order when placed may not 
include for all these options and items. The Contractor will not 
be allowed any loss of profit for any items omitted. 

1 . 4. 3 The Tenderer should sign Schedules 1 to 7 and sign 
Schedule a. He should also complete the data sheet in Appendix 1 
to 17, the General Conditions Appendix and the Daywork Schedule. 



1 • 4 • 4 Tenders should be returned in large envelopes and the 
Forms of Tender in small envelopes. The price of the bid should 
be submitted in a separate, sealed envelope. All documents 
should be submitted to; 

The General Director, 
Department of Industrial Works, 
Ministry of Industry, 
Bangkok, 
THAILAND 

not later than 12 noon on Monday .•••.•........•........••.• 1993. 
The Ministry instructions on the return of the tenders must also 
be complied with. 

1.4.5 The language used in the tender documents should be 
English. 

i.4.6 The tenderer should include a reference list of completed, 
operational incinerators showing location, through put, type of 
feedstock, date of completion, contact name, address, telephone 
number and facsimile number. 



DEPARTMENT OF INDUSTRIAL WORKS 

INSTRUCTIONS FOR THE RETURN OF TENDERS 

SUBMISSION OF TENDER 

1.1 The label must be affixed to the envelope or package 
containing the official form of tender and ancillary docu.~ents. 

1. 2 The tender documents must be received at our 
Headquarters building by the appointed date and time for the 
opening of the tenders. 

1.3 There must be no indication of the name or location of 
the tenderer on the label or packaging either by logo, franking 
mark or any other mark. 

1.4 If the tender is delivered to the General Director by 
courier or by hand, an official receipt must De obtained from the 
receptionist in our Headquarters building. 

WARNING: NON COMPLIANCE WITH INSTRUCTIONS 1.1 TO 1. 3 ABOVE WILL 
LEAD TO AUTOMATIC DISQUALIFICATION OF THE TENDER. 

NON SUBMISSION OF TENDER 

If your organization decides not to submit a tender for 
any reason we ask you to complete the enclosure form (NON 
SUBMISSION OF TENDER) and return it to us for our records with 
the enclosed coloured label affixed to the envelope. 



DEPARTMENT OF INDUSTRIAL WORKS 

NON SUBMISSION OF TENDER 

Name of Company ................................................. 
Tender for ............................................. -..... . 
we do not intend to submit a tender for the above work/service. 

Signed ..................................................... 
Position of Company ............................................. 
Date ............................................................ 

hzw.ws 



PART B. SPECIFICATION FOR THE INCINERATOR 

4. GENERAL INFORMATION 

4.1 Introduction 

This specification covers the minimum requirements for the 
design, manufacture, deli very, installation, commissioning of 
plant and setting to work for a central incinerator plannt for 
The Department Qf Industrial Works. Minimum requirements for 
testing, training of operatives, provision of information, 
drawings, operating and maintenance manuals and performance tests 
are covered in Part D-Schedules. 

The incinerator plant is required to dispose of all the 
designated categories of toxic waste arising in Bangkok and 
surrounding provinces and is to be installed at Ratchaburi, 

Because of the vital function of the plant, reliability and 
minimum maintenance requirements of equipment is of paramount 
importance. The incineration plant shall be designed and 
manufactured to give an operational service life of at least 25 
years. 

4.2 Plant 

The incinerator plant shall comprise of one stream. The 
incineration stream shall comprise as a minimwn, but not be 
limited to, the following parts and equipment: 

Waste Reception (See 5.2) 

Waste Analysis (See 5.2.1) 

Waste Storage (See 5.3) 

Waste Handling (See 5.4) 

Incinerator Loading Device (See 6.9) 

Incinerator (See 6.1-6.8) 

Ash Removal Equipment {See 7) 

Flue Gas Ducting {See B) 

Evaporative cooler 

Wasteheat Steam Boiler {See 9) J 
Optional 

Power Generation 

Gas Cleaning Plant {See 10.1) 

Emergency By Pass (See 10.2) 

----------------------------------------------· 



Flue Gas Reheate~s (See 10.3) 

Chimney Works (See 11} 

Interconnecting Pipework (See 12) 

Interconnecting Cabling (See 13) 

Control Panels (See 14.1) 

Instrumentaation (See 14.4) 

The following complete systems and furnishings shall be provided: 

Fuel System 

Electrical Power Systems 

Electrical Control System (See 14.2) 

Hydraulics and/or Pneumatic Systems) 

Steam Systems (See 9.4) Optionai 

Blowdown system (See 9.3) Optional 

Boiler Feedwater System (See 9.6) Optional 

Condensate System (See 9.5) Optional 

All Steam Boiler Mountings and Fittings (See 9. 2) Optional 
depending on if electricity generation is chosen by the Client. 

All necessary insulation and guarding of moving parts for 
personnel protection. 

All Effluent Systems. 

All necessary ladders, handrails, gantries, etc., needed to 
provide safe access for equipment maintenance. 

Any other equipment of systems required for the safe and 
efficient operation of the incineration stream. 

The following will be considered as termination points for the 
above equipment and/or systems. 



Equipment Ter.ninal Point 

1. Incinerators 

system 

Fuel-oil 
Ash 
waste 

Oil Flow meter/governor ring 
Ash Storage Bin 
Waste Reception 

2. control Panels All systems Incoming Cable Box 
incinerator building 

3. Gas-cleaning 
Plant Effluent 

Reagent 
Floor Drain/Storage Bin 
Feed Hopper Inlet 

4. Waste Heat 
Boiler Steam Boilerhouse Steam Header 
(if fitted) Blowdown Atmosphere and Foul Drain 

s. Flues 

6. All 

Boiler Feedwater Boilerhouse Boilerfeed 
Tank 

condensate Boilerhouse Bcilerfeed 

Flue Gas 

Water 

Tank 

Exit of chimney 

Isolating valve at 
boundary of incinerator 
building 

Where no terminnation point is indicated for a piece of 
equipment then the inlets or outlets from the equipment are 
deemed to be within the process covered by this specification. 

4.3 Standards and Codes 

The incineration plant covered by this specification shall 
be designed, constructed and tested in accordance with the 
requirements of this specification and the following standards, 
codes and statutory regulations listed below, but the Contractor 
shall ensure designs include all applicable related standards: 

ISO 

ISO 

ISO 

ISO 

ISO 

Code of Practice for Safety of Machinnery 

Method for Measurement of 
including grit and dust. 

Particulate Emission 

Specification for Design and Construction of Ferrous 
Piping Installations for and in connection with land 
boilers. 

Specification for Design and manufacture of Shell 
Boilers of welded construction. 

Specification for Class II welding uf carbon steel 
pipework for carrying fluids. 



ISO 

ISO 

ISO 

ISO 

Specification for unfired fusion welded pressure 
vessels. 

Specification for weldable structural steels. 

Method for determining the Thermal Classification of 
Electrical Insulation. 

Electrical Equipment of Industrial Machines 

- Environmental Protection Act. 

- Chimney Heights. 

Health and Safety at Work Act. 

- IEE Regulations for Electrical Installations. 

- Electricity at work Regulations. 

- Pressure Systems and Transportable Gas Regulations. 

4.4 Materials, Workmanship and suitability 

All materials and parts included in the construction of the 
specified incineration plant or the ancillary plant shall be new, 
unused, of current manufacture, of the best practi~able grade and 
free from all defects and imperfections. 

All parts shall be of modern design, of proven performance 
for similar service and in regular production at the 
manufacturers place of business. 

4.5 Size Limitation 

The incinerator is to be installed in a building which is 
not yet constructed. The Contractor is to specify the size and 
shape of the building required to cover those parts of the plant 
which must be enclosed. The contractor will also specify the 
overall ground plan required for the incinerator and associated 
plant and equipment, together with details of floor slab, 
foundations, reinforcement, etc. required for fixing the various 
items of plant and equipment. 

The Contractor shall take due cognisance of the existing 
site arrangement when arranging the plant, waste handling 
~acilities, and ash handling and storage facilties. 

Removal and replacer.1ent of individual i terns of plant within 
the site must be considered and due allowance made. 



4.6 Environmental Criteria 

Noise Noise wi thir. the building is to be 
limited to NC60. Tlle contractor shall 
ensure all the plant when operating 
noL-mally do not exceed this requirement. 
If any plant is arranged to be outside 
the building then it shall be or1 ~ntated 
to reduce the directivity index cowards 
occupied areas. 

Ventilation There will be no heating or air 
conditioning in the incinerator building 
plant areas, other than that provided 
indirectly when the incinerator plant is 
operating. 

If it is deemed necessary to fully 
enclose the incinerator, air will enter 
the building via weather louvres. The 
Contractor shall advise the total heat 
radiated into the building for the 
incinerator plant and the total air 
(combustion and cooling) required. The 
Engineer will ensure the correct area of 
louvres are provided for the combustion 
and cooling air when the incinerator 
plant is operating. There. will be no 
filtration of incoming air. 

4.7 Protection of Iron and SteelworK 

All ferrous materials shall be supplied free from rust and 
scale. 

All metal surfaces shall be painted as follows: 

4.7.1 Support Steelwork 

support steelwork shall be protected as follows: 

Prime - Patch prime with Interplus 56 H.B. epoxy primer 
or equal. 

Intermediate One full coat Interpus 770 H.B. epoxy to dry film 
thickness of 100 microns, or equal. 

Top - One full cost Interthane PQ recoatable Urethane to 
a dry film thickness of 50 microns or equal. colour 
to be agreed with the Engineer. 



All coats may be applied by brush, roller or airless spray. 

surfaces shall be prepared before painting using power or 
hand tools or shot blasting to remove varnish, etc. and corrosion 
from breakdown areas. 

The above paint system is approved by the Engineer but the 
Contractor is free to offer equal alternatives. 

4.7.2 Piping 

Only ferrous piping shall be painted. 

Pipelines not operating at elevated temperatures and hence 
not insulated shall be painted to the same standard as for 
support steelwork. The paint colour shall indicate the pipeline 
service and shall be in accordance with ISO. Pipalines operating 
at elevated temperatures shall be insulated, however the pipe 
metal shall be painted with two coats of heat resisting primer 
prior to application of the insulation. Identification of these 
pipelines shall be incorporated on the insulation. 

4.7.3 Flues 

The priming paint requirements for flues is specified 
elsewhere. 

Two finishing coats shall be applied to all primed 
surfaces. The colour shall match the finish colour of the 
incinerator machine. 

4.7.4 Other Plant and Equipment 

All other plant and equipment not detailed here but 
constructed of or containing ferrous materials shall be protected 
from corrosion. The Contractor shall submit his proposals for 
approval. 



5. WASTE 

5.1 THE TYPE AND QUANTITY OF WASTE. 

The waste to be disposed of is predominantly industrial 
waste arising from within the city of Bangkok and 10 neighbouring 
provinces. 

This waste will include but not neccesarily be limited to: 

clean light oil and solvents with flash pints less than 70 °c 

clean diesel and mixed heavier oils. 

dirty mixed solvents that may contain chloro-hydrocarbons. 

mixed organic sludges, pumpable, containing small solid 
particles and low flash point solvents. 

mixed organic sol vents in cardboard, P. v. c. , P. E. or P. P. 
plastic containers up to 10 kg in weight also containing an 
inorganic non-flammable component and low flash point 
solvents. 

hospital wastes. 

ground soil and rock contamina~ed with oil and solvents. 

200 litre drums containing mixed waste. 

The total heat load emitted has ben estimated to be between 
10,000,000 and 15,000,000 kilocalories per hour. 

Past surveys have estimated the physical form of the 
arisings as:-

Solid waste 20% 

Sludges 60% 

Liquid waste 20% 

The above information is not guaranteed and it must be 
accepted that variations. will occur in the constituents, the 
calorific values, the percentages and the amounts. 

The amount to be treated 
continuous basis. 

is 2 tonnes per hour on a 

The average density of the waste is not known. 

The minimum quantity of waste the incineration stream shall 
be capa~le of disposing of each day is 48,000 kg. The contractor 
shall operate the plant on a three shift, continuous basis, 7 
days/week. The waste can be a~sumed to have an average calorific 



value of 22,000 KJ/kg but each incineration stream must be able 
to acconunodate fluctuations in calorific value up to 25,000 KJ/kg 
and down to zero without manual adjustments of control set 
points, ie. the plant shall automatically adjust to accommodate 
these fluctuations by the automatic injection of supplementary 
support fuel as necessary. 

5.2 Waste Reception 

Waste will be delivered to the site through the designated 
site entrance, where vehicles will pass over a weighbri~ge. 
Waste delivery vehicles will proceed to a holding area prior to 
sampling, from where they will be dispatched to offloaelng areas 
for the waste to be transferred to waste storage facilities. 

5.3 WASTE ANALYSIS 

THE LABORATORY 

The facility should be equipped with a suitable laboratory 
capable of appropriately analysing wastes, directing and 
monitoring treatment operations, ensuring acceptable levels of 
treatment and certifying emission levels. 

At a minimum, the laboratory should be equipped to provide 
the following information regarding the feedstock:-

Physical form. Liquid or solid. Consistency. Pumpability. 
Viscosity. 

Composition. Does it contain metals, halogens, sulphur, 
nitrogen or phosphorous. Which metals and what is the 
percentage of all the constituents. 

Calorific value. If the tempratures specified cannot be 
sustained by the wastes alone will additional support fuel 
be required. 

How much ash will the wastes produce. 

Special features. Does the waste require special handling 
because it is toxic or malodorous. Can it be blended with 
other wastes without fear of a chemical reaction or phase 
seperation. In what proportions can the blendable wastes be 
mixed to maintain a suitable calorific value. 

The laboratory should also be equipped to enable all the 
stack emissions to be analysed. 

The laboratory should also be equipped to analyse the 
residual ash for organic content, and toxic substances including 
heavy metals. 

All the nescesarry dccumentation and record keeping 
re~uirements should be supplied. 



All necessary safety equipment to deal with laboratory 
accidents should be provided. 

Where practical a two year supply of consumables should be 
provided. 

The laboratory and its equipment and contents should meet 
all the relevant standards and safety regulations. 

5.4 Waste storage 

Liquids in bulk will be pumped to fixed holding tanks. Drums 
will be held in drum storage areas and solid wastes will be 
discharged to a waste bunker. Incineration of wastes shall be 
arranged from these points. The Contractor is to specify waste 
handling mechanisms for solid, liquid, semi-solid (sludge) 
wastes, and 2001 drums. 

5.5 waste Handling 

Flammable and non flammable liquid wastes will be 
incinerated, as will solid and semi solid wastes of varying 
calorific values. Solid waste will be of varying calorifiic 
values. Solid wastes will be of varying size and will include 
drums up to 200 litre capacity. 

The contractor is required to provide ~ waste feeding system 
capable of accepting solid, liquid and semi solid (sludge) wastes 
and 2001 drums, together with support fuel. Support fuel may be 
either clean heating oil (grade 4-6), waste oil or solvents, or a 
mixture of fuels. 

A shredder shall be provided capable of reducing objects up 
to 122 x 122 x 30 ems. down to an optimal size for efficient 
combustion. 

In general, the layout shall conform to the conceptual 
drawing layout with reasons and explanations being given for any 
deviations from this layout. (Appendix 3) 

All necessary equipment, controls, pumps, pipework, wiring, 
steelwork, supports and systems shall be included. A fully 
operational system is to be provided. 



6. INCINERATOR 

The incinerator shall be capable of disposing of 2 tonnes of 
industrial, hazardous waste per hour over a period of 24 hours. 
The manufacturer shall match the size of the plant with the types 
and forms of waste arising. 

6.1 Construction 

The incinerator shall be constructed in accordance with the 
reqtlirements of the latest technology to achieve the destruction 
efficiencies of solid, liquid and semi solid (sludge) wastes to 
meet the standards specified. 

6.2 Surface Temperature 

The surface temperature of any part that has to be touched 
during normal operation shall not exceed 50 °c and no other part 
which can be touched (whether purposely or not) shall exceed 
ao0 c. If surfaces cannot meet either of these two requirements 
they shall be guarded off with robustly constructed guards to 
prevent any one touching them. 

All su~faces shall be smooth so that they can be kept clean 
and additionally there shall be no ledges to harbour dust. 

6.3 Refractories 

Refractories shall be capable of withstanding a temperature 
of 1soo0 c or any other higher temperatt;.re as required by the 
particular design. 

6.4 Foundations 

The incinerator shall be designed to avoid excessive heat 
transfer to the foundationE. Tenderers shall advise at time of 
tendering ~ny special or unusual requirements for the foundation 
construction with respect to temperature. Floor loadings, weights 
shall be supplied as part of the information package to be 
supplied by the successful contractor. 

6.5 Seals 

All doors, hatches, inspection ports, etc., shall be sealed 
to ensure no smoke or fumes can escape from the incinerator and 
to ensure minimum air ingress. 

6.6 Primary and Secondary Chambers 

Each incinerator shall comprise a primary chamber and one or 
more further combustion chambers, to ensure complete combustion 
and allow a gas residence time of 2 seconds at 1200° C in the 
secondary combustion zone. Account shal 1 be taken of the 
possibility of consignments of more volatile wastes, as well as 
wet solid wastes and non combustible materials. 



An automatic preheat facility shall be incorporated if 
necessary for the particular design so that preheat of the 
incinerator can be achieved without operator intervention. 

Airways shall be capable of being rodded clear from the 
outside of the machine. 

6.7 Burners and Fans 

Burners shall fire gas oil and other liquid fuels. Burners 
and associated fuel trains shall comply with relevant 
international standards. They shall be of the fully automatic 
type and shall be of the minimum size conunensurate with efficient 
operation of the plant. 

6.8 Controls 

In addition to the controls considered necessary by the 
Contractor he shall ensure that interlocks are provided to 
prevent loading of waste until the secondary chamber has achieved 
a temperature of 1000 °c. Audible and visual alarms shall be 
incorporated to prevent incorrect operation. see also Section 14. 

6.9 Loading devices 

The loading devices will be suitable for accetping the waste 
in the form in which it arrives. Pumping equipment for both 
liquids and sludges, together with drum lifting equipment and 
solid waste feed mechanisms shall be included and shall be part 
of the loading devices. 

The loading devices shall be interlocked with the 
incinerator door to preveI'lt any possibility of fire spreading 
from the incinerator to the loading devices and storage facility. 

The size of the waste feed mechanisms should be matched to 
the incinerator to ensure correct loading to the incinerator. 

The loading devices should fail safe in event of power 
failure, ie. so as to prevent fire spreading from the 
incinerator. 



7. ASH !lEMOVAL 

7.1 General 

Automatic Ash Removal and handling is a requirement for the 
project. 

The machine shall contain provisions such that ash can be 
removed with or without operator intervention during operation 
while the machine is hot. 

7.2 Removal froa the Building 

Ash is to be removed from the incinerator and deposited 
outwith the building in a purpose built skip. Plant shall be 
provided for full handling of the ash from the incinerator to the 
ash skip. There shall be no need for manual intervention within 
the system. The system shall be capable of handling hot ash 
straight from the incinerator and cooled ash. If Contractors 
propose using a wet system then it shall be fully enC"losed to 
reduce odours. 

Ash skips shall be provided by the Purcha~er but the 
Contractor shall arrange the whole ash handling system including 
the position of the ash skip. Contractors shall advise what size 
and type of skip is required and how frequently it will require 
to be changed. 



8. FLUE GAS DUCTING 

8.1 Flues Before Waste Heat Boiler 

These ducts shall comply with the requirements of r.s.o (or 
an agreed equivalent). They shall be refractory lined and sized 
to suit the incineration stream at maximum load and the available 
chimney draught. The refractories shall incorporate insulation to 
reduce the plate surface temperature, at any point, to a maximum 
of ao 0 c, assuming 30 °c Amb. 

The flue system shall be adequately supported from ground 
level and shall include all necessary expansion joints. All 
necessary pillars, supports, bolts and grout filling shall be 
included as required and shall comply with r.s.o. 

Flexible ductwork joints shall be included to allow for 
thermal expansion and future differential settlement of up to 32 
mm between items of plant. 

The systems shall be complete with all necessary isolatir.g 
and control dampers (complete with control equipment) as required 
by the detailed design. 

The outer plates of the ductwork shall be painted with two 
coats of heat resisting primer prior to the two coats of 
finishing paint specified elsewhere in this document. 

All steelwork used for supporting the ductwork shall be 
painted as specified elsewhere in this document. 

8.2 Flues After Waste Heat Boiler 

These ducts shall comply with the requirements of r.s.o. 
They shall be unlined and sized to suit the incineration stream 
at maximum load and the available chimney draught. Mineral wool 
insulation shall be applied to the outer surfaces of the ducts to 
of fer personnel protection prior to flue gas cleaning equipment 
and after flue gas reheating, to ensure acid gases do not form 
within the ducts or the chimney. The mineral wool insulation 
shall be suitably clad to offer mechanical protection to the 
insulation. The cladding shall be painted with two coats of heat 
resisting primer prior to the two coats of finishing paint 
specified elsewhere in this document. 



9. WASTE HEAT BOILER, TURBINE AND ELECTRICAL GENERATION 

This section should be tre.ated as an option. The tender 
capital cost should reflect the cost of replacing the evaporative 
cooler with this equipment. 

9.1 General 

The primary function of the waste heat boiler is to cool the 
incinerator flue gas to the maximum temperature acceptable at the 
gas cleaning equipment inlet, and to provide energy for reheating 
the flue gases prior to discharge to chimney, to prevent icid 
smutting and a visible plume forming. Surplus heat will be used 
to generate electricity by means of a Turbo Generator. As edch 
Tenderer will be proposing his own equipment, it is impossible 
for the Engineer to specify steam generation rates etc. , which 
the plant must meet. Therefore only general requirements are 
outlined. 

9.2 Boilers 

The incineration stream shall be provided with a waste heat 
boiler. It shall be u smoke tube, waste heat steam boiler of 
maximum practicable output obtained by the Contractors plant. 
The boiler shall be a packaged type complete with all necessary 
controls, control panel and fittings to comply with all I .s.o. 
requirements. 

The steam shall be generated at lOOPSI. 

The boilers shall be constructed in accordance with r.s.o. 

The boilers shall be complete with the following equipment 
as a minimum. 

a) Automatic water level control and alarm equipment, 
integral level controls or equal and approved. 

b) Automatically control!ed feed pump. 

c) Provision for air venting at highest point of shell. 

d) Feed water meter suitable for pressure operation mounted 
between pump discharge and feed check valve. Complete 
with pulsing contacts for steam generation logging 
function. 

e) Main steam stop valve - Screw down non return type angle 
pattern with balanced pressure piston. cast steel or 
bronze construction. 

f) An additional, lockable, globe or parallel slide pattern 
steam stop valve of cast steel or bronze construction. 



g) An additional lockable, parallel, slide valve shall be 
fitted to the main blowdown valve. 

h) Provision shall be made for 
feedwater. 

automatic dosing of 

i) An anti-syphon valve shall be fitted to the boiler feed 
water line. 

j) Boiler water sample cooler. 

k) An exit gas temperature indicator with dial not less 
than 180 mm diameter. 

1) A steam pressure indicator with dial not less than 180 
nun diameter. 

m) Gas sampling connections. 

n) Drain header into which will discharge sample cooler, 
dosing system and via a tundish, a drip leg from the 
safety valve. 

o) Safety valve. 

p) Control equipment. 

q) Automatic intermittent blowdown. 

r) A steam meter shall b~ fitted with pulsed output 
suitable for the incinerator recording logging system. 

9.3 Blowdown System 

A blowdown system shal1 be provided to serve the waste heat 
boilers. The system shall comply in all respects with I.S.O. 
requirements. 

9.3.l Blowdown tank 

The blowdown tank shall be fabricated from mild steel and 
constructed to conform with r.s.o. It shall be sized to suit the 
boiler pressure and bottom blowdown valve size. Howe·rer, if the 
amount of water blown out of the boiler between the first and 
second low water levels is greater than this quantity then it 
should be taken into account when calculating the size of the 
blowdown tank. The blowdown line as it enters the blowdown tank 
shall be fitted with a non-return valve and isolating valve. 

The tank shall be securely fixed to the floor with expanding 
bolts and shall be fitted with the following: 



a 

1. Vent to atmosphere 

2 • Valved drain 

3. Blowdown outlet 

4. Pressure gauge 

9.3.2 Piping 

The blowdown system piping shall comply in all respects with 
the I.S.O. requirements. 

The pipeline design, construction and materials shall comply 
with the requirements specified in Section 12 of this document. 

9.4 Steam System 

The steam generated by the waste heat boiler shall be used 

a) To partially reheat the incinerator flue gases after 
flue gas cleaning. 

b) To provide input to the Turbo Power Generation Equipment 
for conversion to Electricity. 

The steam for flue gas reheat shall be used as required by 
the detailed design of the plant. 

The Contractor shall ensure that any condensate which forms 
in any pipelines is effectively removed by strategic arrangement 
of the steam pipeline and provision of sufficient steam trap 
sets. 

9.4.1 Pipelines 

The steam system shall comply in all respects with the 
requirements of r.s.o. 

The pipeline design, construction and materials shall comply 
with the requirements specified in Section 12 of this document. 

9.4.2 steam traps 

Steam traps shall be assembled with other equipment to form 
steam trapping sets which shall be installed in the condensation 
connections from all items of steam condensing equipment and, in 
drains from stsam mains. steam traps shall be approved types. 

steam traps shall be installed in positions which permit 
easy access for maintenance, but shall not be installed above 
electrical equipment. 



Each steam trapping set shall be complete with a strainer, 
trap-checking sensor chamber, isolating valve and non-return 
valve. 

steam traps for condensing equipment shall be bucket-type. 
Steam trap draining plpelines shall be thermodynamic type. 

9.5 condensate System 

All condensate from the steam serving the flue gas 
reheaters and the steam pipeline in the boilerhouse shall be 
collected and transported to the boilerhouse boiler feed tank for 
reuse. 

9.5.1 Pipelines 

The condensate system shall comply in all respects with the 
requirements contained in Section 12 of this specification. 

9.6 Boiler Feed Water System 

The waste heat boiler shall be provided with boiler water 
from the boiler feed tank. 

9.6.1 Piping 

The boiler feed water system shall comply in all respects 
with the requirements contained in Section 12 of this 
specification. 

9.7 Turbo Generator 

The contractor shall supply and install a suitably sized 
Turbo generator, specifying: 

9.7.1 Turbo 

i) steam Pressure - Inlet 

ii) steam Pressure - Outlet 

iii) Steam Temperature - Inlet 

iv) Steam Temperature Outlet 

v) Speed 

vi) Generator output {mean) 

vii) Generator output (maximum) 

viii) Weight of Turbine 



9.7.2 Generator 

i) Design Capacity 

ii) Voltage 

iii) Frequency 

iv) Power Factor 

v) Speed 

vi) Protection Class 

vii) Efficiency 

viii) Weight of Generator 

9.7.3 Scope of Supply 

1 Horizontal single staged geared steam turbine 

1 Brushless Alternator 

1 Common Bedplate 

1 Generator Control Cubicle c/w Instrumentation, 
Controls, Protection and Synchronising Equipment. 

1 High Voltage generator Seitchboard 

1 48 Volt DC battery and charger unit to provide 
ontrol voltage to switchboard. 

9.7.4 Accessories and Fittings 

The turbine should be ccmplete with the following: 

steam Inlet stop valve. 

Combined throttle and emergency valve with hydraulic relay 
and linkage . 

steam Strainer. 

Governor with back pressure controlled. 

Master trip 
conditions: 

a) overspeed 

valve operating on the following fault 

b) low lubricating oil pressure 

c) high exhaust pressure 



Hand trip 

Solenoid trip operating on remote tripping 

Tachometer generator 

All metal labyrinth type gland packing 

Lagging and stainless steel cladding 

Drain cocks 

Special spanners and tools 

Foundation bolts 

Speed reduction gearbox 

Fabricated steel baseplate for turbine/gearbox and alternator 
incorporating oil reservoir 

Main oil pump 

Motor driven auxiliary oil pump for starting up with automatic 
cut in/out failure/take-over of main oil pump. 

Pump suction strainers 

Single 100% duty oil cooler 

Duplex oil filter with changeover valve 

Oil piping and valves between oil reservoir, turbine and gearbox 

Thermocouples at bearing~ 

Flexible low speed coupling and guard 

The following would be supplied fitted in a local panel: 

Steam inlet pressure gauge 

Nozzle pressure gauge 

Exhaust pressure gauge 

Governor relay oil pressure gauge 

Electric type tachometer indicator 

Aux. oil pump ~top and start buttons and running light 

Temperature indicators for bearings and inlet and outlet of oil 
cooler. 



10. FLOE GAS TREATMENT 

10.1 Gas Cleaning 

Gas cleaning equipment to ansure the emissions from the 
incineration streams comply with the requirements below shall be 
installed. 

Emission 

Chloride 

Total Particulate Matter 

Carbon Monoxide 

Sulphur Dioxide 

Organic compounds excluding 
particulate matter 

Heavy metals and their compounds 
expressed as metal 

Dioxins 

Poly chlorinat~d Biphenyls 

42% Chlorine 

54% Chlorine 

concentration 

10 mg/m3 Expressed as Hydrogen 
Chloride 

20 mg/m3 

100 mg/m3 Averaged over 1 
hour 

so mg/m3 

20 mg/m3 Expressed as total 
carbon 

1.2 mg/m3 

1 ng/m3 

0.01 

0.005 

Total dust, minimum oxygen, combustion zone temperature, 
water vapour and hydrochloric acid content to be continously 
monitored and recorded. Other values intermittently. 

No monthly average to exceed the limit value; daily averages 
must not exceed the limit values by more than 30% 

Emission levels before and after the gas cleaning equipment 
should be provided ~s part of the information required. 

The type and capacity of gas cleaning equipment proposed by 
the Contractor will be matched to the incinerator under extreme 
full load conditions and must be capable of effective removal at 
part load conditions. Wet or dry systems are acceptable to the 
Engineer but in both cases the Contractor is to provide a 
complete and fully integrated package. 



10.2 Gas Cleaning Bypass 

Whatever system of gas cleaning the Contractor proposes to 
use it shall include a provision for bypassing the waste heat 
boiler and gas cleaning plant in event of an emergency (e.g. 
waste heat boiler failure, if fitted) 

Whatever system is proposed it must be fully integrated with 
and matched to the incineration stream and must operate only for 
as long as is necessary to bring an emergency situation under 
control which may include closing down of the incineration stream 
In event of an emergency situation arising the incineration 
stream should always move to a safe condition. J~ possible, the 
dump stack (if any) shall be contained within the existing 
windshield. 

10.3 Flue Gas Reheating 

After flue gas cleaning and before discharge to the 
atmosphere, the cleaned flue gases shall be reheated to a minimum 
of 150 °c, to &nitigate formation of a visible plume and to ensure 
adequate buoyancy of the plume. 

The flue gases shall be reheated using the steam obtained 
from the waste heat boiler, (if fitted) when this is available in 
sufficient quantities but provisions must also be included to 
reheat the flue gases with supplemental heating. This may include 
gas fired burner installation between the steam/flue gas heat 
exchanger and the base of the chimn~. The controller for this 
burner shall be adjustable up to 350 c. 

Contractors should note that the flue gases are to be reheated 
using steam from the waste heat boiler initially (if fitted). The 
supplemental system of oil fired burner is to be used to 
supplement. the steam heaters when steam heating alone is not 
sufficient to mitigate formation of a visible pume. 



11. CHIMNEY WORKS 

The Contractor shall advise the minimum chimney height and 
diameter required for the plant they propose. It is envisaged 
that the minimum chimney height required to ensure adequate 
ground level concentration will be of the order of 40 metres. the 
client is conscious of the adverse visual impact of a high 
chimney, bnt is primarily concerned with the heal th and 
environmental implications of plume dispersal. 

The Contractor will supply details of the calculations used 
to determine the height of the chimney proposed. 

hzwb.ws 



12. PIPING 

12.1 Stea.a, Blovdovn and Gas Piping 

12.1.1 Pipes 

Pipelines shall be of carbon manganese steel to:-

1. 

or 

I.S.O. of seamles manufactur0 with a designated tensile 
strength of 410 N/rnm'-, i.e. type 5410. Pipes 
complying with I.S.O. shall have dimensions as 
per I.S .o. 

2. API-SL Grade B seamless. 

Pipes 2" nb and above shall be I.S.O. wall thickness, 
Pipes below 2" nb shall be schedule 80 wall thickness. 

12.1.2 Fittings 

Fittings 1 1/4" nb and above shall be ~rought steel 
seamless, suitable for butt welding and complying with I.s.o. 

1 1/4" to 1 1/2" nb to be I.S.O. and 2" and above to be 1.s.o. 

Fittings below 1 1/4" shall be forged steel socket weld to I. s .o. 
of 3000 lb designation when attached as part of the 
pipeline. 

Caps for vents and drains to be to I.S.O. with screwed ends 
to I.S.O. All branches, connections, etc. shall be 
made with manufactured fittings. No fabricated bends 
or branches, etc. are allowed. 

12 .1. 3 Flanges 

Flanges shall be slip on or weld neck pattern to I.s.o. 

Slip on flanges shall not be used on steam or blowdown 
piping without written consent from the Engineer and, if approval 
should be given under certain circumstances, the Contractor shall 
demaonstrate to the Engineer that satisfactory welds have been 
made on both faces of the flange where it joins the pipe. The 
Contractor shall further demonstrate to the Engineer that slip on 
flanges are attached to straight sections of pipe and are not 
under any circumstances welded to curved surbaces of bends, etc. 

12.1.4 Gaskets 

Gaskets for flanges in steam and blowdown piping shall be 
corrugated brass taylor rings and shall have graphite paste 
applied to both faces before completion of the joint. The gasket 
shall generally be to I.S.O. and shall be ring type, not full face. 



12.1.5 Valves 

12.1.5.1 Isolation Valves 

Isolating valves on steam and blowdown pipelines 3" nb and 
above shall be cast steel parallel slide gate valves in 
accordance with I . s. o. with outside screw and yoke and 
non-rising stem. Bodies and bonnets shall be cast steel; bonnets 
to be bolted to body, seats shall be nickel alloy or 13% chromium 
steel, trim shall be nickel alloy. Glands to be repacked with 
graphoil packing if the valves do not come with this type of 
packing as standard. Ends shall be flanged and drilled r.s.o. 

Isolating valves on pipelines 2 1/2" nb to 1 1/4" nb shall 
be cast steel, flexible wedge, gate valves, in accordance with 
r.s.o. with outside screw and yoke and rising stem. 
Bodies and bonnets shall be cast steel - bonnets to be bolted to 
body, seats shall be nickel alloy or 13% chromi':.lltl steel, trim 
shall be 13% chromium steel. Glands to be repacked with graphoil 
packing if the valves do not come with this type of packing as 
standard. (Ends shall be flanged and drilled to r.s.o. ) 

Isolating valves on pipelines l" nb and below and also for 
vent and drain valves shall be forged steel gate valves with 
outside screw and yoke, rising stem, full bore and with 
bolted on bonnet. Ends shall be suitable for socket welding as 
per r.s.o. The valves shall be of aoo lb rating. Body 
and bonnet to be forged steel, seat shall be 13% chromium steel 
(hardfaced), the wedge shall be 13% chromium steel. Glands shall 
be repacked with graphoil packing if the valves do not come with 
this type of packing as standard. 

Isolating valves on gas pipelines shall be plug or butterfly 
pattern to r.s.o. respectively. 

12.1.s.2 Regulating Valves 

Regulating valves on pipelines 1 1/4" nb and greater shall 
be cast steel globe valves in accordance with r.s.o. , 
with outside screw and yoke and rising stem. Bodies and bonnets 
shall be cabon steel - bonnets to be bolted to body, seats shall 
be 13% chromium steel, as shall the trim and the disk. The disks 
shall be parabolic sh~ped to provide characterised flow. Glands 
to be repacked with graphoil packing if the valves do not come 
with this type of packing as standard. Ends shall be flanged and 
drilled to I.S.O. 

12.1.6 strainers 

The body shall be from cast steel. The screen shall be of 
authentic stainless steel woven wire and of mesh size 0.6 mm to 
1.2 mm. Ends to be flanged to I.S.O. 



12 .1. 7 Bolts 

Bolts for bolting of flanges and valves to be in accordance 
with I.S.O. 

12.1.8 Instruments 

12.1.8.1 Pressure Gauges 

Pressure gauges shall be of 100 mm diameter dial type with 
black brass case and chromium plated bezel, reading both PSI and 
Bar. Each gauge shall be complete with a loose red pointer and 
the gauge be constructed in such a manner that the glass has to 
be removed to adjust the point. Each gauge shall be complete 
with a chromium plated, level operated plug cock and bull ring or 
u-type syphon as applicable. 

12.1.8.2 Temperature Gaugess 

Temperature gauges shall be of 100 mm dial type in black 
brass case with chromium plated bezel. Each temperature gauge 
shall be complete with separate non-ferrous pocket allowing 
withdrawal of the temperature gauge without draining the pipeline 
system. 

12.1.9 Sleeves 

Sleeves to be fitted between building fabric and pipelines 
where pipes pass through walls, e/c. Sleeves to be made from 
line pipe and shall be of suffcient size to permit free movement 
of the pipe, this will require a sleeve made from line pipe at 
least two pipe sizes larger than the pipe line passing through 
it. Sleeves shall be galvanised before building in to building 
fabric. 

12.2 Pipeline Construction 

12.2.1 Design code 

The design code for the steam and blowdown pipelines, all 
attachments and supports i > r.s.o. The maximum 
operating condition of the pipeline is to be considered as 13 
Bar at 200°c. 

12.2.2 Workmanship 

A high standard of workmanship is required. Generally this 
can be interpreted as follows: 

i) All horizontal pipelines to be level. 

ii) All vertical pipelines to be plumb. 

iii) All attachments to be attached square to the pipe, 
unless specified otherwise. 



iv) All holes for bolts, etc, to be drilled and deburred. 

v) All ends to be cut square (unless otherwise required) 
and deburred. 

vi) All components which are attached to walls, 
roofs,floors, etc. shall be level or square to suit. 

vii) Pipelines running side by side {or one on top of each 
other) to be parallel to walls, etc. and each other. 

12.2.3 Pipes 

Pipes shall be straight and have uniform cross sections; 
ends shall be bevelled as per I.s.o. for butt welding 
and shall be plain for socket welding; pipes shall also be free 
from dirt, cracks, flaws, scale, notches, laminations and other 
defects. 

Prior to use pipe ends shall be blanked off with plastic 
=aps. 

Before welding, ends shall be cleaned of paint or varnish by 
lightly grinding to expose bare steel for the entire 
circumference to the pipe and for a width of 25 mm from the end. 
If the cleaned end is to be left longer than fours hours before 
welding it should be protected by masking tape or the like. 

12.2.4 Fittings and Bends 

All changes of direction, branches, connections, etc. shall 
be made with manufactured fittings. No fabricated branches or 
bends, etc. are allowed. 

Changes of direction may be accomplished by pulled bends for 
pipework 1 1/2"nb and below. In this case minimum bending radius 
will be four times the nominal bore. 

12.2.s Flanged Joints 

Flanges shall be kept to the minimum practicable number 
possible. 

Flange faces shall be cleaned of all paint, varnish, dirt, 
etc. before coating face of flange with graphoil paste. 

Should flange joints be undone at any stage during 
construction then the joint should be remade using a new basket. 

12.2.6 Valves 

Valves should be grouped together wherever practicable and 
should be readily accessible. 



Valves shall not be installed with the stem below the 
horizontal. 

control valves should normally be placed in horizontal lines 
with the stems vertical, and should be located such that 
maintenance may be carried out without the erection of staging. 
Isolating valves shall not be bolted directly to control valves. 

12.2.1 strainers 

strainers shall be provided upstream of all equipment and 
control valves. They should be installed between isolating 
valves to allow cleaning of screen without total plant shutdown. 

12.2.a Bolting 

Bolts shall be of sufficient length to permit nuts to engage 
for their full thickness when tightened up: no more than two 
threads should protrude from the nut when bolts are tightened up. 
Threads shall be clean and undamaged. The use of more than one 
washer or packing piece to prevent nuts from binding on the 
thread run out is not permitted. 

High temperature resistant lubricant (e.g. coppa-slip or 
equal) is to be applied on the treads of bolts to prevent prevent 
galling. 

12.2.9 Instruments 

Instruments of whatever type shall be erected such that they 
are easily accessible for reading or maintenance. If necessary 
temperature indicators shall be brought to reading level via 
capillaries. 

12.2.10 Sleeves 

Sleeves shall be inserted into elements of building fabric 
through which pipeline~ pass. The builders work to accommodate 
the sleeves within walls, etc. shall be carried out by the 
building contractor. Each pipe to be fitted with an individual 
sleeve-sharing not permitted. 

12.2.11 Vents and Drains 

Each isolated high spot shall be fitted with a vent point, 
in order to ensure a complete displacement of air from the 
systems during hydraulic testing. Drains shall be fitted at all 
low points (not. just the lowest point) in the system to ensure 
complete displacement of water from all sections of piping after 
hydraulic testing and during plant shutdown. 



12.3 Pipeline Welding 

12.3.1 General 

As with pipeline materials and construction (Section 3} the 
standards ref erred to are I. S. O. and represent the 
minimum standard of workmanship that shall be acceptable. 
Tenderers are at liberty to propose alternatives which are proven 
to be equal, such as ASHE IX, but it shall be the responsibility 
of the Tenderer to provide sufficient information on welding 
procedure and welder approval to demonstrate equality and 
consistency with overal specifications. 

If a Tenderer already has welding procedure approval for the 
type of work embraced by this contract then full details of such 
procedure shall be returned with the tender. 

Welding on pipes 3n and below shall be completed using the 
TIG process. 

Welding on pipes greater than 3" nb shall be completed with 
a root run co~pleted by the TIG process a3d all subsequent ~uns 
completed by the MMA process using hydrogen controlled eletrodes. 

12.3.2 Welding Procedure Approval 

Welding Procedure shall be tested and approved in com~liance 
with I.S .o. Approval shall be required for pipe in 
vertical and horizontal positions, fixed, i.e. without movement 
during test. 

Welding shall be in the uphill or upwards direction. 

Welding procedure shall be approved by one of the AOTC 
companies or Lloyds Register of Shipping and the tenders shall 
include for all inspection and certification fees. 

Non destructive and destructive testing referred to in 
r.s.o. shall be included: radiography (ganuna-ray) shall 
be required as will chemical and physical analyses and MICRO 
examination. 

All welds shall be multi run. 

12.3.3 Welder Approval 

Once welding procedure approval has been established welders 
shall be tested and approved to the approved welding procedure in 
compliance with I.s.o. 

Welders shall be tested with the pipe in the 45° inclined 
(to horizontal) fixed postiton (i.e. equivalent to ASME IX 6G). 



Non destructive testing, ~ncluding X-Ray radiography and 
destructive tests, as outlined in I.S.O , shall be 
conducted for all welders test pieces. 

Welder approval shall be tested and certified by an 
Independent Inspecting :\uthority such as one of the AOTC 
Companies or Lloyds and the Tenderer must include for all cost 
associated with welder approval. 

12.3.4 Inspection & Testing of Production Welds 

As many as possible of the production welds shall be pre
fabricated in the contractor's workshop or on site at bench level 
under carefully controlled conditions. 

In situ site welds shall be kept to an absolute minimum. 

Radiography (gamma - ray of the entire circumference of 10% 
of the prefabrica~ed production welds made by each welder (with a 
minimum of one weld per welder) shall be carried out and the 
Tenderer shall include for all costs associated with this work. 
In addition the entire circumference of every single (i.e. 100% 
off) site insitu weld shall be tested by X-ray radiography and 
all associated costs shall be included in the tender. 

Where, because of restrictions, radiography is impracticable 
for either prefabricated or positional welds, N.D.T. shall be by 
ultrasonics or another method to be agreed by the Engineer, the 
Tenderer shall allow for this. 

The Tenderers attention is drawn to the fact that the 
numbers/locations of the 10% production welds from each welder to 
be tested will be selected by the Engineer at random. 

All radiographs, ultrasonic report sheets, etc. will be made 
available to the Engineer. 

In addition to the tests and inspection described above, the 
Engineer, or an agreed representative, shall visit locations 
where prefabricated or insitu work is being undertaken to inspect 
methods of tacking, run laying, de-slagging etc. and the 
Contractor shall afford the Engineer such access as is required. 

In the event of any weld failing to meet the requirements 
for Welding as described in I.S.O. and in this document, 
that weld shall be repaired or completely renewed as will be 
determined by the Engineer. An additional 5 butts of that 
welders work will undergo tests as previously described; in the 
event of a fu~ther failure being detected yet another 5 will be 
selected and this process eill continue until the Engineer in 
completely satisfied that all defective welds have been located 
and repaired/replaced. Normal N.D.T. shall then continue. Any 
welder who fails to meet the specification standards shall be 
taken off the job at the Engineer's discretion. 



Each welders work, whether in workshop or on site, shall be 
indentif ied but under no circumstances shall welds be stamped 
with indentification marks. 

The Tenderer is advised that the i..spection and testing 
listed here is in addition to the hydraulic tests which shall be 
required to establish the integrity of the fully ( or partially) 
assembled system (s). 

The costs for all tests shall be allowed for by the 
contractor. 

A set of N.D.T. drawings shall be kept up to date at all 
times with weld number, welder indentification, date when 
radiographed, repairs (dates and welder) etc. clearly marked on. 
These drawings will eventually be incorporated into the operation 
manuals. The Contractor's attention is drawn to the fact that 
the works shall not be considered as acceptable until these 
drawings have met with the approval and acceptance of the 
Engineer. 

12.3.5 Visual Inspection Before, During and After Welding 

12.3.S.1 General 

In addition to the non destructive tests and destructive 
tests referred to the Contractor's own Inspector and the Engineer 
will carry out visual inspections and the Contractor shall 
provide all equipment necessary for these purposes. 

12.3.5.2 Before Welding 

The following items shall be checked: 

a) Drawings, specifications, prccedures and welder 
qualifications. 

b) Weld preparation; 

c) Cleanness of fusion faces; 

d) Fit-up; 

e) consumables; 

f) Pre heating (if appropriate) 

12.3.5.3 During Welding 

The following items shall be checked: 

a) Backgrouping (if appropriate); 

b) Inter-run cleaning and conditions; 



c) Inter-pass temperatures. 

12.3.5.4 After Welding 

The following items shall be checked: 

a) Cleaning (also dressing where appropriate); 

b) Penetration and root examination; 

c) contour and patternjpitch of weave marks; 

d) Weld width; 

e) Undercut; 

f) overlap; 

g) Weld flaws; 

h) stray arcs. 

12.3.5.5 Repairs 

In the event of the Engineer allowing for a weldment, shown 
to be defective by any of the means of examination mentioned 
previously, to be repaired, the following visual inspections 
shall take place. 

a) Removal process i.e. correct use of chipping, grinding, 
thermal cutting, etc. as specified in r.s.o. 

b) Pa:!:'tial ly removed weld, i.e. depth of cut out portion, 
absence of defects, etc. 

c) completely removed weld, i.e. weld preparation to accept 
replacement. 

d) Rewelding, i.e. that repair rewelding complies in every 
way with same specifications as for the original welds. 

12.3.6 Specific Requirements 

12.3.6.1 Electrodes 

Electrodes shall comply with I .s .o. covered 
electrodes for the manual metal arc welding of carbon manganese 
steel. All electrodes used for welding of pipework and 
attachments to pipework shall be hydrogen controlled. 

The Contractor shall monitor the composition and 
compatibility of all materials including parent metals and 
electrodes and costs for this service shall be included in the 
tender. 



Electrodes shall be kept clean and dry and shall only be 
handled with clean dry gloves and as per the manufacturers 
recommendations. Electrodes which show any sign of damage or 
deterioration shall not be used. The Engineer shall check stored 
electrodes for cracked or flaked coatings and rusty or dirty 
stubs. 

All hydrogen controlled electrodes shall be stored in heated 
ovens to the recommendation of the Manufacturer. Hydrogen 
controlled electrodes shall be transferred to heated quivers and 
only withdraw wh&n actually about to be used. 

For butt welds the maximum electrode size permitted to be 
used is 3.25 mm. 

For fillet welds the maximum electrode size permitted to be 
used is 4 mm. 

12.3.6.2 Filler Wire 

Filler wires shall comply with r.s.o. 
rigorous methods of inspection for storage, 
electrodes will apply to filler wire. 

12.3.6.3 Joint Preparation and Fit-Up 

The same 
handing etc. for 

Butt joint preparations shall be bevelled as shown in I.S.O. 
by machine cutting or burning (not by hand) backing rings or 
strips shall not be used and under no circumstances shall square 
butts be allowed. Those fillet joints which require preparation 
shall be as detailed on the tender drawings. 

Joints and surfaces to be welded shall be thoroughly cleaned 
of dirt, paint, scale, oxides, etc. and completeiy dried prior to 
welding. Fusion faces shall be free from notches or defects. 

Great care shall be taken with fit-up and pipes and other 
elements to be welded together shall be correctly aligned prior 
to welding with both inside and outside surfaces blending 
together smoothly. 

Pipe to pipe fit up shall be achieved by use of clamps and 
straight edges. The use of strong backs tack welded to pipe 
surfaces shall not be permitted. 

The correct root gap shall be achieved by inserting a piece 
of wire, of equal deameter to the gap, bent in the shape of a v 
to make contact with both sides of the pipe joint in three 
places. This wire shall be removed as tack welds are 
progressively laid. 



N. B. The maximum permissible misalignment at the bore is 
1. 6 mm. 

12.3.6.4 Tack Welds 

As tack welds will become part of the root bead they shall 
be made by the same coded welder who will complete the joil1t. 
Each tack shall be about 20 mm long, strong and shall penetrate 
to the root of the weld from start to finish. Current shall be 
selected to ensure good fusion and penetration; tacks should be 
of sufficient frequen:;y of spacing to ensure rigidity against 
distortion stresses. The ends of tack welds shall be ground to a 
feather edge to enable easy tie in with the root bead. 

12.3.6.5 Poor Fit-Up 

Every effort and care shall be exercised to achieve correct 
fit up and for prefabrication welds the specified dimensions of 
bevel angle, root gap, roof face and maximum permissable 
misaligill"tlent shall be sought. However, for insitu site welds, 
especially where access is restricted it is conceivable that poor 
fit up may result. In the event of root gap being too wide or 
too narrow, or root face being too thin or too wide, the Engineer 
shall be a advised before commencing the weld. 

Under no circumstances shall the Contractor correct mis
alignment or mis-match be grinding or hot swaging. 

12.3.6.6 Fillet Welds 

All fillet welds shall be mutli run, of equal leg length, 
adequate throat thickness and generally in accordance with the 
approved welding procedure. 

Special attention to detail shall be exercised to prevent 
undercutting and overlappin<_! at the fillet Wt::ld toes at the 
parent metals and also at tJeS on run interfaces. 

Any undercutting or notching effect transverse to the line 
of in-service applied tensile stress shall cause the weld to be 
rejected, regardless of any fault limitations allowable under the 
I.S.O. previously referred to. 

12.3.6.7 Stray Arcs 

Arcs shall not be struck outside the weld preparation, stray 
are strikes shall be ground flush with the parent ~etal and the 
surface shall be magn~tic particle inspected. Stray arcs shall 
be considered as car0less workmanship and may lead to rejection 
of the weld and surrounding parent metal, at the Engineer's 
discretion. 

A piece of steel plate shall be clamped adjacent to the weld 
to enable electrode dabbir.g or arc striking, if necessary. 



12.4 Pipe Supports 

12.4.1 Design 

All pipe supports and hangers shall comply with r.s.o. 

12.4.2 Materials 

All pipe supports and anchors to be manufactured from steel 
sections to r.s.o. Material to I.s.o. 

1~.4.3 Workmanship 

Items shall be manufactured to a high standard with all 
members being true and square with smooth edges, free from burrs 
and with rounded corners. Notches and excessive reinforcement 
shall be avojjed at fillet weld; any contour which may act as a 
stress riser shall mean rejection of the component. All holes 
shall be drilled neatly and at the proper centres. All flame cut 
edges to be ground smooth. 

12.4.S Welding 

Attachments to Pipe 

All attachments welded to any pipeline shall be welded in 
accordance with Section 2. 3 •pipeline Welding" using hydrogen 
controlled electrodes. 

All fillet welds shall be multi-run and be free from 
undrrcutting and cold lap. 

General Support Welding 

All general support welding shall be as ·~pecified in I. S .o. 

Acceptance levels shall be as outlined in r.s.o. 

5% of all fillet welds shall be liquid penetrant inspected. 
Butt welds of structural steelwork is not permitted hence no 
radiography or ultrasonic inspections of steelwork welds is 
required. 

12.4.6 PIFE Bearings 

The bearing shall comprise 3 mm thick PTFE sheet bor.ded to 
steel for strength, and a 2 nun thick stainless steel (type 316L) 
plate welded to the pipe shoe. 

The PTFE sheet to be supplied with one side prepared, by 
grit impregnation, for bonding to steel. In addition 4 mm dia. 
countersunk head, set screws to be used to secure sheet at each 
caner. The Contractor to provide details for approval of method 
of bonding, etc. 



The stainless steel plate to be welded to the carbon st~el 
shoe using Incalloy electrodes. 

12.4.7 Bolting 

Bolts for steelwork, etc.shall be to r.s.o. 

12.5 Condensate Boiler Feedwater and Water Piping 

12.s.1 Copper pipelines carrying condensate services and boil~ 
feed.water shall be construc~ed. of non-arsenical copper 
tubing complying with 1.s.o. 

Piplines carrying water services shall be constructed of 
non-arsenical copper to I.s.o. unless ctherwise stated. 

Copper tubes shall be straight OL correctly shaped, round in 
cross section and shall be free from cracks, surf-ice flaws, 
lamination, scale, corrosion, deleterious films and other 
defects. Pipelines and fittings shall be constructed from 
materials which are not subject to dezincification. 

All fittings on condensate and boiler feedwater 
be high duty general range capillary type designed 
elevated temperatures with tubing to I.S.O. 
fittings shall be supplied by the same manufacturer. 

lines shall 
for use at 

All 

All fittings used on cold water service li!!cs shall be 
capillary type to I. s .o. suitable for us~ with tubing to 
I.S.O. All fittings shall be suppliert by the same 
manufacturer. 

12.s.2 Making of Capillary Joints 

The following procedure, which is based on the manufacturers 
recommendations, shall be rigidly adhered to when making all 
cappillary joints. 

General Instructions 

1. Select the correct size of fitting and tube 

2. Ensure that the tube ends are cut square. 

3. Remove any burrs. 

4. Clean the outside of the tube with fine "sandpaper" or Alumina 
based paper, not emet)! p_aper. 

5. Clean the inside and end face of each socket with fine 
"sandpaper" 

6. Mix sufficient "Easy Flo" flux with clean water into a creamy 
paste. 



N.B. Mix the flux as rec.;!Uired, and keep the powder in the 
tin dry-replace the lid immediately after use. 

Source of He.:;it 

It is important that the brazing temperature is reached 
quickly and therefor the source of heat should be sufficiently 
large to heat the tube and fittings rapidly to a red heat in poor 
daylight. 

For joints smaller than 28 mm (1") use an air/propane or 
butane, air/acetylene or air/gas torch. 

For joints of 28 mm upwards use a large oxy/gas, 
oxy/acetylene or oxy/propane torch. 

A large, soft, neutral or slightly reducing flame should be 
used to avoid excessive local heating, and the torch kept moving 
throughout the making of the joint . 

.flux 

"Easy - Flo" flux is recommended. Satifactory joints can be 
made with other suitable silver brazing fluxes. 

Fire Resistant Mats 

Fire resistant mats shall be used to protect surroundings 
from damage whilst the joint is being made. Their use also helps 
to conserve heat. 

12.5.3 Anchor~. Hangers and Sliding Supports 

Shall be to I.S.O. Copper pipework shall be 
supported on cast gumetal or brasz split ring clips of an 
approved spacing of supports shall be as follows; 

Pipe Sizes (Copper) Spacing of Supports 

15 mm to 20 mm 1.4 m 

25 mm to 32 mm 1. 7 m 

40 mm to 50 ID.'ll 2.0 m 

65 mm to 80 mm 2.4 mm 

100 mm and over '2. 7 m 



12.6 Insulation 

12.6.1 General 

Thermal insulation shall be applied to the entire new 
pipeline installation, including valves around brackets, etc. 
also replacement of insulation on reloacted services or existing 
services which have been damaged. 

12.6.2 Insulation shall be to I.S.O. • preformed 
mineral fibre rigid sections of minimum taickness: 

Pipe Size Insulation Thickness 

1/2" nb 38 mm 

3/4" nb 38 mm 

1" nb 38 mm 

1 1/4 nb 38 mm 

1 1/2 nb 38 mm 

2" nb 50 mm 

2 1/2 nb 50 mm 

J II nb 50 mm 

4 II nb 50 mm 

5 II nb 50 mm 

Thermal conductiivity to be 0.041 W/m/K. 

12.6.3 Valve bodies and flanges shall be insulated with muff 
covers, arranged for easy removal and finised with sewn on 
fabric. 

12.6.4 Fittings shall have sections of insulation carefully cut 
and shaped around the curved surfaces. 

12. 6. 5 Insulation shall be carefully fitted around locations 
where brackets, anchor, supports, etc. contact the pipelines. 

12.6.6 All insulation shall be alwninium clad. 
not be less than o.a mm thick. 

Claddir,g shall 
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12.6.7 Identification bands as per I.S.O. indicating 
service and direction of flow shall be fitted to the completed 
pipelines. 



13. ELECTRICAL SPECIFICATION 

13.1 General De3cription 

The Electrical Works shall embrace the complete elelctrical 
installation for the incineration stream, and shall comprise the 
supply, delivery, installation connection, testing and setting to 
work of all electrical services, including: 

1. Cabling 

2. Earthing 

3. Distribution Equipment 

4. controls and Control Pane 

5. MCC Section 

6. Protective de~ices 

13.2 Electrical Supply 

All electrical equipment supplied under the contract shall 
be suitable for connection to an electricity supply of 415/240 
v, 3 phase 50 Hz. 

13.3 Temporary Electrical Supply 

All portable equipment, had lamps etc., shall be supplied 
for operating at 110 V AC with the center point of the 
transformer or generator providing the power connected to earth 
so as to provide a maximum voltage of 55 V between lines and 
earth. 

13.4 Submission of Samples 

When required by the Engineer, the Contractor shall obtain 
and submit samples of materials for approval of the Engineer. 
Until the Engineer has given his approval to the material as 
represented by the samples submitted, and to the source, none of 
the materials should be used in the permanent works. The supply 
is 4 wire, 415/240. 50Hz. 

All materials as delivered to the works shall be equal in 
quality and character to the sample submitted, and 
notwithstanding any approval given by the Engineer of the source 
of supply, the materials as delivered to the works shall be 
subject to rejection by the Engineer if he considP.res them to be 
unsatisfactory for any reason. 



13.5 Radio Interference 

All control equipment forming part of the works shall be 
designed and installed such that its operation does not produce 
an unacceptable level of radio interference. limits of 
interference are given itl r.s.o. and these shall not be 
exceeded. 

13.6 Nature of Supply 

415/240 V, SOHz, 3 phase, 4 wire earthed neutral. 

13.7 Conduit 

The number of cables run in any conduit shall not exceed the 
capacity of the conduit as laid down in the current Regulations. 
conduits shall be of approved best quality new heavy gauge mild 
steel galvanised screwed conduit made in full conformity with 
r.s.o. and shall be of a size not less than 20 mm. 
Each len~th of conduit shall bear a stamp guaranteeing it to be 
to this specification. 

conduit shall be dip or flow galvansised. 

conduit Runs - All conduits shall run vertically on walls or 
steelwork and at righ angles or paraJ.led to the floor of the room 
or bottom of plant served. on no account will diagonal or other 
arbitrary routes be permitted. 

The inside surfaces and ends of the erected conduit and all 
fittings shall be smooth and free from burrs and other defects. 

Conduit Fittings - All conduit fittings and accessories 
including screwed couplers, ordiuary clips, saddles, pipe hooks, 
screwed reducers, stopping plugs, lock nuts and male and female 
bushes shall be manufactured to r.s.o. where applicable. 

All screweu couplers, scre~ed reducers, stopping plugs and 
lock nuts shall be made of malleable iron. Bright steel circular 
milled lock nuts only shall be used then convered with zinc rich 
paint. 

All conduit fittings, boxes, adaptable boxes, etc. shall be 
galvanised. 

Fixings of conduits - Concealed conduit shall be fixed !:>y 
means of galvanised pipe hooks, not more than 1 metre apart. 
surface conduit shall be fixed by galvanised spacer bar saddles, 
not more than 1. 2 metres apart and secured by means of 38 mm 
enemelled or anodised countersunk screws. 

conduits shall be fixed 250 mm on both sides of all boxes 
and the box shall itself be fixed. 

No inspection elbows shall be allowed within this contract. 



13.8 Control Trunking 

The control trunkinc; vill be fixed at regular intervals. 
The trunking system will be a single compartment type from the 
standard range of a suitable manufacturers and approved. 

steel sheet trunking shall be of size and type required by 
the detailed design. 

A return flange shall be provided along each side of the 
access to the trunking. 

The trunking lid is to be secured by either mushroom head 
cadmium plated screws on the return flange, or central screw with 
retaining tongue which clamps against return flange. 

Only radius or gusset type manufactured bends and tees etc., 
shall be used in the trunking system unless prior approval is 
obtained from the Engineer. Where off-sets are manufactured on 
site, it is preferred that these be of welded construction, in 
which case all welds shall be buffed, thoroughly cleaned and 
treated with a rust inhibitor before application of at least two 
coats of matching finishing enamel. Where off-sets are held 
together by means of screws, all screws used shall only be of 
sufficient length to fulfil their purpose, excess screw length 
shall be removed and all sharp edges removed. 

Where trunking is cut, edges shall be free from rags, 
etc.,which may damage the cable insulation. 

Vertical runs of trunking will, in general, be fixed at 
intervals not exceeding 180 mm centres, but where the trunking is 
s1.lpported on stand-off brackets etc., the brackets will be 
positioned at centre not exceeding 1000 mm. 

Where trunking lid is cut, the cut shall be made at right 
angles to the trunking run such that adjacent sections of lid 
butt closely together. All sections of lid shall be secured by 
an adequate number of fixing screws, but in no case shall there 
be less than four screws. 

Where conduit enters or leaves the trunking, connections 
shall be made by a hexagonal male brass bush with coupling and 
brass compression ring between bush and trunking. Special 
attention must be paid to the tightening of couplings to ensure 
efficient metallic contact. 

A 6 sq.mm. copper earth wire will run throughout the entire 
trunking installation and interconnected with bonding cable 2. 5 
sq. mm tee offs to switchgear, incornir.g conduits and bonding 
running lengths of trunking. 



In vertical trunking containing cables, internal barriers 
shall be provided at not more than 3 m intervals to restrict warm 
air rising in trunking. 

PVC cables to be installed in the trunki~g shall, wherever 
practical, be laid with heavier cables at the bottom and cables 
will be bound in their respective circuits at points not 
exceeding 180 nun over the entire length of run. circuit tabs 
denoting board phase and circuit number shall be fitted at 
intervals on all cables drawn into trunking. 

The Contractor shall allow for the connection of serated 
washers between trunking sections, for bonding. 

Full use of the trunking should be made for wiring to the 
control services within the area thus keeping the conduit runs to 
a minimum length. 

13.9 PVC SWA PVC Cables 

These cables should comply with r.s.o 

Ali cables shall be of the 600/110 V grade and shall have 
the number of cores required by the detaile:d design. The 
conductor cores shall be copper only. 

In all instances, cores shall be stranded and wire armouring 
shall be single steel wire armouring. Where appropriate, the 
neutral conductors shall have the same cross sectional areas as 
the phase conductors. 

compression type metallic cable glands as recommended by the 
manufacturer shall be used and shall be arranged for gripping the 
outer sheath of the cable. In addition, earth tags and earthing 
wire should be allowed for at each terminal. 

All lengths of PVC SWA & PVC cable shall be installed in one 
contiuous length. No joints are pe~mitted. Solid core cables 
shall be used in general be to 1.5 nun but where vibration occurs 
of runs within flexible conduits are made then stranded core 
cables shall be used. All cables 2. 5 rrun2 and above shall be 
stranded core. 

13.10 PVC Single core cables 

All wiring enclosed in trunking, conduits if appropriate, 
etc., shall be carried out in 600/lOOOV PVC cable manufactured to 
r.s.o. 

All line cables for 415/240V wiring shall be in red, 
yellow, blue and all neutral cables in black. The conductor core 
shall be copper only. 



Identification and sleeving shall be fitted on all power 
wiring where appropriate. 

Earth continuity conductors shall be insulated with 
green/yellow PVC. 

For power lighting circuits, the coding shall be as follows: 

Phase Wires Red, Yellow and Blue 

Neutral Wire Black 

Switch Wire White sleeve on cable 

Earth Wire Green/Yellow 

13.11 Mineral Insulated Cable 

All mineral insulated cables shall conform with I.s.o. 
and shall be '1.eavy duty type. All accessories for use in 
connection with these cables shall be in accordance with the 
manufacturer's recommendations. All mineral insulated cable 
shall be PVC cverheated with colour, being orange for power. 
Where a MIC cable terminates at equipment where vibration is 
evident then a vibration loop shall be installed. 

Only tools and methods recommended by the Cable Manufacturer 
shall be used in stripping the metal sheath and recessing the 
insulation. Cable ferrules and compounds of the types 
recommended by the Cable Manufacturer shall be used to seal the 
ends of the cable after they have been made oft. Wherever 
possible cable lengths shall be measured and cut to length before 
erection and the ends made off and sealed immediately on the 
ground. Before individual lengths are erected and fixed 
in position, tests for insula~ion resistance shall be made 
between cores and bet~-~en cores and cable st.1ea thing. The 
ins~lation resistance tests shall be carried out with a 500 volt 
megger. 

All tails where used in normal installation shall be 
insulated with double headed PVC sleeving which ~hall be sealed 
into the ferrule with compound and PVC extension sleeving to be 
supplied having colour coding. 

Where cables are ternunated at accessories approved cable 
clamp pot seals with earthing tails shal_ be used. 

13.12 cable Tray 

Black PVC coated metal P•?rforated tray or hot dip galvanised 
tray shall be used for the installation. 

The thickness of metal used in constructing trays up to 300 
mm wide shall not be less than 1.6 mm (16 SWG) gauge. 



Radius bends and tees only shall ~e used. Where a group of 
cables are run in tiers under one clip, the larger cables shall 
be run nearest to the tray. 

Cable fixing saddles shall be galvanised steel, copper or 
PVC coated steel or brass deper.dent upon the type of tray being 
used. All saddles shall be preformed to the required contour. 
Under no circumstances shall the saddles be formed in-situ 
around a group of cables. 

Where cable tray is supported on brackets, the brackets 
shall give support over the full width of the tray. The surface 
treatment of brackets shall be consistent with the type of tray 
used. 

All galvanised trays shall have return flanges with coupling 
pieces for continuous bonding (with the exception of 50 nun tray, 
which may be single flange). All PVC coated metal tray shall be 
of the single flange pattern. 

13.13 Installation of Cables 

Every coil of cable or flexible cord shall bear the maker's 
label firmly attached, containing the following information: Name 
of Maker, Description ot Cable, Classification Length, Size, 
Grade. 

No coil o~ cable or flexible cord manufactured more than one 
year prior to delivery on the site shall be used in the 
installation. 

Colour Coding - the colouring of cables must be maintained 
throughout their entire length. 

Fo: all single phase circuits the live conductor shall be 
red. 

For all three phases circuits the colour identification 
shall be detailed as in the relevant regulations. 

13.14 Adaptable Boxes 

All adaptable boxes shall be galvanised. These boxes shall 
be 150 x 150 x 100 mm deep with gasketed lids secured by four 
galvanised M5 round headed screws. 

The design of the box shall be such as to prev~nt ingress of 
dirt o~ moisture with regard to an incinerator plant environment. 



14. CONTROLS AND INSTRUMENTATION 

14.1 control P~ne{MCC 

The incineration stream shall be provided with control 
panel/MCC. rt shall be ingress protected to r.s.o. with 
fully opening door(s). 

The control panel shall be arranged such that all equipment 
is accessible. 

The control panel shall be constructed from a suitable 
stiffened mild steel framework robustly constructed to suit an 
industrial environment. 

Finish of Housing 

Exterior 

Interior 

Base 

14 .1.1 

Hammer Enamel Blue 

Semi Gloss (Egg~hell) White 

Black 

The Control panel shall be complete with all internal 
wiring, relays and terminal blocks - PLC controls are ncceptable 
also. All terminal blocks and connectors are to be numbered and 
all wires to be numbered and identified with core markers in 
accordance with the electrical schematic diagram and terminal 
block diagrams prepared as part of the detail design. Internal 
wiring shall be carried out in suitably rated, colour coded PVC 
insulated cables. 

Bunching of cables into large looms shall be avoided, no 
looms of control cables shall exceed 25 conductors. Where 
plastic tunking is used the cables shall not occupy mere than 50% 
of the total volume within the trunking. 

All cables and cable looms .nust be retained by cleats or 
strapping designed to prevent damage to the cable installation. 
No adhesive backed cleats allowed. 

Any cables entering a hinged section shall h-3.ve flexible 
cores and shall be suitably supported and protected against undue 
strain and chaffing. 

No conunoning of conductors onto a terminal is permitted. 

Control wiring and other small wiring shall be carried out 
with fultistranded copper conductors with a minimum size of 
1. 5nun . Minimum voltage grading of small wiring shall be 600 
volts. 



For PLC controls the wiring shall be as required by the PLC 
manufacturer. 

14 .1. 2 

The MCC section shall provide all starters, isolators, 
indication equipment (run off, trip, etc.), and fuse/switches for 
all the equipment of the incineration plant. A facility to 
indicate/select manual or automatic operation for each piece of 
equipment shall provided. 

Voltmenters and Ammeters shall be provided and they shall 
comply with requirements of r.s.o. and shall be suitable 
scaled. Errors shall not exceed 1.5%. 

Current Transformers for use with Anuneters shall comply with 
the requirements of r.s.o. and rating 2.5 VA. 

Voltmeters shall be protected by means of a suitably sized 
cartridge fuse in each phase. Particular attention is to be paid 
to the connections between the busbars and the voltmenter fuses 
in order to ensure integrity. 

Anuneter selector switches shall enable the ammeter to be 
connected into any phase. CT's not connected to the ammeter to 
be short circuited. 

Voltmeter selector switches shall be arranged to connect the 
voltmenter between each phase and nautral. 

Indication lamps for all equipment functioning modes are 
required and shall operate using an integral transformer lamp 
giving low voltage output for each indicator. The bulbs must be 
easily replaced from the front of the panel. 

Control circuits linking the MCC and control sections of the 
panel shall be such that no 415V is present in the control 
section. 

14 .1. 3 

Legend plates shall be provided for all components and 
instruments on or in the control panel/MCC. 

The main busbars shall be rated and shall be able to 
withstand a fault level of 50KA for l second. 

The main earth bar shall run throughout the length of the 
control panel/Mee. 

All cabling shall be top entry front access only. 



All sections of the panel shall be adequately indentified 
using suitable labels with function, rating and phase (if 
required), engraved on the lable in minimum Smm high lettering. 
The labels shall be attached using self tapping screws. 

14.2 Controls and Indications 

The exact requirements of the control philosophy systems 
shall be established as part of the detailed design by the 
Contractor, however, the detailed design must include the 
following minimum requirements: 

a) Status indication for each item of equipment and process 
stage. The indication sh~ll be fascia mounted and shall take the 
form of a mimic board/diavram. 

b) Each main item of equipment of the incinerator and in the 
remainder of the incineration stream shall be provided with 
manual operation facilities (ie. push buttons) to allow the plant 
to be checked/tested/maintained. This facility (will only be 
required to clear fault or carry out maintenance tests, etc., and 
the controls shall ensure that plc:nt in normal operation 
(ie.automatic mode) cannot be manually overridden except as 
otherwise required to cope with emergency situations. 

c) An emergency stop facility for the whole incineration stream 
shall be provided which if activated will bring the process to a 
stop as quickly as safety requirements allow. 

d) The control panels shall be arranged as simply as possible. 
It sha.11 be "user friendly" and shall, as far as practicable, 
direct attention to faults which may occur. Contractors should 
be aware, and should design for, the fact that the piant will be 
maintained and faults corrected by normal grade maintenace staff 
(ie. not specialist controls technicians). 

14.3 Metering 

Sub-metering is required for water, 
supplies to the site. The meters should 
output suitable for connection to 
recording/logging station. 

gas and eledctr ici ty 
incorporate a pulsed 

the incienerator 

A steam meter shall be provided, also with a pulsed output 
if a waste heat boiler is incorporated. 

output from sub-meters shall have output suitable for being 
logged by the incinerator recording/logging station. 



14.4 Instrum~ntation 

14.4.1 

The incineration stream shall be provided with 
instrumentation capable of continuously monitoring, in accordance 
with I.S.O. the following: 

Oxygen - at outlet of secondary combustion zone 

Carbon monoxide - at outlet of secondary combustion zone. 

Emitted particulates - by for example an opacity instrument 

Temperature - in primary combustion zone 

Temperature - at point of exit of secondary combustion zone 

Hydr0gen chloride - as emitted to atmosphere 

Liquor circulation rate - where a wet arrestment plant is installe 

pH of liquor - where a wet arrestment plant is installed 

14.4.2 

An instantaneous LED or LCD readout of the levels of the 
parameters to be monitored shall be incorporated into a separate 
instrument section of the control panel.. Audible and visual 
alarms shall be incorporated into the panels to indicate the 
alarm levels below. 

Oxygen - below 6% 

Temperature - below 
combustion zone. 

1000°c at point of exit of secondary 

The audible and visual alarms for each of the the two above 
parameters shall be different so that each one can b~ easily 
distinguished from the other. 

The audible alarms should be able to be heard throughout the 
incinerator room, waste storage and handling areas, messing room, 
etc. 

The visual alarms shall be able to be seen in the areaz 
described in the preceding paragraph. 

14.4.3 

The instruments shall be installed in line with 
manufacturers instructions and positioned to givE: accurate a11d 
reliable resuits. 



14.4.4 

The instruments shall be designed and intalled so that they 
require minimal maintenance. Where regular maintenance is 
required access shall be provided as part of this contract to 
enable this to be carried out safely and effectively. Permanent 
access in the form of ladders, platforms, gantries, etc., is 
preferred and should conform to the agreed standard. 

14.4.5 

Each temperature sensor shall be complete with pocket 
allowir.q withdrawal of sensing equipment without escape of flue 
gas. Temperature sensors shall be duplicated and connected to 
controls in such a way that thermocouple failure does not cause 
plant shutdown. There should be a visual warning in the event of 
thermocouple failure and thermocouples should be capable of being 
replaced during plant operation. 

14.4.6 

All monitoring instruments shall have outputs which can be 
connected to a recording/logging device as described below. 

The completed incineration facility shall be provided with 
a recording/logging atation (ie. an Energy Management System). 

14.4.7 

The recording/logging station shall be computer based and 
incorporate CPU colour moni taring, keyboard, printer and any 
other equipment necessary to enable satisfactory performance as 
described below. 

14.4.8 

An instantaneous display on the screen of all operating 
parameters outlined in Section 14.4.1 should be available. This 
should be in the form of a flow chart, operation mimic diagram, 
etc. 

14.4.9 

The software shall be "user friendlv" and require minimal 
operations to achieve the desired screen output. 

14.4.10 

The station should be capable of recording/logging the 
outputs from the monitoring instruments d~scribed in Section 
14. 4 .1. Each parameter should initially be recorded at one 
minute intervals but this interval may be changed in the future. 



14.4.11 

Historical data over the past month should be available in 
tabular and graphical form on the screen of the station when 
required. The time interval of the required data should be 
variable, eg. in hours, days, weeks. The data display in tabular 
or graphical form s~o~ld be able to be printed out to give a hard 
copy of the information in a similar format to that which car. be 
viewed on the screen. 

14.4.12 

The recording/logging station shall be c~pable of accessing 
nistorical data for a least the previous month. This in effect 
means that up to two months data should be able to be stored on 
the machine. It is envisaged that data will be downloaded at 
momthly intervals onto magetic tape or floppy disks. 

14.4.13 

There shall be at least three levels of the software, 
namely: 

1. Normal: Instantaneous readout of parameters on screen. 
Viewing of historical data for past month. Output to printer in 
graphical or tabular form. 

2. Higher: Downloading of data on storage media. 
backed up data. Changing of software routines, 
intervals. 

Erasing of 
ie. logging 

3. Expert: Installation, set up, prograIIL~e, etc. 
Only level No. 1 shall be normally accessible. Level 
be accessible via a password and/or a key switch. 
shall only be accessible to the software programmer. 

14,4.14 

No.2 shall 
Level No. 3 

The monitoring station may be installed withi~ the 
incinerator house and therefore the effect of tempe=ature, 
humidity, dust, dirt, etc., should be taken into account. 

14.4.15 

The ~tation shall have a fully rechargeable battery system 
for a minimum period of 6 hours, in eve~t of ~ power failure. 

14.4.16 

The station shall be fully protected and suitable for 
operation against voltage variations within + 10%. Any necessary 
vol tag•? regulating equiprr.ent is to be supplied as an integral 
part of the package. 
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SCHEDULE l 

Drawings 

The contractor shall prepare drawings for the plant. 
The drawings shall include the following: 

1. Flow diagrams of entire process including flow rates, 
temperatures, etc. 

2. Controls scher•!atic diagram of entire process. 

3. Instrumentation diagram of entire process. 

4. Flow charts for waste and ash movements through the process 
and plant. 

5. General arrangements of plant within the confines of limits 
of the site. 

6. Elevations and sections through plant. 

7. Detailed drawings of each piece of plant equipment. 

a. General arrangement of utilities/services thr~ughout process 
clearly showing termination points within the building limits 

9. Elevations and sections showing utilities/services thrcughout 
process and clearly showing terminat:..on points within the 
building limits. 

10. General arrangements of services connections between the 
incinerator and other operations, such as the tank farms. 

11. Sections and elevations of services connections between the 
incinerator and other operations such as the tank farms. 

12. Arrang~rnents of civil/Structural Engineering requirements to 
suit the incineration plants, eg. foundations and drainage 
requirements. Note the drawings should include loading 
details, flowrates, etc., as required to allow the detailed 
design to be completed by others. 

13. Record drawings of the entire plant shall be provided as part 
of the Opera ting and Maintenance Instructions. These 
drawings shall adequately provide all information required 
for effective operating and mainteIJance. 

Gignature of Tenderer Date 
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SCHEDULE 2 

Cperating and Maintenance Manuals 

The plant shall not be deemed to be ready for use by The 
Client until the manuals are available. 

At the time of taking over the Contractor shall provide three 
copies of an Operating and. Maintenance Manual which shall be 
clearly identifiable ;,.rith this Contrar:t and which will comprise 
all the literature detailed below reproduced on A4 size 
individual sheets perforated and incorporated in a rigid loose 
leaf type binding with protective covering to produce a complete 
instruction manual with maintenance schedule for the entire 
installation. The manual shall be complete with sectionalized 
index and shall incorporate all emergency breakdown procedures 
including details of the nearest service contact. 

The proposed instrnction manual shall be submitted to the 
engi~eer for approval prior to submission to the Purchaser. 

The Manual should contain the following information, in 
detail: 

(i) Index of contents 

(ii) Vocabulary 

{iii) Complete system Description - specifically written by 
the Contractor for this project to c..escr ibc· the 
equipment and its principles of operation and 
control, together wi. th the scope of work undertaken 
under the contract. 

(iv) Schedule of Mechanical Equipment - giving details of 
all major items of equipment supplied as part of the 
contract. 

(v) Schedule of Electrical Controls and Instrumentation 
Equipment - giving comprehensive details of all major 
items of equipment supplied as part of the contract. 

(vi) All Operation Routines 

(vii) Planned Maintenance Procedures - specifically written 
by the Contractor for. this project. 

(viii) Fault-Finding procedures - specially written by the 
contractor for this project. 

(ix) Manufacturers Spares List and Crdering rnstruc'~ ions. 

(x) Emergency procedures. 



(xi) All Commissioning Data, tests on Completion Data an 
Test certificates. 

(xii) Manufactu:rers Handbooks and Service Manuals 
including fitting instructions which come with the 
items of equipment. 

(xiii) "As Fitted" drawings - the drawings shall be ins~rted 
in clear plastic envelopes in a sep.arate folder 
complete with contents list. 

All items should be cross referenced with e.ach sub-section of 
the manual and drawings. 

The manual should be strongly made, durable, for example not 
liable to damage by being lightly splashed by water, etc. 

If the Contractor is in any doubt whatsoever as to what is 
required he should visit tre Engineer's office to see a sample of 
a manual which will be deemed acceptable. 

If the contractor does not visit the Engineer's office to 
examine a s<'l.rnple manual and if a manual is submitted by the 
Contractor which the Engineer co~siders sub-standard, then monies 
will be deducted drom payments to the contractor until such ti~e 
as the ~anuals are produced to the satisfaction of thP. Englneer. 

Note: The works si • .:ill not be considered acceptable until 
record drawings and manuals are available. 

Signature of Tenderer Date 



SCHEDULE 3 

Timing of Concract 

The fcllowi.r.g list of key dates 
Tenderers of th~ anticipated progranune. 
that they are expected to cooperate with 
by certain dates. 

PrP.-Contract Dates 

a) T~nder Return Date 

is provided to inform 
Tenderers should note 

provision of information 

b) By ....... , the Result of the Tender will be advised 
to Tenderers. The preferred Tenderer wilJ be asked to 
provide : 
- Technical Description of His Proposed Pl~nt 
- Technical Description of "Worse Case" Plant failure 

situation with regard to emissions to thP a::mosphere 
and design details which will mitigate these. 

- A TechP-ical statement of the principles of the Proposed 
Plant Operation 

c) By ....... , the pref erred Tenderer to provide the above 
information. 

I~ the event that the Purchaser decides t0 proceed with the 
Project in which case the Preferred Tenderer will be advised by a 
Letter of Acceptance of his Tender and a contrdct will be deemed 
to be in place. ~he Tender is to remain valid for four months 
after submission, hence an order could be placed from 1993 to the 
tender expiry date. The week immediately succeeding the one in 
which the Letter of Acceptance wa~ issued to the Contractor shall 
commence from that time. 



Cont:::-act Programm~ 

The Contractor shall prepare the detailed contract Programme, 
however, the following minimum times must be incorporated to 
allow for completion of building designs, tendering, building 
works and Contract Completion, viz. 

Activity 

1. Place order, complete agreement 

2. Contractor to submit Drawings for 
approval and to allow building 
designs to commence 

3. contractor Drawin;Js Approved 

4. Building Design complete 

5. Building contract Placed 

6. Building Works Commence 

7. Works ready to receive plant 

8. Plant rc.>ady to take over 
(time for completion} 

9. Performance Tests complete 

Complete By 

Contract Week o 

Contract Week 8 

Contract Week 10 

Contract Week 16 

contract Week 23 

Contract Week 25 

Contract Week 30-37 

Coiltract Week 54 

Contract Week 66 

*The Engineer anticipates the building will be ready to 
rec~ive plant around contract week 30 at the earliest. The 
contractor will be consulted on the building works and at which 
stage of construction he wishes to install his plant - eg. before 
storas constructed, etc. Once agreement is reached on delivery 
(which must be within the period allowed, ie. contract week 30) 
the date will be bindin<;i and a penalty shall be applied fer 
failure to a~hieve the advised delivery date. The amount of the 
penalty wi:l be equal plus costs to the amount claimed by the 
Building Contractor for loss and expense because of the delay to 
his contract. Tenderers should note that this penalty is Li 
addition to the provisions of clause 34 .1 of the general 
Conditions of Contract. 

Signature of Tenderer Date 



SCHEDULE 4 

Traj.ning of Staff 

1) Before Taking Over, the Contractor shall instruct and 
train the contractors staff in the operation, 
maintenance and management of the Plant, in accordance 
with the contractors Instructions - which shall take 
full account of the vagaries of the plant - and the 
requirements and responsibilities. 

Th~ quantity and quality of the instr:.iction and 
trairi.ng shall be such that the contractors staff will 
be able, after training to; effectively ar.d efficiently 
operat€ the plant; respond in an effective manner to 
emergency situations ( ie. equipment failures, alarms, 
etc.); respond in an effective manner to vagaries of the 
pla11t and ensure that ash quality and emissions are 
within speciffication. 

The contractor shall certify the contractors staff as 
competent to operate the Plant after successful 
completion of training. 

2) Operatives 

The contracto::::- will provide semi-skil:!.ed personnel 
for training as plant operatives during the course of 
the contract at such times as required by the 
contractor's Programme. The contractor will specify the 
staffing requirements. 

The plant operatives will as part of their duties, be 
responsible for routine, hourly, daily, weekly bi
lo/eekly, monthly and semi annual maintenance inspection, 
:leaning, lubrication and replacement of consumables. 
The operatives will not carry out more sophisticated 
maintenance, eg. removal and overhaul of equipment, 
annual maintenance repairs, e~c. 

The contractor shall ensure that upon successful 
completion of training the operatives understand and are 
able to carry out : 

a) Correct procedures for receiving, handing and storage 
ot solid, liquid and gaseous feed stocks, fuels, 
products and effluents. 

b) The correct and safe operation of equipment contained 
within the plant ( includi:iJg start up and shutdown 
procedures) . 

c) The correct and safe operation of all automatic 
controls and testing thereof. 



d) The procedures to be taken in emergencies - this 
shall include manual operation of the plant under 
emergency conditions. 

e) The required ho~rly, daily, weekly, bi weekly, 
mouthly and semi annual tests, inspections, cleaning, 
lubrication and consumable replenishment. 

f) The optimum opera tin, temperatures, pressures, 
emission concentrations, levels, speeds, flows, etc. 
and how the process can be altered (if and as 
necessary) to maintain the optimum operating 
conditions. 

g) Record and log keeping. 

3. Maintenance Staff (See Operatives) 

The contractor will provide the required number of skilled 
tradesmen (ie, fitters and electricians) and technicians 
during the course of the Contract at such times as required 
by the Contractor's programme. These personnel will also be 
conducted around the Plant, during construction, by the 
contractor to gain experience of the layout and details of 
the Plant - the contractor shall in addition to permitting 
access explain in detail the layout and arrangement of the 
Plant. 

The maintenance staff will undertake the planned 
preventative maintenance of the Plant as detailed in the 
contractors Operating and Maintenance Manual and shall 
correct possible problems identified by the Piant Operators. 

The Contractor shall ensure that upon successful 
completion of training, the Maintenance Staff unde~stand the 
Maintenance Schedules and frequencies and ar~ able to : 

a) Assess the coudi ti on of consumable i terns of equipment, 
eg. thP.rmocouplets, and replace as necessary. 

b) Assess the condition of major components against 
requirements of Operating and Maintenance Instructions 
and decide on appr0p1iate action. 

c) Remove, strip down and overhaul all equipment. 

d) Assess functioning of control and instrumentation systems 
and correct if/as necessary. 

e) Fault Find (to written 
throughout the Plan~. 

Fault Fiuding procedures) 

f) Carry out hourly, daily, weekly, monthly, semi annual and 
annual maintenance inspection, lubrication and overhauls. 



4. Management Staff 

The Management Staff will be appointed by the contractor. 
These staff will be suitably qualified and responsible and 
will be trained in the appropriate legislation by the 
Contractor. 

The contractor shall provide the Management Staff with 
the same training as the Operators and the Maintenance staff 
and shall ensure that Operating and Maintenance Staff duties 
could be carried out by management if required. 

Signature of Tenderer Date 



SCHEDULE 5 

Tests on Completion 

Before handover of the Plant, the Contractor shall complete, 
successfully, the Tests on Completion. 

Testing shall be in at least two stages - a) standing Tests, 
b) Operational Tests. 

a) standing Tests 

Before equipment or systems are conunissioned or set to 
work they shall be subjected to inspection and testing to 
demonstrate their integrity. These tests are to be 
considered pre-commissioning tests. 

The Contractor shall prepare comprehensive check/test 
schedules for each piece of equipment and each system of the 
entire plant. The scheaules should provide for : 

i. Visual examination of plant and systems, internal and 
external examinations should be included where 
appropriate ( eg. inside of boilers, piping, ducts, 
etc.) 

ii. Non Destructive Examination of welds, etc. , as 

iii. 

iv. 

v. 

vi. 

vii. 

viii. 

ix. 

x. 

xi. 

required by the specification, design codes and 
statutory requirements . 

Checking of Electrical Terminals for tightness, ~ound 
joints, insulation,. etc. 

Coding of systems and circuits comply with the desig·1 
diagrams, etc. 

All safety provisions are ccrrectly installed and of 
correct ratings, etc. 

All structural interfaces are correct to the designs 
and that interfaces are positioned as required by the 
drawings. 

Hydraulic or other pressure testing of piping systems 
to the relevant design codes. 

Circuits complete and ringed ou~. 

Conductor insulation res13tance is corre~t. 

Earth loop impedance is correct. 

Polarity and phasing. 



xii. 

xiii. 

xiv. 

Earthing resistances acceptable. 

Electric motors turn in the correct direction. 

Equipment meets design requirements, eg. limit 
switches provide proper travel for rams, etc. 

The above list is not comprehensive and is included to 
indicate what is meant by standing tests. The Contractor shall 
produce the Testing Schedule and submit it to the Engineer for 
approval before beginning the tests. 

b) Incinerator Operating Test (Tests on Completion) 

After spccessful completion of commissioning, the 
Contractor shall carry out a comprehensive operati~nal 
test. In so doing the Contractor will demonstrate to the 
Engineer and the Purchaser, the satisfactory operation of the 
installation. 

The operational test shall take place during one complete 
operating week, ie. seven day's waste reception, burning and 
de-ashing. 

During the tests the contractor shall monitor and record 
the performance of the Plant. The results of the tests shall 
be fully documented and reported formally, by the Contractor 
and shall be incorporated into the Operation and Maintenance 
Instruction. 

Before the operational tests the Contractor must be 
confident the Plant will pass the tests. Any adjustments or 
modifications required or defects which have become apparent 
during the commissioning must have been carried prior to the 
operational tests. 

It any part of the Plant fails to pass any part of the 
tests then the Contractor will put the Plant right and repeat 
the entire operational tests. 

Successful completion of the operational tests will mean 
the Plant is ready to take over and hence all documentation 
(other than operational test data) will have to be available. 
The Engineer will not ta~(e over the Plant unlf s full 
operation a~d rnainte~ance instructions are available. 

The tests and measurements to be undertaken shall include the 
following : 

1. Throughput 

2. Burndown 

2000 kg off industrial, hazardous waste 
charged to the incinerator per hour. 

To be completed such that ash can be 
removed and can be disposed of without 
further treatment prior to disposal. 



3. Ash quality 

4. Incinerator 
Emission 

5. Stack Emissions 

6. Temperatures 

7. static Pressures 

8. oxygen 

9. Fuel Consumption 

10. Steam 

Samples to be taken and analysed to 
demonstrate that the ash contains less 
than 5 % carbon and less then o. 5 % 
organic matter. 

Will be used to assess gas cleaning 
performance in conjunction with stack 
emissions data. 

To ensure that limits set out by the 
client are not exceeded and to use in 
assessment of Gas Cleaning Plant. 

Continuously record the temperatures at 
the following points. 

Normal Operation 
a) 
b) 
c) 

d) 
e) 

• f) 
g) 
h) 

Secondary Chamber 
secondary Chamber Outlet 
Inlet of Waste Heat boiler (Gas side) 
(if fitted) 
Outlet of Waste Heat Boiler (Gas side) 
Inlet to Gas Cleaning Equipment 
Outlet of Gas Cleaning Equipment 
Inlet to Chimney 
2/3 height of Chimney 

With Boiler and Bypasses Gas cleaning 
Equipment (i: Fitted) 
i) Secondary Chamber 
j) Secondary Chamber Outlet 
k) Inlet to Dumpstack or other by-pass 
1) At cooling provision (if any) 
m) After cooling (if any) 
n) At inlet to chimney if app1opriate 

During burning half hourly readings to be 
taken at all of the above positions. 

During burning half hourly reading to be 
taken at all of the above positions. 

Sufficient readings of oil consu~ption to 
be taken to assess consumption during the 
different stages of operation and with 
different waste input categories. 

Reading of steam generated to be taken at 
half hourly intervals during burning. 
Flow rates and pressures to be taken (if 
boiler fitted). 



11. Boiler and Gas 
Cleaning Plant 

12. ID Fans 

13. Flue Gas 

14. Gas Cleaning 

15. Electricity 

At some stage during burning, the bciler 
and the gas cleaning plant to be made 
unavailable in turn, to demonstrate that 
system will shutdown in the planned 
manner. If boiler fitted. 

If ID fans employed in the plant then 
these to be taken out of system to 
demonstrate the shutdown of the plant in 
the planned manner. 

Gas volumes handled to be measured by 
pitot tube (carried out according to 1.50) 
at the positions outlined in (6). 

Plant Reagents or liquor consumption to be 
measured at half hourly intervais to 
establish consumption Effluent discharged 
to be measured at half hourly intervals 
and its composition checked. 

Electrical Power consumption shall be 
monitored at half hourly intervals and 
recorded. 

16. Electricity Generation To be monitored at half hourly 
intervcls and recorded. If fitted. 

All the readings and measurements shall be compared to those 
advised by the Contractor. Failure to reasonably match the 
predictions shall be cause for rejection of the works. 

Signature of Tenderer Date 



SCHEDULE 6 

Perf ormanc~ Tests 

The performance test shall be carried out over a period of 3 
months. During this period some paramete~s will be tested 
continuously while others shall be tested on three separate days. 
During this period the Contractor's staff shall remain on site to 
supervise the operation of the Plant. 

Continuous Testing 

l. General operation. This shall be trouble-free. The plant 
shall operate without failure and according to the 
specification within three eight hour shift peri.ods each day. 

2. Scrubber consumables. Quantities used shall be noted on a 
daily basis and should conform to the manufacturer's stated 
values. 

3. Effluent. The quantity and quality of any effluent, filter 
cake or other residues from the gas cleaning plant shall be 
measured daily and shall conform to the manufa~turer's stated 
values. 

4. Gas and electricity consumption shall be noted on a daily 
basis. 

5. Flue Gas. The flue gas exit temperature shall be measured 
continuously and should not fall below the specified 
temperature. 

6. Emissions. The following shall be monitored continum:sly : 
oxygen, carbon monoxide, particulates. Levels should not 
exceed the statutory limits laid dowz, by the Client at any 
time during the performance test. 

7. Temperatures. The temperatm:e at the exit of the secondary 
chamber and in the primary shall be monitored continuouslv. 
'Ii1e secondary chamber temperature shall not drop below i 200°c · 
at any time during the operation of the Plant (excluding 
preheat period). 

8. Quantities of steam and/or power generated should be measured 
and should be not less than 90 % of the manufacturer's stated 
quantity over any week period of operation. (If boiler and 
power generation fitted). 



Spot Tests 

On three separate days to be chosen by the Purchaser the 
following tests shall be carried out by the contractor : 

1. Throughput. The quantity of waste passing through the 
waste handling system and the incinerator shall be 
determined in order to check the throughput capacity of 
the Plant. This shall be at least 2 tonnes per hour 0ver 
a 24 hour period. 

2. Emissions. Hydrogens chloride should be moni tared and 
levels should not exceed statutory limits. 

3. Ash quality. 
operation to 
destruction. 

Signature of Tenderer 

This should be tested at the end of the 
determine the efficiency of organics 

Date 



SCHEDULE 7 

Spares List and Spares 

The Contractor shall provide a list of spares which should be 
held on site at all times. 

He should also provide, as part of the contract, a supply of 
spares adequate for two years of operation. 

He shall also provide, where practical, a two year supply of 
laboratory consumables. 

Signature of Tenderer Date 



SCHEDULE 8 

~ubdivision of Tender Price 

A. CONTRACT 

1) Insurances 

2) Site Acc0mmodation 

3) Protecting the Works 

4) Performance Bond 

TOTAL for A. 

B. INCINERATION PLANT 

1) Waste Reception 

2) Laboratory 

3) Waste Handling 

4) Waste storage 

5) Waste Loading Device 

6) Incinerator 

7) Ash Handling 

8) Ductwork System 

9) Emergency Bypass System 
9.1 Evaporative cooling system 

10) waste Heat Boiler (ortion) 

Cost (USS) 

11) Waste Heat Boiler's associated equipment (Option) 
a) steam syste~ 
b) Blowdown System 
c) condensate system 
d) Boiler Feed Water System 
e) Power Generation Equip.nent 

12) Flue Gas Cleaning 

13) Plue Gas Reheat Equipment 
a) Steam Reheat. 
b} Oil Burner Heating 

1.4} Water Cooling Tower 

15} Ion Exchanger/Water Treatment 



16) Electrical Installation 

17) Control Panel 

18) Control System 

19) Metering 

20) Instrumentation 
a) Monitoring Instruments 
b) Logging/Recording System 

21) Effluent/Residual Handling 

22) Provision of Spare Parts 

23) co-operating with Purchaser and Engineer 

24) Commissioning 

Any Other Works, please specify 

TOTAL FOR E. 

c. OPERATING COSTS FOR TWELVE MONTHS. 

1) Employees Salaries or wages 

2) Employees over.heads 

3\ , Electricity 

4) Consumables 

5) Training 

c.1 Supply of Supervisor for second years operation 

TOTAL for c. 

o. SCHEDULES 

1) Schedule 1 

2) Schedule 2 

3) Schedule 3 

4) Schedule 4 

5) Schedule 5 

6) Schedule 6 



7) Schedule 7 

TOTAL for c. 

6. PROVISIONA~ SUM 

Provisional Su.TR for unforeseen Works 

TOTAL for D. 

TOTAL TENDER PRICE 

Signature of Tenderer Date 



A P P E N D I X 1 

DATA SHEET FOR INCINERATOR AND 
ASSOCIATED PLANT 



Item Po. 

1. 
2. 

2.1 
2.2 
2.3 

- 2.4 -
2.5 
2.6 
2.7 

2.8 

2.~ 

3. 
3.1 
3.2 
3.3 
3.4 
3.5 
3.6 
3.7 
3.8 
3.9 

4. 
4.1 
4.~ 

4.3 
4.4 
4.5 
4.6 
4.7 
4.8 

s. 
5.1 
5.2 

6. 

6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 

APPENDIX 1 

DATA SHEET FOR INCINERATOR AND ASSOCIATED PLANT 

Information Required 

Plant capacity (kg/hour) 
Primary chamber 
Is the primary cha.wber a rotary kiln ? 
If not, then describe 
Volume of Chamber 
Overall Height 
overall Width 
overall Length 
Refractory type(s) 
thickness 
Weight of Primary Chamber 
Empty 
Under Full Load 
Arrangement in Area of Supports 

Secondary Chamber 

Response 

Is it a single chamber or multiple secondary chambers ? 
Volume o:L chamber 
overall height 
overall width 
overall length 
Refractory type(s) 
Refractory thick .. ess 
Weight of secondary chamber(s) 
Arrar.gernent and area of supports 

Burners 
No of primary burners 
Burner Make/Mod~l 
Burner Rating 
Peak fuel consumption 
No of secondary or afterburners 
Burner make/model 
Burner rating 
Peak fuel consumption 

Fans 
Type 
Duty 

Loading/Charging System for Solids, Liquids and Sludges 
and 200 L barrels. 
Type 
Make/model 
Capacity of loading box 
No of charges per hour (assuming 2cOkg per container) 
overall length of loading box 
Size of any conveyers 
Height at which waste is ch~rged 



6.8 
6.9 
6.10 
6.11 
6.12 
6.13 

7. 
7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 

8. 
8.1 
8.2 
8.3 
8.4 
8.5 
8.6 
8.7 
8.9 
8.10 
8.11 
8.12 
8 .13 
8.14 
8.15 
8.16 
8.17 
8.18 
8.19 
8.20 
8.21 
8.22 

8.23 
8.24 

!I • 
9.1 

9.2 

9.3 
9.4 
9.5 
9.6 
9.7 

Means of loading waste into box from skips or bunker 
Weight 
Capacity of liquid/sludge [ced lances 
Location of lances 
Means of preventing spread of fire into ~oader 
Means of automatic waste weighing and logging, 

Ash Handling System. 
Type (wet or dry) 
Manufacturer 
Is a pit required ? 
If so, what size ? 
Does ash fall directly into skip, or is a conveyer used? 
Frequency of de-ashing 
Interlocks or safety devices incorporated 

Does operator need to enter primary chamber for 
cleaning? 

Waste Heat Boiler and Turbo-Generator {Optional) 
Type 
Manufacturer 
Rating Kg(steam)/tone (waste) 
Heating surface 
Length 0ver tube plates 
overall length 
Tube replacement clearance required 
Shell dia. 
Insulation thickness 
Size of steam outlet 
Ht to centre line of steam off take 
Total weight empty 
Total weight full 
Total weight at NWL 
Gas inlet temp 
Gas outlet temp at max rating 
ID fan capacity 
ID fan head 
ID fan motor rating 
Anticipated noise level 3m from fan 
Anticipated operating hours between tube cleaning 
operations 
Specification of Turbine 
Specification of Generator 

Ducting and Flue. 
Approximate weight of ducting, including refractory 
lining 
per m. length 
Total 
Ducting ID 
Ducting OD 
Grade of Steel 
Refractory tupe 
Proposed means of accommodating differe~tial settlement 
of up to 3 mm between 1nain plant i terns. 



10. 

9.8 Proposed means of isolating individual components for 
maintenance. 

9.9 Ditto for waste heat boiler and turbo generator 

10.1 
10.2 
10.3 

10.4 

10.5 

10.6 
10.7 
10.8 
J.0. 9 
10.10 
10.11 
10.12 
10.13 
10.14 
10.15 
10 .16 
10.17 
10.18 

10.19 

10.20 
10.21 
10.22 
10.23 

Gas Scrubbers 
Type 
Manufacturer 
Emission levels before scrubber 
100% Load 75% Load 50% Load 

HCI 
Total particelate matter 
so 
Un~urnt hydrocarbons 
Heavy Metals 
Removal efficiency for 
100% Load 75% Load 

HCI 
so2 
Particulate > lOum 
Part~culate 5 - lOurn 
Particulate 1 - 5urn 
Particulate < lurn 
Organic compounds 
Heavy metals 

Overall dimensions 
Length 
Width 
Height 
Gas Inlet temperature 

50% Load 

Outlet temperature before reheat 
(Wet Scrubbers only) 
Is it a venturi-type ? 
If so, what is pressure drop ? 
Tower packing material 
Packing Area 
Depth 
Pressure Drop across Packing 
Pump 
Make 
Rating/duty 
Rate of Usage of: Water 

Effluent 
Type 
Composition 
Volume 
(Dry Scrubbers Only) 
Type of filter 
Temperature rating 
Method of cleaning 

Na OH 
Other reagents 

25% Load 

25% Load 



11. 

12. 

13. 

14. 

10.24 
10.25 
10.26 
10.27 
10.28 
10.29 
10.30 

11.1 
11. 2 
11. 3 
11.4 
11.5 
11. 6 
11. 7 
11.8 
11.9 
11.10 
11.11 

12.1 

12.2 

12.3 

13.1 
13.2 
13.3 
13.4 

14.1 

14.2 

14.3 
14.4 
14.5 

14.6 
14.7 
14.8 
14.9 

Rate of usage of lime (or other reagent) 
Quantity of effluent generated 
Composition of effluent 
Minimun1 continuous temperature 
Details of Water Cooling Tower 
Details of Water Conditioner/Ion Exchanger 
Specification of ESP and Bag Filters 

Gas Reheater, also ESP 
Type 
Manufacturer 
Inlet temperature (from scrubber) 
outlet temperature 
Gas volume at o0 , 1 bar 
steam inlet temperature 
outlet temperature 
Mass f lowrate of Steam 
Heating surface 
Materials of Construction 
overall Dimensions 
Length 
Width 
Height 

Maintenance 

iso0 c minimum 

Anticipated downtimes for routine maintenance 
a) 2 days or less 
Incinerator 
Boiler (if fitted) 
Scrubber 

Frequency and duration of longer ,utages 
(eg. refractory reline) 
Overall availability 

Services Re~uired 
Oil Supply - flowrate and pressure 
Power Supply - 415 Volts 3 phase ? Amps 
water - flowrate and pressure 
Other 

Oil Safety & Operation 
Is there a need for burner fans to run continually to 
offer protec~ive cooling to the burner ? 
Which items of plant are duplicated in each incineration 
stream ? 
Is standby generator capacity required ? 
What is the procedure in the event of power failure ? 
Is a dump stack (bypassing the boiler and scrubber) 
incorporated ? 
If so, under what circumstances would it operate ? 
How fast would it come into operation ? 
How is it operated ? 
What controls are there on scrubbing liquor/chemicals 



15. 

16. 

17. 

15.1 

16.1 
16.2 

Waste storage and Handling 
Means of transfer of waste from storage area to waste 
handling system 

Contractual Details 
Delivery 
Timescale Installation 

Corrunissioning 
Standing Tests 
Operational Tests 

Price Indices for formula in Clause 6. 
X(materials) = 
Y(labour) = 
(nb. X + Y = 95) 



APPENDIX 2 

Sketch Drawing, location of sites and photographs 
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I: 

View, of Ratchaburi site from the guard post towards 
the landfills 1 & 2. 

View towards nearest housing from landfill 1. 
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The second proposed site, at Chonburi is to the left of the 
road, on the plain, in front of the hills. The convenient 
bush fire shows smoke dispersion pattern. 

The view, down the site, from the hills. 
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FORM OF AGREEMENT 

This Agreement made the day of 19 

BETWEEN 
(1) 

OF 

(2) 

OF 

(hereafter called the "Purchaser") of the one part; and 

(hereafter called "the Contractor"~ of the other part. 

WHEREAS the Purchaser wishes to have certain Works executed 
by the Contractor, viz Central Incineration and associated 
instrumentation controls and ancillary and has 
appointed .......... , the Engineer for the purposes thereof 
(hereinafter called the "Engineer") and has accepted a Tender by 
the Contractor for the design, manufacture, delivery to site, 
erection, testing and completion thereof and the remedying of 
defects therein in accordance with the General and special 
Conditions hereinafter referred to under the direction of the 
Engineer plus the operation of the plant for lyear the supply of 
a supervisor for a second year in the sum of USS •..... 
(hereinafter called "the Contract Price"). 

NOW THIS AGREEMENT WITNESSED as follows 

1. In this Agreement works and expressions shall have the 
same meanings as are respectively assigned to them in the 
General Conditions hereinafter referred to. 

2. T~1e following documents and their annexures which have 
been initialed by the parties and bound in herewith 
shall be deemed to form and be read and construed as part 
of the Agreement, viz : 

a) The General Conditions 

b) The Special Conditions (if any) 

c) The Specification and th~ drawings {if any) listed 
herein or an~exed hereto 

d) The Schedules (here set out, schedules of prices, 
Tests on completion, Performance Tests, Drawing~, 
Operating and Maintenance Manual, Timing of contract, 
Training of Staff). 

e) The Letter of Acceptance 

f) The said Tender 



3. In consideration of the payments to be made by the 
Purchaser to the contractor as hereinafter mentioned the 
Contractor agrees to design, manufacture, deliver ~o 
Site, erect, test and complete the Works and to remedy 
defects therein in ccnformity in all respects with the 
provisions of the Contract. 

4. The Purchaser shall pay the Contractor in consideration of 
the execution and completion of the Works and the 
rei.1edying of defects there.:..n the Contract Price or much 
other sum as may become payable under the provisions of 
the contract at the times and in the manner prescribed by 
the Contract. 

JN WITNESS wher of the parties hereto have caused this 
.P.greement to te er.tered into in the manner required by 
their respective constituti_ons and the law of Thailand. 

Subscribed for Depa~tment of Industria: Works, Bangkok, 
Thailand on its behalf by ==========-========== 

on the 

and ninety 

of the said 

(General Director, Department of Industrial Works, 
Ministry of Industry, Bangkok, Thailand) 

day of nineteen hundred 

and sealed with the seal 

and subscribed for it on its behalf by ========== 

Director and Secretary of the Con1pany all at 

on the day of nineteen hundred 

and ninety 

Witness ========= 
Address 



(General Director, Department of Industrial Works, 
Ministry of Industry, Bangkok, Thailand) 

Occupation 

Witness 

Address 

Director of 

======= 
Occupation 

Secretary of 
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FORM OF PERFORMANCE BOND 

BY THIS BOND we, 

PLC/Limited, 
whose principal place of business (registered office) is at 

(hereinafter called "the Contractor") and 

PLC/Limited whose principal place of business (registered office) 
is at 

(hereinafter called "the Sureties") are held and firmly bound 
into 

Department of Industrial Works, Ministry of Industry, Bangkok. 

(hereinafter called "the Purchaser") in the sum of US$ 
for the payment of which sum the contractor and the sureties 
bind themselves and their assigns jointly and severally by these 
present. 

sealed with our respective seals and dated this 

day of 19 

WHEREAS The Contractor by an Agreement made between the 
Purchaser of the one part and the Contractor of the other part 
has entered into a contract (hereinafter called "the Contract") 
to design, manufacture, deliver, erect and test certain Works and 
correct defects therein as mentioned in and in conformity with 
the previsions of the contract. 

NOW THE CONDITION OF THE ABOVE WRITTEN Bond is such that if 
the Contractor shall duly perform and observe all the terms, 
provisions, conditions and stipulations of the said Contract on 
the Contractor's part to be performed and observed according to 
the true purport, intent and meaning thereof, or if on default by 
the Contractor the surety shall on receipt of a claim in writing 
containing a copy of a statement by the Engineer supervising on 
behalf of the Purchaser confirming details of the defaults by the 
amount contractor satisfy and discharge the damages sustained by 
the Purchaser thereby up to the amount of the above written bond, 
then this obligation shall be null and void but otherwise 
agreement between the Purchaser and the Contractor or in the 
extent or nature of the works to be constructed, completed and 
maintained thereunder and no allowance of time by the Purchaser 
or the Engineer under the said contract nor any forbearance of 
forgiveness in or in respec~ of any matter of thing concerning 
the said Contract on the part of the Purchaser or the said 
Engineer shall in any way release the Surety from any liability 
under the above written bond. 



IN WITNESS WHEREOF we have subscribed these presents 

THE COMMON SEAL OF 

PLC/Limited was hereunto 
affixed in the presence of 

THE COMMON SEAL OF 

PLC/Limited was hereunto affixed in the presence of 
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JJBU~Uft~,~.,J (BILL OF LADING) M~aa~LUl~Uft~l~..Ja~Mi'Ulft,lN1Ua::atln~m f.,J 

' 
uaA..Ji,lftU~~MOJJl\flHl~ulMH M~aL~a~ll~M!l~UlflH,nUL~alMH~~uriifa~~aJJnU ' . 

~un~&~lft,lN1lla::aun~mlillflU~~MnQlnft1..Jtl~::lMffJJ,H..JU~::LMfflMHiftHL~a , ' 
lHHM~ul~a~O~Htil~UlftH,ffUl~illMH (11,Hftu.,J~..JJJBUM~n3,u i..Juafl..Ji,lft~U 

uUqrlftQ1n~~Un..J,UAZl:=fi~~JJn,~~'1La~JJnl~~·i1u~,;~MU~~Mn11a..JiflHi~a~ULftM~a , ' 
M~n31uf..JU~fl..Jillfl!~~::A,fi~~JJLUHJJWlff~ 10a..Jq1nn1~l~U~~Mn11a..JiftHL~ulMH , 
ftlJJnnMJJIHilAIHnl~~..JLa~JJMli!HUl~ilHl..J~ftBHl~Mtt..JuriifaK1H • 
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1Un7i~Jn,Hi"~~UBUMan,rauaH,~Mtt~aH,~1ftft~na,"l~USB~"l7~ftf1~ftu~iuri .. 
ila uft~=na~~uauLft,lN,ua:atJn7m~Mifariau Jfan~~fi~uLft,La,na=aun7al~ . ' . . ' 
riau"iftHH~l"l~~=t3uA,lft,tu,ua=aun~mlft ~1un1~~~~=13uA,1ft,lM,ua=aun~m 

• • 
Jfaq=n~=M~1i1naJn,HlftU~U'ftnnna~R~u~1uA~na11u~, . .. .. 

t~aifaM~aRm::n~~un,~ft~,~~uwaft iAft~,q~uLft,Lu,ua=~un~m~Rftl~1a~~ . ' - ' 
ua1ua=n,~riaa~,~a,R,~nnna~R~UO"lUft,U~CUIU'lllQI JfaM~Bftll::n~71Jll1~ft~,~ . .. 
~uwaftq=a~nMan~,un,~~uuaul~LuuMu~laL;aun,Hu~u,~ltuuMan11uu~=naun,~ • • 
na~utluA,tft11u,ua:aun~m A,ftft~~ua:A,riaa{,~a1ft,~ • 

O,NnDa~n,~fl~")q~utl~,nni, lft,lN,Un:atln7m~Jn,H~~UDUl~ft~~ft,U«zuqn • • 
M~a~f~,Uifll~A~U~,Uft,"~zuqnia 4 u 

• 
1un7i1~ui,din,Hna~'uu~tfl,LN,un: .. 

ia 1 M~anAmauU'ft1uonna~ft,"~zuqnia 2 . .. 
faM~~11i~~~~ij~=,u~u1A,Lu,~a=aun~m 

• 

fl,U~,Hn:l~HftM,~LMAUADB~lft,lN,Un:aun~m uuu«,H«ZUIV'11UNU"ln l in,uq:na~ . .. 
:Smtauu 1uuni.n·1-Monft'a~ila::1-M i ~1~"iftH i 'h~aftft"lHAT1f~111na~srn,u rn~fl""lu un: .. . .. 

{1) ~,un~1~uuuriva~,~a,R,~a~M~Uflfll~1ft1tu1ua:aun7m 
' 

,,", 30 ~Ufl,~ uunft~,n1ua~u1u~u~L111V1d 
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(2) ~,uriaa~,~a,R,~a~Mfu~lunffiin,~n~qffn,nafta,~n~~~ w~au..f~Lr.,Lu, 
• 

ua:aun~m~in,H"\ftqftfaua:n,Hw{au..f~qft~~H~ao,uilriaa~,~ft,u~zuqn1u . .. 
ia 1 n,H1un~~uft~:u:L,a, 49 «uft,i uunfi~1n~ua~u,u~u~IUIV'li 

- e ~ (3) ~,Uftftft~ua:Mffqaun,~n~~,una~Lft,LU,ua:aun~m(TEST Of COMPLETION) 
• 

ft,U«ZUEU'11uin 1 n,H1un~MUftt,a, 66 «uR,i uu6ft~,n;ua~u1~1u«zuqnU 

(4) ~,unftaauu"S=~nin,wn1~"~~,una~tft1tu,un:aun~m(PERFORHANCE 
• 

TESTS) ~fan1Hft,U~IUEV'11uia iua=ia 4 n,H1un~Muft~=H=L1a, __ 
78 ~Uft,M uuoR~1n~ua~u,u1u~iuqnU 

(5) 

(6) ~1uqftM,1«1n~u,U"S:~~~~uli, n1H1un~MUft~=H:L1a, 52 «UAIM uunft~ln 
iu~Juau~,u1uizuqniu 4.2 

~ .. .. . .. ii 3 
1~MU11MUn~DIUL u~~U1UL u ................ U1M ( .................. ) 

i~t~1nu~aua= 10 na~~•R1fan1Hft,u«iuiin~~=u1i1uia 1 (1) , 

tlu~~u1uK~n~,,~=~1u1~ n,HM~~~,n~~~1u1fl,,~M~nu~=nun1~~uL3u 

R1fa11u~1~MU1Lfluft1u~~u1uLluA1fa11u~1~Mu1,fu1~uriifa i11u~=Ka~aan 
• • 

1uta~~fuL3URlfa11u~1~MU1ftlUUUU~ffan~MUA1« ua=inlHftna~~~=n~=M~ftlU • • 
t1au"\1! ifu ~n'u1nunT"S't!~11tua=nT"S1'1ftu tluthfan11fib~Mu1,fu .r~fin1ud 
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ft,~'i=lUHUIB~M1~'illn1~ Un~~~ftB~~,H~U~ftH'it!~1n1luA,~,~ftlUnl'ift~1~~u 

~·U~U~lUIV"lia 13 MnRf~ ~UBft~,~BHn~ 10 ~uni,~~R~U~'"'IU1U~~.Hal~MUI • 

I: 
uu 

.. "" ~ • .. I: • ~ • .k • ,..~ ;:;r. ,:, • 14.2 UllH~~~Dl~Un1~MUIUU lMBLuUAl~D~,H~Unl~U~uft~IUftlU"IUIV'lUlM, • 
M1ni1,H~f~IHLlua1~MU, M~a~1U~ft~IUMtt~.a~1lua1~MUl~U~~M,~~u ifa • • 

14.3 1daifa1~Hn~a~ i11HKa~uaft~Miln1,un1~~•~1H1~ua1~~u1 1~a~a~u • • • 
11~fi1nu1tlft1UDa 14.2 n1H~Un .... MUft 15 ~U UU~1n~u~uu~~~,nifa MlnMl,H1~ 

• • 
n1~uaft.JMan~1uK~na11n1H~un'"'IMuft 

M~n~uMantl'i~nua1~Mu1~fi~u~ 

15 

14.5 1lu~~u1u~fl,nft1~~i11u~=na~~,u~~uriifa 1~a1'"l~~MijM~a1~a1ft1f • • 
R11~fuDftn1~'ft,~~ruqn ifa~~Mn1a,~1n1lu~~~~,Hi~uriin1uL~~Lfl~~,n~Mnlft1l • • 

14-. 6 iun'iiilfDnT~unn 1 ~niJiuqn inn 1lufi1fmnHal.JMu1~ 1M~a1nun-i1~'"lu1u 
1lu~i1,u~~1fifuM~.J~1nMnlft1liun~5~uu~1 in1u~~na~~1uAu1lu~~u1u~1M§a~u • • 
~~uriifan1u~u 7 iuuuoft~1n1u1fi~uu~~1i1uMu~~a~1nifa • • 
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~ioq:f,,:L~U~,L~,~~,UA:~un•~ ~,a~iv UA:~,rlo~~,v~,~,~Q,U 
~~~,quio 1 q~url~u,u L~o~iol~Q,,q~u~ouLQ,L~,uA:qun~d~a~iv uA:n,~ 
no~~,v0,~l~~vn~l4 Q,~~~~,fU 13 l~~~U~n~OvVi~U~4U LLA:~U,Ul~~,An,u« 

noA~l~q~A:O,~l~~U~OU ··~"~q~anou,uq~UnL~,~Ul~V~vltoLLA:~~~l~~4n•u, 
v 

u~:q,d~ud~LA~qiuu~• ~au~Liou1un1,,,~:L3u ~~v~ 

' ~·~~ l L6uq,U4UL3U ............. UI~( ................... ) 

!~L~1Xu~ouA: 5 ucv•1~1iou1um,~~~~,qu~o 1 Cl) ~~~q1n~io1~~,,q~uuuurlo 
A•,~o,~,,A,~~ue~ivLm1L~1uA:qun~d ~1qn~ovm1~~~~1qutio luA:~o 2 

. 
v,~~ 2 Lfiuq,u4UL~U .............. U,~( .................. ) 

!~L~1Xu~ouA: 35 uov,,~,iou,um1~~~~,qu'o 1 c1>~~vq1n~to1~m,,q~u~,uno 
A•,vo,~,,A,~~uq~ufiuan,,n,q~n,nqmA,~n••u w•o~"vLm1L~ILLA:qun•d~~u1uq~to 
LLA:u1u ~~o~~v~~~ou~~An,u~noQ~1vm,u~~~1qu~o 1 

' ~·~~ 3 Lfiuq,U4UL3u .............. U,~( ................... ) 

tvL~1nu~ouA: 35 uov,,~,iou,u~,~~~~,qu~o 1 Cl> ~~~q,n~io1~m••q~uv1u 
v 

v 

a~~vUA:~~QOUnl~~,~IUUOvLm~L~,LL~:qun•dm,u~~~,qutio 4 

. 
~-~~ 4 Ltiuq,U4UL3u .............. UI~( ................... ) 

f~L~1Xu•ouA: 25 uo~,,~,iou1um1~~~~1quio 1 :1> ~~vq1n~fo1~m,,q~u~,u v 

~~Qouu•:e~gn1wn1,~,v1uvovLmlLW,LLA:qun,~m1~~~~1qutio 4 
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-3 'lAil 5 l ilu~'"lU'lU L lu - - - - - - - - - - - - -U'll'I( . - ... - - .. - .. - - .... - . ) 

Ma.J~'lnufaiftn~,~~u~'lu1fiu1A~a~ u'"l~~~nH'llft'llN'lUn~aun~m ua~~aau~u .. ' ' 

... ~ -~'lA'rl 6 L uU~'"lU'lU L~U .............. U'l'rl( .................. ) 

Ma~~'lni~aiftft~'l~~U.J'lU~A~'l~ff'ln~uLiH'll,cuft'lU~~UUlft'llA,n'lnilft~'lMn~~" .. . ' 

BIH~UBft~'lfvHil~ 10 na~Uftn~~"lAL~U~'lft~U'li ~un1•~~ft~U~'"lU'lUL~U~~.l:la'l.J 

MUl'llJ 

15.3 ~un1~i'"l~~LlUftlUia 15.1 Un~ia 15.2 (fannn~QALUn~'lALlU~U 

ufia~~'lA~iuriiD'lHn'lti~U 60 ;uuu~'ln;u~'lft~U~UUQ~~u~'lnND'lH llftOIM'lnN 
" " " 

D'll:l'l~~~~uu~~MUDa~uftn~~'lAL~u~iuri(fan'lH'lu 30 ;uuuoA~'ln;u~Am::n~~un'l~ 

ft~,~~ui~A'lftaanMan31un,~~u~au.J'lu'lin'1Ual\Jl\rl~uia 13 n'1~1un~'11:11lu~u~'lfl 
' 

nil 1s 

... - - ... _ .. -~ ,, 
ND'lHHD"~UlJ~~nUA'l'l"i'"l~flun~~il.JM~DDftDil.JDa.Jn'l~ftflft.JLfl'lLU'lUn~utln~m 
" ' ' 

Un~ria~~'l~il'lA'l~ft'l"~cuafldluUL'lil'l 1 n UUUft;u~ifa'lfl~U"DULft'lUn~atJn~m .. ' 
i: .,, - ' .. e.. " "~~=uu n'ln'11:1'lu~~H=L"ln'lfl~na'l'ln'l~ftftfl.JM~a1ft'lLNIUn~~tJn~mi'"l;ft un~ia.J 

M~a1l.J'1U'l~'lft~~M"fl M~DUftU'l~~'lUUn~A'l'l"i'"l~ftun~iil.JDu.Jn'l~flA~~M~il Lft'lLAI 
' 

un~a11n~m1nAfu\fluD1~A11"MflDa.Jifa iD1u~=na.J~An,~ia"u1"un'lD1~aH1u~n•~ ' . " . 
1f'n1~'1ft'f;tr~ '"" \AHflil~ 1~"~fln·1~ita"u1"un'1Dn11:1'lu 7 "luuuufi1'u L'lrnihft'~uu~~ 
~1nifaM~ai~ifi~uuauM"'lu~1nifa\AH'lUAAR'l'lf~,1:11A , ~'lnifa~.J~u O'lNDIH'lu 

u .. " " • 

u"iffln1u .rf aiiib1ti~,~ UftRil/11uuan ~'"ln 'l~"Jlauu '?IJJun'lD \flHND IH~~fl'a.J aan f\11 f ~11:11 u u • , • 

n ,~~'1.JUu tiuifa 
" 
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i111J:f~:::"a.Jflua un 1111lla:::atJn"lma"'l'Mi"u~lunilftn1-sn"'l~ftn1nafla1Mn") rn~imhu 
.. • 1 , .. 

an1~~1l.J1uitliinu~:::~,,in1~aHtaunflanftt,a1ft.Jn~1,~u,~,.Au,.n ~flH~1.JinA,1u~ .. .. .. 
A,1"9"'1U1~ lnafiA,J:fR111~1HJlil.JUJ11H M1ni11Hi"Uniiii111un"'lMUfl ifan~11tiUi°Ufl1U .. . . 

n1,.t~J:fnA1U~u111u~1UZV1fi~1nu111ui"•"'l~~n1u1u 7 ;u uuuft;u~iKfuu~.J~1n • 
ifa ifan~'t'lfiMn~1ntluu,.:::nun1-stJliilftA1u~zuqn ... ~at~un~1nnu1A1""1iA"'lU-s:::nu"tA~u~ .. .. .. 

ua:::ufaiAfuuau.J1u~1ni111HM~a~1nii"uQ1.J~,.J~11f1M~1un,.i~~n1,.unntsnazvqn .. .. . 
111uia 24 'M1nntMfl•"'l,.ftun~in.JM~at~HMIHtnfllu~1n1u.J1ui n1u1un"'lMUfl 1 D • • 
UUUft;U~ifti"UUilU.J1Uft.Jna11 j.Jftl1U1"'l'fflUn~ia.JM~ilL~H'M1H~ULnfl~1nftl1UUn~~a.J • 
11a.Ju1111:1 ilu tnfl~1nn1,.1f"li1fliil1J.'.innAa.J M~a11"'li-lill t=f1fu-ra11 Mia~ .... 1imnAa.Jfl'UJ . , . . 
Ulfl'S ,l1Ull M.J'MAn;D 1 R1111f~:::fl'a.J=iU't'l"'ln1'SUtl"tJ11.i Luu~ L :;HUf illf"iflH"t"lTn 11 ~fl!ui'fa .. .. 
"tUflil.JililnL3U1fl J 1un1,.d~.J~U M1nM111HUfl~~,"t"n,.:::J1"'ln1~fl,Jn~11n1J:f1Un"'lMUfl .. 
30 ;uuuufi;uiht1i"uu ~.J L uu-..u.J~a~1ni:f a M~aiijl'l'"'lnT,.un111 i.-Hnn fl'a.J L ~1:1ui'a1:1n1J:f . .. 
i.ut1a1~ifan"'1Mufl 1iufan~,,i~~:::,,"'ln1~8uta.JM~aQ1.Juliu~M~"'l.J1u8u~flHun1uAa.J . .. .. .. 

01.J1Uriaaf1.JB1A1,.i1"'1Mi°U1fUfifilin1,.n"'l~fln1nafta1Mn,.1u un~iil.JL~lf'MIHiu 
• 

- .I ... .... ... - .... - - ... _ - ... 
'MQ.J~1n1:::b:::L1a1J1n"'lMUfl111.JflU ~Jl11flf,Jfli).J1UNfl!ilUfl1"'t'IUr\JrUfl"tl1UU"i:::"'an~'MU1J:f 

U ~.JLL a:::,.1ii1f Hfll1f 

1.Un "Sii~.J 1Uri ili1f 1.J il1A 11 i1"'1M'fU1f Uijilftn 1"i n "'l~fln 1n aria·nm 'ViU L n fl!"'l"ifl 
• • 

un~ia.JMiat~HM1Hfl1"',.,.Aaa.J ua:::A,1"1f"'l"Sflun~ia.JMiat~HM1HK.Jn~1,nuan1:::,,u 
' 

't'1"'11itfl1~111ua:::aun,.mi"'l-sflunMia.JM~aiAia.J1f.J1u"tll"tfl'~.JM"flM~auftu,.J~1u J111H 
' ' .. 

~=~a~~ftn1~ia~u~~un~~~~n~1uan1~1fn111tliiK.Jtfl~~ftHfla~unfil\u":::~uufttautrlu 
Lfllflnu~n"'l~Ufllifl1"'~,.AU~n Un~~~,.A~il,J 
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. 
L~u~Xu~n~~u~l~~,~~~~~u~n u~:•<i<i~~o~ 

n,<iL~un~,u~u~,~~~~,i l'l,n,u,uld~~~=n,H~u 7 ~u ~uucl~u~ll~u 
LL~~q1n~fo ~~u~~,~~u~ou~~1uq,n~io ~io~e'Mg~nq,n1~uu~:nuQ~~,l'l~EJL~un~1n 
su,~,,~~~u~:Xu1~~a« 

fo 17 l'IRnU,:nuL~u~•..Jl'la1 

qu~u~~A~~1i411ai~u~l'l~ntJ4i:nuLfiu •••....•••....••......•.... 

-·····-···-·-··-···········-··-··-····--··············-·······-·· 
Ltiuq~u•u~oa~= 10 10..J,,A1fo11a1g1LN,uw:~un,d A1a~~..Juw:A1nog~1..Jo1~1, 
g~l'l~uq!ufiuan1,n~q~n1n~gQ1l'ln<i<i11g111A~q1lu 1 ttiut3u ..•••....•.•... u,'M 

<--··············-> 1111.1oui~un'lf0Lio1tiun1,u,:nun1,uDuag11.1A~~1i 

l'IRntJ,::nu«~11 ·rnu~1111.1uu'l'Sg1in<o4if'll'ld..J ~foq:~u'l~ t do'l11a L Go~fo'l~ 
v 

~u1.1uuLQltN1u~=~tln,d n14iaf11~..J uw:n1,nog~1..Jo1f'114ig,11ro 13Cl>-<4> ,~ 

~61HQn~EJ..Jf'l~u~•uu~~ 

···········-············--································-······ 
LDuq·1u•u~DuA: 10 10..J,1A1fo11aLQltN1u~=~tJn<i~ ~·~~~..Juw:~1nog~1..Jo1f'l1, 
51~l'l~Ut\ tf t1fluan1<in~Q61f ,,n~Q'RTKn"i,1iQ'111Rffl¥1 "D 1 L fju L 3u • •••••••••••••• LTh 

c ...••.•.•......•. > 1111.1oui~un~io1~01fiun1,t1,=nun1,u~uaQ11.1Rq~1i 

1 I >J' I 1' 

l'IRnu,:Xu«~11au~1.111.1ou'l~g1~•.,.,A~a..J ~foq:~u'l.~L~o~fo'l~g,.q~u..J1u 

'M~'AEJUt'<i=~h ~fllWnl,'M~..J IUUEJ..J L c:n L Nluw=~tln<>flig11.1i51Vit•ff o 1 ~ ( 1 )- ( 4) u ~. 
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9T 

9 ~n~~UMbALVL~=~n ~L~n~n~i:bOj.p11L~11 ~iynLp~Lnpno~K~~K~~n~inLn~b 
" " 

ngi LT 01=~~ vT OJLruru~~L~n~=~n~~o~~~KUOO.~L~LnSULb~OkUR~10~Kn~=~n 

U!Kn~=~nn~L~K~LpALnOiL~n~1UA~1aK~UOi~ L~ru~u~iuon&K~~bOih~R~UMb 
I\ ""' " f 

~tnL~~L~o~K~~K~~Lruru~u~1uonaK~aoi~ v OJLruru~~L~nL~ 
" " 

n~~~i~inL~Ab~n~nK~~nb~Lvna~~~=~n·~~,L~n~~~~o~K z a~Lfuru~~L~~o~uOpi 
" ~Q~~~~ao~K l OJLfufu~~L~~~~~ip~unb=~nLN1L~,=~n~L~LO~Lk~O~nL~non~~O~K 

LL'u~wL~L1~nK~UnbRLUOi&v11~b~nK~~OjK~LURL~~Lnp~unh:~HLN1L~1non~p=~n 
" " 

~~~~~iOiKLML1~nK~UnL~b~~,L~,,~b~L~LO~L~~oy~LU~KU~LnL~~iojKL~L1~nK~U 
" 

nbALUn~~UKL~~bULU~~~U~LUWQ~nn~K~~~L~LO~Lk~O~~LU~Koa~MpiALn~L~ L~11 ~ 

oAnL~~L~L~~L~~oy~Lu~Ko~~M~nK~un~~o~K v OALfuru~~L~F~unb:d11L~,L~1~w~~ 

~LU:Mnn~~UKL~whuLu~~~U~LU~Q~RjbR~K~~~L~LO~~k~O~~LU~nK~Un.!>~0~1 " 
I 

t..iJiJ~U§ 1 UBn.!>UJ 17Z: BJ 

v o~L~ru~nL~non~~~Lunovb~~,L~11~b~Lun~1~~~bg~~ pARh=~nn~~n~1oi& 
" " " :MnA~n~=~nL01~ng1ALn·R~L ~T OJLfuru~nL~f~unb:M11LN1L~l~On~o~~un~~~AnLL~ 

n~=~n~LULML1:A=~~o~~ L~11~AWL~~L~K=~un~~inA~1=K~b~k~~A~n~=~nn~&K~an 

R~ki,~unh:MTILN1L~1:Mn~L~LO~OnL~M~n91Ru~Ln~n~=~n~LUU»b~~~o;ALn) 

R~~Ln~n~:.!>R.!>LU £Z: BJ 

Oi~ULb~~,n~,~~piA~hD~~ 91 oi 
"' I 1'1. A. 

LN~~~L~:M11 A~~n~»b~~nn~n l ULnN~~Unbk~~nK~U~~R~l:MAL~nL~ ~~ £ nLn~b 
I 

RK~LRLVO~K RUU~~LRLung1p~unh:M11L~1L~ljb~LUO~~~L~U01LK~~~O~RLn) 

p~unh:snt..N1L~1Jb~LUBG~ z:z: BJ 



LT 

n~:~nU~Kn~o~~n~Ln~t'L~n~1UR~1=~11Lfufu~U~1UOnaK~jb:bOi. WlRlO~Lfuru~~L~ 
... 

~~QnhLO~lRLn~L~n~10i~L~ n~Lfufu~u~iuonaK~AbWl~l~~Oi~~t'L~~:~nb 
" "" ,.,,. 

Lfu~~~L~~nK~un~~n~uL~~~n~ ~~Qnwi~~~~nL,nbnL~L~L~~on 10·0 =~ . 
~O~L~~~nbn~RL~ngioa~~11~bn~nL~~~~A~O~:bR~n· ~~ TZ OJLfu~~~L~ ~UL~b ... 
LK~~~i~o~~ 0z OALfuru~~L~~nK~unbRLUoi~~on~LnKL~1t~LL~~b~Lun~1~~ ... . 

O~K~~nO~LU~b~lcrRLB~O~K r~un~LRU~~~~nO~K ~0~~1nW1Wl~lRLR~~~~Vnb . . 

~~~~f~unb:~nL~1L~1nn=~~~L~L~ULbn~nL~~~=~n R~1nn 
... ... ... 

~L~LO~L~~oµ:~nf~unb:~nL~1L~1no~~~~lpl~~L~o~1~ t uLn~~L~n~~n~~~o~ub 

W~~lnLt'jb~11~~Kt'~RO~t'~O~K nl~bnL~~~KnL~nau:~nn~~~LBO~~nL~t'Ln~R~1RO~ 
... . 

II. ' ... ~~RLR~L~ ~~n~in~nou:~nRLB~i~~u~~f~Unu=~,,L~1L~,~~Unbn~nL~~~~LU ... . 

nL~n~~~O~ubnbOi~~111bRO~t'~:~11~~~~L~!:.L~LOt'L.~ov:~11 f~Vnb:~11L~1L~1~n~l 
... ... 

RLB~~n~t'UnbLrufu~~L~~nK~Un!:.~n~ULhl!l~n~pnn~ ~gKopu~nLt'~~nL~~~L~t'OWOi~ 
• • ft 

0~1nbnL~~~nL~!:.LUnbRL~AbL~=~~~~o~=b=~n no~n~wi~i~~~~L~LO~L~~OVL~L~ . . 
~OB 10"0 =~RO·L~L!:.:~n r~unb:~nL~1L~1L~L~~OB 0Z"0 :~RO·L~~~nbn~RL~ 

n91oi~~bnknL~=~~A~o~:bRLnh ~z OJLruAl~u~1uonaK~jb~lt'~oi~=~11 nL~n~~ 
... ft 

~l~\nL~~bp~~nK~UnbRLuno~t'p=~nb~~,L~n~~l!l;o~K ~owubpi~Q~~~~~o~K LAlAl~ 
ft 

nL~~~~~l~L~LO~L.~ov=~,, f~unb=~,,L~1L~1nOrtt'pO~K ~nK~UnbRLlfl!lltKt'"O~K 
~ 

~LURL~~Ln~L~LO~Lk~O~=~n p~unb:~nL~1L~1nO~~,=~n~~l9~~lRLB~~~~Unb 
. ... . 

n~nt.~ ~z BJ 

RLWJJLAlJ1~nbwlt~m· .~u~L~L~ULbnJlrt~, ~L~L!:.Jlbl!IA t'o~ 
"' I A I I 

=~RLR~ Lrub~u~iuonn~~nn~ no~i 9 ~nK~UnbRLUb3~1L~n~bo~n~~~~UY-L~~bu~u 
~ 

~~~U~Lu;~ijn~~n~~~~!:.L~LO~L~~ovnL~~K~bng~~~ht'L~~~~~K W~U~TIL~TI t'~l9Ln . 
jftLn~b:LM~10~K nLn~b~91ng~~~hULbtOQr~Oi~~Oi~ Lbb~ll~1UOnn~pnn~ no~i 
• I t .t'l A 



BT 

n~~nP~~~n~o~nL~KOi~O~K 
~ n 

~~n~anL~U~K~Pi o~~RL~~on~O~Mun~LL~O~K ~~~LL~UL~~u1~K1~LU~nn~1 n~~~ 
f ~ r. ~ 

~ ~bnina~,~~iR~i n~nL~~~O~K ~~ono~K Lfufu~~L~~LU4KL~L1RLRnon::b~~LUMb 

PORUR~1~K~=~~~iRLB~L.~O~~b ~pK~~~Lnb~LL~~L~ning1»bW~gnr-iRLB~L~ 

~~~~n~nn~K1~n~~nn~ n~ ~t nbRLUnL~KOi~~b 
" ~ 

O~P~Kn~1nL~U~K~O~MLL~U~~P~LU~UMO~KbK1P~11PO~=~R~h ~in~nL~~~O~K ~~on 

O~K L~b~~L~~LU4KL~L1RLRnon~K~~R~n~ ~i~Lfufu~~~nL~L1~MK4U::~nnino~1~L~ 
~ ' 

~Lungi~~O~K::~n ~L~LO~L~~ov=~n ~·~LOf~unh::~nL~1L~1nO~~~U~L~L~piRLn& 
1_ ~ ~ 

»b~K1ng1 RL~KCTU~Ll!lno~~~n~~a~~lRLB~~i ~uKn~~b"~?~LU~U~UL~O~K Oi~RLfO 
' ' " 

~on~OpKUn~LL~O~K ~~~LL~UL~L~~opin~ ~ ~bbK10~K R~~~bbK1~~~~Unb 

noR~~LeL1RLkABR!:.LU LZ oi 

Oi.ULb~}nn~~i»n~pnn~ 
" ' A A A 

n~ 0£ ~nK~UnbRLV ~g1n~R~bOi~VTI~bRLKR;1L~Ab~~~O~RLn~ L~TIOi~VTIRLKR~1 
" " " 

~LL~~~1~bbK1ng1nb ~Ll!ly ~ ~bbKlRL~~bOJ~pKa~Lruru~~L~W~gnr-i·~Ln~L~ 

RLKR;1L~ib~~~~n~!:.LU 9Z BJ 

~i ~·~Alm~~ Ll!l~~(Jn!:. Lun~:: !:.fl 

U~KULbn~~~O~K RL~~L~~~L~LO~L~~OVL~::~n ~~~~L~f!:.Un~::~nL~1Ll!l10~L~nti 
' ... " 

nLn~bULbLa1u~::b»~~~uai~ DLbm~~Ll!lALn~uLbnj~~,~iALKA~1L~o~Kn~nL~ 
I l'I. l'I. l'I. I 

AL~ug~iLAlfu~U§1Uonn~~~ 
ll. t, A . 

MbALn~n~n::b~~~~~Oi~L~nna~~~~nK~Un~~0~1RLn~~~nin~nL~::~~~~b~O~UA~10i 
' " ' 

~~,,~~Oi~L~::~n ~iy~o~~~!:.L bZ OJLfub~nb~~~nK~U»~L~~j~~l»L~L~ib~~~b 
" . " . . 

~n~uA~1n~ 81 OA~~n ~t GiLb~~~L~n~::~n~~o;~~KuGo~~L~LnsuLb~n~uR~io~K 



. 
n,~Ul:l,l:IL4~,~~n,~~,11~~~, ~~OUO.J~ M~o~~A,U~UQ,1J4~~~~a.J o~~uqiilu-

.... 
QUquo.J~to~q:~q,~~, 

v 

~ 

Jn 20 n,~~uun~~~a~g 

' .... . ~~~~,Qn~vXu~, n~~~e~~quLQ"tL~,u~:qun~~Q,ll~lV~,q=~oululv~fo L~o~ 
... io,~~U1101.J L Gn L w·m~=Gun~afG\v mh4Gn1JREIJE\ntf O 13 LL'11 

~~~,a~~iuRo.J~UU ~tfo~4,11~n~o.J~~.Jnu ~R~~,,~UIULLiil:L~l~qtfo~4111~~1:1 
iil:L~~~Q~O(;ILL~'l ~.Jl~iil.Jiilll:l~ofow~Oll~.JU~:MUQ~I (~,~) l~LUUR~~qcloMU1w1:11u 
IL ~=~i:S~IV,~, .J a(;l~Ol ~Wll:liil:~uu 

(iil.Jto> •••••••.•••••••••.•••••.•••• ~io 
( .......................... ) 

' 
(iil.J!°O) •••••••••••.••••••••••.••••. ~U,1:1 

( .......................... ) 

. 
(~.J!O) •••••••••••••.•••••••••••••• 'Wl:llU 

( .......................... ) 

. 
(ii.Jfo) ••.•••••••••••••.•••.••••.•• 'Wl:llU 

( .......................... ) 

19 




