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ABSTRACT

Stucly of hazeridows waste treatment and man-
agement for the oil and gus industries has been
conducted by Lemigas Team to observe the ex-
isting guidelines and the implementation of the
guidelines in hazardous waste management, The
stidy also includes a selection of the govern-
ment regulation that should be considered in
the huzardous waste treatment and management
for the oil and guy industries,

Results of the study indicate thar the oil in-
dustry doex mot comdict treatment processes for
all hazardous wastes thar are generaied. Some
of them, expecially thoxe of nen-specific haz-
ardoits wedstes are stored in o lemparary xior-
age factlity and munaged eff site for reatment
or disposal to d commercial hazardous wasie
facilitv. The off-site waste management requires
the wse of a document termed a manifest for
tracking its transport on a “cradle-to-grave”
basis. The moxt prominent problem faced by the
oil production industries, however, is the vast
generation of wastes from production operalion
activitien such ax drilling mud, oil contami-
nated soil, and pil tank sludge and pir dudge,
All of thexe wavtes need to be handled prop-
eriv.

Thix paper presents the results of the study
describing the existing guidelines wsed by the
ol and gas industry and ity implementation as
well as reviewing the government regulation
related to hazardous waste managenment and the
technologies that can be applicd in mitigating
the hazardous wastes generated by the oil and
pias induxrries.

L INTRODUCTION

Land disposal of untreated hazardous waste fell into
distuvor following the promulgation of the Government
Regulation (Peraturan Pemerimtah) PP 1971994
i Anomymouos, 19940 This regulation envisaged an ad-
ministrative sysiem o rpck and o regolate hazardous
wastes from the time of thetr generation 1o the time of
disposal. Increased atiention has therelore been paid by
both industry and government to altemative hazardous
waste treatment lechnologies o immobilize andfor de-
stroy the wasies, either in situ for previously disposed
wastés or ol the waste generation site. This increased
attention has led 1o the passage of Ministerial Decree
No. O1/BAPEDAL/OW 998 through No. 05/
BAPEDALA 1995 (Anonymous, 1995) which are in-
tended o encourage the development and adoption of
hazardous wiaste treatment and destruction process that
would eventually eliminate the need for land disposal of
hiznrdous waste, except for the disposal of residwes from
treatment operations. Encourngement (o the industries
for managing the hazardous wastes by themselves has
led 10 the revision of the Government Regulation PP 1%
1994, which has now been replaced by the Government
Regulation of PP 1871999 jo PP B5/1999 {Anonymous,
19990 and Anonymous, 1999b)

Many exciting new technologies using physical, ther-
rmal. chemical, biologics) and combination of these means
have been developed or are being developed for the
treatment of hazardous wasies. Inlerest in these new
technologies hus produced a lot of Inerstre and expen-
ences in the haozardous waste treastment field relating o
trestment methods, storage and disposal of wastes. The
pocumulated hody of knowledge concerming waste treat-
ment technology is rapidly growing. No systematic ef-
fort focusing on the application and relevance of these
technologies 1o a specific industry, however, has vet been
attempted. Though the market is fully filled with hun-
dreds of new innovative treatment processes, industries
have difficulties of approsch 1o tackling hazardous
wastes because little organized information is available
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ter addegquately mssess the feasthility of using these tech-
nologies,

The current study is intended 10 gather more mfor-
rmation ahout existing technologies for wiste treatment,
especially as they have been applied or can be musde o
apply o wastes that dre especiilly problemate in the ol
and ges production industry. In addition 1o the available
processes thut can be applied for reatment of the hae-
ardous wiste, the waste management itsell’ should be
developed. These would comprise he developmient of
the manual guideline or standard operating procedure
(SOF) that includes severnl aspects, such as collection,
transportation. and storge. The siwdy will focas on the
possible solution on mutigating oil prodection wastes,
which have been designited a8 hazardous under dode
number of D220 by PP 18719949

1. HAZARDOUS WASTE REGULATION IN
INDONESIA

A, Hazardous waste definitton and elassification

The term hieardous waste by iself is ambiguous, A
feature of anv regulatory program is o provide a legal
defmrtion i determine wis is and what = not 3 harandous
wiste, The hoeardous woste regulation in Indonesis was
first promulganed in 19594 through PP Mo, 1WI1994, The
definition of hazardous waste in PP 191994 was revised
and redefined in PP IR/ 1999, The hazrdous waste in
PE. 181999 { Anonymous, 1990 s defined a5 “wisie
confaining foxie andfor hazeedons substances, which
becanse of ity properties andfor concentration and
or guantity may divectly or indirecily polfute andéor
deferiorate the environment, andfor pose porentiol
heezeerd fo Bhe erivirosimend, o ealth, sistoinable
feemnan life oF ather Hife being”

Thas delimition of hasardous wasie uses brogd term
o denole industrial by-products and waste materials
discarded from homes, commercial establishment, and
mstitutions that pose an unreasonable risk o human
health and safety, property, and the environment.
Hizardous waste can include solids, shodges, hguids, and
contuineriged guses, [0 imporiant toonote that haeardous
wasle eacludes thit which 5 discharged directly o
the air or water; thése wastes are reguluted under air

and winer [aws;
[t can be seen that the [orm of @ waste 1% not
important when defining whether or sof i is hazardous,

The busis for determining that 4 waste 15 hazardous
typcally is either of the following three ways, First. it
may be on a hst of specific wastes compiled by the
govermmient because it s known o suspecied of hoving

the potential to exhibit igeardous charactensics. Second,
labormiory wests may indicane that it exhibits one or more
of the charactensiics deemed o make a wasie
harrdous, Third, wwicological testing 1= supposed W
determine acute and chronic properties of the waste,

Hazardious waste characierization

Any of the following characteristics will make a
waste harardous, Le. bemng explosive, ignitble, reactive,
ki, infectious, cormosive, or mmdivactive. lgnitable
wastes ure liguids with a Nashpoint below 60°C, or solids
capable of cansing fire under standard temperature and
pressure (25 9C, 760 mmHg). lgnitable wastes also
include wastes thiat are ignitable in a high pressine and
thirse of having oxidation properties, Corosive wistes
are aqueous wastes with a pH below 2 or above 12.5,
or which corrode stisel ot o mite in excéss of 6,35 mm
pett veur, Reactive wastes are normally unstable, react
viedenely with air or water, or form potenbially explosive
mixtures with water. The category of reactive wasie
alse meludes wastes that emit loxie Tumes when mixed -
with water and miterials capable detonation.

Among. the four characierisiics = reactivity,
cormosivity, ignitability, and toxicity - of the hazardous
waste, the potentinl for toxicity, particularly to humans,
has caused the greatest public concern and his prompled
the massive regulatory imitintives in hazardogs wasie
mansgement. The ohjective of this parameter 5 1o
determing whether foxic constitients in o solid waisie
sample will leach into ground water. 11 this is the case,
then the wiste will be declared hurardous. There are
severnl methods of leaching test applicable for this
purpose. PP 1E999 mandates use of TCLP (Toxcity
Characteristic Leaching Procedure) teésting for
determination of lepchable organics and inorganics in
the wastes, When the leachate solution of the washe
contains any of the constituent and {5 concentration
equals or exdcesds the concentration limit as stated in
the Amachment 11 of the regulation, then the wasie i
harmdous. If the concentration of the pollutant in the
leachate solution is less than the concentration limit,
however, the waste should undergo toxicological 1esting.

Toxicological testing of the waste is conducied
through Lethal Dose Fifty (LD-50) determination. 1.D-
50 is the dose, usually expressed as mg per kg body
welzh, ot which only 30%5% of orgamsms remaned alive,
Although LD-500 b5 i megsure for evaluabing the toxicity
characienistic of the wastes and it has been mandated
in PP 1B, it implementation is impractical and sl
controversial. Figure | represents o simplified dingram
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Figure 1
A simplified hazasrdous wasle characterization
disgram according o PP 181999

o charactenzation whether a waste 15 harardows or pon
hirardons .

B. Mozordous waste management

Hazandops wiste monggemenl 15 1 senes of activibes
that includes reduction, collection, transportation,
recycling, treatment, and storage of the hazardous
wistes. Horardous waste mamnagement is intended 1o
prevent and comral pollution and/or environmenial
damage due to hazardous wastes, and to remedial action
for the deterlorated environmenl. Two principle
prohibitions are regulated in PP 18/1999, First, any
generator of hazordous wastes is prohibited to discharge
the haeandous waste directly 1o the envirosnment without
prior treatment of the waste. Second, under no
circumstances any series of huzardous waste
miinagement cun dilute the hasardous wasie o order (o
reduce gither the concentrution of toxic substances or
the dangerous properties of the wastes.

Adter o waste is generated, the generaior can either
mangge the wasie on site or transport it oll site lor
treatment, disposal. or recyeling, typically to a
commercial hizardous waste focility. Hazardous wasie
managed on the sie where it 1s gencraied s tiermed on-
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site woste, Waste managed at a site other than where 1t
is generated s termed off-site waste, and requires the
use of document fermed & manifest for racking s
trunspont on a “cradle-to-grave™ basis.

Generators of harardous waste may store
temporanly hazardous waste for up 1o W days before
transferring it to other activities of collection. reused,
recovery, recycle, treatment. or dumping. When
generation of hurardous wastes s less than S0 Kilogram
per day, generator may store the hazardous wastes for
miore thian M0 days with a permit. The regulation issued
under PP 1B/1999 also requires that o generator of
harardous wasie prepare o manifest system for trecking
ihi wiste and submit @ semestral acthvily SUmirkrsy
Likewise generatiors, any collector, trnsponers, as well
s any commercial unit that carries out reose, recvole.
recovery, treatment. and storage of hitardous waste
hus o prepare o manifest system und subimit a semestral
report 1o the government, Regulution concemning wath
ihe hazardous reduction, contmners and labellimg,
temporarily storage, dumping. 45 well as recovery, rense
and recyele of hazardous wastes are issued under
Ministerinl Decree No, (H/BAPEDALRY 9495

Il HAZARDOUS WASTE GENERATED BY
1L AND GAS INDUSTRIES

Ol andl gas production industries generally generate
muny different kind of wastes, These include both
hozardous and non-hazardous wastes from Production,
Drilling and Workover, Gas Plants, Laboratory and
Medical, Indusirial, and Community. In order 1o manige
properiy the hazardous wastes the oil industry
establishes a manual gumdeline called “Wasie
Munagement Guideling™{ Anonymous, |998). The
guideline is intended 1o serve as a guidebook for all
unit and corporate emplovees as well as all of business
partner in the safe and luwlul handling and disposal of
these Waslis,

The objective of the guideline is 10 encourage
emplovees and business partner (o reduce the amount
of waste generated and o decrease the toxioty of
hazardous waste as the resulis of the operation. The
guideline recommends not 10 waste any matenal being
used, (o use as much as possible non-hazardoos material
in order not to prodoce any hazardous wiste, to aviid
spill of hazardous material that wall result in o hazardous
waste. and to apply Pollution Prevention concept that
includes source reduction, reusefrecyclingfrecovery, and
responsible disposal concepls
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Table 1
Engineering classification system for hazardous waste
Magor category Characieristics Examples
Inorganic aguenus washes Liguing waisle cormpased prrmanty of walssr - Spant sullisic acid
but contairng acidsakalis andior - Spent caustic bath
tonconiraled solutions of inomgana coinia
haramious substinces (8., ey motals, | - YWashings o reactors and formulation isnks
CyaEnide
= Rinse waater from pesticids oonlanens
Bl
a’uﬂi'll!ﬂcpmnﬁm Ligund wasie composed primanly ol walar = Wastings of reecions and formulation anks
bt containing admoduras or diie
concenirations of omenic hatimous « [Finsn walor from pesticide coniainers
subslances (8.0, pestoe)
Chganie quids Linuict waste commenireg admodismes or - Speni halogenated solvent
concanirated solutons ol orpanic hamrdous |
= Cistilation residues
Qils Liguid veesineg comprissd primarily of - Ussd |ubncaling ols
pairlaumederived oils - Usad eutting olls
Ingrgame sludgas'solids Sudges, dust, golids and other non-liguid | - Wastewsber frastmen| studge
vl Containing inomanic hezerous = Fly ash, bofiom ash
|Organic siudgesmods Tars. sludges, sohds and oihes ronigid | - Sludges from OV fanks
WS GOTsaireng orpmnic hazardous - Slop ol amudsion soids
SLnERAnNCES ;
- 50 contaminaied with apiled sobvent

The waste management guideline also covers gen-
eral waste classification, woste manogement and dis
posal requirement, and waste manifesting, Beside the
peneral comsideration of harardows waste classification,
treatment and disposal, the guideline classifies and de-
fines the specific wastes generuted according to the
sources, These are Production Wasie, Drilling and
Workover Waste, Gos Plants Waste, Laboratory and
Medical Waste, and Commumnity Waste,

Production Wasie is a waste produced by Produc-
thon Operation of Ol and Gas activities. While there ane
specific production wastes such os pit and 1ank boom,
the prisluction operation activities also produce related
wastes such as acid. baitery, and rags. Drilling and
Workover Waste is o waste produced by Drilling and
Workover activities with specific wastes such as drilling
miud, excess cement duning cementing, radioactive tracer,
bailing sand, and workover fuids. Gas Plant Waste {5 a
waste produced by Cias Plant Operation such as glvenl
ancd pigging wiste. Laboratory and Medical Wasie 15 o
wiste produced by [nborstory sctivities such as Acids,

Caustics, solvents, Mercury. solid and medicsl wasie,
and Community Waste is 4 waste produced by Commu-
mities activities such os Clean Soil, garbage and food
wiiste, office trsh and paper. paint. pesticides and her-
bicides, thinner, water filter media, water reatment
chemicals, ete. Notall of the wastes classified accord-
g T the source are harardous, Some of them are non-
hiarardous, such as cement, glvenl, office trash and pa-
[ ele.

For engmeenng purposes, it is simply grouped the
wastes having simiilar physical and chemical character-
istics and general reatment requirements, Table | shows
the busic classes of an expundable svslem used in sev-
eral stutewide studies o define the need for new haz-
ardous witste treatment and disposal facilties (LaGrega,
en al., PR,

Upon examining and surveying 1o the oil industry
(Mulvona, et al., 2000¢) it 15 observed that not all of the
haizsrdous wastes gencrated by the oil industry are man-
aged and treated on site. Some of them are managed
of f site for treatment or disposal to a commercial haz

o4
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Table 2
Summary of technologies for ireatment of hazardous waste commonly used in

Thaterrial Defydinbesn gnd Fiksahon

Trestment Method “Proceas Description
Tharmal Treaiment
{Lauk mjection Pemneabon Liguid w as%es are miroduced into the prmary chamber and buenl using vories buresr

Allmr pcreen (ilEmhon, kquids and ks molscular woight hydnocarons. are removesd by
IPsiei el che tlllicry

Chemical Trsalmen!
Cramical Oxdaton and mduction

Soyor Iranbrrend

Dt Hioriralion

Stabdzalion and Soicl cation

Practom i b he oniclalion sialss of 8 eas) one rgattan B rassd w Mie mal of
anoiner 5 ow ered. A changird N oxidalion sinks is e resul of &N seciron raEnsler from
the niireg compouni 1o the reduced compound

A e chestvigddr Bty 1R ObE HERSGN, BOMNSNE SUCh ms oty offry| ksolone, supprormcsl
pthana oic. | added 1o recmove melale s i T rom e « BEas

[hicnrss gioeme Yesants n organc compounds e PCRBs are Rirgped Sw ey Oy U] meako
Bodum feagert (napntnolong Dased compourid)

Thie solubiity or mobiiy of the constiums = Fmied by aidng subslarces 10w askes. w hich
prodiuce a high-sirengih monoiihes bloc. Seftng ard curing agems atded 1o canirol the rabe
and anterd ol sokdilcahon

Lirrafigralion ehd Pevaras
Cmrmosia

Dishilnion mnd Bvaporaton

Physical Trastmant

Cisniril Lgnion Conirifugal forces are used miong will litérs 10 sepanates kguds fom sokss and 1o sopanie
bpurds ol dfferoand SonsBes

Dementing Parfichs are aliow e b0 salfie 1 motoness ek Tha cheil ed kug s gecanied from aboce
i sotfesd =olds

BT HDon Prassures difeerces or gravily torce me bgued ioudgh screen of Ciath Diens 10 remoye
|ine soiids trom iquids. Chemcs condionng or healing Tier mbdaren 8 done jo oreven
Clogpng

T bt ruireg) The pivpaal areronmant of he w ashe (#g - emperaiung) is sbered 6 oecraiss sohibbty

i precipiant & coagidamd ueng cosguiants il mium o eic

Uinded @ lnrge hydrosisic rassure, e solvent passes thmough the merbians e s
fAckilE ramEes N e rere concenraled soltion. Reverss osmons resuts A sl
sadutors

Boilng ol o mature of guesd (0 edirsct B apor of tha low ar boiling componanis

-

Biologhcal Trestmani
Activaled Sudgs

Apraheg Logoons

Aol Composing

Washn sirmam & fod cormmnuously o an ainksd 180K w RErs MET00d gaNETs Msishoig o ha
prgancs. Tha resuting microbial fioc (acivaied shaige) setties from the aarmbad kguar unosr
QLSS SR COndRon ma fingl clart e

O ygen regrared For photony mhslic ox dafon ol oigane W aabes 8nd oegiaaslion of wasies
tey bactana B supplad through serston unds

Composiing & the asrobic dgeston of onganc mledls an leno oF # & Sructu e {sio or
pasiary; uses onypen deperdent orgamnsms & Rich can bieak dow 0 OFGENE COMAMINANE

1in Carhon doxide. waler and iow v mokec uial w eght yndroc prhons

ardous waste facility. These wastes include crushed
drums and contuiners, steam generator ash, insulation or
refructory brick, mercury, pesticices and herbicides, m-
dio active tracer, solvent or thinner, water and well treat-
mient chemicals, ashestos, used battery, and used chermi-
ciils.

In order to manage the hazardous wastes off-sie,
the il industry establishes a management guideline and
bl i temiporarily storee Gaciliny, This temporanly stor-
age facility is intended 1o receive wastes from all umt of
operation and store the harardous wastes: lemporanly

ol 1o exceed 90 days, The hazardous wiastes are then
transporied to o commercial hneardous focility, and are
accompanied with documents termed o manifest for
tracking its trunsport on a “cradle-1o-grave™ hasis.

IV. HAZARDOUS WASTE
TECHNOLOGY

Wiste trestment methods that can be used for tnear-
ing hazardous wastes are commonly broken down inio
four mugjor categones: (1) phvsical, () thenmil, (i0) chemi-
cal, andl (iv) biological. Physical trestment imvolves the

TREATMENT
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separation of solids from liguids. Thermal treatment de-
pends essentially on the generation of heat. Chemical
treanments exploit differences in chemical properties and
generally involve one or more of chemical reactions such
as peutratlization. precipaation, hydrolysis, phitolysis, snd
reduction-oxidation. In hiolagical treatmient, the contiumi-
nants are absorbed and wsually decomposed by micro

arganisms (Burton and Ravishankar, |089)

A wide range of technologies is mvailable in esch of
these waste treatment categonies. A sumimary of some
of the treatment technologies commonly used for treat-
ing hazardous wastes generated by petroleum industries
is presented in Table 2
A. Ohily studge treatment through thermal process

Oily studge treatment through thermal process be-
comes very popular since i1 reduces significantly the
amount of waste, The wastes are transformed through
thermal process w produce less woxic substances and
more importantly 10 valuable materials such as “syngas™
Twa typical thermal processes are often used in hozard-
Ous wiste treatments, These are incineration and gasifi-
cation. s worth o note thei pasification differs con-
siderably from incineration that has béen wsed for de
stroying hasardous pollutants. Both gasification and in-
cineration are capable of converting hydrocarbin-based
hazardous matenals o simple, non-hazardous byproducts.
However, the conversion mechanisms and the nature of
the byproxducts differ considerably, and these factors
should justify the separate treatment of these two tech-
nodagies n the context of environmental protection and
econorics. Modemn, high temperature slagging gasifi-
cation technologies offer an alternative process for the
recovery and recycling of low-value materials by pro-
ducing a more valuable commaodity, syngas. The mul-
tiple uses of syngas (power production, chemicals, metha
nol. ete. ) und the availability of gas chean  up technolo-
gies common 1o the petroleum industry make pasifics-
tion of secondary oil-bearing materials o valuable pro-
cess in the extraction of products from petroleam.

Gasification s a technology that has been widely
used in commercial applicatons for more than 50 vears
i the production of fuels and chemicals. Current trends
in the chemical manufacturing and petroleum industries
ncicate that use of gasification facilities to praduce syn-
thesis gas (“syngas™ ) will continue to merease. Allrac-
tive features of the rechnology include: 1) the ability 1o
produce a consistent. high-quality svagas product that
cun be used for energy production or as a building block
far ather chemical manufacturing processes: and (2) the
ability to sccommuodate & wide variety of gaseous, lig-

wid, and solid feedstocks. Conventional fuels such as
coal and oil, is well as low- or negative-value materials
and wastes such as petroleum coke, heavy refinery re-
sidunls, secondary oil-bearing refinery materials, munic-
pal sewage sludge, hydrocarbon contaminated soils, and
chiorinated hydrmocarbon byproducts have all been used
successfully m gasification operations (Ref, Texaco)

Winite gasification is an innovative extension of con-
ventonal fieels gasilicalion I:chnnlng_:,,' thal rescis cor-
honaceous materials with a limited smount of DY Een
ipartial oxidation) at high emperstures, Hazardous
wiaste gasilfication offers an environmentally attractive
alternative to other thermal and stabilization rechnolo-
gies, The gasification process destroys any hvdrocar-
bons in the feed and effectively recyveles the waste by
transforming it into clean gas for use as fuel for power
generation or an mermediate product for the manule-
ture of transportation fuels, fertilizers, or chemicals. The
residual mineral matter solidifies into small pieces of
glassy slug. Exiensive testing on the gasification wastes
has shown that the agqueous effluent streams are free of
priority pollutants and acceptable for discharge after
pretreatment by conventional wastewater technology,
Nome of the effluent strenms contained measurable con-
centrations of dioxins or furans. Given its ability 1o deal
with a variety of leedstocks, destroy arganic compounds,
produce a useful synthesis gas, and solidify inorganic
compounds into potentially inert glassy slag. waste gas-
ification offers an effective treatment altermative for
hatzardons wastes.

Incincrators typically operate at atmospheric pres-
sute and temperatures at which the mineral maotter or
ash in the wasie is not completely fused (s slag) during
the incineration processes. Ash solids will either exit the
Botiom end of the combustion chambers as battom ash
or as particulate mater entrained in the combustion flue
gas stream. Combustion gises from hazardous waste
incineration systems are typically processed in o series
of tresitment operations o remove entrained particulate
ntter, heavy metals, and acld gases such as HO and
other inorganic acid halides. Systemis that process low
ash or low halogen content liguid wastes may not re-
quire any downstream process controls. However, one
of the more common gas cleanup configurations used o
waste incineration facilities is o gos quench (gas cool-
mgh, followed by a ventun scrubber {particulate removal)
and 4 packed tower absorber (acid gas removal), Wt
electrostatic precipitators and onizing wet scrubbers are
used al some facilities for combined particulate and acid
gas removal. Fabrc filker systems are also used for par

56
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ticulste removal in some applications. Demisters are ofien
used to treast the combastion gases before they ane dis-
charged 1o the atmosphere (0 reduce the visible vapor
plume at the stack. These clean up systems typically
operate at atmospheric pressure and must process a
large volume of fue pas produced 4s a result of the
large excess air requirements of incineration systems.

B. ihly sludge treatmend throseh solilification pro-
Cesy

Stabilization mnd solidification ane o proven fechnol-
ogy Tor treatment of hazardous wastes and hiazardous
wasie site. Technical reasons for the selection of stabi-
lization and solidification as o remediation echnology
include: (1) it improves the handling and physical char-
acteristic of wastes: e.g., sludge are processed into sol-
ids, (1i) it reduces transfer or loss of contained pollutants
by decreasing the surface area, (i) it reduces pollutant
solubility in the treated waste, generally by chemical
changes, (iv ) iechnologies for processing sludge are well
established. and (v) residues from the treatment of haz-
wrdous waste by physical, chemical, biological, or incm-
eration lechnologies can be further treated by stabiliza-
tionfsolidification method,

Thus stubilization and solidification has considerahle
technical merit. Basically, stubilization and solidification
technologies can be grouped as imorganic stabilization!
solicification, which is then divided into cement-hased
and pogzolunic sabilization/solidification, and organic
stnhilrntiondsoldification, whach 1s then divided o ther-
moplastic and organic polymenzation stabilizaton/solidi-
fication

Cement-hased stabilization/sohdification is a process
in which waste materials are mixed with portland ce
mienl Small amounts of My ash, sodm silicate, benio-
nite, or proprictary additives are often added 10 the ce-
ment 10 enhance processing.

Pozzolame stabilization'sohdificaton invalves sili-
ceous and aluminosilicate materials, which do not dis-
play cementing action alone, but form cementitious sub-
stonces when combined with [ime or cement and water
af ambient temperatures, The promuicy contamment
mechanism is the physical entrupment of the contami-
namnt in the pozzolan matrix. Examples of common pog-
enlans are {1y ash, pumice, lime kiln dust, and blast for-
nace slag

Orgamic polymerization stabilizanon/salidification
relies on polymer formation to immisbilize the constit-
ents of concern. Urea formaldehyde s the mosi oom-

monly used organic polymer for this purpose

Lemigas has conducted a laboratory study concern-
ing with the treatment of oily sludge. Upon investigating
the available treatment methods through literature search,
it has been found that stabilzation/solidification process
treatment seems o be a suitable method for treating the
oily sludge. The consideration of using stabilization and
solidification methid for sludge processing is based on
a fact that, beside the technology itsell is well proven,
the product resulted from the treatment process is used
as paving or paiching material for road (Cote, 1989,
Barth, etal., 1990). Thus, in addition 1o the environmen-
tal consideration, economic considerations are also in-
cluded in the study (Mulyvono, et al., 20000, Mulvono,
et al, 2000b; Mulyono, et al., 2001a, Mulyono, et al.,
2001 b,

Stabilization/sobdification process used for field ap-
plication in the study 15 the immobilization rechnique
called CHAMP (Combine Heat and Mixing Process)
Rasically the CHAMP uses o thermal mixing in which
sludge and Ashiton {an asphalt material generated from
Buton Iskind ) are mised for approximately 30 minuies
Water is evaporated and the asphalt binds the remaining
residues, In some cases, kerosene is added 1o facilitate
a homogenous mixture, After having been botnd by the
asphalt, the mixtures are then mined with aggregates.
The product is tested for Marshall Tests which is de-
scribed in the ASTM Method [D1559-8Y9 and for TCLF
and LC-50,

LC-50 values of sludge samples are 350,000 ppm
and 460,000 ppm 1o the st species of Shrimps and
Daphnia, respectively. These LC-50 values are
categonzed as practically non-toxic. The value of LC-
50°s of those of sludge-asphall mixture a8 solidified
prodiscts are more than 1,000,000 ppm for both products
resulted from hot-nused and cold-mixed processes. As
with the value of LC-50 of the sludge sample, these
values of the solidified products can also be categorized
as practically non-toxic.

Parallel with the LOC-50 tests, TCLP tests have also
been conducted both to the shadge sample and the sludge-
asphalt mixure, Results of the TCLP testings indicate
{hat the sludge sample does nol contim heavy metals in
a significant amount. Arsenic and Mercury nre nol
detecied. Very small concentrations of heavy metals in
the leachate solution are also shown by the slodge-asphalt
mixtures as solidified products, In comparison with the
maximum allowable concentration of heavy metals in
the leachaie solution as stated in the Appendix 1 of PP
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181999, it is concluded that both the sludge sample and
the solidified products are environmentally safe o be
ppplied i the field.

As the technologically implied, thermoplastic
stabilization and solidification method for treatment of
oily sludge used in the study was incorporated with the
need of road building. Comparison of the cost
effectiveness was performed to those of road buildings
that use ordinary road building technology with common
asphalt as the pggregate hinder. Based on the unit price
per m°, the developed structure used in the study his a
levwer cost thian the conventional siructine using commen

asphalt.

V. DISCUSSIONS

A, On-site hazardous waste treatmint and guidebonk
(il industries generates many kinds of hizandous

wastes ranging from those that are generated in 4

relatively small quantity, which are categonzed as nom-

specific hazardous wastes such as baneries and used
chemicals to those that are generated i larger quantity,

which are calegorized as specific huzardous wastes such
us tank botiom sludge. In onder to munimize the nsk n
handling all of the hazardous wastes, the oil industry
extablishes g manual puideline entitled “Waste
Mamnsgement Guideline”. This guidebook is very useful
and helpful for all of the unit and the corporate employees
as well as all of business partner in the sufe and lawful
handling and disposal of these wastes.

The ofl industry does not condct treatment processes
for all hazardous wastes that are gencrated. Some of
them, especially those of non-specific hazardous wastes
such as battery nnd used chemicals, are stored in a
temporary storage lacility and managed off site Tor
treatment or disposal to a commercial harndous waste
facility,

The off-site wasle msnagement requires the use of
a document termed a manifest for tracking its tunsport
on a “cradle-to-grave” basis. However, although this
off-site management complies with the regulation, under
the cradle-to-griuve concept, oll industry 4s a generator
of hazardous waste can no longer avoid liability by

a8
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coptracting with @ third party to dispose of the waste.
Even if it can be shown that the waste was mishandled
through the action of this commercial hazardous waste
facility, il industry as the original generstor will remain
linble for improper disposal. It is not specifically
described in detail in the regulation, but it is suggested
that a witness from a compelence agency shall
pccompany the transport of the waste and investigate
the proper handling and treatment of the waste that are
handled by the commercial hazardous waste facility. For
off-site waste managenwen! purposes ol industry builds
a storage building for the femporary hazardous waste
storage that receives the hazardous wastes from all umits
of operation.

B. n-site hazordous waste frectmend

The maost prominent problem faced by the oil
production industries is the vast generation of wastes
from production operation activities. Examples of these
waste are drilling mud, o1l contaminated soil, and oil tank
sludge and pit sludge. On-site treatment of hazardoos
wasie especially for the wastes that are generated in a
vast quantity is considered more economical rather than
trunsport it o off-site facility

Moreover, the cost will be much higher when the
commercial hazardous waste s located for from the
generator. When the vast quantity of the waste has to
be transported by ship, followed by trucks to reach the
commercial hazardous facility, this would be an
impractical work, Regarding that oil industry is
considersd as a big company. it is encouraged o oil
industries that they develop an on-site harardous facility.
A facility means the contigunous land, structures, and
other improvements and appurtenances used for stonng,
recovering, recyching, treating. and disposing of
hirardous wasie.

The concept of a facility dedicated to the
management of hazardous waste is nol new. In USA
many generalors recognize the need for special treatment
und disposal of these wastes. Many generators constroct
and operste their own captive facilities refermed 1o as
op-site facilities. The predominant types of facilines,
ather than storage facilities, are depicted in Figure 2 that
cover three major categones: Recovery/recycling
Facilities, Treatment Facilities, and Land Disposal

Facilities.
Recoveryirecycling facilities recover matenial as a
salable product, some recover energy values in waste

Treatment facilitics change the physical or chemucal
characteristics of a wiste, o degrade or destroy wisie
constituents, using any of a wide vanety of physical,
chemical. thermal, or hiological methods, While land
disposal facilities are permanent emplacement of waste
on or below land surface.

Just as there are many types of hazardous waste.
there ane many ways in which hazardous wastes can be
managed. In fact, there are many commercially proven
technologies for the recovery and reatment of hazandous
waste. A hazardous waste facility may function with
just one technology, or it may combine multiple
technologies. Study regarding with the application of these
technologies that suitable for a particular purpose is
necessary. The study is not only useful for economical
consideration, bul also for modification purposes when
the chosen technology does not completely meet the
Teduarement

VI. CONCLUSIONS AND
RECOMMENDATIONS

A, Comelusions

I As o big company an ol production industry gener-
ates many kinds of hazardous wastes ranging from
those that are generated in a relatively small quantity,
which are categorized os non-specific hazardous
wasies 1o those that are generated in lurger quantiry,
which are categorized as specific hazardous wastes
such s tank bottom sludge.

2 il industry does not conduct reatment processes
for all harardous wasies that are generaled. Some of
them, especially those of non-specific hazardous
wastes wre stored inoa temporary storage Tacility and
managed off site for treatment or dispasal to a com-
miercial hazardous wiste facility. The off-sie waste
management requires the use of a document fermed
a manifest for tracking 1ts trunsport on a “cradle-to-
grave” basis. Under the cradle-to-grave concept,
however, oil industry as 4 generator of hazardous
waste cun no longer avodd liability by contracting with
a third party 1o dispose of the waste.

3, The most prominent problem Fsced by the oil produc-
thon incustries is the vast peneration of wastes from
production operation activities. Examples of these
waste are drilling mud, ol conaminated soil, and ol
tank sludge and pit sludge. All of these wastes need
fin be handled proper]y.
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B. Recommendations

I lnis recommended that oil industries encournge them-
selves (o manige and treat the hazordous wastes.
On-site treatment of huzardous waste especially for
the wasies that ore genermted noa vast guantity is
conskdered more economical rather than transport i
to off-site facility. Moreover, the cost will be much
hugher when the commeércial harardous waste is o
cated far from the genertor, it is encouraged 10 oil
inctustnes ihatl they develop an on-site haeardous G-
cility that includes the contiguous land, structures, and
other improvements iind appurienances used for stor-
Ing. recovernng, recyveling, treating, and disposing of
huzardous wasies.

L Waste trestment technology that can be chosen de-
penids on the demands of the indostry. When incor-
parited with road building project within the petro-
leum fields, the swhilization/solidification process
seems 10 be adequate. Thermal technigues through
gasification process can be associated with the need
of converting wastes 1o energies and other valuahle
and saluble producis
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