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PREFACE/ACKNOWLEDGMENTS

ThIs report IS the result of a feaSIbIlIty study performed for the Jordan Sulpho
Cheffilcals Company In Jordan The purpose of the study was to evaluate techrucal and
econOIllical feaslblltties of the pollUtion preventIOn/waste nuruffilzatlon (PPIWM) and
water conservation techruques recommended In audit report #3 114-94-2b-lO, dated
December 1994

Several mdIVIduals on the Water Quabty Improvement and Conservation Project
contnbuted to thIs report Dr Usama Mudallal of the Amman Chamber of Industry
(Chamber) Engmeer Ranta Abdel Khaleq ofthe MIrustry ofWater and Imgatlon (MWI)"
and Dr Omar lahay and Eng HashIm Beano of the Royal SCIentmc SOCIety of Amman,
plant managenal and techrucal staff IncludIng Mr Hatem Abbas, technIcal manager and
Mr Satd Abdullah, shared therr knowledge With Mr Davtd Harr , of SCience ApphcatlOns
International Corporanon (SAle) McLean, VrrgIrua, USA These techrucal staffworked
under the drreet10n ofDr Shawn R Nlakt, P E , PollutIon PreventIOn Program Drreetor.
ofHarza Consultmg Engmeers and SCientists. Chicago, lllmOIS. USA, who heads the
WQIC component under whIch the study was housed It IS from therr combmed expertISe
that trus report was pOSSIble

Special appreCIatIOn IS gIVen to Dr Mohammed Bam Ham, Secretary General of
MWI Eng Koussat Qutelshat, Secretary General of the Water Authonty ofJordan
(WAJ) Mr Khaldun Abuhassan, Chatrman of the Chamber, Mr Walld A1-Khathtb.
Director General of the Chamber, Dr Muwaffaq Saqqar, Project Coordmator from MWI.,
the members of the PPIWM workmg group from WAJ mc1udmg Eng Abdul Wahab
Matar Eng Marnan AI-Tal Eng Nabeel HeJazeen, Eng Mohamad Lafi. and to
Development Alternatives, Inc as represented by EdWin D Starns, Cruef ofParty, for
theIr cooperatIon and confidence



Water Use and Balance

EXECUTIVE SUMMARY

PollutIOn PreventIonfWaste MIDIIDlzatlOll AudIt Fmdmgs

JSCs total water reqUIrement was dependent on whether water was supplIed by tanker or
drawn from JSC's pnvate well Where water was receIved from tankers, the faCIlIty
reqUIred approXImately 90 CUbIC meters (m3

) per day of fresh water for all uses except
potable water When the reverse OSmOSIS (RO) umt was m operatIon, the faCIlIty water use
Increased to approXimately 110 m-'/day due to the RO reject and membrane washmg streams

October 19, 1995ES-IFeaSibilIty Study Erecuttve Summary

The "Sulfur ChemIcals Industry AudIt Report, Jordan Sulpha-Chemicals Company, Jordan"
(USAID 1994) presented the findmgs of the audIt conducted at the Jordan Sulpha-ChemIcals
Company (JSC) faCIlIty on September 20, 1994, and the results of the subsequent dIscharge
momtonng conducted by the audIt team on September 25, 1994 The report proVIded
recommendatIons for the development of a SIte-speCIfic program to meet the speCific needs and
goals of the JSC faCIlIty Audit recommendatIOns mcluded both PP/WM techniques (e g , water
conservatIon techmques, housekeepIng practIces, alternate waste dIsposal practices, etc ) and
suggesttons for PP/WM trammg for faCIlity staff and follow-up studIes to assess program
successes A bnef overvIew of the findIngs presented In the PPIWM audIt report IS proVided
below

Harza ConsultIng Engmeers and SCIentists (Harza), Chicago, IllmOls, USA, and SCience
ApplIcatIons Internauonal CorporatIOn (SAIC), McLean, Vlrglma, USA, have been retamed as
the subcontractors to lead the audits and feasibIlIty studies The Royal SCIentific SOCIety (RSS)
of Jordan, was selected as the local consultant to asSISt the lead consultants In the conduct of the
audits and studies, and In report development The PP/WM audIt and the feasibility study for
the JSC faCIlIty was conducted by the SAIC/RSS team

The IWDP IS bemg performed In three phases The first phase reqUIred completIOn of ten
pollUtion preventIon/waste mInImization (PP/WM) audits by DAI and Its sub-contractors The
second phase reqUIres completion of FeasIbIlity Studies (FS) for four of the audIted faCIlItIes
Finally, demonstratIon projects WIll be completed for two selected FeasibIlity Study (FS)
faCilitIes ThiS report presents the findings of the FS conducted to evaluate the feasIbIlIty of the
PP/WM and water conservatIon opportumtIes IdentIfied dunng the 1994 PPIWM AudIt of the
Jordan Sulpha-ChemIcals Company (JSC) faCIlIty

Under Contract 'fo 278-0288-00-4026-00 wIth the Umted States Agency for InternatIonal
Development (USAID) Development Alternatives, Inc (DAI) IS performmg an lndustnal
Wastewater DIscharge Prevention (lWDP) Program In Amman, Jordan The IWDP Program
IS one of the four components of the Water Quahty Improvement and ConservatlOn (WQIC)
project funded by USAID The Program IS bemg performed by DAI WIth full coordmatIon
between the JordanIan Mlmstry of Water and IrngatIon (MWl) and the Amman Chamber of
Industry (Chamber)
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AIr EmISSions and Sohd Wastes

Wastewater DIscharges

Feasibility Study Process

WhIle all plant wastestreams flow to the collectIon basm durmg normal operatIOns, the
faCIlIty reported that m wet weather, all process and storm water flows are dIrected directly
to the wadi Based on general dramage characterIstIcs of the facIhty, many of the areas
where solId and lIqUId wastes are stored would also dram dIrectly to the wadI

October 19, 1995ES-2

Based on the audIt findmgs, the audIt team developed a senes of recommendatIons to
mInImIZe wastewater generatIon at the JSC facIhty The audIt team's recommendatIons
mcluded PPIWM opportumtIes m the followmg categones modIficatIons to productIon
processes and schedules, raw matenals substItutIOn, coohng water segregatIon and reuse,
spIll and leak preventIon, and, collectIon and reuse/recychng of off-spec materIals and waste
products

WhIle the focus of the PPIWM and water conservation audIt was related to water use and
wastewater generatIon, the solId wastes generated, and the pollutants dIscharged to the
atmosphere were also exammed WIth respect to sohd wastes, the audIt team determmed that
the JSC facIhty s raw materIal and waste handlIng practIces would hkely contrIbute
SIgnificant pollutant loadmgs to the waste collectIon basm and storm water runoff to the
wadI

All routIne dIscharges of process wastewater from the JSC faCIlIty were collected and
dIrected to the central wastewater collectIon basIn Discharges to the basm mcluded all
process wastestreams, coolIng water system blowdown, bOller blowdown, cleanIng and
mamtenance dIscharges, and leaks and spills wIthm the plant processmg areas The waste
collectIOn basm reportedly has no effluent dIscharge to the wadi or groundwater, however,
Its proper operatIon and mamtenance are ImperatIve for protectmg local surface and
groundwater resources

Dunng the audIt, JSC staff assIsted the audIt team In developing an water balance for each
of the plant processes The water balance, was mcorporated on to faCIlIty process dIagrams,
and IdentIfIed all major water uses and dIscharges Based on the evaluation of current water
use and dIsposal praCtIces, the audit team determmed that the prImary water uses at the JSC
taclhty were for non-contact coohng of process reactors and for contact coolmg and
dissolutIon dunng sodIUm sIlIcate productIon The audit determmed that the JSC faCIlIty's
water use practIces were generally conservatIve, however, several water conservatIon
opportumtles were IdentIfied

FeaSlblUty Study Etecutzve Summary

The feasIbIlIty study was conducted m three phases The first phase mcluded a techmcal
evaluanon of the engmeermg feaSIbIlIty of each of the PP/WM and water conservatIon
opportunItIes IdentIfied durmg the audIt The second phase analyzed the cost to develop and
Implement each of the opportumtIes and evaluated the benefit(s) of ImplementIng the alternatIves
The thIrd phase compared the findmgs of the techmcal evaluatIon and the cost/benefit analySIS
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Techmcal FeasIbility EvaluatIOn

Water ConservatIon TechnIques

PollutIon PreventIon/Waste MJDlmlzatIon Techmques

In general, the PPIWM opportumtIes IdentIfied for the JSC faCIlIty could be arranged m three
general categones

October 19, 1995ES-3Feaslbllrty Stum Erecunve Summary

In order to opumlze Its use of water resources, the audIt team recommended that the JSC
faCIlIty carefully momtor flows and uses wlthm faCIlIty operatIons and develop a wrmen
strategy to coordmate water conservatIon aCtIvlUes WhIle water conservation IS an
Important concern, the use of water at the JSC faCIlIty IS necessary for the production of a
hIgh qualm product The water conservatIon opportumtIes were, therefore, evaluated to
assess pOSSIble adverse Impacts on productIOn processes

Water conservation IS an extremely Important concern m the Zarqa Basm, and throughout
Jordan Therefore, durmg the faCIlIty audIt, speCIal attentIOn was paId to water use
practIces The audIt revealed that JSC faCIlIty's water use praCtices were generally
conservatIve due to the relatIvely hIgh cost and hmited supply of clean water Several
addlUonal conservatIOn techmques, however, were Identified by the audIt team

The results of the techmcal feasIblhty evaluatIOn for each of these categones of PP/WM
opportumtIes IS summanzed m Tables 1 through 3

Durmg the audIt of the JSC faclhty, the audIt team Identified a varIety of PP/WM
opportumtles related to the faclhtIes current wastewater generatIon and dIsposal practIces
WhIle the focus of the audIt was on PP/WM actIVItIeS related to wastewater dIscharges,
several opportumtIes related to aIr emISSIOns and solId wastes were also IdentIfied In
particular, the audit team IdentifIed potential opportumtIes to reduce loadmgs from the
faclhty to the colIectlOn basm and, under storm condltIons, to the wadi Based on the
evaluation, the audIt team determmed that several of the PPIWM techmques could result m
the recovery of useful matenals by the JSC faCIlIty

• Process Control,
• Matenals Handlmg and Storage, and
• Control of Other Waste Generatmg ActlvltIes

The techmcal feasIbilIty of each of the PP/WM and water conservauon opportumtIes was
evaluated to determme whether the proposed alternatIve was possIble based on avaIlable
technology In addItion, the techmcal feasibIlity evaluation consIdered SIte-specific constramts
at the JSC facilIty For most of the IdentifIed alternatIves, the evaluatlOn dId not reqUIre
engmeermg plans or specIficatIons However, where detaIled evaluatIons were reqUIred,
prellmmary engmeenng plans and specIficatIons were outlIned by the lead techmcal contractor
(SAIC) and prepared m Jordan by the Royal SCIentIfic SOCIety (RSS) counterpart

and provIded recommendations as to which of the proposed PP/WM and water conservatIon
alternatlve(s) were most appropnate for the JSC faclhty
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ConclusIOns and Recommendations

Opportumty CostlBenefit AnalysIs

Recommendations for Pollution PreventIOn/Waste MmlIDlzatlOB TechnIques

October 19, 1995ES-4FeasIbzllty Study Er:ecume Summary

The conclUSIOns and recommendatIons regardmg PP/WM alternatIves are prOVIded tn Tables
1, 2, and 3

The results of the techlllcal feaSibility evaluatIon for each of these categones of water
conservation opportumues IS summarIzed tn Tables 4 through 6

The findmgs and recommendatIons are summanzed m tabular form, and IdentIfIed whether the
alterauve was "techmcally feasIble," "cost effectIve," and whether or not It IS recommended by
the FS team as a VIable alternatIve In addItIon, the alternatives that JSC reported as
Implemented, or under development, are mdicated tn the tables by the shaded cells

In general, the opportumtIes for water conservation Identified for the JSC facIlIty could be
arranged m three general categones

• Process Control,
• Cooling and Boller Water, and
• Floor Wash and Cleanmg ACtiVItieS

Based on the techmcal feasIbIlIty evaluatIon and the cost benefit analySIS, the audIt team
proVIded recommendations for each of the PP/WM and water conservatIon opportumties In
general, If the alternatIve was both techmcally feasIble and cost effectIve, the alternatIve was
recommended

Subsequent to the faCIlIty audIt, the JSC faCIlIty revIewed the prelImmary PP/WM and water
conservation recommendatIons and prOVIded comments to the audIt team In Its comments, the
JSC faCIlIty reported that several of the recommended alternatIves had already been
Implemented, and that plans were under development for several others

Followmg the development of technical feaSIbIlIty evaluatIOn for each of the PP/WM and water
conservatIon opportunitIes, cost estImates were developed by the tn-country contractor (RSS)
The costs mcluded only capItal costs necessary to Implement and operate each of the proposed
actlvItIes The results of the cost evaluation were then compared to the envIronmental benefit(s)
that were establIshed dunng the PP/WM audIt In many cases, quantIficatIon of the costs and
benefits was not pOSSIble due to data gaps and other uncertamtIes In these mstances, a
qualItative assessment was prOVIded The results of the cost benefit analySIS are proVIded m
Tables 1 through 6
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FeaslblbtJ Study Etecuttve Summary

Table 1 - Evaluataon of Process Control PP/WM Opportumbes·

Techmcally Cost Alternative
Process Control Opportumty FeaSJble') Effecttve') Recomrneuded'J

(YeslNo) (YeslNo) (YesNo)

Sulfonatlon/SulfdtJOll

Redm..nOD m Use of Branched Alkylhenzene Yes Ye!l Yes

Sultonator Optlflllzauon No N/A No

UttltzatIon of Seall~ Pump Yes Yes Yes

Leak Control Ye!J Yes Y\$

Splll PreventIon Yes Yes Yes

Sulfur Quality Control Yes No No

Catalytl\,. Converter Opt1DlIZ3tlon Ye!l Unknown Yes

SapomficatIon

Re3.l..tor Optmuzatlon No N/A No

Leak Control Yes Yes Yes

Producuon Schedule OptlDllZatlOn No N/A No

SodIUm SUlcate ProductIon

Ehnllnatron or Mmumzatlon of Contact Coolmg Yes Yes Yes

SedIment/Filter Sohds Control Yes Yes Yes:

- Im..reasmg the punty of raw matenals Ye!l Ye!l Yes

- Optmnzmg the operation of the laIn Ye!l Ye!l Yes

- Optmuzmg the dlSsolvmg condmons ill the autoclave Yes Yes Yes

Dust Control Yes Yes Yes

SodIUm Toluene Sulfonate ProductIon

E)11DlIlatIOn of Toluene DIScharge Ye!l Yes Yes

STS CoolIng Water SegregatIon No N/A No

Leak Control Yes Yes Yes

AlkanolamIdes ProductIon

Drum an pasty wastes Yes Yes Yes
:snaae<! ~ell mall.ales Ulat J:SC nas alreaCl' Imolemented, or haslJei to Im~lement the alternatIve
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Table 2 - Evaluation of Materials Handhng and Storage PP/WM Opportunities-

Tochnically Cost AlternatIve
Matenals Handlmg and Storage Opportumty FeaSIble') Effocbve? Recommended?

(Yes/No) (YeslNo) (YeslNo)

Contauunent of loadmg and unloadmg <ir~a.,> Ye<; Ye<; Y~<;

Contamment of storage area.'> Ye'i Yes Ye"

Ehnunauon of dramage hol~ m 'iultur mdtmg room Yes Yes Yes
and dean-up of sohd wa&te

Dry I.lean-up of lem and spllis and Y~ Yes Yes
mamt~nance of overflow collet.tors

Mamtenance and operation of eXIstmg I.Ontamment Yes Yes y~

strul.tures

ElInunatIon of tanker truck and barrel washIng Yes Yes Y-es;

* Shaded cell Indicates that JSC has already Implemented or has begun to Implement the alternatIve

Table 3 - Evaluation of PP/WM Opportumtles for Control of Other \\'aste Generating ActiVIties-

Tochmcally Cost Alternative
Other Waste Generation Control Opportumty FeaSIble? Effoctlve? Recommended?

(YeslNo) (YeslNo) (YeslNo)

SolId and Drummed Wastes

UtIlIzatIon of Sultur Wastes Yes Yes Yes:

UulIzatIon of Charred Matenal Yes Yes Yes

UtIhzauon of SodIUm SIlicate SedIm~nt Yes Yes Yl::S

UtllIzatIon of SodIUm Sulfate Wastes Yes Yes Yes

Utllmes Wa.<;tes

UtIhzatlon of RO Reject N/A N/A N/A

UtIlIzatIon of Recovered Fuel 011 Yes Yes Yes

Leak. and Spill PreventIon Yes Yes Yes

DomestIc Waste Treatment N/A N/A N/A

Waste CollectIOn Basm

Optnmze OperatIon of the Collectlon Ba.'im Yes Yes Yes

Prevent Seepage from the Collection Basm Yes Yes Yes

* Shaded cell mdicates that JSC has already lffiplemented or has begun to Implement the alternative

I
I
I

Feaslbllll} Study Executive Summary ES-6 October 19, 1995
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Recommendations for Water ConservatIOn Techmques

The conclusIons and recommendatIons regardmg water conservatIon alternatives are provIded
In Tables 4, 5, and 6

* Shaded cell mdtcates that JSC has already Implemented or has begun to Implement the alternatIve

* Shaded cell mdl",ates that JSC has already lIDplemented, or has begun to lIDplement, the alternauve

Table 5 - Evaluation Water ConservatIon OpportunItaes for Cooling and Boder Water"

CoolIng and Boder '"'ater Opportunity Techmcally Cost AlternatIve
FeasIble? EffectIve Recommended?
(YesINo) (YesINo) (YesINo)

Pre-treatment ot Coolmg Water N/A N/A N/A

MaxlIDlZlltlOn of Heat Recovel) Yes Unknown Yes

ReductIon of Steam Losses Yes Ye!l Yes:

Table 4 - Evaluation of Water Conservation Opportumtles for Process Contro."

Techmcally Cost Alternative
Process Control OpportunIty Feasible? Effective Recommended?

(YeslNo) (YeslNo) (YeslNo)

Sultonatlon/Sulfatlon

Leak PreventIon Yes Ye!l Yes

Ehnunauon ot Conta",t Coolmg for Sulfur Pump~ Yes Yes Y-es:

Mill1Dllzatton of Scrubber Water Yes Unknown Yes

SapomficatIon

Leak PreventIon/Condensate Reuse Yes Yes Yes

SodiUm StlIcate ProductIon

MmlmlVltlon of Contact Coolmg for Castmg Belt Yes Yes Yes

Maxumzanon of Coolmg Water Reuse Yes Yes Yes

STS ProductIon

Pro",e~s Water Reuse Y~ Yes Ye!l

Coolmg Water SegregatIon No N/A No

Dryer Condensate Reuse Yes Unknown Yes

October 19, 1995ES-7FeaSlbility Study ExecutIve Summary
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Table 6 • Evaluataon of Water Conservation Opportumties for Floor Wash and Cleamng Activities·

Floor \\'ash and Cleanmg Opportunity Techmcally Cost Alternative
Feasible" Effective') Recommended')
(YeslNo) (YeslNo) (YeslNo)

Floor W3.\bmg and EqUlpm~t Ch:amng Yt:\ Unknown No

Tru~k Ckdlllllg N/A N/A N/A

* Shaded ~ell mdl~att:s tbat JSC ha.\ aln:ady Implemented or has begun to unplement the alternauve
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1 0 INTRODUCTION

ThIs report presents the findIngs of a FeaSIbIlIty Study (FS) conducted to evaluate feaslblltty of the
PollutIon PreventlOnlWaste MinImizatlon (PP/WM) and water conservatIOn opportUnItles IdentIfied
dunng the 1994 PP/WM AudIt of the Jordan Sulpho-Chemicals Company (JSC) faCIlIty The report
provIdes a summary of the findIngs of the PP/WM audit, an evaluatIon of the techOlcal and engmeenng
feasIbIlIty of the potentIal PP/WM optIOns, an evaluatIOn of the costs to Implement each of the options,
and selects the recommended alternatIve(s) based on the cost/benefit analySIS

1 1 BACKGROUND

Under Contract No 278-0288-00-4026-00 WIth the UOlted States Agency for Internatlonal Development
(USAID), Development AlternatIves, Inc (DAn IS performmg an Industnal Wastewater DIscharge
PreventIon (IWDP) Program In Amman, Jordan The IWDP Program IS one of the four components
of the Water QualIty Improvement and ConservatIon (WQIC) project funded by USAID The Program
IS beIng perfonned by DAr WIth full coordInation between the JordanIan MInIstry of Water and
Imganon (MWI) and the Amman Chamber of Industry (Chamber)

The IWDP IS beIng perfonned In three phases The first phase requued completlon of ten PP/WM
audIts by DAI and Its sub-contractors The second phase reqUIres completlon of FeasIbIlIty StudIes for
four of the audIted facilines Fmally, demonstratlon projects WIll be completed for two selected FS
faCIlItIes

Harza ConsultlOg EngIneers and SCIentists (Harza), ChIcagO, Il1lOOlS, USA, and SCIence Apphcatlons
InternatIonal Corporanon (SAIC), Mclean, VIrgInIa, USA, have been retamed as the subcontractors
to lead the audIts and feasIbIlIty studIes The Royal SCIentIfic SOCIety (RSS) of Jordan, was selected
as the local consultant to aSSIst the lead consultants In the conduct of the audIts and studIes, and In
report development The PP/WM audIt and the feaSIbilIty study for the JSC faCIlIty was conducted by
the SAICIRSS team

1 2 OBJECTIVES

The facIhty PP/WM audlts were deSIgned to assess the potentIal techmques for PP/WM and water
conservatIon at the study facIhtIes The audIts evaluated and IdentIfied poSSible PP/WM, wastewater
clean-up, and water conservatIon techmques that were appropnate for the study faCIlIty

In partIcular, the audIt procedures lOcluded the follOWIng acnVInes

1 RevIew general Industry background data and Identify "state-of-the-art" wastewater management
and processmg practIces

2 Work on-SIte WIth Industry representanves, MWI and the Chamber OffiCIalS, and other Interested
partIes, to reVIew current proceSSIng procedures and Idennfy poSSIble opnons for PP/WM and
water conservanon

1



1 3 REPORT CONTENTS

3 Prepare a report that evaluates possible PP/WM and water conservatIOn alternatJves and prOVides
recommendatlOns to the mdustry

Several appendIces are also mcluded m the report to proVIde supportIng documentatIon and reference
matenals The appendIces Include "Prehmmary Engmeenng Plans for the STS Facility" (AppendIX A)
and "Proposed LocatIon of Momtonng Wells" (AppendIX B)

Based on the findmgs of the PP/WM audIt reports prepared for the VarIOUS mdustnal sectors, four
faCIlItIes were selected for the feaSIbility study phase of the project The purpose of the feasIbIlIty
studIes IS to proVIde a techmcal (engmeermg) and cost evaluation of the PP/WM and water conservatIon
alternatIves proVIded In the audIt reports, and to proVIde recommendatIons regardIng the most
appropnare and cost effectIve control techmques

2FINAL REPORT

TIns report proVIdes the findmgs of the FS prepared by the FS Team dunng June and July 1995 The
FS report prOVIdes recommendatIons for the development of a site-specItic program that meets the
specIfic needs and goals of the JSC facility Selected alternatIves mclude both PP/WM and water
conservatIon techmques (e g , housekeep1Og practIces, alternate waste dISposal practIces, etc) and
suggestJons for PP/WM tra1010g for faCIlIty staff and follow-up studIes to assess program successes

FollOWIng completIOn of the lIterature reVIew, the audIt team performed the on-SIte audIt of the JSC
faclhty The audIt was performed WIth close consultatIOn of mdustry representatIves to ensure that they
were aware of and supported proposed actIons AudIt actIVItIes mcluded the careful gathenng of
baselme water use and waste generatIon data, IdentIficatIon and assessment of potentIal PP/WM and
water conservatIon optlons, and SOhcltatlon of Ideas and proposals from management and productIon
lme staff The audIt findmgs, concluslOns, and recommendatIons were documented m the December
1994 report tItled "Sulfur ChemIcals Industry AudIt Report, Jordan Sulpho-ChemIcals Company, Jordan
(USAID 1994)

The report IS organIzed 1Oto 6 sectIons that proVIde, a summary of the PP/WM audIt of the JSC faCIlIty
(Secnon 20), a descnptIon of the FS procedures and documentatIOn (Sectlon 3 0), a techmcal evaluatJon
of the feasdnhty of the PP/WM opporturntles IdentIfied dunng the audIt (SectIOn 40), an evaluatIon of
the costs to implement each of the PP/WM opportumtIes IdentIfied durmg the audIt (SectIon 50), and
the conclUSIons and recommendatIons of the FS based on the cost/benefit 1OformatIon developed 10
SectIons 4.0 and 5 0 (SectIon 6 0)

In order to complete the first obJectIve, a comprehensIVe lIterature reVIew was performed ThIS reVIew
mcluded searches of the U S EPA PollutIOn PreventIon InformatIOn Cleannghouse (PPIC) repoSItory
(and Its correspondmg database PIES), on-hne lIbrary catalog databases, pollutIon PP/WM
bIblIographIcal references, and personal contacts WIth pollutIon preventIOn specIalIsts The reVIew
resulted 1'1 the IdentIficatIon of numerous references WIth a range of very general to very speclfic
PP/WM techmques Source documents were assessed to deternune theIr applIcabIlIty to thIS project and
categonzed appropnately The findmgs of the background document were mcluded In AppendIX F of
the PP/WM audIt report
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Sulfonanon/Sulfanon

2.0 SUMMARY OF AUDIT FINDINGS

2 2 AUDIT FINDINGS

Water Use and Balance

3

• Contact Coohng
• Cleamng

• Raw Matenal DIssolunon
• Scrubber Water
• Product StabI1Izanon

FINAL REPORT

Excludmg the central coolmg and steam systems, the total water used m the sulfonanon plant was
approXImately 9 7 m3/day, or 11 percent of the total facIlIty water consumpnon Water was used
m the sulfonanon/sulfatIon plant for the follow1Og purposes

• Sulfonanon/Sulfanon Plant
• SapomficatIon Plant
• SodIUm SIlIcate Melnng and DIssolunon Plant
• SodIUm Toluene Sulfonate (STS) Plant
• Alkanolarntdes Plant

The "Sulfur ChemIcals Industry AudIt Report, Jordan Sulpho-Chemlcals Company, Jordan (USAID
1994) presented the findmgs of the audIt conducted at the Jordan Sulpho-Chemlcals Company (lSe)
facIlIty on September 20, 1994, and the results of the subsequent dIscharge momtonng conducted by
the audIt team on September 25, 1994 The report proVIded recommendatIOns for the development of
a sIte-specIfic program to meet the specIfic needs and goals of the JSC faCIlIty AudIt recommendatIOns
mcluded both PPIWM techmques (e g , water conservatIon techmques, housekeepmg practices, alternate
waste dISposal practIces, etc) and suggestIons for PP/WM tralmng for faCIlIty staff and follow-up
studIes to assess program successes

2 1 PROCESS OVERVIEW

The JSC facility's total water requrrement was dependent on whether water was supplIed by tanker or
drawn from JSC's pnvate well Where water was receIved from tankers, the faCIlIty reqUired
approxunately 90 CUbIC meters (m3) per day of fresh water for all uses except potable water When the
reverse osmOSIS (RO) umt was In operatIon, the facIltty water use Increased to approXImately 110
m3/day due to the RO reject and membrane wash10g streams

The JSC facIltty produces a varIety of chemIcal products used to manufacture soaps, detergents and
cleanmg products Most of the chemIcals produced are sulfur-based, however, the facIltty also produces
sodIUm silicate and fatty aCId amldes WhICh do not contaIn sulfur The major productIOn plants 10 the
JSC facIltty mclude the followmg

The specIfic water uses for each of the major plant areas of the JSC operatIOn are descnbed below
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Sapomficatton

In addinon to these process specIfic uses, the sulfonatIon plant also used non-contact coolIng water
and steam from the faclhty-wlde recuculated coolIng system, and the steam was from the central
boder system

Excludmg the central coolIng and steam systems, the sapomficatiOn plant used approxImately 6 5
m3/day of fresh water, or about 7 percent of the total faCIlIty consumptIon Water was used m the
sapornficanon plant for the followmg purposes

I
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• Raw Matena! DlssolutlOn
• Process

• Coohng and Steam
• Cleanmg

Aikanoiamides Producnon

SodIUm SIhcate ProductIon

Coolmg. Steam. and Other Water Uses

In general, the processes used for manufactunng alkanoiamides dId not use water
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• FIlter Washmg
• Cleanmg

• Dust Control
• Contact Coolmg
• Product DIssolution

FINAL REPORT

• Raw Matena! Dlssolunon
• Process
• Cleanmg

Waterconsumptton m the STS plant was estImated to be 1 7 m3/day, or about 2 percent of the total
facility consumption Water was used m the STS plant for the followmg purposes

In addItion to these process specIfic uses, the STS plant used non-contact coolmg water and steam
from the facl1Ity-wlde recIrculated coohng system, and the steam was from the central boder
system

SodIUm Toluene Sulfonate Production

In addInon to these process specIfic uses, the sapomficanon plant also used non-contact coolmg
water and stearn from the facility-wIde recuculated coohng system, and the steam was from the
central boIler system

The JSC faCIlIty utilIzed a recIrculated coolIng system for process temperature control, and other
vanous uses, for all plant operations except sodIUm slhcate melnng and dissolunon Make-up water

The total water consumption for the sodIUm SIlIcate plant (meltmg and dISSolutIon) was estImated
to be 208 m3/day, or 23 percent of the total facIhty water consumptIon Water was used m the
sodIUm SIlIcate plant for the followmg purposes
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SulfonatIon

Process Wastestreams

SodIUm SIlIcate ProductIon

Wastewater DISCharges

5

• Scrubber DIscharge
• Dryer Condensate
• CleanIng Water

• CoolIng Water and Condensate
• Contact CoolIng Water
• Cyclone DIscharge
• ESP DIscharge

FINAL REPORT

SapomficatIon

The processes Involved In the productIon and dIssolutIon of sodIUm SIlIcate resulted m the
generatIon of several wastestreams The followmg dIscharges were IdentIfied

The audIt team determIned that dunng normal operatIon there was no dIscharge of wastewater from
the saponrficatIOn process A wastestream, however, was generated dunng cleanIng and
maIntenance actIVItIes

The JSC facIlIty also used a central boIler system to generate all of the steam used for process
throughout the operatIon The JSC facIlIty staff mdicated that approxImately 36 m3/day of make-up
water, or about 40 percent of the total water consumptIOn at the JSC faCIlIty, was needed to
maIntam the steam system

was added as needed for losses due to blowdown, evaporatIon, and leakage, and was estImated at
6 m3/day

The follOWIng wastestreams were IdentIfied by the audIt team

The JSC faCIlIty reported that water was also used for cleanmg tanker trucks, domestIc uses, and
for lmllted ImgatIon for landscapmg These uses were conSIdered mmimal and dId not sIgmficantly
affect water consumptIon

WhIle all wastestreams flow to the collectIon basm dunng normal operatIons, the faCIlIty reported that
m wet weather, all process and storm water flows are drrected dIrectly to the wadI Based on general
dramage charactenstIcs of the facIlIty, many of the areas where solId and lIqUId wastes are stored would
also dram dIrectly to the wadI

All routIne dIscharges of process wastewater from the JSC faCIlIty were collected and dIrected to the
central wastewater collectIon basm DIscharges to the basm mcluded all process wastestreams, coolIng
water system blowdown, boller blowdown, cleanmg and maIntenance dIscharges, and leaks and spIlls
WIthm the plant processmg areas The waste collectIon basm reportedly has no effluent dIscharge to
the wadI or groundwater, however, Its proper operatIOn and maIntenance are ImperatIve for proteetmg
local surface and groundwater resources
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Coohng Water. BOIlers and Other Waste Generatmg ActIVIties

The STS manufactunng plant generated wastewater dunng the reactIon process as well as from
product drymg and area maIntenance The followmg wastestreams were identified

The JSC facIhty mamtamed a water treatment system, a centralIzed coolmg water system, a
centralIzed steam generatIon umt, and had several other mIScellaneous water uses Several of these
actIvItIes generated sIgmficant wastewater dIscharges These wastestreams mcluded

The productIon of alkanoiamides from fatty aCIds generated a wastestream dunng the reactIOn
process Vapor from the reactor was condensed, cooled, and separated mto two phases, aqueous,
and "pasty waste "

6

• OIl Spill Clean-up
• Coolmg System Blowdown
• Tanker WashIng
• DomestIC Wastewater

• FIltered SolIds
• Cleamng Water

• Cleamng Water
• ContamInated Cooling Water

• Groundwater Well SedIment
• RO Reject
• Softener Regenerate
• Boller Blowdown

• Contact Coolmg Water
• Storage Tank SedIment

• Process Wastestream
• Dryer Condensate
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AlkanolamIdes ProductIon

Matenals Handling and Storage

Dunng the SIte VISIt to the JSC facIlIty, the audIt team noted several areas withm the JSC faCIlIty
where protectIon agamst spIlls and accIdental dIscharges had been provIded These mcluded
contaInment structures around storage tanks, covered areas for raw matenals storage, and concrete
pads and berms deSIgned to prevent spIlls to the soIl In addItIOn, the JSC techmcal manager
mdicated that a new matenals storage hanger had recently been constructed, and that three larger
hangers would soon be bUIlt These bUIldmgs WIll reportedly be used to house raw matenals,
mtermedIates, products, and wastes, and WIll help to prevent contarmnation of soIls and stonn water
runoff

WhIle certam PP/WM measures were m place at the JSC facIlIty, the audIt team noted several areas
where storage, handhng, loadmg, unloadmg, or waste dISposal practIces prOVIded opporturntIes for
spIlls, leaks, and contamInatIon of soil and groundwater Matenals observed m these areas mcluded
raw matenals, mtermedlates, final products and solId and lIqUld wastes

When alkanolamIdes were produced from methyl esters, the vapors generated by the process
contaIned methanol The methanol produced by the reactIon was collected by JSC and sold as a
useful by-product

SodIUm Toluene Sulfonate ProductIOn
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AIr EmISSIons

AIr Emisslons and SolId Wastes

Waste Collection Basm

Althoogh the STS plant was not In operatIOn dunng the audIt, It was reported that toluene fumes
were occaSIonally present In thIS area

7FINAL REPORT

Silica and sodIUm carbonate dust was generated dunng the measunng and blendmg process, and
sodIum sIhcate dust was generated follOWing the meltmg process from handlIng and storage of rock
sodIum SUlcate Dust control was proVIded by a water spray In mlxmg of raw matenals, and
workers were reportedly proVIded WIth filters

The pnnclpal atmosphenc dIscharge generated at the JSC facility, was the S02 wastestream from
the sult'onatIon plant In addItIon to the S02 emISSIon, the burners for faclhty's bouer operatIon,
sodIUm SIlIcate laIn, and muln-purpose dryer, also generated an aIr emISSIon The JSC faCIlIty also
reported that It had burned waste sulfur to reduce ItS quantIty of solId waste Tlus open burning
of sulfur resulted In emISSIons of S~

WhIle toluene was determIned to be present m the basm, Its concentratIon at the bme of samphng
was not partIcularly hIgh However, Its presence IndIcated that some amount of toluene was
entenng the wastestream and collectIng In the baSin It IS also poSSIble that other tOXIC organIC
pollutants may be present due to the breakdown of toluene or other organIC matenal 10 the basm

The centrahzed waste collectIon basin provIded no treatment to the wastes conected The JSC
techmcal manager reported that there had been no dIscharge from the basin dunng Its 4 years of
operatIon In additIon, the manager also reported that neIther lIqUId nor solId waste has been
removed from the basIn by waste hauler The techmcal manager mdicated that evaporatIOn
accounted for sIgmficant losses from the basm, however, an actual flow balance had not been
performed around the collectlon baSIn to determme the fate of the vanous wastestreams Wlthout
such a flow balance, It was unclear whether any of the wastewater In the baSin had seeped Into the
surroundmg SOlIs

Results of the analyses performed followmg the audIt IndIcated that the basm contaIns hIgh
concentratIons of oxygen demandIng organIC pollutants, suspended and dIssolved solIds, mtrogen,
surfaetmts, and some toluene These pollutants and concentratIOns were conSIstent WIth the types
of wastes known to be dIscharged to the basIn The oxygen demandIng pollutants also appeared to
be generally bIodegradable due to the relatIvely low COD/BOD ratIo (approxImately 2)

Wlule the focus of the PP/WM and water conservatIOn audIt was related to water use and wastewater
generatIon, the solId wastes generated, and the pollutants dIscharged to the atmosphere were also
exammed.
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Solid and Drummed Wastes

The JSC facIlIty operatlons resulted In the generatIOn of sIgmficant quantitIes of sohd and drummed
waste The JSC staff mdlcated that approxImately 645 drums had accumulated at the facIltty at the
time of the audIt In additIOn, the facIlIty reported that an addItional 10 tons of solId sulfur waste,
and 10 tons of sohd sodIUm sulfate waste were also stored on SIte
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3 0 FEASffiILITY STUDY PROCESS

3 1 TECHNICAL FEASIBILITY EVALUATION

32 PROJECT COST/BENEFIT EVALUATION

3 3 DETERMINATION OF SELECTED ALTERNATIVE(S)

9FINAL REPORT

Followmg the development of techmcal plans and specIficatIOns for each of the PP/WM and water
conservatIon opportumues, general cost estImates were developed, where necessary, by the m-country
contractor (RSS) The costs mcluded only capItal costs necessary to Implement and operate each of the
proposed actIVItIes The results of the cost evaluatIon were then compared to the enVIronmental
benefit(s) that were establIshed dunng the PP/WM audIt The companson of the costs and benefits IS
proVIded m SectIon 5 0 Additlonal supportmg documentauon 15 also prOVIded m the appendIces of thIS
report

HaVIng completed the techmcal feaSIbIlIty and cost/benefit evaluatlons, the FS team summarized findmgs
of the evaluatIons for each of the potentIal alternatIves and selected the most appropnate techmques

The techmcal feaSIbilIty of each of the PP/WM and water conservatlon opportumties was evaluated to
determIne whether the proposed alternatlve was poSSIble based on avaIlable technology and considenng
SIte-specIfic constramts at the JSC facIlIty Where necessary, feasIbility was further evaluated through
the development of prelImInary engmeenng plans and specIficatIOns The plans and specIficatIons were
outlIned by the lead techmcal contractor (SAIC) and prepared m Jordan by the Royal SCIentific SOCIety
(RSS) counterpart The results of the techmcal feaSIbIlIty evaluatIon are summanzed m Sectlon 4 0,
and supportIng documentation (e g , engmeenng plans and specIficatIons) IS proVIded m the appendIces
of this re]Xlrt

The feasIbilIty study was conducted In three phases correspondIng to SectIons 4 0, 5 0, and 6 0 of thIS
report The first phase mcluded a techmcal evaluatlon of the engmeenng feaSIbIlIty of each of the
PP/WM and water conservatIon opportumtIes IdentIfied dunng the audIt The second phase analyzed
the cost to develop and Implement each of the opportumtIes and evaluated the benefit(s) of Implementmg
the alternatives The third phase compared the findmgs of the techmcal evaluation and the cost/benefit
analySIS and provIded recommendatIons as to WhICh of the proposed PP/WM and water conservatlon
altematIve(s) were most appropnate for the JSC faCIlIty
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40 TECHNICAL FEASIBILITY EVALUATION

4 1 POLLUTION PREVENTION/WASTE MINIMIZAnON TECHNIQUES

4 1 1 FeaSIbIlIty of Process Control OpportumtIes

In general, the PP/WM opportumnes IdentIfied for the JSC facIlIty could be arranged m three general
categones
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Dunng the audIt, the audIt team Idenhfied a number of PP/WM opportumttes duectly related to the
operation of the umt processes at the JSC faCIlIty PP/WM opportumttes 10 thIS category mcluded,
optmllzatIon of raw matenal use, modificatlons to eqUIpment ma10tenance practlces, optImizatlon
of process operatIons (mcludmg reactors), and modIficatIOn of routIne cleamng and mamtenance
operanons While the PP/WM opportumues Idenu:fied 10 thIs section are mtended to reduce waste
generated, the audIt team IS aware that changes to process operatIons may result In unantICIpated
consequences The optIOns presented, therefore, were reVIewed by JSC facllity staff to ensure that
manufactunng processes would not be adversely affected

The PPIWM opportumtles Identl:fied for each of the categones are prOVIded 10 the follOWIng sections
Followmg the presentatIon of each alternatIve, a summary of the techmcal feasIbIlity of developmg and
Implementing the alternatIve IS proVIded Where engmeenng analyses were reqUIred to conduct the
feasIbility analySIS, the supportmg documentauon IS referenced In the appendIces of thIS report

• Process Control,
• Matenals Handhng and Storage, and
• Control of Other Waste Generat10g ACtIVItIes

In additlon to PP/WM opportumtles, water conservatlon IS also an extremely Important concern 10 the
larqa Basm and throughout Jordan In order to optImIze water use, busmess and tndustry should
carefully momtor flows and uses withm faCIhty operatIons and develop a wntten strategy to coordmate
water conservatlon actIVItIes WhIle water conservatIOn IS an Important concern, the use of water at
the JSC facility IS necessary for the productIOn of a hIgh quallty product The water conservatIOn
opportumnes were, therefore, evaluated to assess poSSIble adverse Impacts on productIon processes
JSC The results of the feaSIbuity evaluauon for the water conservanon opportumties are prOVIded 10

SectIon 4 2, below

Dunng the audIt of the JSC facIlity, conducted on September 20, 1994, and dunng several subsequent
VISIts, the audIt team Idenufied a vanety of PP/WM opportumues WhIle the focus of the audIt was
on PP/WM actiVIties related to wastewater dIscharges, several opportumtIes related to alf emiSSlOns,
and sohd wastes were also IdentIfied The audIt team evaluated the JSC facIlIty operatIon and identIfied
potentIal opportumties to reduce 10ad1Ogs from the faclhty to the collectIOn basm and, under storm
condItIOnS, to the wadI In addItion, several PP/WM techmques descnbed 10 thIS report could result
10 the recovery of useful matenals by the JSC faCUlty The techmcal feasIblhty of each of the
opportumnes IS provIded 10 Sectlon 4 1, below
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SulfonatlOn/SulfatIon

Several PP/WM opportunItIes were IdentIfied for the sulfonatIon plant at the JSC faclhty These
Included

• Leak Control - The JSC faCIlIty should proVIde addItional mamtenance to mInImIze leaks wIthm
tim plant

• UtiltzatIon of Sealless Pump - The JSC facIlIty should InvestIgate the possibIltty of USIng a
seal1ess pump for transportIng molten sulfur ThIS would prevent contammatton of coolmg
water
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Ted1mcal Feaslblhty Evaluation In Its letter of July 5, 1995, the JSC faclhty reported that
the sulfonator utilizes the most modern deSIgn and IS already operated under optImIzed
condItIons AddItIonal optIffilzatIOn IS not technIcally feaSIble

In its letter of July 5, 1995, the JSC facIhty mdIcated that a new sulfur pump had been ordered
and would soon be ill place In addItIOn, the coohng water used for the pumps IS dIsconnected
from the malO coolmg system

TedImcal FeaSibIlity Evaluation ThIS alternatIve would reqUire the removal and dISposal of
the eXIstmg pump and the purchase and InstallatIOn of a new sea1less pump The sealless pump
tedrnology IS readIly avaIlable and no new pIpmg would be requITed Due to the relatIvely
minor mstallatlon reqUirements no constructlon plans are requIred

AccordIng to InformatIon proVIded m the July 5, 1995 letter from JSC, the use of branched
alkylbenzene has never exceeded 15 percent total capacIty Dunng the current year, JSC has
rejected all mqumes for thIS type of sulphonIc, and they do not antIcIpate further use of thIS
matenal

Technical FeaSIbility Evaluation TIus alternative relIes exclUSIvely on the manufactunng
deCISIOns of the JSC management The decrease or ehmmauon of the use of branched
alkylbenzene WIll not reqUire any changes In eqUipment or technology

• Sulfonator OptImlzatlOn - The JSC faClhty should evaluate and OptlIIUze the operation of the
sulfonatIon film reactor to elImInate the generatIon of unreacted or charred matenals FIlm
tluckness In the reactor could be mamtamed at the optImum thIckness by precIse control of raw
matenal feed rate Temperature must also be carefully controlled to reduce the generation of
charred matenal that IS separated m the cyclone Reactor optImIzatIon WIll also reduce S03
waste that IS removed by the ESP

• ReductlOn In Use of Branched Alkylbenzene - The JSC facIlIty should evaluate the opportUnIty
for reducIng or elImmatmg the use of branched alkylbenzene Branched alkylbenzene products
are not as susceptlble to blOdegradatlOn as theIr lInear counterparts MInImIzatIon of the use
of thIS raw matenal, therefore, would enhance the treatablhty of the wastes generated In the
sulfonatIon plant
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SpIll PreventIOn - The JSC facllIty should develop measures and provlde tramIng to staff m
order to reduce the potenoal for spIlls wIthm the plant

In Its letter of July 5, 1995, the JSC faCIlity reported that It had undertaken addItional steps to
reduce spIlls, Including use of a new Internal system for dally maintenance

In Its letter of July 5, 1995, the JSC facIlIty reported that It had undertaken addItional steps to
reduce leaks, mcludmg use of a new mternal system for dally maIntenance

Tecbmcal Feasibility EvaluatIon The ImplementatIOn of this alternative would reqUire some
addIDonal staff orne to Idenofy and correct leaks, however, no new eqUIpment or technology
would be reqUIred
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CatalytiC Converter OptimIzatIOn - The JSC facIlIty should evaluate the operation of the
catalytiC converter to optimIZe operatIOn and reduce S02 emISSIons Temperature control WIthIn
the converter could be carefully momtored and optImIzed In order to maxiffilze S0:3 generation
and mImmIze the reSIdual S02

Tecbmcal Feasibility Evaluation The Implementaoon of thIS alternative would reqUire some
addItional staff tIme to Identify all aVailable supplIers of sulfur, and to evaluate the cost and
benefit of UtilIZIng a hIgher grade of the raw matenal In addItiOn, staff orne would be reqUired
to evaluate the raw matenal storage and handlIng procedures to ffilmmlze contamInation It IS
poSSIble that thIS evaluaoon WIll determIne that addItional storage area, and/or raw sulfur
handlIng eqUipment may be needed to reduce contammaoon, however, neIther plans nor
speclficaoons can be developed until the evaluatIOn IS performed

Techmcal FeasibIlIty Evaluation The optimIzatIOn of thIS process will reqUire JSC staff to
carefully momtor and document the performance of the catalytIc converter under vanous
operabng condloons Logs should be developed to accurately track operating parameters versus
S02 generatIOn to Identify optimum performance Based on the results of thIS analySIS, the umt
would then be closely momtored to ensure that optimum COndItions are maIntamed

Techmcal Feasibility Evaluation The Implementaoon of thIS alternatIve would reqUire some
addluonal staff orne to Idenufy the potentIal sources of spIlls, to develop procedures and
pracuces to reduce the occurrence of spIlls, and to tram staff m these pracoces, however, no
new eqUIpment or technology would be reqUired GUidance for developmg spIll prevenoon
plans IS readIly avaIlable

In Its letter of July 5, 1995, the JSC facIlIty mdicated that It currently purchases sulfur, that
meets Its manufactunng specIfications, from nelghbonng arab countries at reasonable pnces
Wlnle JSC plans to contmue USIng current suppliers, It has begun InVestigatmg the poSSIbIlIty
of modlfymg the meltmg umt to elImmate, or mInImIZe, the generation of solid sulfur waste

Sulfur QUalIty Control - The ISC faCIlIty should Investigate the cost/benefit of obtammg a
cleaner sulfur supply to reduce the volume of solId sulfur waste generated by the sulfur filters
In addItIOn, more careful raw matenal handling m the sulfur storage area could result In
mtroducoon of fewer Impunbes from cleanup of spIllage

FINAL REPORT
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SodIUm SIhcate ProductIOn

PPIWM opportumtIes identIfied for the sapomficatIOn plant Included

SapomficatIon

• Reactor OptImIzatIOn - The sapomficatIon reactIOn temperature should be optImIzed to aVOid
hne blockages and unnecessary product wastIng dunng cleamng (unblockmg) operatIons
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Terhmcal Feasibility EvaluatIOn In Its letter of July 5, 1995, JSC reported that It had
designed a recovery system to elImmate waste generatIon dunng product changeover JSC
mdicated that It IS unable to modIfy Its productlon schedule due to customer and market
requrrements

The ImplementatIOn of this alternative would reqUIre some additIonal staff time to track
performance and to evaluate the results, however, no new eqUIpment or technology would be
reqUIred

Techmcal FeasibIlity Evaluation In Its letter of July 5, 1995, the JSC faclhty mdIcated that
It conSidered the umt to be fully optimIzed The reactor IS operated usmg advanced measunng
and control eqmpment that mInImIZeS waste generatIon and optImIzes product productIon

Technical Feasibility Evaluation· The ImplementatIon of thIS alternatIve would reqUlre some
addItIonal staff tlme to Identlfy and correct leaks, however, no new eqUIpment or technology
would be reqUIred

• Leak Control - The eqUlpment In the sapomfication plant should be mamtamed more ngorously
to reduce steam leaks AudIt findmgs mdicated that steam leaks were causmg soap
contarnmatlon of steam condensate, resultmg 10 Its dIscharge to the basm Instead of recyclIng
to the condensate recovery system

• ProductIon Schedule OptImIzatIOn - The productIOn schedule should be modIfied and optimIzed
to prevent frequent changes of products and reduce start-up losses PractIces observed dunng
the audit resulted m the generatIOn of slgmficant quantItIes of off-spec soap dunng start-up
operatIons WhIle the JSC faCIlIty stored the matenal for reprocessmg, Its storage capaCIty was
hooted, and It appeared that some quantIty of soap would be wasted

• ElmllnatIOn or MmImlzatIon of Contact CoolIng - The JSC facility should Investigate the
opportumty for usmg a non-contact coolmg water stream, or measures to mInImIze use of
contact coolIng water, for the castmg belt Use of a non-contact system would elImmate the
periodiC wastmg of the contammated coolIng water wastestream (7 33 m3/day) to the collectIon
basm AlternatIvely, JSC could mInImIZe the contammatIon of the contact coohng water and
more effectIvely use the stream for product dIssolutIon The current wastestream was reported
to mntam 5 -10 percent sodIUm SIlIcate

PP/WM opportunIties IdentIfied for the sodIUm sIhcate meltIng and dissolutlon operatIOns mcluded
the followmg
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Based on these techmcal lImItatIOns, the most reasonable alternative IS to repoSItIOn the coolIng
water Jet spray pIpIng at an angle to the castIng belt m order to maXInuze coolIng water contact
WIth the belt plates, and mInImIZe contact WIth the sodIUm SIlIcate ThIs can be accomphshed
by JSC staff WIth mimmal cost and effort

SedIment/FIlter SolIds Control - The JSC facIhty should InvestIgate poSSIble ways to mInImIze
sedIment In the dIssolved sodIUm SIlIcate storage tanks Less sedIment m these tanks would
result In less waste from the tank and filter to be removed, and flushed to the waste collectIOn
basm, and hIgher qUalIty product WIth respect to product qualIty, reSIdual solIds m the
dIssolved sodIUm sIhcate can damage pumps 10 powder detergent plants, thus, reducIng the
attractIveness of the ISC product Methods to reduce sedIment generation should 10clude

Increas10g the punty of raw matenals, and In partIcular, the SIlIca sand Impunties 10 the
SIlIca sand result In unreacted matenal In the rock sodIUm SIlIcate that WIll not be dIssolved
In the dIssolutIon process
OpumiZIng the operatIon of the laIn to maxlffilze reactIon of raw matenals and reduce
unreacted by-products sent to the dIssolutIOn umt
OptImIzmg the dIssolVIng condItIons In the autoclave to ensure that dIssolutIon occurs to the
hIghest extent poSSIble

Techmcal Feasibility Evaluation The ImplementatIon of thIS alternatIve would reqUIre
slgmficant alteratIon of the plumbmg for the current contact cooling system In addItIon, the
effectIveness of the non-contact coohng (or hmited) contact coolIng system may requIre
modIficatIons to the castmg belt operatIon (e g , extendmg coohng tIme) In order to evaluate
the techmcal feaSIbIlIty of USIng alternatIve coolIng procedures, It was necessary to develop
prelImmary engmeenng plans and specIficatIons The prehmmary engIneenng evaluatIon
IdentIfied the followmg constramts
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Tethmcal FeasibIlity Evaluation The ImplementatIon of thIS alternatIve would reqUIre some
addItIonal staff ume to IdentIfy all aVailable supplIers of SIlIca, and to evaluate the cost and
benefit of utIlIz10g a hIgher grade of the raw matenal AddItIonally, the OptimIzatIOn of thIS
process WIll reqUIre ISC staff to carefully momtor and document the performance of the
dlSSOluoon process under vanous operatIng condioons Logs should be developed to accurately
track raw matenal feed rates, and other operating parameters versus solIds generauon Based
on the results of thIS analySIS, the reactor would then be closely mOnItored to ensure that
optImum condluons are mamtamed

The castIng belt cannot be elongated, and there IS InsuffiCIent space for a new belt
CoolIng tIme cannot be mcreased by reducmg the belt speed smce the belt operatIon IS
constramed by the operatIon of the rotary laIn
CoolIng IS currently achIeved mamly from evaporauon of water commg m contact WIth the
hot belt plates

SIlIcate cooled from lOoooC to 2000C
CoolIng water 10 at 25°C, out at 6()OC

JSC has added an air blower near the end of belt, but It has not sIgmficantly affected the
coolIng effiCIency
ISC and audIt team could not IdentIfy alternatIve non-contact coolIng technology applIcable
to thIs manufactunng process
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SodIUm Toluene Sulfonate ProductIon

Independent of the survey that was developed by JSC, the audit team IdentIfied the PP/WM
opportumb.es for the STS operanon

In Its letter of July 5, 1995, the JSC faCIlIty reported that It has ordered a relIable system to
nnmmlZe worker exposure to SIlIca dust

The ImplementatIOn of thIs alternatIve would reqUIre some addItIOnal staff tIme to track
performance and to evaluate the results, however, no new eqUlpment or technology would be
reqUIred
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Techmcal FeaSIbIlity Evaluation- The ImplementatIon of thiS alternatIve would reqUIre some
addItIonal staff tIme to Identify the sources of sIltca dust, to develop procedures and practices
to reduce dust generation, and to tram staff In these practices It IS also poSSIble that new
eqUIpment or technology, such as dust suppressIOn deVIces, may be reqUIred, however, neIther
plans nor specIfications can be developed untIl the evaluatIOn IS performed

In Its letter of July 5, 1995, the JSC facJllty indIcated that the filter solId waste generatIOn IS
related dIrectly to the quahty of the sIhca sand used 10 the process, and to the handlIng of the
fimshed products JSC reports that It IS negotIatmg WIth Its local supplIer to develop a new
qUalIty of sand that contams less heavy OXIdes Parameters were also mo<hfied to obtaIn a
hIgher punty product and mmImlze unreacted matenals that remam as filter cake WIth respect
to product handlIng, the faCIlIty IS utIhz10g a new overhead crane to mInimIze sohd waste
generatIon

• ElImmatIon of Toluene DIscharge - Water remammg followmg separatIon of toluene from the
toluene/water mIxture, should be stored and fully reused 10 the process m heu of dIscharge to
the collectIOn basm Storage and reuse efforts may reqUIre constructIon of an additIonal storage
tank In the STS facility AlternatIvely, the water contarmnated WIth toluene could be treated
by actIvated carbon, au stnpp1Og, or other means, and reused, or 10 some way segregated from
other plant dIscharges AudIt findmgs 10dIcated that the waste collectIOn basIn contamed
detectable concentratIons of toluene (0 45 mg/l) Based on ISC plant operatIons, the STS umt
lS the only source of toluene to the baSIn Confimng all wastes generated by the STS operatIon,
and segregab.ng STS wastestreams from other plant dIscharges, would prevent toluene
amtaInmatIon from affectIng overall plant wastewater charactenstIcs

• Dust Control - The ISC facIlIty should Implement addltlOnal dust control measures to reduce
opportumtIes for worker exposure to SIlIca dust Exposure to sIhca dust can result 10 SIhcoSIS,
a sIgmficant long-term respIratory disorder

In Its letter of July 5, 1995, the ISC faclhty IndIcated that the STS plant has not been operated on
a contInuous baSIS SInce the tIme of the audIt It IS currently operated only for specIfic product
requests According to JSC staff, a complete survey was performed two years ago to modIfy the
productIOn lme 10 accordance WIth the latest technologies Dependent on budgetary constraInts, JSC
hopes to Implement the plant modIficatIOns WIthin the next two years
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Pollutant mlOimIzatlon 10 the area IS techmcally feaSIble and can be accomplIshed by the
followlOg actions

In order to evaluate the techmcal feasIbility of us10g alternatIve coohng procedures, It was
necessary to develop prehmmary engmeenng plans and specIficatIons Based on the prehmmary
plans, the followmg constraInts were Identified

Techmcal Feasibility Evaluation The Implementatlon of this alternative would reqUire
alteratIon of the plumbmg and water collectIon systems 10 the STS operatiOn In addition, the
Impact of the usmg the recycled water for thIS process Will reqUIre close momtonng to ensure
that the process IS not adversely effected

Wash water from the mtermedlate tanks 10 the productIon area contains sodIUm sulfate and
reSidual STS Floor contam1Oation from thIS source IS eVIdent
Concrete floor 10 production area IS corroded caus10g dIfficulties 10 collect1Og waste
matenal

3'-1
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RepaIr concrete slab and 10stall anti-aCId chemIcal floonng (e g , ceramIC tIle) to concrete
surface over an area of approxImately 170 m2 Install regular floonng tiles to 115 m2

Construct a pIt to collect floor wash water and spIlls Install a staInless steel tank (0 5 m3)

10 the pIt
EqUiP collection tank WIth a submersIble sump pump (220V, 50Hz) and level control
DIrect lOtermedIate tank wash water to a dry10g tank for matenal recovery by evaporatIon
An unused staInless steel tank (12 m3) IS avaIlable on SIte for thIS purpose Install
apprmomately 50 m of llh lOch dIameter staInless steel piplOg
DIrect floor wash water from the collectIOn pIt to the 12 m3 tank
DIrect the separator and dryer lmes mto a staInless steel receIvmg tank of about 0 5 m3

Install a pump (220V, 50 Hz) and approxImately 10 m of 3/4 lOch staInless steel pI~lOg

Install actIvated carbon filter to treat effluent from the toluene/water separator (0 7 m /day)
and dryer condensate (0 83 m3/day) (Note the eXIstmg hne from the dryer to the waste
basm will need to be closed)
DIrect the stored water from the receIver tank to the actIvated carbon filter usmg a
centnfugal pump (220V, 50 Hz) WIth a level control
Install a 2 m3 storage tank for treated water storage
Construct a 3m X 1m X 0 8 m concrete slab for support of the mtermedlate tank, the
actIvated carbon filter, and the treated water storage tank

STS Coohn~ Water SegregatIOn - The use of the central coollOg water system for the STS plant
should be elImmated by construCtIng an STS specIfic coolIng system AddItIOnally, a toluene
leak detectIon system could be lOstalled to mimmize the loss of toluene to the coollOg CircUlt
Use of a system specIfically for the STS plant would prevent contammatIon of the enUre central
coolIng system (50 m3)

[Note The annual operatmg costs for the umt wIll depend on the expense for replacement of
the activated carbon 10 the carbon filters The need for replacement of the activated carbon wIll
mcrease as the total organICS concentratiOn 10 the wastestream treated by the carbon column
lOcreases See AppendIX A for dIagrams and addItional lOformatIon]
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AlkanolamIdes ProductIon

4 1 2 Matenals Handlmg and Storage

In Its letter of July 5, 1995, the JSC faCIlIty mdicated that the pasty waste would be drummed and
stored In a specIally deSIgnated area
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The engmeenng analySIS performed by the FS team determIned that It was unltkely that
Slgmficant contamInatIon of the coohng system could occur dunng the manufactunng process
The JSC engmeers mdicated that no aCCIdents relatmg to non-contact coohng water
contamInatIon had occurred dunng the mne years of operatIon of thIS umt Other sources of
toluene contammatIOn of the waste collectIOn basIn could be the dryer hne and/or spills on the
floor that are washed to the dram Floor repatr, and modIficatIons to cleamng practIces
descnbed above, should mImmIze these releases Based on thIS analySIS, the segregatIon of the
STS non-contact coohng system was determIned to be unnecessary at thIS tIme

Techmcal FeaSibility Evaluation The ImplementatIon of thIS alternatIve would reqUire some
addloonal staff orne to Idenofy and correct leaks, however, no new eqUIpment or technology
'\\-ould be reqUIred

Techmcal Feasibility EvaluatIOn The ImplementatIOn of thIS alternatIve would reqmre
slgmficant alteratton of the plumbmg 10 order to remove the STS plant from the central coolIng
system and construct a new STS-speclfic coolIng system In order to evaluate the techmca1
feasIbIlIty of usmg alternatIve coohng procedures, It was necessary to develop prelImmary
engmeenng plans and specIficatIOns

Dunng the audIt SIte VISIt, the audIt team noted a vanety of matenals handlmg and storage practIces
at the JSC faCIlIty that could result m the dIscharge of pollutants to the wadI durrng a storm event,
or whIch could contammate surroundIng SOlIs

The operaoons at the Aikanoiamides faCIlIty dId not result rn the generatIon of sIgmficant amounts
of waste, however one PP/WM opportumty was Idenofied by the audIt team ThIS opportumty
related to the dIscharge of "pasty" wastes to the collectIon basrn To reduce the dIscharge of thIS
wastestream to the collectton baSin, the JSC facIlIty should ensure that all of the pasty wastes
genemted are drummed AudIt findmgs revealed that some of the pasty waste IS currently
dIscharged to the baSIn, however, the quanoty was reported to be qUIte small

• Leak Control - The eqUIpment 10 the STS plant should be mamtaIned more ngorously to reduce
or ehmmate possIbIhttes for the coolrng water and steam to become contamrnated by toluene
due to leaks AudIt findmgs indIcated that JSC must penodIca1ly blowdown the central coohng
system, due In part to leaks of toluene to the system ThIS results In a dIscharge of 50 m3 of
toluene contammated wastewater to the collection baSIn, and reqUIres refilhng of the coohng
ClTCUIt WIth fresh water

Technical FeaSibilIty EvaluatIOn The ImplementatIon of thIs alternaove would reqUIre some
addI1lOnal staff tIme to collect and drum the pasty waste, however, no new eqUIpment or technology
would be reqUIred
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Fuel 011 UnloadIng Area

Loadmg Area for Raw Matenals and Products Near the Sulfonatlon Plant

I Concrete loading and unloadIng areas should be constructed utIlIzmg contamment berms and
ram covers to Isolate spIlls, prevent soIl contaminatIon, and elImInate storm water runoff

In order to more fully evaluate these alternatIves, prelIminary engIneenng plans were developed
The prelImmary plans for each of the loadIng and unloadIng facilitIes are as follow
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Based on an engmeerIng evaluatIon, It was determmed that mstallatIon of a cover m thIS area
would not be appropnate due to the potentIal collectIon of S03 fumes from the sulfonatIon
plant Therefore, the only need IS a concrete pad measunng 12 m x 11 m

Install a concrete slab measunng 10m x 4 m, IncludIng a df3.lnage trench and collectIon pIt
Install a 10 m x 4 m corrugated steel cover at a heIght of 4 m
Improve handlIng procedures dunng loadmg and unloadIng to reduce fuel spIllage
Enclose the SIdes of the concrete pIt dIrectly below the unloadmg area to capture leaks and
spills Enclosure wIll reqmre construction of two walls 80 cm hIgh at a total length of 7 m
Install an oIl/water separator
Extend the trench hne to the pIt area (a length of 165m) and add a manhole
Combme the flows from the pIt and the recovered OIl from the bolier maIntenance facility at
the manhole, and dIfect flows to the oIl water separator Effluent from the OIl/water separator
wHl be dIscharged to the waste collectIon basIn

Independent of the practIces now bemg undertaken by JSC, the audit team IdentIfied the followmg
recommendatIons regard10g matenals handhng and storage

In Its letter of July 5, 1995, the JSC facIlIty IndIcated that It had desIgned addItIonal storage
facIlItles and that It hoped to begm constructIOn of these storage facIlIties In the near future In the
Intenrn penod, JSC 10dlcated that It has begun applymg a comprehensIve maintenance program 10
order to minImIze Impacts In partIcular, the facIhty reports that It now lImIts tanker trucks to one
type of product 10 order to mInimIZe nnsIng, and It now uses new barrels 10 order to elimInate
barrel cleamng

Techmcal Feasibility EvaluatIOn The audIt IdentIfied four specific areas of the JSC faCIlIty where
loadmg and unloading actIVItIes resulted In spIlls 1Oclud1Og 1) the oil unload1Og area, 2) the loadmg
area for raw matenals and products near the sulfonatIon plant, 3) the fatty aCIds unload1Og area
above the STS plant, and, 4) the fatty aCIds unloadmg area between the toluene storage tanks and
the STS plant To Implement thIS alternatIve, the JSC faCIlIty should elnrnnate one of the two fatty
aCId unload1Og areas, preferably, the one above the STS plant, 10 order to mmImIze constructIon
costs For the three remaIning loadmg and unloadmg areas, concrete pads would be constructed
WIth berms and df3.lns to collect spIlled matenals Covers (e g , corrugated fiberglass or sheet
metal) WIll be proVIded for the pads to prevent storm water from wash10g spIlled matenals to the
wadI; however, the covers WIll be deSIgned to ensure that eqmpment can move freely 10 and out
of the load1Og and unloading areas and that these actiVItIes are not Impeded
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Drum Unload1Og Area (between toluene storage tanks and the STS plant>

Tanker UnloadIng Area (above the STS plant)

The follow1Og deSIgn consIderatIons, therefore, are recommended for the unloadmg areas

Based on an engmeenng evaluatIon, the followmg addItIOnal 10formatIon was obtaIned regardmg
the unload1Og actIvitles
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• Install aJacket around the meltIng tank to allow mdIrect steam heatIng ThIS procedure WIll
conserve approxImately 200 kg of steam condensate for each 8 drums of raw matenal

• Use drum pump to pump molten raw matenals dIrectly to the receIvmg tank
• Close the recelv10g tank and mstall a level control to prevent overflow

• Install a concrete pad measunng 18 m X6 m, mdud10g a ram water collectIon trench and
a collectIOn pIt

• Unload tankers dIrectly to the matenal storage tanks rather than to the open receIvmg tank
• Improve handlIng procedures dunng unloadmg to prevent spIllage
• Install an alarm system 10 the raw matenal storage tanks to prevent overflow
• Install a matenal cIrculaoon system 10 the tanker trucks to prevent solIdIficatIon of the raw

matenal at the outlet valve

• Combmmg the two unloadmg facIlItIes IS not practIcal due to the dlffenng types of
unload1Og operatIons Therefore, contaInment WIll be reqUIred for both areas

• The drummed matenal (solId fatty acIds) IS melted usmg bve steam dIrected mto an
externally Insulated contaIner ApproxImately 200 kg of steam IS used per 8 drums, each
contaIn1Og 200 kg of raw matenal

• The drums are InItIally unloaded mto an open receIver tank where some of the contents
OXIdIze upon contact WIth aIr thIS OXIdatIOn contammates the soap product

• The meltIng tank IS ruSty and contaIns holes that allow steam leakages
• Tankers are unloaded usmg a pIpmg system from an area above the STS plant mto the same

open meltIng tank used for the drums
• The raw matenal 10 the tanker outlet IS usually solIdIfied Ttus matenal IS melted by

duectIng lIve steam mto the outlet while the valve IS open ThIS IS a major source of
spIllage

• Covers 10 thIS area may result 10 the collectIOn of toluene fumes, thus, they are not
appropnate

FINAL REPORT

2 Drummed and bagged raw matenals, 1Otermedtates, products and wastes should be stored 10

covered areas With concrete floors and spIll contaInment berms Storage m thIS manner would
ISOlate spIlls and prevent storm water contammatIon

Fatty ACld Unloadmg Areas above the STS Plant and between the Toluene Storage Tanks and the
STS Plant.
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Technital FeasibilIty EvaluatIon ThIS alternatlve can be Implemented WIth mlmmal effort, and
does not reqUire an engmeenng analySIS Some addItIonal staff tlme WIll be reqUired, however, to
proVIde clearung and maIntenance and to remove and dIspose of the collected waste

TechnIcal FeasibIlIty EvaluatIon ThIS alternatlve can be Implemented WIth mImmal effort, and
does not requIre an engmeenng analySIS Some addluonal staff time WIll be reqUIred to repaIr the
small hole In the wall and to proVIde cleanmg and matntenance 10 the sulfur meltmg room

4 Leaks and spIlls throughout the JSC faCIlIty should be removed by absorbent matenals, or other
dry cleanmg methods, and not nnsed to the collectIOn basm In additIon, where barrels are
used to collect overflow from process UnIts, these collectIon vessels should be replaced more
frequently to ensure they do not overflow to the collechon basm

Technical FeasIbIlIty EvaluatIon' The ImplementatIon of thts alternatIve would requIre some
addIUonal staff hme to mspect contatnment structures, to develop procedures and practIces to ensure
that valves and dratns are properly operated, and to tram staff m these practIces, however, no new
eqUIpment or technology would be reqUIred
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5 ContaInment structures constructed to prevent spills from reachtng bare ground or the WadI
should be repaIred and maIntamed to ensure theIr proper operatIon Where drams are located
m 1hese contatnment structures, they should be closed under normal CIrcumstances, and opened
only to remove uncontammated storm water or washwater

3 The dramage hole cut m the wall of the sulfur meltmg room should be sealed ThIS would
prevent the dIscharge of pump coohng water and condensate from the heating Jacket from
reachmg the bare ground near the sulfonatlOn plant Additlonally, the waste sulfur accumulatmg
m the area of the melting umt should be penodIcally removed by dry methods to lessen the
sulfur contammatlon of the water collectIng In thIS area

The storage areas wIll reqUIre concrete pads WIth berms and drams to collect spilled matenals
Corrugated steel covers WIll be proVided for the pads to prevent storm water from washmg spilled
matenals to the wadI, however, the covers WIll be deSIgned to ensure that eqUIpment can move
matenals m and out of the storage areas 10 an ummpeded manner

TechnIcal FeasIbility Evaluation. The techmcal feasIblltty of any attempt to control these Impacts
IS contIngent on two actIvItIes Fust, where there IS a~ to store products and wastes on-sIte
matenals on-sIte, pads (wIth berms and drams) and covers should be constructed Second, wherever
possIble, empty drums, drummed wastes, bagged wastes, and other matenals should be sent off-sIte
for proper dIsposal Based on dISCUSSions With JSC staff, there IS currently no solId waste diSposal
site avaIlable m Jordan that WIll accept the faCIlIty's wastes Without such a faCIlIty, JSC will be
requued to mdefimtely store all of Its sohd wastes (as IS currently done)

In order to deSIgn raw matenal and waste storage areas, an estImate of the total matenal to be
stored was first be developed At the time of the audit, there were an estimated 650 drums of raw
matenals and wastes stored at the JSC SIte Based on dISCUSSIons WIth JSC staff, It IS estlmated that
storage WIll be reqUIred for 800-1000 drums Usmg thIS esumate, a storage area ofapproxlrnately
360 m2 WIll be requIred at the faclhty
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4 13 Control of Other Waste Generatmg ActIVIties

PPIWM opportunitIes related to the treatment and dIspoSItIon of wastes generated by the JSC faCIlIty
mcluded the followmg

6 Tanker truck and barrel washmg should be performed off sIte at a sUItable locatIon, or wIthm
an area of the JSC facIhty deSIgned to contaIn truck and barrel washmg dIscharges

In Its letter of July 5, 1995, the JSC faCIlIty mdicated that It was actively attemptIng to IdentIfy
regular customers for Its sulfur wastes JSC encouraged the PP/WM team's efforts to establIsh
a waste exchange program
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TechnIcal FeasIbilIty EvaluatIon The ImplementatIon of thIS alternatIve does not requIre an
engmeenng analysIs, however, staff tIme WIll be reqUIred to evaluate the use of the off-spec
matenal In partIcular, staff would need to closely morutor and document the effects of the use
of thIS matenal on the qualIty of the product In order to ensure that the product IS not adversely
effected The optImum feed rate would then be determmed and utIltzed

• UtdIzatIon of Charred Matenal - The JSC faCIlIty should InvestIgate the re-mtroductlOn of
addluonal charred matenal, generated In the sulfonatIon reactor and removed by the cyclone,
to the final product WhIle the charred matenalls off-color, It can be combIned WIth the
product In small quantItIes Without affectIng product qualIty TIns practIce IS currently
cooducted on a small scale, however, It should be maxImIzed to decrease the wastmg of excess
charred matenal

• UtIlIzatIon of Sulfur Wastes - The JSC faCIlIty should promote the use by outSIde firms of the
sohd sulfur waste generated by the sulfonatIon process The audIt findmgs IndIcated that the
JSC faCIlIty generated approxImately 12 tonslyr of solId sulfur waste Some of the waste
matenal has been sold to farmers In the past, however, the maJonty IS stored on SIte andlor
burned m open areas An estImated 10 tons IS currently stored on SIte

Techmcal FeaSibilIty Evaluation- The ImplementatIon of thIs alternatIve does not reqUIre an
engmeenng analySIS, however, staff tIme WIll be requIred to Identify potential end users of the
sulfur, and obtaIn clearance from mIlitary authontIes that oversee use of sulfur Identification
of potentIal users of thIs matenal would be greatly Improved If a "waste exchange" program
were to be developed and Implemented by JordanIan enVIronmental agenCIes

4 1 3 1

The audIt team IdentIfied several addItIonal PP/WM actIons that dId not relate dIrectly to process
operations, or to the handlIng and storage of matenals Instead, these opportunities addressed the
dlspoSlllon and treatment of the solId and drummed lIquId wastes generated by vanous processes,
the operatIon of central utthtIes, such as the coolmg and steam systems, and operatIon of the waste
collection basm OpportunitIes m these specIfic areas are prOVIded m the followmg sectIOns

Techmcal FeasibIlity Evaluation ThIs alternatIve can be Implemented WIth mInimal effort, and
does not reqUIre an engmeenng analysIs Based on comments from the JSC faCIlIty, these practIces
have already been modIfied
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In Its letter of July 5, 1995, the JSC faCllity IndIcated that It was actIvely attemptIng to Identify
regular customers for Its sodIUm sulfate wastes JSC encouraged the PP/WM team's efforts to
estabhsh a waste exchange program

In Its letter of July 5, 1995, the JSC facllity mdlcated that It was actIvely attemptmg to IdentIfy
regular customers for Its sodIUm SIlIcate wastes JSC encouraged the PP/WM team's efforts
to estabhsh a waste exchange program

Techmcal FeasIbIlity Evaluation The ImplementatIOn of thIs alternative does not reqUire an
engmeenng analySIS, however, staff tIme WIll be reqUired to IdentIfy potential end users of the
sodIum sulfate wastes IdentIficatiOn of potentIal users of thiS matenal would be greatly
Improved If a "waste exchange" program were to be developed and Implemented by JordanIan
enVlfOnmental agenCIes

Techmcal FeasibilIty Evaluation The ImplementatIon of thiS alternative does not requITe an
engmeenng analysIs, however, staff tlme WIll be reqUIred to Identify potentIal end users of the
sodIUm Siltcate sedIment IdentIficatIon of potentIal users of thIS matenal would be greatly
Improved If a "waste exchange" program were to be developed and Implemented by JordanIan
envrronmental agenCIes

22FINAL REPORT

• Utlhzatlon of SodJUrn Slhcate Sediment - The JSC facIlIty should mvestIgate altematlve uses
for the sedIment collected 10 the dIssolved sodIUm sIhcate storage tanks and for the sohds
removed from the plate filters used to remove ImpUntIes dunng transfer from the storage tanks
to the final product tank The audIt findIngs IndIcated that some of these sohds were used for
bUlldmg constructIon purposes As the matenal IS soltd, and relatIvely mert, It should be
collected as a sohd and used, where poSSIble, or collected and dISposed of as a sohd waste

• UtlhzatlOn of SodIUm Sulfate Wastes - The JSC facIhty should mvestIgate the use by other
companIes of the waste sodIUm sulfate generated by the STS process AddItIonally, the process
should be OptImiZed to reduce the generatIOn of thIS matenal to the extent poSSIble AudIt
findmgs mdlcated that approxImately 10 tonslyr of thIs sohd waste was generated by JSC
Wlnle the sodIUm sulfate IS shghtly contamInated by STS product, other firms may be able to
use thIS matenal

Each of the above suggestiOns relate to the use of "waste" matenals generated by the JSC facIlIty
by other mdIviduals or companIes While these matenals are conSidered wastes by JSC, they may
be of use as raw matenals for others Industnes and trade organIzations 10 the US and other natIons
have developed "waste exchange" programs to faclhtate the ldenttficatlon of such opportumties
A waste exchange program Identifies wastes generated by mdustnes and notifies other mdustnes of
the avadabIhty of these matenals at lIttle or no cost Governments may also playa role m the waste
exchange program by acting as a cleartnghouse for thiS type of mformatlon UtIhzatIon of these
matenals as useful products WIll reduce not only the cost of dISposal for the generators, but prOVIdes
a source of low cost raw matenals for others
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PPIWM opportumtles related to the operatIon of central utIlItIes at the JSC facIlIty mcluded

In Its letter of July 5, 1995, the JSC facIlIty indIcated that It had Idennfied other firms that were
WIllIng to accept all fuel recovered from the plant SIte

In addlnon to the constructIon, staff tIme WIll be reqUIred to evaluate the use of the recovered
oil for vanous fuel needs throughout the JSC facIlIty In partIcular, staff would need to Idennfy
potennal uses and expenment WIth the use of the recovered oIl

In ItS letter of July 5, 1995, the JSC faCIlIty reported that It planned to Identlfy a source of
water more relIable than Its eXIst.mg well for plant uses If IdentIfied, thIS would elIminate the
need for operanon of the RO umt
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Techmcal FeasibIlIty EvaluatIon. The ImplementatIon of thIS alternative would reqUIre the
mstallatIon of an oIl/water separator to treat the wastestream from the oIl storage and boIler
areas Installation of the separator would also reqUIre some plumbmg modIfications to segregate
the wastestreams contaIrung 011 from the combmed sewer system In order to evaluate thIS
alternatIve more fully, a prelImmary engmeenng plan was developed The evaluatIOn mdIcated
that the recovery of fuel oIl was feaSIble and would utilIze the Oll/water separator descnbed m
Section 4 1 2 (Item 1) of thJs report

Technical FeasIbility Evaluation: The ImplementatIon of thIS alternatIve would be
accomplIshed by establIshmg an evaporatIon pond or a "leach field" to properly dISPOse of the
waste stream The use of eIther of these types of dISposal uOlts would requIre some
constructIon, however, the pnmary techmcal concern would be the land area needed for the
umts It IS unlIkely, that eIther umt could be easIly constructed and operated wlth.m current
property boundanes

• UtIlIzatIon of Recovered Fuel 011 - The JSC faCIlIty should reVIse boiler maIntenance
procedures to prevent the dIscharge of waste fuel oIl to the waste collectIon bas.m In addItIOn,
an oil water separator should be mstalled pnor to the waste collectIOn basm to prevent waste
fuel 011 from contammatIng the basm The audIt findmgs indIcated that a thIck film of waste
oil was present on the surface of the waste collectIon basm and that 011 was also present In the
sedIment sample WIthdrawn from the basm Recovered 011 should be used for low qUalIty
burnmg purposes at the facility
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• UtIlIzation of RQ Reject - RO reject and membrane filter water should be removed from use
10 ImgatIon of adjacent farm land The reject water should Instead be evaporated, or dISposed
of In an envIronmentally sound manner, to prevent TDS contaminatIOn of sOIl AudIt findmgs
mdicated that approXImately 21 m3/day of RQ reject, WhICh conta.med a TDS concentratIon
exceedmg 7,000 mg/l, was provIded to a local farmer for Imgatlon Although the farmer
reportedly mIxed the RO reject wIth addItIonal well water, It IS hkely that the lITIgatIon water
would exceed the 202 Standards
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The Implementatlon of this alternative would reqUire the mstallatIon of flow momtonng deVIces,
and would reqUIre some addItional staff time to track performance

Techmcal FeasibIlity Evaluation A prelImInary engmeenng evaluation for tlus effort
deternuned that the eXIstmg septIc tank was operatIng correctly and did not reqUIre
modIficatIon

• Domestic Waste Treatment - The JSC faclhty should construct an engmeered septIC tank WIth
a sUItable leach field to treat the domestic wastes generated by the facIhty AudIt findIngs
IndIcated that the current practIces Involved dIscharge ofdomestIc wastes to an open excavatIon

Although the waste collectlon basm does not "generate" wastes, the proper operatIOn of this umt
IS cntIcal to the prevention of pollutIOn at the JSC faclhty The follOWIng PP/WM opportumtIes
are proVIded to ensure proper operatIOn of the basm
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Techmcal FeaSIbility Evaluation The Implementatlon of this alternative would reqUlre some
addltlonal staff tlme to identify and correct leaks, however, no new eqUIpment or technology
would be reqUIred

• Leak and Splil Preventlon - Leaks and spIlls throughout the JSC faclhty should be 11Ummized
to prevent contammatIon of the centrahzed coolmg and steam systems AudIt findIngs mdicated
that contammatlon of the coolIng system by toluene and other matenals, and of the condensate
return system by vanous raw matenals and products, resulted m penodIC wastmg of these
systems to the collectIon basIn

Temmcal FeasibilIty Evaluation The optImIzation of the collectIOn basm wIll requrre JSC
staff to carefully momtor and document the performance of the baSIn over several months of
operation Flow momtonng deVices should be mstalled, and logs should be mamtamed, to
accurately track flow m to and out of the basm Based on the results of thIS evaluation, the
performance of the basm would be evaluated, and a determ1Oanon of the potennal for leakage
could be made I

• Optlmize OperatIon of the CollectIon Basm - The JSC faCIlIty should carefully study the
operatlon of the waste collection basm to ensure that wastewater does not leak or dram from
the basm to the ground or to the wadI Information provIded by the JSC facIlIty mdlcated that
the net dIscharge to the baSIn, account1Og for evaporatIon (10 mm/day), was over 6,000 m3/yr
Because the total capaCIty of the basm IS only 4,350 m3, and because the basm has been 10

operation smce 1990, a conSIderable volume of wastewater IS unaccounted for

4 133

• Prevent Seepage from the CollectIOn BaSIn - The JSC faCIlIty should evaluate the poSSible
nugratIon of wastewater from the basm to the sod and groundwater To perform the evaluatIon,
momtonng wells should be constructed near the baSin to determIne If leakage has occurred, and
If so, the extent of the ffilgratIon
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42 1 Process Control

4 2 TECHNICAL FEASffiILITY OF WATER CONSERVATION TECHNIQUES

In general, the opportumtIes for water conservatIOn IdentIfied for the JSC facIhty could be arranged 10

three general categones .

• Process Control,
• Coohng and Boiler Water, and
• Floor Wash and Cleamng AcnVltles
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A number of water conservation opportumtles, related to the manufactunng processes at the JSC
facility, were Identified by the audIt team The opportumbes Identified 10 thiS category 1Ovolve
water uses related dIrectly to specific production plant operations Water conservation techmques
Identified 10 tlus seebon 1Oc1uded general actIvlbes, such as leak prevention and mamtenance, as
well as specIfic process modificabons

TechmcaJ Feasibility Evaluation The ImplementatIOn of thIS alternatIve would require the
estabhshment of a senes of momtonng wells near the waste collectIOn basIS At a mInimUm,
3 wells should be placed around the bas1O, partIcularly 10 the area between the basm and the
wadI to determme If seepage has occurred A topographical map mdlcatIng the suggested
locatlon of the wells IS prOVIded 10 AppendIX B of thiS report

In Its letter of July 5, 1995, the JSC facIlIty mdicated that although the waste collection basm
had been constructed under the superviSIon of government authontles, JSC contmued to momtor
Its operatlon to ensure that no leakage has occurred

A general assessment of the local hydrogeologIcal COndItIOnS, prOVided by MWI, 10dicated that the
depth to the upper aqUIfer was approxImately 60 m The geology 10 the ImmedIate VICinity of the
JSC faclhty has not been fully explored, however, It conSISts pnmanly of ltmestones, chalky
ltmestones, marls and clays GeolOgIcal features mcludmg cracks and flexures mtersperse the area
and generally control the movement of groundwater Smce hydrogeologlcalmformanon for the area
ImmedIately surroundmg the JSC faclltty was not avatlable, and because no esnmate of potennal
leakage from the basm had been developed, an evaluatlon of the potentIal for groundwater
contammatlon was not developed for thIS report It IS hkely, however, that contammants 10 the
upper, unsaturated, SOlIs near the JSC facIhty, would be flushed toward the wadi dunng a storm
evenL

The water conservatIon opportumtIes Idennfied for each of the categones are prOVIded 10 the follow1Og
sectlons Followmg the presentatIon of each alternative, a summary of the techmca1 feasIbilIty of
developmg and Implementing the alternative IS prOVIded Where engmeenng analyses were reqUIred
to conduct the feaSIbilIty analySIS, the supportIng documentation IS referenced 10 the appendIces of thIS
report
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Tedmlcal FeasIbility Evaluation (See SectIOn 4 1 1)

Techmcal FeasibIlIty EvaluatIon (See Sectlon 4 1 1)

Sulfonauon/Sulfatlon

Sapomficatton

1

ulf
\
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• Leak PreventlOn/Condensate Reuse - ISC should proVide addltlonal matntenance for the
sapomficaoon process to prevent wasttng of coolmg water and steam condensate due to
contammaoon Currently, contammatlOn by soap is requmng wastlng of 1 m3/day of coolmg
water and condensate to the collectlon basm mstead of returmng It to the condensate recovery
system Assummg that leak mamtenance would reduce the reqUIred wastmg by 75 percent, thiS
would result 10 the ehmmanon of the need for 075 m3/day of make-up water

Techmcal Feaslblbty EvaluatIOn. The optlmizaoon of tlus process Will reqUIre JSC staff to
carefully momtor and document the use of water 10 the scrubber umt under vanous operattng
coooloons Logs should be developed to accurately track operatlng parameters versus 502
ennsslons to Idenofy optlmum performance Based on the results of thIS analysIs, the umt
would then be closely momtored to ensure that optlmum condItIons are matntamed

• Mlmmlzatlon of Scrubber Water - The JSC faclhty should maximize the atr to water ratlo 10
the scrubber umt 10 order to mlmmlze water use necessary for thIS umt to operate effecnvely
Based on current flow esnmates, approxImately 7 m3/day of spray water is used by the umt

Tecbmcal Feasibility EvaluatIon For a diSCUSSIOn of the use of sealless pump, see Sectlon
4 11

• Ehmmatlon of Contact Coolmg for Sulfur Pumps - Contact coolIng water for sulfur pumps
should be replaced by a non-contact coolmg water system or use of sealless pumps Although
the current contact coolmg water flow IS low, the water used for thiS purpose IS not necessary
Based on the current flow esnmates, thiS would result m a water saVIngS of 0 1 m3/day

• Leak PreyentlOn - JSC should provIde addItIonal mamtenance to prevent or repau leaks as soon
as possIble The audIt IdentIfied several leaks wlthm the sulfonatlon plant that were collectmg
and drammg to the collectlon baSIn Based on mformatlon provIded by the faclhtYt 0 5 mJ/day
could be attnbuted to leaks, spills and floor wash10g Assummg that 25 percent of thiS flow
IS attnbuted to leaks, and that these leaks could be reduced by 50 percent, thiS would result 10
a water savmgs of 006 m3/day
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STS Production

SodJUm SIlIcate ProductIon

Techmcal FeaSibIlIty EvaluatIon (See Section 4 1 1)

Ted1mcal FeasibIlIty EvaluatIon (See Sectlon 4 1 1)
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Temmcal FeasibIlIty Evaluation The Implementatlon of thIS alternative does not reqUIre an
engmeenng analySIS, however, staff tlme Will be requITed to evaluate potentIal uses of thiS
wa5teStream

• Dryer Condensate Reuse - The JSC faCIlIty should mvestIgate poSSIble m-plant uses, such as
equIpment or floor cleanIng, for the condensed vapors from the STS drymg umt The
wastestream was dIscharged to the collectlon basm, however, It was relatlvely clean, contamIng
approXImately 3 percent STS AssumIng 25 percent of the condensate could be used In place
offresh water, a water saVIngs of approxImately 0 21 m3/day would be antlClpated

Terhmcal FeaSibilIty Evaluation (See Section 4 1 1)

• CoolIng Water SegregatIOn - The coolIng water system for the STS plant should be segregated
from the central coolIng system to prevent contammatIon Current practIce reqUIres penodic
blowdown of central coolIng system due, m part, to toluene contammatJon Complete refillmg
offue coolmg system reqUIres approxImately 50 m3 of fresh water AssumIng that the need for
complete refillmg of the system due to toluene contammatIon occurs once every 3 weeks a water
savmgs of 24 m3/day would be achieved

• Process Water Reuse - JSC should recycle all water follOWIng toluene recovery and reduce the
need for fresh make-up water Current practices Identlfied dunng the audIt mdicated a
dISCharge of 007 m3/day of toluene contanunated process water RecyclIng of thIS stream,
therefore, would elImInate the need for 007 m3/day of fresh water

Techmcal Feasibility EvaluatIon The optimIzatIon of the use of the coolIng water would
requITe JSC staff to carefully momtor and document the use of water 10 the dIssolution process
Logs should be developed to accurately track water use and dIscharge to ensure the maximum
reuse of thIs resource

• Ehmmatlon of Contact Coohn& for Castmg Belt - Contact coolIng of castIng belt should be
replaced by a non-contact system Current practice results In evaporatIve loss of about 7
m)/day and a dIscharge to the collectIon basm of about 7 m3/day (approximately 16 percent of
total faclhty consumptIon) Assummg that a non-eontact system would reduce thIS by
approxImately 75 percent, thiS would save 11 m3/day, or about 12 percent of the total water
consumed at the JSC facIhty

• MaxImIzatIon of CoolIng Water Reuse - The JSC faclllty should maxImize ItS use of the castIng
belt coolmg water for dlssolutlon of rock sodIUm slllcate This would result m the need for less
make-up water, and less overall water use, m the sodIUm SIlIcate production and dissolutIon
plant
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4 2 3 Floor Wash and Clean10g ActiVIties

4 2 2 Coohng and Boller Water

The audIt team Identified several opportumtIes for water conservatIon related to general clean10g
and mamtenance actIVItIes The followmg suggestions are prOVIded

AddItIonal water conservatIon opportumties were IdentIfied by the audit team for the central coolIng
and bOiler systems These opportumtles 10cluded
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• Floor Wash10g and EqUipment Clean10g - The ISC faCIlIty IndIcated that approxImately 2
m3/day of fresh water was used for floor washIng and eqUipment cleanmg actiVItIes throughout
all plant areas The audIt team observed that low pressure hoses were used for SImple clean10g
tasks The ISC factlIty should replace the low pressure hoses With a hIgh pressure system
Assum10g that the hIgh pressure system would reduce overall cleanmg water use by 15 percent,
a savmgs of 03 m3/day would be antICIpated

Techmcal FeasibilIty Evaluation The Implementation of thIS alternatIve would not reqUire
an engmeenng analySIS, however, steam losses and vapor recovery should be closely momtored
by ISC staff to determIne If thIS saVIngs can be achIeved

• ReductIon of Steam Losses - The ISC faCIlIty should prOVIde addItIonal mamtenance to prevent
steam leaks Evaporative losses are estImated to be approXImately 33 m3/day throughout the
faCIllty Assum10g a 15 percent reduction due to Improved maIntenance, a savmgs of5 m3/day
would be antiCIpated

Techmcal FeaSibIlity Evaluation. The ImplementatIon of thIS alternatIve would not reqUire
an engmeenng analySIS, however, heat loss and heat recovery should be closely momtored by
JSC staff to determ10e If sav10gs can be achIeved

Techmcal FeasibIlity EvaluatIon The ImplementatIOn of thIS alternative would not reqUire
an engmeenng analySIS, however, water use should be closely momtored by JSC staff to
determ10e If thIS practIce results 10 sIgmficant sav10gs

Based on comments provIded by the ISC facIlIty, alternatIve sources of water WIll be Identified
m order to elIm10ate the use of the on-SIte well, thus, thIS alternative wtll not be necessary

• MaximIzatIOn of Heat Recovery - All means should be 10vestIgated for heat recovery pnor to
release of any waste gases/steam to the atmosphere ThIS may result In conservatIon of energy
and reduce water consumption through the need for less make-up water for steam generatIOn

• Pre-treatment of Coohn~ Water - The JSC faclhty should use RO water or softened water for
coohng water make-up Current practIce used untreated well water, or tanker water, conta101Og
high IDS As water was lost from the system, IDS concentratIons Increased and resulted 10
frequent blowdown Use of treated water would decrease blowdown frequency and reduce the
need for make-up water The ISC faCIlIty estimates that 1 m3/day IS sent to the basm as
blowdown Assum10g a 50 percent reduction 10 the need for blowdown due to use of pre
treated make-up water, a savmgs of 05 m3/day would be expected
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Based on comments provIded by the JSC faclhty, the praetlce of wash10g trucks and barrels on
SIte has been slgmficantly curtaIled Therefore, thiS alternabve IS no longer apphcable

Technical FeasIbility EvaluatIon The Implementabon of thIS alternabve would reqUire
mstallabon of a high pressure water hne, or the msta1laoon of pressure pumps 10 the truck wash
area DesIgn and mstallaoon of a system for thiS purpose WIll reqUIre slgmficant contnbutIons
of JSe staff brne

Technical FeasIbility EvaluatIOn The ImplementatIon of thIS alternatIve would requIre
installatIon of a plant wIde hIgh pressure water hne, or the mstallatIOn of pressure pumps In
vanous sectIons of the plant DesIgn and InstallatIon of a system for thIS purpose w1l1 reqUire
sIgmficant contnbutIons of JSe staff tIme

• Truck CleanIn~ - The JSC facility should provIde addItIOnal drammg of product pnor to
washmg tankers, and use a hIgh pressure washIng system to reduce water use Truck cleanmg
operanons at the JSC facIlIty used approxImately 2 m3/truck, and washed afProxlmately 120
trucks per year This resulted 10 a fresh water consumptIon of about 08 m Iday Assum10g
that the addioonal dram10g bme, and use of high pressure hoses would result In a 50 ~rcent

reducoon In water use, a savmgs of 04 mJ/day would be expected

01
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Suifonatton/SulfatlOn

5.0 OPPORTUNITY COST/BENEFIT ANALYSIS

• ReductIon mUse of Branched Alkylbenzene - Cost effeettve

• Utihzatton of Sea1less Pump - Cost effective

30FINAL REPORT

Thu alternative would requIre purchase of a sealless pump and would reqUIre mmor pIpmg
modIficanons The benefit would be reduced cont.anunatlon of the coohng water

Based on comments prOVIded by JSC, the reactor IS fully OptIrntzed, thus, there IS no cost or
benefit

• SuIfonator OptlmIzatton - Not Apphcable

No capItal or Implementatton costs The only potentIal cost IS the lost opportumty cost related
to the loss In sales of the branched alkylbenzene product

The cost and benefit(s) anttcIpated for each of the process control PPIWM opportumttes are
prOVIded In thIS seetton Please refer to Seetton 4 1 1 for a more detaIled descnpnon of the
alternatIVes

5 1 1 Cost/Benefit of Process Control Opportumttes

• Process Control,
• Matenals Handhng and Storage, and
• Control of Other Waste GeneratIng ActIvlttes

The PP/WM opportumttes IdentIfied for each of the categones (and descnbed m the correspondmg
subsectIons of Section 4 0) are hsted below For each alternattve, a dIScussIon of the cost/benefit of
developmg and ImplementIng the alternatIve IS provIded Where engIneenng analyses were reqUIred
to conduct the feasIbIhty analySIS, the supporting documentatton IS referenced m the appendIces of thIS
report

As m SectIon 4 °of the report, the PP/WM opportumttes Identified for the JSC facIhty could be
arranged 10 three general categones

In addtnon to the techmcal feasIbuIty evaluatiOn descnbed In SectIon 4 0, each of the PP/WM and water
conservatIon opportumtles were evaluated to assess whether the alternatIve was appropnate based on
projected costs and benefits In many cases, quantIficatIon of the costs and benefits was not poSSIble
due to data gaps and other uncertamtIes In these Instances, a qualItatIve assessment IS proVIded

5 1 COST/BENEFIT EVALUATION FOR POLLUTION PREVENTION/WASTE
MINIM1ZATION TECHNIQUES

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



• Leak Control - Cost effectIve

SaponificatIOn

• SpJlI PreventlOn - Cost effectIve

• CatalytIc Converter OptImIzatIon - Unknown

31

The OptImIzatIon procedures WIll not requIre any capItal expendItures, and wIll not reqUIre
sIgmficant staff tIme to Implement If successful, the effort wIll result In a dIscharge reductIon,
however, a quantItatIve assessment cannot be developed at thIS tIme

No capItal cost The only cost aSSOCIated WIth the alternatIve would be the addItIonal staff tIme
to malOtaIn eqUIpment and repaIr leaks

No capital cost The only cost aSSOCIated WIth the alternatIve would be the additIOnal staff tIme
to Improve handlmg procedures and mcrease mamtenance Based on comments prOVIded by
JSC, thiS alternatIve has already been Implemented, thus, there WIll be no additIonal costs or
benefits

Use of a hIgher grade of sulfur would reqUIre JSC to IdentIfy new supphers of sulfur located
further away from the manufactunng facIhty ThIS would lIkely result In sIgmficantly hIgher
umt costs As the current sulfur supply meets JSC's specIficatIons, and because JSC reports
that utIlIzatIon of the current sulfur can be Improved through process modIficatIon, thIS
alternatIve does not appear to be cost effectIve at the current tIme

Based on comments proVIded by JSC, the reactor IS fully OptImIzed, thus, there IS no cost or
benefit

No capital cost The only cost associated with the alternatIve would be the addItIOnal staff tIme
to mamtam eqUIpment and repaIr leaks Based on comments provIded by JSC, thIS alternatIve
has already been Implemented, thus, there wdl be no addItional costs Of benefits

Based on comments provIded by JSC, a replacement pump has been purchased, and coohng
water IS now segregated from the waste stream, thus, there wIll be no additIonal costs Of
benefits

FINAL REPORT

• Reactor OptImIzatIon - Not apphcable

• Sulfur QualIty Control - Not cost effectIve

• Leak Control - Cost effective
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• Dust Control - Cost effecuve

SodIUm SIhcate ProductIOn

• Productlon Schedule Optlmization - Not apphcable

Increasmg the punty of raw matenals - Cost effecuve

32

OpnmIzmg the operatlon of the kIln - Unknown, unless the feasIblhty IS assessed by JSC
staff

Ba!ed on comments prOVIded by JSC, dust suppreSSIOn eqUipment has been purchased and WIll
be iinstalled In the near future, thus, there will be no additlonal costs or benefits

This alternatlve would reqUire purchase of dust suppression eqUipment and would reqUire mmor
process modificatlons The benefit would be reduced generatlon and dIsperSIOn of harmful
sili£a dust

JSC reports that It IS workIng WIth supphers to Identlfy a hIgher qualIty sIhca sand that will
result In lower waste generatIOn The use of thIS matenal WIll not result In sIgmficant cost
Increase and will reduce the need for sohd waste dISPOSal SpecIfic cost/benefit estlmates
are not poSSIble WIthout additlonal data regardmg raw matenal qUalIty

The optlmIzauon procedures WIll not reqUITe any capItal expendItures, and WIll not reqUIre
sIgmficant staff ume to Implement However, It IS not poSSIble to determIne whether the
opnmizatlon effort WIll result In measurable benefits

Optmllzmg the dISSolVIng condItIOns In the autoclave - Unknown, unless the feasIblhty IS
assessed by JSC staff

The opuffilzauon procedures will not requITe any capItal expendItures, and WIll not reqUire
SIgnIficant staff tlme to Implement However, It IS not poSSIble to determme whether the
optlmtzatlon effort Will result In measurable benefits

Based on comments provIded by JSC, the current productIon schedule cannot be modIfied due
to market and customer consIderatIons In additlon, JSC has implemented procedures to uUhze
a pornon of the waste matenal generated dunng product changeover

The engmeenng evaluatIOn determmed that the ehmInatlon of contact coohng water was not
techmcally feaSIble, however, reposluorung of the eXIsung water spray Jets would result m less
contammatIon of the coohng water stream ThIS modIficatIOn could be performed by JSC staff
at little or no cost The benefits would mclude lower sohds contammatIOn of the coolmg water
stream, mcreased potentIal for recyclIng of the coolmg water stream, and less need for make-up
water to replace coohng water preVIOusly discharged due to sohds contammatIon

FINn. REPORT

• EllmmatIon or MInImizatIOn of Contact Coohn~ - Cost effectIve

• Sediment/FIlter Sohds Control - Cost effecuve
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Alkanolamldes Producoon - Cost effectIve

• Leak Control - Cost effectIve

SodIUm Toluene Sulfonate ProductIon

• S1'S CoolIng Water SegregatIon - Not applicable
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No capItal cost The only cost associated WIth the alternatIve would be the addItIOnal staff tIme
to drum and handle the pasty wastes Based on comments proVided by ISC, thIS alternatIve has
already been Implemented, thus, there will be no addItIonal costs or benefits

No capItal cost The only cost aSSOCIated WIth the alternative would be the addItIOnal staff tIme
to mamtaIn eqUIpment and reparr leaks

RepaIr concrete slab and mstall antI-acId and regular floor tIles (6,020 JD)
CollectIon pIt and stalnless steel tank (400 JD)
SubmersIble pump (200 JD)
12 m3 stalnless steel tank and pIpmg (1000 JD)
Holdmg tank, pump, and pIpmg (700 JD)
ActIvated carbon filter (685 JD)
Pump from storage tank to actIvated carbon filter (200 JD)
Treated water storage tank (180 JD)
Concrete platform (300 JD)
InstallatIon (9,685 JD)

Based on the engmeenng evaluatlOn performed for thIS alternatIve (see AppendIX A), the
followmg capItal costs (not mcludIng labor) were projected

The benefit denved from thIS Investment would be sIgmficant reduetlons In the quantIty of
toluene dIscharged to the waste collectIon basIn A specIfic estImate of the reductIon In toluene
dIscharge could not be determIned because toluene losses are not measured for thIS process
However, preventIng toluene contammatlon of the wastewater stored In the waste collectIon
basm IS conSIdered a sIgmficant benefit

Based on the engIneenng analySIS descnbed 10 SectIOn 4 0, the segregatIon of the cooling
system for the STS facility was determIned to be ImpractIcal, and would proVIde lIttle If any
benefit

TOfAL COST = 19.370 JD = $27.118 US

FINAL REPORT

• EhmlOatIon of Toluene Dlschar~e - Cost effectIve
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TOTAL COST = 7,600 JO = $10,640 US (excludmg labor)

Fuel OIl Unloadmg Area The costs to Implement thIS alternatIve mclude the followmg

2 Contamment of storage areas - Cost effectIve

1 Contamment of loadmg and unloadmg areas - Cost effectIve
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Fatty ACId Orum UnloadIng Area (between toluene storage tanks and the STS Plant> The
costs to Implement thIS alternatIve Include only the cost of the stearn Jacket for the meltmg
tank Wlule a specific estImate was not calculated, the cost would not be sIgmficant The
benefit denved from thIS alternatIve Include reduced contammatIon of SOlI 10 10ad1Og area
and reduced dIscharge of contammated wastewater to the waste collectIon baSIn

Fatty ACId Tanker Unloadmg Area (above the STS Plant) The costs to implement thIS
alternanve Include only the cost of the 18 m x 6 m concrete pad, wIth ram water collectIon
trench and holdIng PIt, for approXImately 5,000 m ($7,000 US) The benefit denved from
tillS alternatIve Include reduced contamInatIon of soil 10 10ad1Og area and reduced discharge
of contammated wastewater to the waste collectIon basm

Loadmg Area for Raw Matenals and Products Near the SulfonatlOn Plant The costs to
Implement thIS alternatIve mclude only the cost of the 12 m x 11 m concrete pad for
approXimately 3,500 JD ($4,900 US) The benefit denved from thIS alternatIve mclude
reduced contam1OatIon of SOlI 10 loadmg area and reduced dIscharge of contamInated
wastewater to the waste collectlon baSIn

The total cost of the storage areas, as descnbed In SectIon 4 0, would be approXimately
9,000 m ($12,600 US) WhIle thIS cost IS sIgmficant, the current drum and solId waste
storage practIces at the JSC faCIlIty were IdentIfied dunng the audIt as the most sIgmficant
pollutIon concern

10 m x 4 m concrete pad (700 JD)
10 m x 4 m corrugated steel cover (1500 JO)
ModIficatIon of the fuel 011 contamment pIt (200 JO)
ExtenSIOn of trench hne and mstallatIon of manhole (400 JD)
Purchase of OIl/water separator (1000 JO)
InstallatIon (3,800 JO)

The benefit denved from the ImplementatIOn of thIS alternatIve Include the reduced
contammanon of SOlI 10 loadIng and unloadIng area, reduced discharge of waste 011 to the
waste collecnon basm, and the recovery of fuel oil for use or sale

FINAL REPORT

The cost and benefit(s) antIcIpated for each of the rnatenals handhng and storage PP/WM
opportumtles are provIded m thIS sectlon Please refer to Sectlon 4 1 2 for a more detaIled
descnptIon of the alternatIves

5 1 2 Cost/Benefit of Matenals HandlIng and Storage
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



• UtilizatIon of Sulfur Wastes - Cost effectIve

4 Dry clean-up of leaks and spIlls and maIntenance of overflow collectors - Cost effectIve

6 ElImInatIon of tanker truck and barrel washIng - Cost effectIve

5 MaIntenance and operatIon of eXIstIng contaInment structures - Cost effective
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SolId and Drummed Wastes

NOcapital or labor costs Benefits mclude reduced solId waste dISposal costs, and potentIal cost
recovery from prevIously dIscarded matenal Based on comments proVIded by JSC, thIS
alternatIve has already been Implemented, thus, there w111 be no addItIonal costs or benefits

No capItal cost The only cost asSOCIated WIth the alternative would be the addItIonal staff
time to maIntaIn contaInment structures and to ensure proper procedures are developed and
followed The pnmary benefit of properly mamtaIned and operated contaInment structures
IS the contaInment of sp111s and the preventIon of uncontrolled discharged to the collectIon
baSIn or wadI

Benefits associated wIth constructIon and use of storage facIlItIes mclude, reductIon of plant
wide sod contamInatIon due to current matenal storage and dISposal practices, reductIon of
potentIal for spills and accidents due to current drum storage, reductIon In contammatton
of ground and surface water due to seepage and storm runoff

Based on comments receIved from the JSC facIltty, plans and designs have been developed
for new storage faCIlItIes at the SIte, however, constructIon has not yet been InItIated

RepaIr of the hole wIll reqUIre constructIOn of a small concrete patch 10 the wall of the
sulfur meltmg room The cost for thIS patch should not exceed 100 JO ($140 US) The
benefit of thIS repau IS the elImmatIon of sulfur dIscharge to bare ground

No capItal cost The only cost asSOCIated WIth the alternative would be the addittonal staff
bme to mamtam eqUIpment and repaIr leaks Based on comments provIded by JSC, thIS
alternabve has already been Implemented, thus, there w111 be no addItIonal costs or benefits

No capItal cost Based on comments prOVIded by JSC, thIS alternatIve has already been
Implemented, thus, there WIll be no addItIonal costs or benefits

3 ElimInatIon of draInage hole In sulfur meltIn~ room and clean-up of sohd waste - Cost
effecttve

FINAL REPORT

5 1 3 Cost/Benefit for Control of Other Waste GeneratIng ActIVItIes

The cost and benefit(s) anbCIpated for PP/WM opportunItIes related to other waste generatIng
actIVItIes are proVIded In thIS sectIon Please refer to SectIOn 4 I 3 for a more detaIled descnptIon
of the alternatIves

5 1 31
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• UtIhzatIon of Recovered Fuel OIl - Cost effectIve

• UtIhzatIQn of SodIUm Sulfate Wastes - Cost effective

• UtIhzatlOn of SodIUm Silicate SedIment - Cost effectIve
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Utllltles Wastes

No capItal cost The only cost assocIated WIth the alternatIve would be the addItIonal staff tIme
to mamtam eqUIpment and repaIr leaks Based on comments proVIded by JSC, thIS alternative
has already been Implemented, thus, there WIll be no addItIonal costs or benefits

No capItal or labor costs Benefits mclude reduced solId waste dISposal costs, and potentIal cost
recovery from prevIously discarded matenal Based on comments provIded by JSC, thIS
alternatIve has already been implemented, thus, there wIll be no addItIonal costs or benefits

Based Qn a prelImmary engmeenng analySIS, the current septIC tank system IS appropnate

The JSC faCIlIty IndIcated that It mtended to use source of water Qther than Its on-SIte wells
Therefore, the RO urnt wIll not be used

NQ capItal Qr labQr costs Benefits mclude reduced SQlId waste dISposal CQsts, and potential CQst
recovery from preVIously dIScarded matenal Based Qn comments provIded by ISC, thIS
alternatIve has already been Implemented, thus, there WIll be no addItIOnal costs or benefits

The oIl/water separator used to recover contamInated fuel Oll was costed In SectIon 5 I 2,
above The benefits mclude reduced dIscharge of waste oIl to the waste collectIon basm, and
the potentIal recovery of oIl for use or sale

No capital Of labof costs Benefits mclude reduced solId waste dIsposal costs, and potentIal cost
fecovery from prevIously dIscarded matenal Based on comments provIded by JSC, thiS
alternatIve has already been Implemented, thus, there wIll be no additional costs or benefits

FINAL REPORT

• Leak and SpIll PreventIon - Cost effectIve

• UtIhzatIQn Qf RO R~ect - Not applIcable

• DomestIc Waste Treatment - NQt applIcable

5 132

• Uuhzauon of Charred Matenal - Cost effectIve
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Sulfonanon/Sulfauon

5 2 1 CQst/Benefit of Process Control Alternatlves

• Prevent See.page from the CQllectIOn BasIn - Unknown

52 COSTIBENEFIT EVALUATION OF WATER CONSERVATION TECHNIQUES

37

Waste CollectIOn Basm

FINAL REPORT

Implementauon could result In a water saVIngs of approxImately 0 1 m3/day

• Elimmauon of CQntact Cooling fQr Sulfur Pumps - Cost effectIve (see Section 5 1 1)

The cost and benefit(s) antICIpated for water conservatIOn opporturntles related to process control
are proVIded m thIS sectIon Please refer to Section 4 2 1 for a more detaIled descnptIon of the
alternatIves

• Leak: PrevenUQn - Cost effective (see SectIon 5 I 1)

ImplementatIon could result m a water savmgs of apprQxlmately 0 06 m3/day

• Process Control,
• Coohng and Boller Water, and
• Floor Wash and Cleanmg ACtIVIties

The ImplementatIon of thIS alternative reqUires the constructIQn of 3 momtQnng wells m the
VICInIty of the waste cQllectIQn basm (see AppendIX B) The cost aSSOCIated WIth well
constructIQn were not estImated, but are nQt antICIpated to be sIgmficant The benefit asSOCIated
WIth thIS effort IS the assurance that the basm IS operatIng properly, and that seepage IS nQt
contanunatIng groundwater m the area

NQ caPital cost The Qnly cost associated WIth the alternatIVe WQuid be the addItional staff tIme
to mOnItQr and mamtam the basIn

• Qptmllze OperatIon Qf the CQllectlQn BasIn - Cost effectIve

5 133

As m SectIon 40 Qf the report, the Qpportumties for water CQnservatIOn are IdentIfied fQr the JSC
faCIlIty could be arranged m three general categQnes

The water conservatIon opporturntIes Identified for each of the C3.tegones (and descnbed m the
correspondIng subsections of Sectlon 4 0) are listed below For each alternatIve, a dISCUSSIon Qf the
cost/benefit of developmg and ImplementIng the alternatlve IS prOVIded Where engmeenng analyses
were reqmred tQ conduct the feaSIbilIty analySIS, the supporting documenlatlon IS referenced 10 the
appendIces of thIS report
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STS Producnon

SodIUm Slltcate ProductlOn

• Manmlzaoon of Cool1Og Water Reuse - Cost effecnve (see Section 5 1 1)

• Leak PreventIon/Condensate Reuse - Cost effectIve (See SectlOn 5 I 1)
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Based on the process modIficatIon of the contact coohng water system, the recovered cool1Og
water should contain less contammanon thereby allowmg a longer detennon tIme 10 the
rearculaoon system This could result 10 a sav10gs of perhaps 1 n?/day

The opttmlzanon procedures will not reqUire any capital expenditures, and wIll not requIre
slgmficant staff tIme to Implement If successful, the effort wIll result ma slIght water savmgs

ImplementatlOn could result 10 a water sav10gs of approximately 0 75 of/day

As diScussed 10 SectIOn 4 I 1, the ehmmatIon of contact coolmg was not techmcally feasible
forthls process Instead, process modlficauons were suggested to reduce coolmg water contact
Implementaoon could result 10 a water sav10gs of perhaps 10 percent or 1 4 m3/day

No capItal cost The only cost aSSOCiated WIth thiS alternattve IS the staff nme to evaluate the
potentIal uses for the condensate The benefit would be the recovery of approxImately
o21m3/day of water

• Dorer Condensate Reuse - Unknown

The engmeenng analysIs determ10ed that toluene contam1OatIon of the closed loop coohng water
system was not a problem, thus, no water sav10gs would be realIzed for thIS alternanve

• CoolIng Water Segreganon - Not applIcable (See Sectton 5 1 1)

• Process Water Reuse - Cost effecnve (See 5 1 1)

Implementatton of thIS alternattve should result 10 a water savmgs of 007 m3/day

5 2 2 Cost/Benefit of CoolIng and BOller Water Alternattves

The cost and benefit(s) antICIpated for water conservatIon opportumtIes related to coolIng and boIler
water are provIded 10 thIS sectIon Please refer to Secnon 4 2 2 for a more detailed descnptIon of
the alternatIves

• MmImlzaoon of Contact Coohng for Castmg Belt - Cost effectIve (see SectIOn 5 I 1)

Saponl~lcat10n

• MlOtmtzaoon of Scrubber Water - Unknown
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• Truck CleanIng - Cost effective

• ReductIon of Steam Losses - Cost effective

• MaxImIzatIon of Heat Recovery - Unknown

• Floor WashIng and EqUipment Cleanmg - Unknown
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No capital cost The only cost aSSOCIated WIth the alternative would be the addItional staff tIme
to maIntaIn eqUipment and repatr leaks Based on comments prOVided by JSC, thIS alternatIve
has already been Implemented, thus, there Will be no addItIonal costs If steam losses are
reduced by 15 percent, a water saVIngs of 5 m3/day could be realIzed

No capital cost The only cost associated with thIS alternative IS the staff time to maxImIze the
efficIency of the steam generatIOn and clfculation system It IS not poSSible to quantify the
benefits of thiS alternatIve due to the absence of data regardIng steam generation and losses

No capItal costs Based on mformatIOn proVIded by ISC, truck and barrel washmg have either
been ehmmated, or reduced to very low levels, thus, no costs are antiCIpated Water saVIngs
oiO 4 to 0 8 m3/day should be realIzed through thIs process change

CapItal costs would mclude the Installation of a hIgh pressure water system, and the purchase
and use of pressure nozzles on hoses throughout the JSC faclhty SlOce the potentIal water
saVIngs IS only 0 3 m3/day, It IS unlIkely that thIS effort would be cost effective

The JSC facIlIty IndIcated In Its letter of July 5, 1995, that It Intended to use a water supply
other than Its on-site wells The use of the cleaner water supply wIll ehmlOate the need to pre
treat the coolIng water supply

FINAL REPORT

The cost and benefit(s) antiCIpated for water conservatlon opportumtles related to floor washmg and
eqUipment cleanIng are proVided m thIS sectlon Please refer to SectIon 4 2 3 for a more detatled
descnptIon of the alternatives

5 2 3 Cost/Benefit of Floor Wash and CleanIng ActiVIties

• Pre-treatment of Coohng Water - Not apphcable
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6 0 CONCLUSIONS AND RECOMMENDATIONS

The conclUSIons and recommendatIons regardmg PP/WM alternatives are proVided m Tables 6-1, 6-2,
and 6-3

6 1 RECOMMENDATIONS FOR POLLUTION PREVENTION/WASTE MINIMIZAnON
TECHNIQUES

Based on the techmcal feasibilIty evaluation (Section 4 0) and the cost benefit analysIs (Section 5 0),
recommendations are prOVIded 10 thiS section regarding each of the PP/WM and water conservatIOn
opportumtIes The findings and recommendations are summanzed In tabular form, and IdentIfied
whether the alteratIve was "techmcally feasIble," "cost effectIve, " and whether or not It IS recommended
by the FS team as a Viable alternatIve
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I Table 6-1 Evaluation of Process Control PP/WM Opportumtles I
Tecbmcally Cost Alternative

Process Control Opportunity Feasible? Effective? Recommended?
(YeslNo) (YeslNo) (YeslNo)

Sulfonatlon/Sulfatlon

Reductton m Use of Branched Alkylbenzene Yes Yes 1es

Sulfonator OphnuzatlOn No N/A No

Utthzatlon of Sealless Pump Yes Yes Yes.

Leak Control Yes Yes Y-lilS

SpIll PreventIon Yes Yes Yes

Sulfur Quabty Control Yes No No

CatalytiC Gmverter Ophnuzatton Yes Unknown Yes

Sapomficahon

Reactor Opbmtzatlon No N/A No

Leak Control Yes Yes Yes

Production Schedule OptInuzation No N/A No

SodIUm SIlicate Produchon

EhmmatlOD or Mmumzahon of Contact Coolmg Yes Yes Yes

SedImeDtlFiIter Sohds Control Yes Yes Yes

- Increasmg the punty of raw matenals Yes Yes Yes

- Optumzmg the operation of the kIln Yes Yes Yes

- Optumzmg the wssolvmg conditions m the autoclave Yes Yes Yes

Dust ContmJ Yes Yes Y-es
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* Shaded ceD Indicates that JSC bas already Implemented or bas begun to Implement, the alternative

* Shaded cell mdlcates that JSC has already Implemented or has begun to Implement the alternative

Table 6-1 Evaluatton of Process Control PP/WM Opportumtles

Teduucally Cost Alternative
Process Control Opporturuty Feasible? Effective? Recommended?

(YeslNo) (YeslNo) (YeslNo)

SodIUm Toluene Sulfonate ProductIOn

Ehmmatlon of Toluene Discharge Yes Yes Yes

STS Coolmg Water Segregation No N/A No

Leak Control Yes Yes Yes

Alkanolanudes Production

Drum aU pasty wastes Yes Yes Yes «

Table 6-2 Evaluation of Matenals HandlIng and Storage PPIWM Opporlumtles"

Teduucally Cost Alternative
Matenals HandlIng and Storage Opportumty Feasible? Effecttve? Recommended?

(YeslNo) (YeslNo) (YeslNo)

ContaInment of loadmg and unloadIng areas Yes Yes Yes

Contauunent of storage areas Yes Yes Yes

EhmmatIon of dramage hole m sulfur meltIng room Yes Yes Yes
and clean-up of sohd waste

Dry clean-up of leaks and spIlls and Yes Yes Yes.
mamtenance of overflow collectors

Mamtenance and operatIOn of eXIstmg contaInment Yes Yes Yes
structures

EhmmatIon of tanker truck and barrel washmg Yes Yes Yes
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* Shaded cell mdlcates that JSC has already unplemented, or has begun to Implement, the alternative

6 2 RECOMMENDATIONS FOR WATER CONSERVATION TECHNIQUES

The conclusIOns and recommendatlons regardmg water conservatIon alternatIves are provIded mTables
6-4, 6-5, and 6-6

Table 6-4 Evaluation of Water Conservation Opportumtles for Process Control

Techmcally Cost Alternative
Process Control Opportumty Feasible? Effective Recommended?

(YeslNo) (YeslNo) (YeslNo)

SulfonatIon/SulfatlOn

Leak PreventIOn Yes Yes Yea

Eltmmatu)B of Contact Coolmg for Sulfur Pumps Yes Yes y~

MJ.Il.tlDIZallOn of Scrubber Water Yes Unknown Yes

SapomficatlOD

Leak Prevention/Condensate Reuse Yes Yes Yes
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Table 6-3 Evaluahon or PP/WM Opportumhes for Control of Other Waste Generating ActlVlhes
t

Techmcally Cost Altemahve
Other Waste Generahon Control Opporturuty Feasible? Effechve? Recommended?

(YeslNo) (YeslNo) (YeslNo)

Sohd and Drummed Wastes

UtlhzatlOn of Sulfur Wastes Yes Yes Yell.

Utthzahon of Charred Matenal Yes Yes Yat

Uhltzahon of Sodium Siltcate Sediment Yes Yes y~

Utthzatlon of Sodium Sulfate Wastes Yes Yes Y~

UtilitIes Wastes

Utilization of RO Reject N/A N/A N/A

UtlbzatlOn of Recovered Fuel Oil Yes Yes Yes

Leak and Spill Prevenhon Yes Yes Ye$

Domesttc Waste Treatment N/A N/A N/A

Waste Collection Basm

Optimize Operation of the Collection Basm Yes Yes Yes

Prevent Seepage from the Collection Basm Yes Yes Yts
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Table 6-4 Evaluabon of Water Conservation Opportumtles ror Process Control

TechnIcally Cost Alternative
Process Control Opportumty Feasible? Effective Recommended?

(YeslNo) (YeslNo) (YeslNo)

SodIUm S.hcate Production

MmumzatlOn of Contact Coolmg for Casting Belt Yes Yes Yes

MaxllJJ1ZlltlOn of Coolmg Water Reuse Yes Yes Yes

STS ProductIOn

Process Water Reuse Yes Yes Yes

Coolmg Water Segregation No N/A No

Dryer Condensate Reuse Yes Unknown Yes

... Shaded cell mdlcates that JSC has already Implemented, or has begun to tmplement, the alternative

Table 6-5 Evaluation Water Conservation Opportumtles for Coobng and Boder Water

Coohng and Boder Water Opportumty TechnIcally Cost Alternative
Feasible? Effective Recommended?
(YeslNo) (YeslNo) (YeslNo)

Pre-treatml:nt of Coolmg Water N/A N/A N/A

Maxumzatllon of Heat Recovery Yes Unknown Yes

Reduction of Steam Losses Yes Yes Ye$-

... Shaded ce!f mdlcates that JSC has already tmplemented or has begun to Implement, the alternatIVe

Table 6-6 Evaluabon of Water Conservation Opportumtles ror Floor Wash and Cleanmg ActIVIties

Floor Wash and Cleanmg Opportumty Techmcally Cost Alternative
Feasible? Effective? Recommended?
(YeslNo) (YeslNo) (YeslNo)

Floor WaSbng and Equipment Cleanmg Yes Unknown No

Truck Cleaung N/A N/A NfA

oil Shaded celli mdlcates that JSC has already Implemented, or has begun to Implement, the alternative

I
I
I
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AppendIx A

PreliImnary EngIneerIng Plans for the STS Faclhty
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Appendix B

Proposed Location of Monitonng Wells
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