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PREFACE/ACKNOWLEDGMENTS

Ttus report IS the result of a feasIbility study performed for the Jordan Petroleum
Refiner CompanY m Jordan The purpose of the study was to evaluate technIcal and
economIcal feasIbIhties of the pollution preventIOn/waste mInImIzatIon (PPIWM) and
\Vater conservatIOn techruques recommended m AudIt Report #3114-94-2b-26 dated
March 1995

Several mdIVIduals on the Water QualIty Improvement and ConservatIOn Project

contnbuted to tlus report Dr Usama MudallaI of the Amman Chamber of Industry
(Chamber) Engmeer Rarna Abdel Khaleq of the MIrustry ofWater and ImgatIOn (MWI)"
and Dr Dmar Jabay and Eng HashIm Beano of the Royal SCIentIfic SocIety ofAmman
plant managenal and technIcal staff mcludmg Mr Mohammed Khahfeh., General Manager
and Eng Abdul Kareem Alwana Engmeer, shared theIr knowledge wIth Mr Knshna
Mayenkar of Harza Consultmg Engmeers and SCIentists (Barza) ChIcago, IlhnOls, USA
These technIcal staff worked under the dIrectIon ofDr Shawn R NiakI P E PollutIon
Pre\entlon Program DIrector ofHarza who heads the WQIC component under whIch the
stud\ \\as housed It IS from theIr combmed expertIse that thIs report was pOSSIble

SpeCIal apprecIatIOn IS gIven to Dr Mohammed Bam Hant Secretary General of
i\.1\Vl Eng KoussaI Quteishat Secretary General of the Water Authonty ofJordan
(\\> -\1) Mr Khaldun Abuhassan, ChaIrman of the Chamber, Mr Wahd Al-KhathIb
Drrector General of the Chamber Dr Muwaffaq Saqqar, Project Coordmator from MWI
the members of the PPIWM workIng group from WAJ mcludmg Eng Abdul Wahab
Matar Eng Marwan Al-Tal, Eng Mohamad Lafi and to Development Alternatives Inc,
as represented by Edwm D Stams ChIef of Party, for theIr cooperatIOn and confidence
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1 0 INTRODUCTION

1.2 ObjectIVes

1.3 Report Organaatlon

1 1 Background

1
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ThIS report contams an mtroductIOn, a summary of audIt findmgs and recommendatIons (from
the preVIOUS PP/WM AudIt Report), a screemng of recommendations, the feasibIlIty analySIS of

The objectIve of the FS IS to evaluate the techmcal, fmancIal, and lOgIStICal feasIbIlIty of the
most promISIng PP/WM and water conservatIon techmques IdentIfied m the Audit Report,
previously prepared for JPRC

The PP/WM techmques are defIned as any techmques to prevent or reduce waste generatIon by
source reduction or recyclIng actIvItIes These aCtIVIties must reduce eIther the volumes or the
concentratIons of pollutants generated pnor to treatment, storage, or dISPOSal of the waste

Based on a rankmg methodology, the PPIWM Committee selected ten mdustnes With potentIal
needs for PP/WM audIts, as the first step of the IWDPP The purpose of the audIts was to
assist the mdustrIes In the Amman-Zarqa BasIn m assessIng pollutIon problems and develop1Og
alternatIve solutIons to achieve deSired levels of PPIWM and water conservatIon appropnate for
the selected mdustry The next step m the IWDPP IS to further develop the most promlsmg
optIons for PPIWM revealed through the audIt process by performmg a FS ThIS report
proVides the FS for wastewater treatment and reuse at JPRC

Development Alternatives, Inc (DAl) under Contract No 278-0288-00-C-4026-00 WIth the
UnIted States Agency for International Development (USAID) IS performmg an IndustrIal
Wastewater DIscharge PreventIon Program OWDPP) 10 Amman, Jordan ThIS Program IS one
of four components of the Water Quahty Improvement and ConservatIon Project (WQICP)
funded by USAID ThIS program IS be10g performed by DAI WIth full coordmatlon between
the MmIstry of Water and lITIgation (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consultmg Engmeers and SCientists (Harza), Chicago, Umted States (D S ), was retamed
by DAI to lead the IWDPP The Royal SCIentIfic Society (RSS) of Amman, Jordan was selected
as a local consultant to asSiSt Harza WIth the IWDPP This Program mcludes conductIng the
PPIWM audits, feasibilIty studies, and deslgmng demonstratIon facIlmes at selected mdustrIal
faCIlItIes

This report presents feaslbJllty studies (FS) for pollutIon preventIon and waste mlmmIzauon
(PP/WYI) and water conservation for the Jordan Petroleum Refinery Company (JPRC) The
report IS diVided mto fIndIngs and recommendatlons from the audit, screenIng process, feaSibilIty
analyses, and fmal conclUSIOns and recommendanons
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the selected alternative, and concluslOns and recommendatIons
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Refining Processes

2 0 SUMMARY OF AUDIT FINDINGS AND RECOMMENDAnONS

A block flow dIagram for the JPRC refimng process IS presented ill Figure 1, mcludmg

The JPRC faCIhtIes can be grouped m the followmg general categones

3

AtmospherIC DIStillation,
Vacuum DIstIllation,
Naphtha HydrorreatIng,

•
•

•
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FaCIlIty descnptlons for each of these areas are proVIded below

JPRC faCIlIties are located on 420 hectares and mclude processmg and productIon faCIlIties,
product recelvmg and dlstnbutIng areas, tank farms, employee housmg and large areas of forest
All of the water needs for the JPRC are satisfied by groundwater (6 000 m3/day) obtaIned from
an underlymg aqUIfer Most of JPRC wastewater (4,500 m3/day) and sludges are dIsposed
dIrectly on the refinery grounds Some domestIc wastewater IS pumped to the As Samra
Wastewater Treatment Plant, whIch IS located approxImately 5 kIn to the northwest

• Gasolme (leaded),
• lCerosene,
• DIesel fuel,
• Fuel OJI,
• AVIatIOn fuel (Avtag and Avtur),
• LIqUlfied Petroleum Gas (LPG),
• Asphalt, and
• Other 011 products, such as lube 011

• Refinmg Processes,
• AnCIllary OperatIons, and
• UtIlIty OperatIons

2 1 Process and FacIlity Description

The JPRC produces the folIowmg products

The IPRC began operatIOn In 1960 The IPRC's crude processmg capacity IS 14,000 t/day
(100,000 bbIlday), however the facllity IS currently operatmg at about 70 percent capacity, or
10,000 t/day (70,000 bbllday) Desalted crude OIl obtamed from nelghbonng Iraq IS transported
to the refinery by trucks
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2 2 1 Water Usage

2 2 Audit Findings

Utility Operations

Ancillary Operations

4

• Water Treatment,
• Steam ProductIOn,
• Power GeneratIOn, and
• Coohng OperatIons

A conceptual water balance schematIc for JPRC IS proVIded In Figure 2, and current
fresh water consumptIon IS summarIzed m Table 1

• Process water (101 m3/h) ,
• Coohng water (120 m'/h), and
• DomestIc water (29 m3/h)

Current water consumptIOn at JPRC IS approXImately 250 m3/h Water consumptIon at
JPRC can be dIvIded mto three mam categorIes

• Lube 011 Blendmg Plant,
• Drum Manufactunng Plant,
• LPG Cyhnder Manufactunng Plant,
• Underground Storage Tank Manufacturmg Plant, and
• Loadmg and ShIppmg FacIhtIes

• Platformmg,
• LPG Recovery,
• Flmd Catalytic Crackmg (FCC),
• Hydrogen Productlon
• Hydrocrackmg
• Asphalt Umts and
• ChemIcal Treatment (Merox and TEL Umts)

HARZAFS2.
951123

Utlhty operatIons are those reqUIred to support the mam productIon processes UtIhty operatIons
at JPRC mclude the followmg

AncIllarv operations mclude the followmg non-refimng manufacturmg facIlities
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2 2 2 Wastewater Sources

2.3 Audit ConclUSions

Fmal wastewater discharges from the JPRC facIlIty are

• MUOlcipal se\\<er (to As Samra wastewater treatment plant)
• On-sIte IrngatIon, and
• Evaporation

Washdowns, spills and leaks can be substantIally reduced through Improved
housekeepmg and planned water management,

DomestIc wastewater effluent qualIty can be Improved by provldmg bIOlogical
treatment followed by filtratIon and carbon adsorptIOn,

5

CoolIng water can be elImmated by replacmg the eXIstmg wet evaporatIon coolIng
system WIth and aIr coolmg system,

Process wastewater treatment can be upgraded by addmon of filtration, steam
stnppmg, and carbon adsorption to allow recyclIng back to the RO unIt The
volume of wastewater can be reduced through better management practIces,

•

•

•

•

ApproXImately 171 m'/h of wastewater IS dIscharged to lITigatiOn, eIther directly or after
treatment at the on-sIte domestic or mdustrial wastewater treatment faCIlItIes The
domestIc wastewater treatment plant consIsts of a settlIng tank and chlOrInation facIlIty
The mdustrial wastewater treatment plant conSIsts of an API separator, two paralIel
flotation umts, stabilIzatIon ponds, and sludge ponds

ApproxImately 75 m'/h of wastewater IS lost due to evaporation and mfiltratIon Most
of thiS water (60 m'/h) IS evaporative losses from the coolIng towers, whIle the remammg
15 m~/h IS lost through steam leaks, garden lITigatIOn m reSIdentIal areas, and general
evaporatIve losses throughout the plant process areas

An estimated wastewater dIscharge of 4 m3/h goes to the As Samra wastewater treatment
plant ThIS wastewater IS prevIously treated to some degree by an on-site cesspool
system

HARZA FS2 WI"
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Several PP/WM opportumtles eXist at the JPRC faCIlIty By Implementmg the followmg
measures, total water usage can be reduced to 85 m'/h (66 percent reductIOn) and fresh water
usage can be reduced to 30 m~Ih (92 percent reductIon) Figure 3 and Table 1 present the
proposed water balance
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Chemical use In the sour water stripper can be reduced by spargmg catalytic
cracker flue gas through spent caustIC,

The RO reject wastewater volume can be reduced through process opumlzatlon
and alternative technology Implementation, and

Concentrated bnne can be contamed and subjected to on-site evaporation,
elImmatmg off-sIte discharge

6



3 0 FEASIBILITY STUDY PROCESS

Based on the above dISCUSSion, the alternatIves assessed m the feasibIlIty study for JPRC are the
follo",mg

The evaluation of Techmcal FeasibIlIty of the selected option IS provIded m SectIon 40, m
whIch avaIlable technology and sIte specIfic constramts at JPRC are taken lOto account SectIon
5 °provIdes an Opportumty Cost/Benefit AnalYSIS, and Section 6 °provIdes ConclUSIOns and
Recommendations

The recommendations provIded In the Audit Report were screened to provide a reduced lIst of
the most promISIng alternatIves tor PP/WM, for subsequent detaIled analyses m feasibIlity
studies The recommendauons of the audIt report and the screenmg rationale applied to each
IS provIded m Appendzx A

Reuse of the mdustrIaI wastewater treatment plant effluent as coolIng
tower makeup water

7

Reuse of the mdustrlal wastewater treatment plant effluent as bOiler feed
water

HARZA FS2 WI"
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FS AlternatIVe 2

FS AlternatIVe 1

A major area of opportumty for PPIWM and water conservation at JPRC IS the treatment and
reuse of effluent from the mdustrIal wastewater treatment plant It was ongmally proposed m
the Audit Repon that thiS effluent, whIch currently IS dIscharged to lITIgatIon, be treated for
reuse as process water However, an addItional potential area for reuse IS for makeup water for
the coolmg towers ThIS optIon was not mcluded In the Audit Repon smce the repon
recommended replacmg the eXlstmg wet coolmg system WIth a dry aIr coolIng system, whIch
reqUires no water Smce subsequent comments by JPRC staff mdicate that aIr coolIng has
lImIted potential due to hIgh ambIent temperatures, the wet coolIng system WIll continue as a
major area of water use and a potential area for wastewater reuse Therefore, the feaslblhty of
reusmg mdustrIal wastewater treatment plant effluent for coolIng tower makeup water WIll also
be conSIdered m the FS
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4 0 TECHNICAL FEASIBILITY EVALUATION

4 1 1 Description

A schematIc of the treatment faCIhtIes IS shown m Flgure 4

4 1 EXisting Industrial Wastewater Treatment Plant

8

• Sour Water StrIpper,
• API separator,
• Dissolved AIr Flotation,
• StabilIzation and SedImentatIOn Ponds

There are two parallel API umts each WIth a deSIgn capaCIty of 138 m3/h, WhICh are
operated one at a tIme The 011 phase IS skImmed from the surface and returned to the
refinery, an IntermedIate sludge phase IS dIsposed of tn a sludge pond whIle the water
phase IS passed on to two parallel flocculators and dIssolved atr flotatIon umts The
flocculators feed alum and polyelectrolyte 011 and suspended matter IS removed tn the

• Effluents from sour water strIppers
• Water effluent from 011 vessels
• Rmsmg water and storm water from paved process areas
• OIl/water mIxture from 3 011 separators (on storm water system)

The API separator of the mdustnal wastewater treatment plant receIves the followmg Oily
streams

A wastewater flowrate of approxImately 70 m3/h (69 m3/h) was estImated by Harza m
the AudIt Report for the mdustnal wastewater treatment plant Subsequent comments by
JPRC staff mdIcated a somewhat lower estimated flowrate A measurement program IS

reqUIred to better define the flows from the mdustrIal and domestIc wastewater treatment
plants, however, for conSIstency m thIS feasIbIbty study the rates developed m the AudIt
Report were used as the basIS

The mdustrIal wastewater treatment plant was constructed In 1980 and consIsts of the
follOWIng unIt operatIOns and processes

HARZA FS2 .,,,,.
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Smce the water quality from the eXIstmg mdustrIal wastewater treatment plant IS of great
slgmficance for both proposed alternatIves, a bnef dISCUSSIon of the eXIstmg mdustrial
wastewater treatment plant IS provided

In this sectIon the techmcal feaslblht of reusmg the mdustnal wastewater treatment plant etfluent
'At III be evaluated dIscussed pnor to the analysIs of the reuse options
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4 1 2 Potential Treatment Plant Improvements

aIr flotatlon tanks ApprOXImately 50% of the flotatIon umt effluent IS sent to an aIr
samrator and returned to the bottom of the flotatIon tank to generate air bubbles Sludge
generated IS pumped to a sludge tank and then to a sludge pond for dISposal

The eXlsnng IndustrIal wastewater treatment plant was recently the object of a
comprehenSive study to IdentIfy Improvements requIred to optllIDze performance and
brIng the plant effluent Into regulatory comphance The followmg measures for
treatment plant Improvements were IdentIfied (Industnal PollutIon Control PrOject draft
final report prepared by COWIconsult, June 1994)-

• Improved caustIC dosage system for the old and new strIppers by
additIOn of 2 metenng pumps, WIth provISion of an lflJectIOn pomt
for the old strIpper,

• Replace eXlstmg pumps,
• Replace or clean eXlstmg strIpper packIng

9

These Improvements are expected to reduce ammoma concentratIons m the
strIpper effluent much more effectlvely

Sour Water Strippers The JPRC has two sour water strIppers and old strIpper
and a new strIpper The old strIpper IS beIng run above deSign loadmgs and has
low NH3 removal effiCiency The new strIpper performs better than the old one,
but stIll IS not effectively removmg NH3 It was recommended to modIfy the
operatIOn of caustIc InjectIon to achIeve an outlet pH of at least 10 5
Improvements Include

The effluent of the f1otatlon units is sent to two sequential lagoons The first lagoon is
aerated by floating aerators and has a volume of 7,500 m3

, and surface area of 3 560 m2

The second lagoon IS for settlmg and polIshIng, and has the same volume and surface
area as the fIrst but IS not aerated The ponds are deSigned for a peak flow of 80 m3/h
and an average flow of 1 200 m3/day The current average day flow IS 1,660 m"/day
The effluent from the second lagoon IS discharged to the Imganon Pit pump station
where It is combmed With non-Oily wastewaters (bOiler and coolmg tower blowdowns,
RO reject, and IX regenerant), and pumped to a hIgh reservOir for use as fire water and
Irngaoon
Water qUalIty parameters for the mdustnal wastewater treatment plant effluent are
proVIded m Table 2 For reference, raw well water quahty IS proVIded In Table 3 It
IS noted that the IDS of the wastewater treatment plant effluent (from Table, 2,800 mg/l)
IS only slIghtly hIgher than the TDS of the raw well water (from Table 3, the EC varies
from 2,260 to 3,600 ,uS/cm, eqUIvalent to 1,610 to 2,570 mg/l, usmg EC TDS=l 4 per
RSS QUalIty Manual)
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By maxlmlzmg the sour water strIpper performance, the concentration of
ammoma m the wastewater effluent IS expected to be reduced from 21 mg/l
(Table 2) to well below 10 mg/l (Table 3)

Flotation Units The flotation unit reportedly has some operating problems
The flocculation process IS SenSItive to pH and there have been problems wIth
the pH sensors In the flotatlon unIt Sometimes causnc wastes are dIscharged Into
the sewer, resultmg 10 the upset of the system and the pass through of Oil

Based on the COWl consult, the overcommg the followmg problems should bnng
the hydrocarbon contents III the effluent down to below 5 ppm

• The recIrculatIon rate of treated water wIth
dIssolved aIr is on the high side (mcreasmg the
chemical consumptIOns)

• At the same tIme, the pressure used m the saturator
IS rather much on the low sIde 67 bar would be
preferable

• The agItatiOn m the second flocculation chamber IS

much too fast, not lettmg the alumma flocks
develop suffiCIently

• The mJection pomt for the recIrculation water WIth
dIssolved alr is not optimal The depressunzanon
should be mserted directly m the center of the
flotatIon chamber - and not over a valve m a lme
leadmg to subsequent mlxmg WIth the wastewater
feed to the flotation chamber

• There is practIcally no posslbhty for control As a
minImUm the chemIcal dosage should automatIcally
be proportIOnal to the wastewater flow

• ProVISIon of the necessary chemicals should be
assured at all times

Aerated Lagoons Two of the three aerators of the aerated lagoons were
reportedly InoperatIve The preVIOUS report recommends that phosphorous be
added to the wastewater to Improve the nutnent balance and that the aerators be
repaIred or replaced Testmg performed by COWIconsult mdicates that the
effluent from the pohshmg pond is worse than the mfluent mto the aeratIon
lagoons ThIS may mdicate that the sludge storage capacIty of the polIshmg pond

10



4.2 1 Reuse as Boller Feed Water

42 Techmcal Evaluation of Wastewater Reuse

has been exceeded and reqUIres dredgIng

1 Reuse as boIler feed water, and
2 Reuse as cooling tower makeup water

11

AIr StrIPPIng,
FIltratIon, and
Carbon adsorptIon

•

•
•

Under thiS alternatIve, the mdustnal wastewater treatment plant IS upgraded by addmg
the followmg to achieve effluent quality appropnate for use at the eXlstmg RO/IX water
treatment plant (Flgure 5)

A major area of opportunIty for PP/WM and water conservatIon at JPRC IS the treatment and
reuse of effluent from the mdustrIaI wastewater treatment plant Two options for reUSIng the
treated wastewater Will be evaluated These optIons are

As an addition to the current system at JPRC, it is recommended that the
domestic wastewater be routed to the aeratIon lagoons ThIS Will Increase the
amount of ""ater available for reuse and addltlonally will Improve the nutrient
balance of the ponds WhiCh was found m a preVIOUS report by COWIconsult to
be defiCIent m phosphorus The approXImate flows from the treatment plant Y. III
Increase from approxImately 70 m~/h to 90 m3/h (or from 50 m3/h to 60 m~/h If
PP/WM measures are implemented as descnbed m the AudIt Report presented by
Harza)

Both of the FS alternatIves evaluated In thIS report reqUire prIor ImplementatIon of the
above Improvements The cost of Implementation IS taken from the COWIconsult report
It IS noted, however, that m the cost/benefit analySIS thIS cost IS not Included, smce It

conSIdered a "sunken cost" In WhICh JPRC must Incur to achIeve regulatory compleance
For SImIlar reasons, the operatIOn and mamtenance cost of the eXIstIng plant are also not
conSIdered In the costlbenefit analySIS

DISCUSSIOn concernIng the technIcal feaSIbility of these two optIOns IS presented below All
dISCUSSIon to follow IS based on the predicted flow rate of 60 m3/h reused from the mdustrial
wastewater treatment plant ThiS value reflects the ImplementatIon of the PPIWM
recommendatIons from the Audit Report prepared by Harza, WhiCh Will reduce the mdustrial
wastewater flow to approXimately 50 m'/h The addmonallO m3/h IS a result of combInmg the
domestIc wastewater to the aeratIon lagoons

HARZA FS2 """
951123
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Table 3 presents the raw water qualIty In the dISCUSSIon below, the proposed system
\\ III be evaluated based on the abIlIty to return the qualIty to that of the raw water pnor
to the RO and IX umts

The JPRC staff IndIcates that a tnangular area surroundmg the eXIstmg mdustnal
wastewater treatment plant IS avaIlable for addmonal treatment facIlIties A layout
dIagram showmg thIS area and the proposed facIhty layout IS proVIded m Ftgure 6 The
mam components of the system are deSCrIbed below

Currently approxImately 72 m3/h of fresh \\ater IS used to feed the RO/IX plant
Therefore the entIre 60 m~/h of effluent produced by the mdustrlal wastewater treatment
plant could be treated and reused to replace fresh water at the ROilX plant Since the
amount of water potentIally avaIlable from the Industnal wastewater treatment plant IS
less than the requIred amount of RO/IX water, the eXisting supply connectIon from
groundwater wells must be mamtamed By malntammg the eXIstmg connection the
groundwater can also serve as a backup water supply and/or as blendmg water

Filtration Followmg aIr stnppmg, the reused wastewater WIll need to be filtered
to remove suspended sohds pnor to carbon adsorptIon Two mdustnal
multImedIa pressure filters have been selected to perform thIS function FIltration
IS expected to reduce the concentratIOn of suspended solIds by approXImately 90
percent The effluent of the mdustnal wastewater treatment plant currently
contams suspended solIds at a concentratIOn of 33 mgll (Table 2), and the raw
well water contams 8 mg/l suspended solIds Therefore, WIth the addItIon of
fIltration, the suspended solIds levels Will be reduced to less than 5 mg/l, WhICh
IS SUItable for feed to the carbon adsorptIon and eXIstmg RO/IX system

12

Each filter WIll have a volume of approXimately 85m' thIS SIze gIves each of
the filters enough capaCIty to treat the entIre flow of 60 m3/h In the event of one
of the filters bemg taken off hne for backwashmg or other upsets An elevated
backwash storage tank WIll also need to be bUIlt with a capaCIty of approXimately
50 m~ The backwash water WIll be sent back to the mdustnal wastewater
treatment plant

Air stripping Air stnppmg IS used for removal of up to 99 percent of the
BTEX and other volatIle hydrocarbons from wastewater From a wetwell at the
outlet of the stabIlIzatIon ponds, the effluent WIll be pumped to the stnppmg
tower The stnppmg tower WIll be approxImately 1 meter m dIameter and 7
meters high The sour water stnppers should proVIde adequate ammoma removal
However, If the ammoma levels are not reduced to below 1 mg/I, an addmonal
aIr strIpper may be needed dIrectly followmg the sour water strIppers To
prOVide a conservatIve cost estimate, a second atr strIpper IS mcluded PhySIcal
speCIficatIons of the aIr stnppIng umt used for cost estimatmg purposes are
prOVIded In AppendIX B

HARZA FS2 wpr

951123

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



42 2 Reuse as Cooling Tower Makeup Water

The water used for coolIng purposes does not have to be nearly as clean as boller
makeup water Therefore, In order to reuse the IndustrIal wastewater treatment effluent
as coolIng tower makeup water, Improvements to the treatment plant, as prevIously
dISCussed, should be combmed With addItIonal filtratton eqUIpment to produce water of
SUitable qualIty (Figure 7) Addmonal water conservation can be achIeved by treating
the coolmg makeup water by RO, although thIS ImplIes a slgmficant cost The addItIon
of RO WIll be assessed mdependantly WIthIn thIS FS alternauve
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PhySIcal specIfiCatiOnS of the filter Unit used for cost esumatmg purposes are
provided m Appendix B

Carbon adsorption The last stage of treatment before the wastewater can be
sent back. to the ROilX UnIts IS carbon adsorptlon Carbon adsorption IS used m
order to remove any reSidual petroleum hydrocarbons and organICS m the
\\-astewater that passed through the air stnppmg LIke the multimedIa filters, two
carbon adsorption Units wIll be set up m senes with the optIon to run the entIre
flow through either unIt m the case of carbon replacement

PhySical specIfICatIOnS of the carbon adsorptIon umt used for cost estImatmg
purposes are proVided m Appendix B

Other Improvements In order to mstall the treatment UnIts hsted above, other
Improvements needed, are as follows

• Modify the eXlstmg lme between the pond mtake and IrngatIon pIt
by addmg a wetwell and provldmg 2 pumps to send the water to
the aIr strIpper

• Install two more pumps after the aIr stripper to provIde enough
head to get the water through the remammg filters and carbon
adsorption UnIts and to the RO/IX plant

• Plpmg WIll also need to be modified to Implement these changes

Currently, the well water IS chemIcally precondltloned to proVide boIler feed
grade water follOWIng RO and IX It IS assumed that some addItIOnal
precondltlonmg may be reqUIred for the treated effluent However, thIS must be
determIned based on pilot tests of treatment performance These tests wIll also
proVIde mformatIon regardmg potentIal effects of water qUalIty on RO
performance and boIler operatIon

13



PhySical speCIficatIons of the filter unit used for cost estImatIng purposes are
proVIded m AppendIX B

JPRC staff mdlcates that a tnangular area surroundmg the eXlstmg Industnal wastewater
treatment plant IS available for additlonal treatment faCIlItIes A layout dIagram showmg
thiS area and the proposed faCIlIty layout IS proVIded In Figure 8 The components of
the proposed system are discussed In more detaIl below

Approximately 120 m~/h of fresh water IS currently used as coolmg makeup water
Therefore all of the expected 60 m~Ih produced by the mdustnal wastewater treatment
plant could be treated and reused for thIS purpose However, as diSCUSSed above, It IS
recommended that the eXlstmg supply connectIon from groundwater ~ells be mamtamed
tor use as backup supply or blending ~ater

Each filter WIll have a volume of approxImately 85m3
, gIVIng each of the filters

enough capacity to treat the entlre flow of 60 m'/h 10 the event of filter
backwashmg or other upsets A 50 m.> elevated backwash storage tank WIll also
be needed for thiS optIon SimIlar to the prevIous optIon, the backwash water
WIll be sent back to the Industrial wastewater treatment plant

14

RO to Increase cooling tower efficiency Currently the coolIng towers are
operated as a closed loop system WIth a SIngle cycle the IncomIng water Into the
coolIng towers flows at 120 m3/h,of thIS flow, 60 m3/h IS evaporated, whIle the
remaInmg 60 m'>/h IS dIscharged as blowdown The concentratIon of IDS
entenng the coolIng operatIon IS generally between 2,000 and 3,000 j.l.S/cm, and

filtration The reused wastewater WIll need to be filtered to remove suspended
solIds From a wetwell at the outlet of the stabIlIzatIon ponds, the effluent WIll
be pumped to two Industnal multI-medIa pressure filters selected to perform thiS
functIon Flltratlon IS expected to reduce the concentratIon of suspended solIds
by approxImately 90 percent The effluent of the mdustrial wastewater treatment
plant currently contaInS suspended solIds at a concentratIon of 33 mg/l (Table 2),
and the raw well water contaInS 8 mg/l suspended solIds Therefore, with the
addItIon of filtration, suspended solIds levels WIll be reduced to meet coolmg
tower makeup reqUIrements

The eXisting coolIng system consists of three closed loop systems which are used for
cooling of overhead products and for coolmg of overheads from distIllatIon columns m
the older parts of the refInery Each coolIng CIrCUIt has its own coolIng tower The
coolIng process results In a 50 percent loss of coolIng tower makeup water through
evaporatlon The remammg 50 percent of water use IS rejected as salIne blowdown WIth
a specific conductance of 4,000 to 5,000 j.l.S/cm BIOlogIcal mhibitors mcludIng chlOrIne
formulations are added to the makeup water to prevent bIOlogical growth m the coolIng
towers and reCeIVIng trays
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It IS recommended that pIlot scale tests be conducted to detenmne actual treatment
etficlency and potential Impacts of water quahty on coolIng tower operatIon
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the blowdown IS between 4,000 and 5,000 p.S/cm

The concentration of TDS m the reused wastewater IS also approxImately 2 000
to 3,000 ,uS/em Therefore, the same sIngle cycle coolmg practice can be
contmued It reuse IS Implemented On the other hand Increased cyc1mg the
coolmg water wlthm the coolmg system can be accomplIshed If the water IS
treated with RO to reduce the TDS (assummg that TDS IS the malO parameter
determmmg blowdown flowrate)

By settIng up an RO system to treat the mcommg fresh water from wells and the
treated wastewater from the treatment plant, the TDS concentration can be
reduced up to 90 percent (typIcal reductIon effiCiency for RO umts) ThIS
reduction m TDS WIll Improve the efficIency of the coolmg operation, whIch WIll
also reduce the need for fresh water at the facIlIty By assummg that the
blowdown flowrate IS dIrectly related to the mcommg TDS concentration, the
blowdown flowrate can also be reduced 90 percent (from 60 m~/h to 6 m3/h)
The Improved system WIll allow for enough recyclIng so that the amount of water
needed at the coolmg towers can be reduced by from 120 m~/h to 22 m~/h

(82 percent reductIOn) FIgure 9 presents a conceptual dIagram of thiS system

RO reject produced at the coolIng tower presents a potentIal envIronmental
lIabIlIty The optimal means to dIspose of the hIgh TDS waste stream IS pond
evaporation however, JPRC staff mdicates there IS no room avaIlable for such
a faCIlIty on SIte Therefore, careful analySIS of alternative dIsposal pOSSIbIlItIes
must be performed pnor to ImplementatIon of RO

Other Improvements In order to mstall the filtratIon and RO UnIts other
Improvements WIll need to be made One Improvement WIll be modlfymg the
eXIstmg hne between the pond mtake and Irngauon pIt by addmg a wetwell and
provIdmg 2 pumps to send the water through the filters and to the coolmg towers
Plpmg Will also need to be modIfIed along thIS path

15
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5 1 1 Cost and Benefits of AlternatIVe 1 Wastewater Reuse as Bader Feed

5 0 OPPORTUNITY COST/BENEFIT ANALYSIS

5 1 Economical Cost/Benefit Evaluation

The components reqUlred for thIS alternatIve were descnbed In detaIl In SectIon 40 The
costs and benefits are descnbed below

16
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As WIth the prevIOus subsectIOn, the components reqUIred for thIS altername were
descnbed 10 detaIl m SectIon 4 0

5 1 2 Costs and Benefits of AlternatIVe 2 Wastewater Reuse as Cooling Tower
Makeup

Benefits As dIscussed above, the mam monetary benefit from Implementmg
thIS measure IS from fresh water substItutIon Replacmg 60 m3/h of fresh water
at a cost sav10gs of JO 0 2 per m3

, and consldenng 24 hour, 365 day operatIon
at JPCR, the yearly sav10gs amount to JO 105,000

Operation and Maintenance Costs The malO operatIon and maintenance
costs are labor, energy, and eqUlpment mamtenance, as shown In Table 5 Labor
costs are for one mechanical engmeer and three teehmcians, whIle energy costs
are those aSSOCiated WIth the two pumpmg statIons A 5 percent yearly allowance
for mamtenance IS taken on all eqUipment The total annual operatIon and
mamtenance cost IS 10 26,300

Capital Costs A detailed breakdown of capital costs assocIated ~ Ith this
alternatIve IS proVided m Table 4 The costs assocIated exclUSIvely WIth the
additIOnal treatment faCIlItIes amounts to JO 377,200 The cost of Improvements
to the eXlstmg mdustrIal wastewater treatment plant per COWIconsult IS JO
210,000 The total capital cost associated With thIS alternative IS 10 587,200

SaVIngs In water consumptIon can prO\- Ide a significant econom IC benetlt for water reuse
measures Currently IPRC must pav 10 0 10 per cubic meter wnhdrawn from the ground\\ ater
wells to the Water Authority ot Jordan AdditIOnally, the operation and maIntenance costs
related to current water pumpIng practices are estimated at 100 10 per CUbIC meter Therefore,
the economic evaluatIon mcludes this benefIt as an offset to capital and operation expenditures
The fee at ItS current level proVides a Significant economIC IncentIve for \\ater conservatIon
It IS probable, however, that the fee WIll Increase as available water supplIes become a lImIting
factor with respect to IncreasIng demands A greater fee ObVIously Will Increase the benefits of
water conservatIon, but addltIonally may have an Impact on the selectlon of the most deslreable
optIon ThIS IS dIscussed later In thiS seCtIon
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5.1 3 Cost/Benefit AnalYSIS

A cost/benefit analySIS summarIz10g costs, benefits, payback penod, and present worth
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Capital Costs A detailed breakdown of capital costs associated with thIs
alternative IS proVIded In Table 6 mcludmg both of the tollo\\- mg options
WIthout RO and WIth RO As can be seen, the cost of provldmg RO for 98 m~/h

IS substantial

• WIthout RO the costs assocIated exclUSIvely \\ Hh the addItional
treatment faclhtIes amounts to 1D 152 300 and \lolth an addItIonal
10 210 000 for Imprvements to the mdustnal \\ astewater treatment
plant, the total cost ascends to 10 362,300

• WIth RO the capital costs of the addltlonal faCilItIes is JD
1,580,300, which together with the JO 210 000 for the eXIstmg
plant add up to ID 1,790,300

Operation and Maintenance Costs The mam operation and mamtenance
costs are labor, energy, and equIpment mamtenance, as shown 10 Table 7

• Without RO labor costs are for one mechanical engmeer and one
techmcians whIle energy costs are those asSOCIated With one
pump10g station A 5 percent yearly allowance for ma10tenance is
taken on all eqUIpment The total annual operatIon and
ma10tenance cost IS ID 15,000

• With RO labor costs are for one mechamcal engmeer and three
techmcians Energy costs are much hIgher m thIS case due to the
hIgh power consumptIOn of the RO umts A 5 percent yearly
allowance tor ma10tenance IS taken on all eqUIpment, although thIS
amounts to a much hIgher figure than m the preViOUS case, due to
the large amounts of capItal mvolved An additIOnal cost WhICh
has not been 10cluded is the RO reject dIsposal cost ThIS could
have a sIgmficant Impact If on-site dIsposal IS not pOSSIble The
total annual operatIOn and ma10tenance cost IS JD 95,900

Benefits As dIscussed above, the malO monetary benefit from Implementmg
thIS measure IS from fresh water substItutIon Replacmg 98 m3/h of fresh water
at a cost savmgs of ID 0 2 per m', and consIdermg 24 hour 365 day operatIon
at JPCR the yearly sav10gs amount to JD 172,000

17



5 2 EnVironmental Cost/Benefit Evaluation

Detmlte em Ironmental benefits WIll result from reusmg the mdustnal wastewater treatment plant
effluent These benefits mclude

From the above analySIS shows that AltrernatIve 2 Without RO IS the most economIcally
feasIble option It reqUIres the lowest mItlal capItal mvestment, It has the lowest
operation and mamtenance cost and the payback perIod IS the least and present worth IS
the hIghest

IS provIded m Table 8 for both FS alternatives mcludmg the two optIons for AlternatIVe
2 (\\Ithout RO and with RO) As mentioned prevIously the capItal costs exclude
upgradmg the mdustrlal wastewater tretament plant although thIs IS reqUIred m order to
Implement any ot the alternatives because It IS consIdered a sunken cost The paybakc
peflod and present worth for both alternatives are dIscussed belO\~

18

Present Worth The present worth IS the amount of money m present day
dollars obtamed over the lIfespan of a project which III thIS case IS taken as a 20
year penod The alternatIve with a greater present worth IS more economIcally
feasible It can be seen from Table 8 that the present worth of AlternatIve 1 IS
1D 526 600, while for Alternative 2 Without RO It IS 881 100 and With RO
negatIve 1D 710,900 The negatIve present value mdicates a net loss over the hfe
of the mvestment

It IS mterestIng to note that AlternatIve 2 With RO conserves a greater amount of water
than the other optIons and therefore, all else remammg equal hIgher water fees make
It more attractive It IS Important to mentIon, however, that the fee must mcrease over
threefold (from 1D 0 2/m~ to approxImately 1D 0 6/m~) before the present value of
AlternatIve 1 WIth RO exceeds that WIthout RO Also mterestlllg to note, however, IS
that all else remammg equal, mcreasmg energy costs WIll tend to make thIS optIOn less
attractIve than the others

Payback Period The payback penod IS tak.en as the number of years requIred
for the net benefIts to pay tor the capItal cost, dlsregardmg the tIme value of
money This IS anthmetlcal1y equal to the capital cost diVided by the difference
bern-een the yearly benefIts (Annual Water Savmgs) and the yearly costs (Annual
OperatIon and Mallltenance Cost) The alternatIve WIth the shorter payback
penod IS the more economically feasible It can be seen that for AlternatIve 1 the
payback penod IS faIrly short approximately 5 years For AlternatIve 2, the
payback penod IS 2 years WIthout RO and approximately 21 years for the optIon
WIth RO
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Water conservation The amount ot water consened by reusmg the ~astewater as
boIler feed IS 60 m3/h which IS the total flow through he mdustrIal waste\\. ater treatment
plant atter domestic"" aste\\. ater IS added to the aeration lagoons and PP/W\f measures,
which can potentially elimInate the need for fresh \\.ater m the coolmg process

Pollution reduction The pollution load discharged to the sewers and to lITIgation can
be reduced by Implementmg the proposed treatment and reuse options together with
proper disposal of treatment waste streams The results Will be groundwater protection
and a decreased load at the As Samra treatment plant

Both of the systems proposed for reuse of the wastewater as boiler feed and as coohng water
meet the requirements for reliability, Implementablhtv, and regulatory acceptance
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6 1 ConclusIons

6 2 Recommendations

6 0 CONCLUSIONS AND RECOMMENDAnONS

1 Upgrade the eXlstmg mdustnal wastewater treatment plant by

20

Reroute the mdustrIal wastewater treatment plant effluent to the coolmg towers

• maXImIZIng the sour water strIpper performance,
• Improvmg the flotatIon umts, and
• dredgmg and Improvmg the aeratIon lagoons

Add filtratIon to remove the suspended solIds2

3
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Water conser. atlon ~ III be ettectlvelv achIeved by treatll1g and reuslI1g the treated waste~ ater
from the exlStmg facIlity The pollution load dIscharged to the se~ers and to IrrIgation can also
be reduced by Implementmg the proposed treatment and reuse opnons The results wIll be
ground\Vater protectIon and a decreased load at the As Samra \Vastewater treatment plant

Based on capItal costs reqUIred for each of the alternatIves, and the amount of money saved as
a result of water conservation, reusmg the water for coolIng operanons wuhout RO proves to
be the more economically feaSIble option Furthermore the reduction m pollution dIscharge to
the enVIronment, whIch wIll result 10 local groundwater protectIon, IS an added benefit assocIated
with thiS recommendation Below are the components for the recommended system

Both of the alternanves for reusmg the treated wastewater can save JPRC slgmficant amounts
of water Presently, all of the water used at the faCIlIty comes from groundwater ~ells

Therefore, with the Implementation of eIther of the proposed options for water reuse discussed
10 thiS report, the raw water consumed wIll be reduced by an amount proportional to the flow
reused As an addmonal measure to reduce water at JPRC, the use of RO on a recycle hne of
the coolmg operations was evaluated ThIS measure, combmed WIth reuse of the treated
wastewater can potentially ellmmate much of the need of fresh water for the coolIng process
Smce both of the options evaluated were shown to be techmcally feaSIble the most cost effiCIent
of the two alternatIves was selected
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TABLE 1 JPRC WATER CONSUMPTION AND POTENTIAL WATER CONSERVATION

Water Use Center ( IIrrent he~h Wllter l'rOllu\ed Wuler ( H1L\IUllllllun (111 '/h) ( .IIIUllen"

( OIL\IUllllllon
Ret ~dt I'ulellliul Nel huh Wilier(1Il'/h) 1ulul I'ruu ~H

ComulIlllllon ( oll~wllpllou

Process Wilter lUI b'i '\0 l'i

WashdowlI~ Cledlllng 4'J 11> 26 II (he Woller LtJlI\<:fVdll"n d,VILe; ,,",1

F1ushmg leLhllltlUe, I red' allli lel),k hi IHI

Slrlppmg Sledm 15 I~ I ~ II 1real all.l le,yd.. ttl !tu

Reverse Osmo~I~/loll 17 HI II 10 PruLe~~ "111111I11 dllllli
EXLhange

Healing Sleam Losse~ HI ~ II 5 Prevenllve IIIdllllendlll"

BOiler Blowdown ~ ~ ~ II 1 rCdl and re..yLie IH ItO

AIlI.IJlary Proces~es ~ 4 4 () 0l'lIl11lle prtlLC\\e\ reL yde '" IH)

Cooling Water 120 'i 'i 0

EVdpllrallOn 1U\~Il~ 60 () NIH ApphLdhle () RepldLc Will eVdl",rdll\ .. ,",,11Il1! wllh ,ur
L1,,'hng \y\telll

Bluwdown ()(I 0 NIII ApphLdhh: II KepldL" wei ev '1''''dIlH "",IIIII! wllh dlf
,,"lIhng \y,telll

Air Coolmg 11I~slls 0 ~ ~ II Inhercnl ,y~lelll 11I;;c; L1l1l>llkrcd

Domestic Uses 211 l'i 0 l'i

Re~ldenllal Area 10 , II 5 lJ~e melers now LQnlrol deVice.
beller lIuulMlemenl

CafeIeria 6 1 II 1 '1allle a' alltlVL

ReLreallon Area ~ 1 II 3 '>dllle a~ dbllve

Ancillary Prn\.e~s Area 4 2 () 1 '>allle 1I~ ahllvc

Refinery PrnLes~ Area 4 1 II 2 '>ltlllC a~ dhuve

TOTAL 2'iO 1I'i 'i'i 10



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

TABlE 2 COMPARISON OF JPRC INDUSTRIAL WASTEWATER TREATMENT
PLANT EFFLUENT QUAlITY AND JORDANIAN REGULATORY LIMITS

Parameter Sample Results' Jordawan Regulato", LUDIts l

DISCharge to Groundwater Reuse for DISposal to
Sarntary Recharge IrngatJOD WadIS
Sewer

BIOlogIcal 29 800 50M3 - 50M3

Oxygen
Demand tmg/l)

Cheffi.lcal 60 2 100 150M' 150M3

Oxygen
DemalJd (mg '1)

Total 33 I 100 - 100 50
Susoended

SolJds (mg n

Toral DIssol\ed 2800 1 500 2000 3000
Solids (mg/I)

oH 79 5 5-9 5 6 5-9 0 6 5-8 4 6 5-9 0

-\mmoma 21 0 - 5 5 5
(mg'!)

Phosphate 042 - - 15
Img I)

C'rarude (mg/l) <002 - o1 o 1 o 1

CadmIUm 00 1< 002 001 001
Img'l)

"lckel (mgl1) 006 45 o 1 02 02

Lead lmg") 00 0655 o 1 1 o 1

Jordaman Standards 202
Sample collected from JPRC mdustnal waste~ater treatment planl dIscharge on 11 12/94
\1 = \iomhl) a1,erage
( ) = NOl Deternuned
The cumulative total concentration of all noted compounds and \1ercury Slher Zmc Copper and
ChroIIllum should not exceed 10 mg/l



TABLE 3 QUALITY OF RAW WEll WATER

p

Parameter (umts} Sample Source l

"'ell ~o 7 \\-ell '0 10 "'en "'io 4

pH 7 14 7 41 7 33

SpeCific Conductance (,uS/cm) 3310 2260 3600

Suspended Sohds (mg'I) 8 10 14

Cherrnca1 Ox. gen Demand 26 26 74
(mg 1)

TOlal Orgaruc Carbon (mgl1) 334 211 239

l\. .... Itrogen rmg/l) 1 12 1 68 1 96

o\mmorua (mg 1) 038 o 13 050

Benzene (,ug 1) <005 <005 <005

Eth... 1benzene (}lgll) <005 <005 <005

Toluene (,ug 1) <005 <005 <005

Tnchloroeth... lene (,ug 1) 1 24 4 14 022

Te[rachloroetbene (Jlg 1) 036 075 o 12

1 3 Dichlorobenzene (JlgII) <0 10 <0 10 <010

C... arude (,ug 1) <002 <002 <002

Cadrruum (Ltg H <001 <001 001

.... Iekel (,ug'1) 001 <001 <004

Lead (pg 1) <001 <001 <001

~am lies coUeered II I. 94
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Table 4

CAPITAL COSTS FOR
AllERNATIVE 1. WASTEWATER REUSE AS BOILER FEED

Jordan Petroreum Refinery Company

ttem Cost (JD)

~ AJr StrippIng (2 counterflow forced draft units 60 m3lh each) 40000

B filtration (2 multimedia pressure filters 60 m3lh each) 55,000

C carbon Adsorption (1 two-adsorber Unit 10 000 Ib 60 m3lh) 62000

0 PipIng To and Within Treatment Unit (100 m 8-lnch Installed cost) 3500

E Piping to ROIJX Plant (100 m 8-lnch Installed cost) 24,500

F HousIng for Filtration Unit and Controls (7m x 10 m Installed cost) 5600

G Pumpmg Station 1 - Pond Outlet (2 wastewater pumps and wet well 60 1300
m3Ih each, 20 m head Installed cost)

H Pumping Staton 2 - Air Stripping Outlet (2 wastewater pumps and wet 3500
well, 60 m31h each 50 m head Installed cost)

I Backwash for Filtration Umts (2 pumps and wet well 175 m3Jh 30 m 6000
head)

J Shlpptng of Imported Equipment 31400
(20% of A,StC)

K Installabon Of Equipment 81,500
(50% of A,BtC,l)

Subtotal 314300

l Contingency (20%) 62900

SUbtotal 1 371200
M Improvements to Industnal 'N'N Treatment Plant-

-Upgrade Sour Water Stnppel'S 140,000

·Upgrade Flotation Units and Aeration Lagoons 70000

$ubtolal2 210000

!fOTAl 587,200

-lmprotemefG and CO$Ui from COWIconsult rapolt 1994

tlARZA TA80RCVZ Xl.S
S5eIG 101 418$ 1 55 PM
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Table 5
ANNUAL OPERATION AND MAINTENANCE COSTS FOR

ALTERNATIVE 1 WASTEWATER REUSE AS BOILER FEED
Jordan Petroleum Refinery Company

Item Cost (SJD)

~ labor (1 Mech Eng I 3 Tech) 11500
8 Energy (for Pump Station 1 and 2) 6,400
C MaIntenance (5% of Equipment Cost) 8400

Total 26,300

~

A Meehanlcal Engineer at JO 5OOImonth=6 Ooo/year
TechftlClaft at JD 15D1month"'1 800Jyear

B PUfTlPIng Station 1 at 5 kw"8760 hlyllal""45 000 kwhlyeat

Pumpmg Station Z at 13~8760 hlyear-114 000 kwhly~r

Subtotll158 000 kwhlyear
Add 20% for nuscellaneou:i electncal usages

Tetal=1!9 SOO kwhIyear
Ene'SY cost !!!:JD 0 034Jlcwh
Total Energy COSr-JO 6 400Iyear

C EQuJPrnent C.m- Atr Stnppll'lg Filtration Carbon Ad$orpt!On Pumping Statlon5 , an<! 2 and Backwash Pumps

HiIl'"LIlI TAS-REII2.XLS
'OIHI!l5 1 55 PM
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Table 6

CAPITAL COSTS FOR
ALTERNATIVE 2 WASTEWATER REUSE AS COOLING TOWER MAKEUP

Jordan Petroleum Refinery Company

p

Without RO WithRO
Item CGStCJDl Item Cost (JO)

~ Filtration (2 multimedia pressure tilters, 60 m3Jh each) 56,000 A FlltralJon (2 multimedia pressure filters, 60 m31h 55,000
each)

B Pumping Stabon - Pond Outlet (2 wastewater pumps 1,300 B Reverse OsmosIs (5 Units, 25 m3/h each) 700,000
and wet well, 60 m3/h each, 70 m head, Installed)

C Piping To and Within Treatment Unit (100 m, 6-lnch, 3,500 C Pumping Station - Pond Outlet (2 wastewater 1,300
installed) pumps and wet well 60 m3/h each 70 m head,

Installed)
D Piping to Cooling Towers (400 m. 8-lnch. Installed) 14,000 o Piping To and Within Treatment Unit (100 m, B- 3,500

lOch, Installed)
E Housing for Filtration Unit and Controls (7m x 10 m, 5600 E Piping to Cooling Towers (400 m, a-mch, 14000

Installed) Installed)

F Backwash for Filtration Units (2 wastewater pumps and 6,000 F Housing for FIltratIon Unit and Controls (7m x 10 5,600
wet well 175 m3lh, 30 m head) m, Installed)

G Backwash for Filtration Units (2 wastewater 6000
pumps and wet well, 175 m3/h, 30 m head)

G Shipping of Imported Equipment 11,000 H Shipping of Imported Equipment 151,000
(20% of A) (201/0 of A,B)

H Installallon of Equipment 30,500 I Installation of Equipment 380,500
(50% of A1F) (50% of AIBIG)
Subtolal1 126,900 Subtotal 1 1316,900

I Contingency (20%) 25,400 J Contingency (20%) 263,400
Subtotal 1 152,300 Subtotal 1 1 580,300
G Improvements to Industrial WIN Treatment Plant'" K Improvements to Industnal WN Treatment Plant

·Upgrade Sour Water Strippers 140,000 ·Upgrade Sour Water Stflppers 140000
·Upgrade Flotation Units and AeratIOn Lagoons 70,000 "Upgrade Flotation Units and Aeration Lagoons 70,000

Subtotal 2 210,000 Subtotal 2 210,000
TOTAL 362.300 TOTAL 1,790300

.....- .- -- - -- ...- - .......- .............._A

~

ft." a TAII4(EV2 XlS
1011.195 2 00 Pill

•
.. .....--- --~- --- - ------- -- -
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Table 7

ANNUAL OPERAliON AND MAINTENANCE COSTS FOR
ALTERNATIVE 2: WASTEWATER REUSE AS COOLING TOWER MAKEUP

Jordan Petroleum Refinery Company

WlthoutRO WlthRO

Item Cosl (JOJ Item CO$t(JO)

A Labor (1 Me<:h Eng. 1 Tech) 8000 A labor (1 Mech Eng I 3 Tech) 13,000
B Energy (for Pump Station 1) 3,900 B Energv (for Pump Station 1 and RO) 44 500
Ie Maintenance (5% of Equipment Cost) 3,100 C Maintenance (5% of Equipment Cost) 38415

o RO Reject Disposal -

TOTAL 15,000 TOTAL 95.900

~

~

A Mecllanlcal Engineer 8t JD 5OOfmClnlh=6 OOOfyear

Technician at JO 1S0/monlJl=1 eOO/year

B Pomplng Station 2 at t3 kw·S760I\lyear-1 t4 000 kwhfyear
Total Energy=1,.. 000 kwhfyear

Energy cost =JO 0 O:}4/kwh

Total Energy Cost=JO 3 900/year

C Equlpmant Cost FltlrllUon PumplnlJ Slalklns t and Backwash Pumps

ttaru TAIl.fU:V2 XlS
lOiloWS 1 56 PM

~

A Mecf1anlcal Engineer 8t JD SOOImonth=6 OOOIyear

Technician at JD tSO/month'" 1 8OOIyl'lar

B Pumping SlalJon 2 at 13 kW-8760 hourslyear= 1t 4 000 kwh/veat

RO at 33 3 kW/unlt·4 unlls=135 kW'8760hlyear-1 200 000 kwh/yeJ(
Total Energy =1 3tO 000 kwtltyear

Energy COltt =JO 0 OJ.4lkwh

Total Energy Cosl=JD 44 50Dlyear

C Equlpmenl Cost Filllatlon, RO Pumping Stlllions 1 and Backwash Pumps

o RO Reject OJ:sposal oost is unknown tlut potentially ma.y be slgmficant

dependmg on the allallable acceptable lflsposal means
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Table 8

COSTJBENEFIT ANALYSIS OF ALTERNATIVES
Jordan Petroleum Refinery Company

- -- - -

~

Alternative 1 • Alternative 2 - Wastewater Reuse as Cooling Tower Makeup

Wastewater Reuse I. Boller Feed WlthoutRO With RO

Item Cost (JO) Item Cost (JD) Item Cost (JD)

Costs Costs Costs
Initial Capital Cost· 377,200 InitIal Capital Cost· 152,300 Imtlal Capital Cosl'" 1 580,300
Annual Operation and Maintenance 26,300 Annual Operation and Maintenance 15,000 Annual Operation and MaIntenance 95,900
Cost Cost Cost

Benefits Benefits Benefits
Annual Water Savings (60 m3/h at Annual Water Savings (60 m3lh at Annual Water Savings (98 m3/h at
02 JD/m3) 105,100 02 JD/m3) 105100 02JD/m3) 171700

Payback Period (years) 48 Payback Period (years) 1 7 Payback Period (years) 20 a

Present Worth (for 20 year life)" 526,600 Present Worth (for 20 year life)·" 881 100 Present Warth (fat 20 year life)"·

Noles

·Cap.t.' costs for upgrading elClsllng Industnal wastewater treatment plant and Its Operalton and Maintenance (O&M) oo&ls ,lie nOllncluded rn the above analysIs 51 nee
the Improvement should be Implemented and O&M costs will be incurred IrrespecllYe of tile propOMQ waler conSef'YSUOR measur6ll

·"Baled on Annuallnlelest Rate of tl 0%

lIaru TAJUILII2.XlS
'l),'~1hPM
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INDUSTRIAL WASTEWATER TREATMENT PLANT
FEASIBILITY STUDY FOR JORDAN PETROLEUM REfINE:RY COMPANY
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NOTE
For proposed facIlity Improvements refer to Figure 3

SOURCE
Draft frnal report of Industnal Pollution Control Project In Jordan
Component 2 Industnal Wastewater Pretreatment requirements
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Screemng of Recommendations for Jordan Petroleum Refmery Company

The recommendations prov Ided 10 the Audlt Report for Jordan Petroleum Refinery Company
(JPRC) (l'SAID Report '-to 3114-94-2b-08 February 1995) were screened to determ10e the
most promlSlng alternam e for further Invesugauon In a detailed feasibility study The
recommendations ot the audIt report and the screenIng ratIOnale apphed to each IS proVided
below

Recommendauon I

Immedzatel} mmate a wastewater mOnitonng program to determme the qilalltj and quantztj of
wastewater dzscharged The process wastewater should be mOnitored for ozl and grease,
suspended solzds, pH, phenols, selected metals, total dzssolved solzds, and other parameters
reqUIred by regulatzons In addmon, domestzc wastewater should be monztored for bIologIcal
o'()!gen demand, chemzcal otVgen demand, ammOnia, and phosphate

Wastewater momtonng IS technIcally feasIble and should be further pursued m future JPRC
plans

Recommendation 2

Study, deszgn, and Implement an azr coolmg system

~I

As IndIcated by JPRC staff, thiS measure IS Impractical due to the hIgh ambIent temperature In
Jordan, WhICh lImIt the efflclencv of air coolIng technologIes It IS possIble to used a combIned
aIr coolIng and wet coolIng system, but It IS costly to adapt air coolmg to an eXIstmg wet
system ThIS recommendatIon IS therefore not consIdered feasIble

Recommendation 3

RecommendatIon 4

Upgrade the domestzc wastewater treatment plant

Upgrade the mdustnal wastewater treatment plant

It may be advantageous to convey the domestic wastewater to the aeratIon pond of the IndustrIal
wastewater treatment plant, as dIscussed 10 thIS report rather than treat It III a separate plant
ThIS would Improve the Carbon Phosphorous Nitrogen ratIo of the mdustrIal wastewater,

A-I
HARZA
9511..3

ThiS measure IS recommended for FeasIbility Study, SInce Improved wastewater treatment WIll
reduce the amount of contammants dIscharged to the enVIronment and addmonally WIll allow for
water conservation by reuse of treated wastewater
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Recommendation 6

RecommendatIOn 7

Recommendation 5

Mlmmr::.e the volume of RO reject and IX regenerant ),t,astrnaters ConSIder the follOlvmg

A-2

• Install Improved RO membranes,
• Optimize treatment processes, and
• Replace the eXistmg IX. system With a more efficlent S}stem

JPRC staff have mdlcated there IS msufficlent on-site land avaIlable for pond evaporation ThIS
measure therefore WIll no longer be conSIdered

Contam and concentrate hlgh TDS ~astelA-ater uszng pond evaporation The final disposal
should be a combmation of evaporation and sollds landfillmg

Comments by JPRC staff confirm Harza s assessment that the eXlstmg RO system IS operatmg
effIcIently, and they addItIonally mentlon that the currently used RO membranes are the best
available The eXlstmg IX system also IS performmg satIsfactonly, however, the IX can be
Improved by mstalhng a either a short-bed lon-exchange process (such as Eco-Tech) or a
continUOUS delODlzatlOn (COl) system (such as Ionpure by U S Filter) to minImiZe the amount
of regeneratIon chemicals The advantages of such systems are discussed m detail In the
Feaslblhty Study Report for the UMIC

HARZA
95112.>

Stud'r deslgn, and construct an on-site ha-:..ardous ),t,aste landfill /ndustnal solld \tastes should
be classlfied and drsposed based upon therr potential emlronmental rmpact The hazardous
lvastes could be claSSified usmg USEPA standards Develop and polley to ma..uml:;e the potential
recyclmg for domestic solld wastes

increaSIng the efficiency of the biological treatment ponds and \liould addmonallv Increase the
amount of effluent available tor reuse A second option would be to construct a pack.age system
such as an extended aeratIon or trIcklmg fIlter system

This measure appears to be technIcally feaSible, given that there IS some avaIlable on-sIte space
It suggested, however, that JPRC coordmate efforts m this regard WIth pubhc authOrIties, so that
the landfill - whether on-site or off-site - be made accessible to other mdustnes m the regIOn
with hazardous \liaste disposal needs ThiS Issue should be further Investigated, since the current
disposal practIces of hazardous waste have a potentially SignIficant Impact on groundwater
quality

;1

I
I
I
,I

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



"t'

:1,
"

,I
"I
~'I
l

~I

,I.
,t

'I;c
\'.•

I
~

~I
'>

~I

I
I

<I
(

'I
I
-I
I

;-1
,

'_I
I

(

;1
(

Recommendation 8

Ml111ml;.e \\ater losses from \\ashdo\\ns by Implementlng the following

• SubstllUle pressurized steam cleanEng methods for eustlng \\ashdoml techmques

• Use dl} vacuum techniques instead of \\ashtng spills dmw the dram,

• Utzllze \\ater conservatlOn eqUlpment as much as possible mcluding flow
regulation deVices, automatzc shut off valves, timer control whes nozzles and
overflow preventors, and

• Perform washdowns on a planned schedule With estabilshed protocols and
procedures

The above measures are techmcally feasIble and should be pursued 10 future JPRC plans

RecommendatIon 9

Mlmmlze wastewater generatzon due to spIlls and leaks by lmplementzng the follOWIng

• Improl-e housekeeping,

• Del-elop and Implement an effiCIent spill preventzon, control and countermeasures
program to mlmmlze the mCldence of spills and leaks, and

• ProHde secondary contamment for plpmg and bulk chemical and Oil storage
tanks,

The above measures are techmcally feasible and should be pursued 10 future JPRC plans

RecommendatIon 10

Reduce domestzc water consumptzon and wastewater generatlon by performing the follovving

• Meter all water users to ldentzfy areas of e"tcesslve use,
• Utillze flow control deVlces on shower heads and gardens,
• Adjust float height m tOilets to reduce flush volume, and
• Inspect plumbmg routznely and repair leaky pipes, valves and faucets

The above measures are techmcally feasIble and should be pursued 10 future JPRC plans

A-3
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Recommendauon I 1

Reduce neutraliz.atton chemical requirements b\ spargmg spent causttc from the sour water
smpper Huh catalYtIc cracker flue gas Incinerate the resulnng off gasses

Comments bv JPRC sratf indicate that prevIOus attempts to Implement thiS measure were
abandoned due to odor problems They also IndIcate that InCIneratIon of off gases IS ImpractIcal
due to the volume of gases and potentIal effects on the processes

RecommendatIon 12

Improve sour water smpper waste Oll-water separation by collecting separately and miung WIth
de-emulslfjmg chemicals prIOr to discharge to se~'Vers

The water/OIl emulsion m the sour water stripper effluent results from msufficlent stnppmg of
ammoma and other nttrogen compounds MIxmg the stnpper effluent WIth de-emulsIfy1Og
chemIcals pnor to se\\oer dIscharge IS techmcally feasIble, however, It IS expected that the
emulsIOn problem WIll be ehmmated by Implememmg sour water stripper Improvements, as
discussed m Section 4 1 2 of thIS FS report (caustic dosage system Improvemems and
replacemem of strIpper pack1Og) Therefore, It IS recommended that no acnon be taken umII the
stnpper Improvements are Implememed and the results adequately evaluated

RecommendatIon 13

Develop an Improved storm water management polley Storm water can be collected on-sUe WIth
graded ponds to elImmate dIscharge to the WadI and provcde water for the process

The above measures are techmcally feasIble and can potentIally be considered In conjunctIon
WIth an upgrade of the mdustrIal wastewater treatmem plant for wastewater reuse, as stated 10

Recommendation 3

RecommendatIon 14

The JPRC should develop an enVironmental management program to mclude

• Establzshmg an EnVIronmental Department WIth dedicatedpersonnel and suffietent
resources,

• Wntzng an enVironmental poltcy complete WIth mISSIOns, VlSlons, goals, polICies
and a future work plan PP/WM and water conservatzon goals need to be
establzshed to achieve the PPIWM program, mime WIth Mmlstry goals, and

• Developmg oj trammg and mcentzve programs jor all JPRC personnel

ThIS Item IS techmcally feasIble and should be pursued m future JPRC plans

A-4



Recommendation 15

, -

Inmate a groumAmter qualm momtorlng program ObservatiOn \1ells or clusters should
tntercept underl'.mg aquzfers We recommend that groundwater qualm be mOll/tored quanerh.
for the first (\\O \ears and then bl-annuall) for the subsequent three years to Idef7nj\ am trends
in groundvvater quail(\,

RecommendatIon 17

RecommendatIon 16

JPRC staff mdlcates a sulfur plant is scheduled to be implemented m the near furore

Consider the followmg PPIWM Items for feasibility level studies

A-5
HARZA
951L3

These Items were dIscussed prevIOusly m Recommendatlon 2 The air coolIng system IS not
feasIble

• Azr coolmg system,
• Treatment and recyclzng of domestic and process wastftvater and storm water,
• On-sue hazardous waste landfill, and
• Reduction ofdomestic water use

• VOC (mcludmg Benzene Ethylbenzene, Toluene, Xylene)
• PNA (mcIudmg Anthracene, Benzo(a)pyrene, Chrysene, Phenanthene, Pyrene)
• SubstItuted Phenols (mcludmg 2,4-Dlmethylphenol, Phenol)
• Metals (mdudmg ChromIUm (total), lead, DIckel)

• CyanIde
• GRO, DRO
• NItrates, Nitntes
• Sulfates

Conslder a plan for reduction (99 percent) m 502 emISSlOns by mstallzng a Clause Unit,
purchaszng 1011- sulfur fuel or Installzng 502 scrubbers

This nem IS techmcally teaslble and should be pursued III future JPRC plans The followmg
parameters should be momtored
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Delta Cooling Towers, Inc
"4 Clinton Road
PO Box952
Falrf.ld New Jet'$ey 07004-2970
Telephone 2011227.()3()()
Fax 201t22700458

c 1 30lchloropropene
t 1 3 Olchloropropene
EDS
Ethylbenzene
Hydrogen sulfide
Methane
Methylene chloride
MTBE
Radon
1, 1,2,2 Tetrachloroethane
Tetrachloroethylene (peE)
Toluene
1, 1, 1·Tflchloroethane
1, 1, 2 TriChloroethane
Tnchloroethylene (TeE)
Trich lorofluoromethane
1,2,4 T,imethylbenzene
Vinyl chlonde
Xylenes

'ESTAVAILABLE COpy

Ammonia
Benzene
Bromadlchloromethane
Bromoform
Bromomethane
Carbon tetrachlorIde
Chlorobenzene
Chloroethane
Chloroform
Chloromethane
oeep
Olbromochforomethane
1, 4·Dlchlorobenzene
oIchlorodlflucromethane
1, 1 Olchloroethane
1, 2·0,ch'oroethane
1, 1 Dlchloroethylene
t·1, 2·Dlchloroethylene
1, 2 Olchloropropane

VanguarcP air strippers effectively remove organic
solvents, chlorinated hydrocarbons, fuel/gasoline
hydrocarbons, degreasers, and certain other
substances from water. '\
The following is a partial list of these substances.

~ Vanguan:P Air Strfppers
..

Models t.S-1 Series AS-1 5 Series A5-2 Series A5-3 Series A$-4 Series

StrIpper
C 0 I.l " t e r flo w, For c • d Ora ftDesign

Nominal <-

dla., Ft. 10 15 20 32 41
Delta PakT

•

hgt 1 Ft 145 to 235 55 to 175 65 to 18.5
Water -
Flow, GPM 2t03O 75 to 50 11 to 90 35 to 150 55 to 350

Motor HP 15 15 '5 tei 5 2 to 5 3 to 75

Centrffugal Blowe r
--"" .. "\.

Fan Type I Direct or I
Direct Drive Belted Belt ed Drive

M8terla" of Constructlon

SHELL FRP Or POlyethylene

PACKING pvc I pvc , 'PVC
I

PVC I PVC
PIPING pvc pvC

... pvc PVC PVC

PHYSICAL SPECIFICATIONS:

Foml 6$-1:100.-

J'MIIO In U SA.
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eltt:liIte.tL ctU.tlINQ SYS1'V'
.1-1:10 GPM 1-5 lIP
SKlO IM)UNT£O .MWIRIO "IIO'1'lO
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W'''NO CH.o.IilIEJl 11051: 't1ol.'IIl$ QAU(I[S
,It COlf11,O\.UI - ornONAL
StARn. - ClPTIONAL
U!omoru.. HO$E - 0PT101tAL

.c.· .........'..

Q

z
'B

UP\.OSIOH I'IIOQ' MIl HIATl"R AVAlL .. weTIlIC
N"ruAAt. G~ Oll "HG ~tuu

UQtJlO P~[ ~1I01t AOSOlll"TlG" cvmws
SINeu: CAI1I~([Il'S 1.\(1.11-"11,.( rOll ~-:lOO """
I'Ilt$S\JRl .Ncr VAlve ...v....l,.A.Ol.£ (HOt 'HOMe)

e
"'''''43. I'HAU ~.IC.. "O~II"IQM S'f'SflwS
$INGLE CAMHISIW AVAII..AIL( rot so-saoo sen.
DUCT WORI' ""AIL

@
SOil. VUmHQ S't$f[W c.oUPLEn: wrrn
R[otHlllAnv( VM:UII... flO"tIl loIIO~1l(
UlAltATOII \H-Uru f'llln 1Hl11 • oun.n
$UIlCEl'Se

J~-

ClL'N

€>

@
ltU:Wfll'l' .EIolOTt 1UIol1".L
AUJlU/STA1lJS/ID.AYS
$OrTWAitC

OPTIONS

f;i) @
~KS COH1'TIOL ,.",..tL
2Q0-2ooo O~ HI..A 4 - !ltIl
CUACITY tu.tUIAL. \lDPI HIMA 7 12 - O'T
CO'4tltS .til rlmllGS
;'lfN\.AU.

@
\lIELl 'UW'"srAltttU$ mn
!ULON WU
lUe"nc all
flHEUIolAflC

@
wtu. liQUID \.ML
(X)KflOI.., 1"'"I~SlCol-lLY
sue

't---ol -: .. CWH
tffilJ[HT

--,,--- RI
'-.:

S1'r~Ir)PER

e
'lWlSl't. PUhlP 'ACItI.G(
\(OONT!NG .. ''''IN~
"ltAllAllU: WI'" SKill ONLY

~

VANGUi-\RD AIR
-~-

,

v ' r.1 (i'\
aCLll. VoUl!lUAIID.~1l S'fltIII'PIIS ')(oWO WEATHCR IHW):SUIlE ""'_'nOli cur OUT MfCH
t O' ~ 5'a' 1M • INCIl IN~~lom ,JIOTtCtS MOTOR «OlIVE flllO,CCtS IIlOWDl FROW
0'0" - lO',," 1M I NOt,~ WINT'S '*"" w..om IICESSIYE YIl....'ION
!IHElJ. M.IEIItol, "II" 011 , S Iii'
flACUItG ~ Ii' \:;IOCl'A-' snIIlC'l""ID IlII \:J a.lJW[A ;"1 'ItlitJ,UIl

!lANDO" g"II~D ) Aec:[SS lADDD! a s,t"m 'Ull 1It'VDn: W1NtU O,[llJ,!I(JN
eACC NATllIllL AUJIolIMuW
011 nSfJl(lVoS'S Wit HOfI
'SKill lI'lNCl$ \4£(1S O.
[Xenos OSHA stA.MDAIIDS

(!)
SIG!) \IOIlM1IHC
stm. PUlfOIW C~1tDWIt" _ oaY 'HIMOLIC
8L,ACl(

~
(;j
.....
~

§
r::
~

~
ITt

~
~

.r:.
~



.'f
o"

!'
"
"
~
,
l
»

"rl
!",

,~'
li!

',"
~

-
~

<
,

,-
<

'
,
~
I
'
,

"-
~
"

.<
"

)J
..

..
')I

1:~
,~~

'~~
-r

"I
'~

~
'1

~I"
;;;

:"
'~,

f-,
r

;;
';
,~
~'
/h
T"
'1

I
I

I
_

II
I

_
_

•
•

_
_

_
_

-
_

_
_

_
_

_
_

I
I'

_
"
.

I
'¥~

,

3: o a c S; lJ o » ]J ~ z g o ~i
:c
n

:1
0-

<
~
o
~

{J
)m

m
-<

c
(f

)r
-F

rT1
!!I

s:
C

D
z

~
t
!
h
!
~

11
1;1

11
1

II
IIl1

n

~1
i

'l
l1
1~
ll
rl
n

~
UU

ii;i
I~

i~
n!
I~
I~
t§
II
U~
tl

-
6

i
Ica

.}
::t

~l
g!
;t
l.
ll
lt

1.'1
:

t1
~

II
il

8B
'

"
:

,.1
~

J
h

U
i!!

:
h
~
d

iI
Jt

~~
Il

ii
l

j{
'i

II
)
IIi

ih
1!

l
!l
Ri
!t
i'
''
ii
~.

;d
j

i
I

J'li
ini

iin
"!t

U!U
Uf

!I
e

C
O
l
:
!
l
~
<
"
V
1
J
O
.
.
.
.

CI
It

ti
l

e
-

c:
8

i
l
~

H
~
j
H
H
a
j

j!
1

~
~

I
~l
aa
~!
R:
J

I
..,

·
~

11

~
.

iit
=

l:H
I

-
~

~
!f:

I,
:J

!
i1

_
Z

i
J

t;I
Jl

ll!
:

8
"-

~"
'~

~J
'I!

I
!

I
I

,
I
iI

~
II

J
if

I!
..

~
~
~
,

$
"
'0

I
~

I
,

I
0

l!
1

~
!

a
~

-
-

I
•

I
fl

i
I

I
I

I
~

I
l:

Z
i

I
I

~
ta

i
o

I'
"-

I
J"

~
I

I
1

l
G

)
I

I
a

{
l

I
~

I
~

~r-
;

~
~I

fli
J

If,
ritt

;i;
!

3 0
1

I~
~r~

~
f·

1J
I

1;
'

I
I

0
;

"'L
If!

0
1

j
I~'

:i
:!!

:I!
g

§If
fdl

fli
n

~
J!

fH
I

~l
~~
a~
ia
'
!~
i

i
l&

li
(~
i'
~l
i"
"i
:"
""
"5

-
!
~
J

1~
II

IF
J7

i
ltb

4#
I4

D
i~

]!
!

:!
a:lI

~
€

g
~

-
ii

, r ,I • , I 'II I J .. b I a

~
.J

:. it
J

~
I

~
.

a
I

~
.. i

-c
.
~



BEST AVAILABLE COpy

so

RlQrGnIY
5wlMideo CA
Tel {415} 572-V111
Fex (41S)57~

Ih;IoItVl
~CA
Tel (ItS/)43'~
Fax (8191431-8189

LIIIIn-...JaaIa
hcIk
PIIIbu;h. PA
Tef (412)787418
Fill (412) 187-4623

Ae'gb\U
PIIIIluQh. PA
Tei (412) 781-e'1OO
~

rex (412) 7'87«m1

~ALGO~
CALQOff CMBOHtORPOM1DI

DIMENSIONS AND RELD
CONNECnONS

SALES OFFICES

AdaOiWr veseeI dllIlI ,*er __ 8 fl (24I4Q 111m)
Prooese Pipe __ .. ....

~ PIpe oe>nnedIon 1_ANSf lange
\JIl1ity 'Qtel c:omection ~ in tlDli8 COl_**"
lAfRty arr con 'C(;1IOr.. _ .. ~ In hoGe QOOttectlOn

Carbon hoM CQMllICfJon. __ _..- • - 4 in. Kamloclt twe
a.ckwuh oonnecbOnlI- _ _ 41n or 8 In. lange

~malnetnanC8aee:ee. 20 C\. round flenged menway
~~........ .. _18 DOG Iba. (eqlIty) (7300 kg)
SplenHIP.,flbng '"'Sll"ll .. - 92 000 Ibs. (41 800 kg)

Calgon CaJ1)on CorpoietJon rael"f98 the right to c:ftange cpeafic8ticnc wrthcll4 notice for~ 01 equal quaIlty

Fordetailed tnlotmabon on the products descnbed In ttUB bulletin, please contact oneof our RElQIonaJ 5aJes
Offtces located nearest to you

CAUTiON
Wet iICIIVaIBd C8Ibon prer.... iIiIIy~ oxygen fftn 81'
In dased or pal1laly dOled~ end Y8SSe8. ClIXJPf1
d8pf8CIon may reach hlZanfOUS tewIB. IfWQ'f(8f$.~t;J eneera
"98SefcontaJnlngQllbon, app«lpl'llte~endWOrkPrace
euea for potentieI1y~ I!IP8I*I chouJd bef~
Indudlng .. appIaII:lle ..... and..requlrwnents

Ifat any time our produc:II ar IGMC8I do notmB8Iyour NCPretnerU or PJl8i ......." orJf )IOU would like to svggest any .:seas for
~ pI8UI' eaII US aft «lO 648 ,. Fmm 0IasIde..U.s plegaQd +1"1~787-6700
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INDUSTRIAL

MULTI-MEDIA FILTRATION
EQUIPMENT

\
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BUllEf'H !1~

TYPE 212
MULTI-MEDIA

FILTERS

FEATURES:
• Filter turbidity up to 7 times I.ater

than conwntIona' sand fIIteq

• Producea greater clarity through
fine muftl-atage fllttatkm-down to
10 microna or ....

• Runs up to SO times longer between
backwashes because entire bed
traps turbtdlty

• sav.s 8S percent of backwaSh water
normally required

• Requires only one 81th the space 01
ordinary bed flnera

• Automatic backwash, rlns8 and
&emce step initiation

• SpeCIa' media availa"e for Iron and
sulfide remOtaI

TYPICAL APPLICATIONS:
• Polishing raw, well, or .astewater
• Potable water

• Proeeas makHIP
• Clarifier overflow w.st..ater
• Reuse of cooling and wash water
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<llId arc tested <It 150% of deSign p~s~re The UlltlfiOr of lhe
tank 1$ !m~ci w\th a two part ~po'(v whl\.n \<; t:.PA approved
for potable ~ater T.iOltagc may ~ 'lvtlOoaUv '\SME I.odl:l
<;tamped

• Distribution System
llppet dl,>tnbutJon IS 1ll.1.1llllplished bv oj '>lllglc pomt or
mlllriple point b.tme t\ pe dep"nlhng on tank ljl<\m"h:lr The
underdrlSlll wlll be ot th~ huh and faUI<lIIVPC covered bv cl

RT<ld",d gr<lVell>llppc.rtmg bed F.ll.." bottoml> ~T" n"t
emploved

WARRANTED against failure due (0 faUlty workmanSl'llp
matenals and corrOSion for a penod of 1 year

OPERATIHG DATA
PRESSURE 20 psl.100 pst

1~70bar

TeMPERATURE «)·F ·12Q·F
Standard5-c-50-C

up to 180-F Available as
\lpto80~ Optional

ELECTRICAl. 120 v 60 Hertz
REQUIREMENTS 220 y 50 Hertz

• Packaging
SV1>tetnS are complete from lttlct to ou.tlet and mclude
presslW:l gauge sample valve and backwash flow rate
t:on~roUer effl:!ctlve over d 30 to 100 PS\ pressure ..mgc
Mulhple unIts Include electn(.allock out tn prevent more
than one filter badwll<;hmg at a tune OptlQnallv multlple
UnIt:> may be skJd mounted and preplpt>d

TYPE 212's fEATURES
• Quality Minerals
Each laver of Ullneral In the ThiLlUSTRIAL MultI Meth.a. filter
has been 5Pf'Cdically selet.ted for a sptlf'lfic funl..(IOn The top
lavec of anthra\..lte removes the l.nger part1<.les VtlthO\lt bt'llng
bhnded by the fimh The ~ond layer of filter :.alld remove!>
partIcles to the clanty rvplw of conventIonal ~and filtl!r:.
ThA thU'd and foUl1h layers;are two dlrferent size.. of garnet
wJuch pohsh filter by removm8 parbcles down to 10
microns The enhN bed becomes the filter rnedu,lm
pemuttlng a lugh dIrt holdmg capa-aty Wllh a finely
pohshed effluent quahtv

• Automatic Valve System
INDUSTRIAL:, factory assembled valve nest mcorporahls
Y-panern dlaph.ragm valves for poSIl!ve control with full
flow offers low pressure loss high Dow nlte capablhtv and
elther hydraulic or pneumatIc operatIon Indlvldual valves
ha...e less bulk less welSht and lin> tess complicated All
parts can be :.ervlced WIthout dlSturlnng the p1plng The
valves open and dose at a rate wbtch P05luv~ly assure~ that
the valve arrangement IS fn.tl of water hammer fQr long-hverl
operabon •

~
~7

INDUSTRIAL FIllER I PUMP MFG CO • 5900 OGDEN AVE •CICERO.IL 6IJ65O.3888·708-656-7800· FAX108-656-7806
• PRESSURE FILTERS • PACKAGE AND CUSTOM LIQUID WASTE n:«EATMENT SYSTEMS • VULCANIZED RUBBER

UNING • ION eXCHANGERS • EVAPORATORS • PUMPS • TEST CABINETS • SYSTEMS AUTOMATION

FILTRATION
The INUUSTR1 "..L \.1ultJ. Me<i1a hlter rtpfe,>Rols a slgmfit-anl
step forward 10 water filtratIon technology It offer:, you a
hJghlv dficlI~nt filter that does not take _p it lot of spac~ dol'!..
not use muc.h walt>r for be.(.j(wash fift~f'; much longtlT dUring
the ~t\ tee CV\. te Wlth low presurt' drop beful1:' hdCkwash I~

J'tlquued d.od offer'- man\' uthet ~vant~t><; dctal1ed In lhl<;
brO\.hurn

The cJ.... 'gn t .. hl~hlv effit lcnt.-;everallaver, of "C"IcnhficaUy
'oQlccted fil,HI me-dId are COllt.1I'led In <l )lnglc tank and
strdtlfied so thol as Wdlt!f flOll\o5 down tlu'ou!lh rhl. vanou"
media md'llmUm fil·CMnR lakes placl:! III f'ach la~er tI..

descnbed in th~ pardgraph QUdhtv Mmerdls below The
deslgn Qvsttom":, the ba:,J(· fault of mo"t sand and I)thcr
:ungle medIci filters thOlt provide a ma."umum filtcnng
efficlencv only m Ihe top few mch~ of the filter bt>d The
INDt..STRL\L Mult1 Medta filter operates at rnaJUmum
efficlencv throughout the entire filter bt-d
The vanou.. medIa have been selected dcrordmg tu mater1al
densIty ThiS mt1ans thllt dunng backwash lhll media laver:,
aN automallC'allv restrabfied so that th.,. filter 1S Irn1119dlately
ready for servIce as soon as bllckwash ISCIHnplcted

• nmer-Controller
The lUchvldual diaphragm valves are controlled by the
actIon of a four poslhon motur dnven brass bOWlld rotary
puot valve whIch sequen<.'$$ the 511$f through the step:. of
Backwash Settl9 RInse and Return to Setvlce The artlon (,If
the rotary pliot valve lS controlled by a fully lldlustabl~ cycle
tuner The cycle tuIlet IS lDll1_ted bv it calendar tune clock
wluch proVldt>l> for the backwatohlng plVC9SS to 0(.<'ur from
one to seven brnes m a ..even-day ~nod A~ an ophQn
unbanon may be aa::omphshed bv cl Signal nom a
dlfferennal pressure mdIcatmg sWlb.h The UlltHl.tlOn Ina)

also be. accomphslu!d by manual push button and the
system may aho be manually Indexed through a complete
cycle In the event of a po\\-et failure
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lonpure™ Serles.4ooo Reverse
OsmOSIS Systems are u~ For
~Ut'"9 from 38 to 135 gpm (8 6
m3/h 10 30 7 m3jh) of high PUrity
water for Industnal applicatIons A
minImum of 99% of mlcrcorganlSlTls
pyrogens, particles, coIlO«:1s and
organiCS ~ 200 NMW as well as ~

95% of dIssolved solids can be
removed With 0 Series AOOO unit

Recommended AppIKalIons
• Boder feed
• Generol.ndusfnol
• Centrolloborotory
• Central electronrcs pad
• Central hospital supply
• Pretreatment 10 Conhnuous

Delonlzofton (COt) 5y$tvms

Preassembled Sy$teIm
Each free standing, slcd-moonred
preossembted system ,s compnsed of
a ~ded epoxy cooted steel frame,
motor pump Untts, RO cartridge
hoUSings, yglves, piping, moJor
stoner panel and logiC controller- In

NEMA 12 enclosures Ins1rumenta
hon Indudes reJeCt and product flow
meiers, a feed and product conduc:
tlvlty mOnitor With percent relectlon
readout, tempera1Ure man Iter and
pressure gauges System control
funcfJons, such as tonk level control
and automahc Ru~,"g are con
lrolled by an Industnally hardened
programmable JogIC controller

Spmal-Wound Membrane
Cartndges
Senes 4000 RO systems ore
desagned for use With polyamide thm
fdm composite RO membrane
cattndges These cortndges gIVe the
hl9hest relechon of InorganiC: and
organiC confammants of any
membrane available today
Cartridges are 10k! seporoteIy

Quiet, Effioent Operabon
The systems employ a submersible
woter~ed pump-motor unit which
results In qUiet operation and htgh
effiCIency, as the moter'5waste heat
IS recovered It raises the feed water

temperature to the RO cortJ"IC:J~,
thus increasing their output

Complete Systems Support
Should your appllcohon require It
Ionpure WlII provtde complete system
support Among the support ophons
avaIlable are feed and produd
water analyses, pretreatment, and
post treatment equIpment

Symms Tatlared to your Needs
A number of ophons are available
for the RO .4000 10 Itnlor the system
to your porhQJlor needs
• High recovery reclrculotton
• Automahc somhzafJon controller
• Automahc; produd dIvert valve on

low percent retedlon or system
shutdown

• Sanitary 316L 55 prodlJd piping
• dean In place connechons
• Custom Instrumentation packages

Senes 4000
Reverse OsmoSIS Systems

Fer mdustrral water app/,cot1cn

Specifiamons
MatenoJs of Construdlons

Low preuure piping S<h80 PVC
High pressure fJ'Plng 300 senes
51alOless steei
Htgh pl"e$sureVQ~ 316
stamless steel
Cortndg4! hOUSings FRP laminate
Pump 31 6 stamless steet pump &
motor
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106 1700 f770)
13 S 2000 {906J
16 ... 2300 (1042)
21 6 2700 (1223)
230 3100 {l.tCUJ
27 .( 3500 (1 S86J
323 4000 (1812)
37 5 4500 (2039)

106 1700 (710)
13 5 2000 (906)
16.4 23OOt1(42)
21 6 2700(1223)
230 3100 (1«>.4)
27.4 3500(1586)
333 4000 (1812)
37 5 ASOO (2039)

A5 (10 2)
68 (154'
88 (200JC\~

100(22 n
119 (2701
152 (34 5)
173 (39 3)
193 (.43 8)

31 (70) - AS (lO 2)
48 {10 9} - 68 n5 4)
63 (143) - 88 (20 OJ
81 08.4) 100 t22 n

104 (23 6) - 119 tv 0)
125 (28 4)· 152 (34 5)
lAS (32 9) -173 (393)
169(38 AJ· 193 (43 8)

56
56
57
65
70
66
67
70

56-80
56-80
57-80
6580
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