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PREFACE/ACKNOWLEDGMENTS

ThIS report IS the result of a feasIbIlIty study performed for the Jordan Yeast
Industnes Company Ltd, m Jordan The purpose of the study was to evaluate technical
and economical feasibilIties of the pollutIOn preventIOn/waste mImmIZatIOn (PPIWM) and
water conservatIOn techmques recommended m AudIt Report #3114-94-2b-39 dated
Apn1199';

Several mdividuais on the Water QualIty Improvement and ConservatIon Project
contnbuted to thIS report Dr Usama Mudallal of the Amman Chamber of Industry
(Chamber) Engmeer Rama Abdel Khaleq of the MImstry ofWater and IrngatIOn (M\VI)
and Dr Omar Jabay and Eng HashIm Beano of the Royal SCIentIfic SOCIety of Amman
plant managenal and technIcal staff mcludmg Mr Reymon Halteh General Manager and
Eng Samir Juaaneh techmcal manager shared theIr knowledge WIth Mr Knshna
Mayenkar ofHarza Consultmg Engmeers and SCIentIsts (Harza) Clncago IllInOIS USA
These techmcal staff worked under the dIrectIOn of Dr Shawn R NIaki P E PollutIOn
PreventIOn Program DIrector of Harza who heads the WQIC component under WhICh the
study was housed It IS from theIr combmed expertIse that thIS report was pOSSIble

SpeCial appreCiatIOn IS gIven to Dr Mohammed Bam Ham, Secretary General of
MWI Eng KoussaI Qutelshat Secretary General of the Water Authonty of Jordan
(WAI) Mr Khaldun Abuhassan ChaIrman of the Chamber Mr Wahd Al-KhathIb
DIrector General of the Chamber Dr Muwaffaq Saqqar Project Coordmator from MWI
the members of the PPIWM workmg group from WAI mcludmg Eng Abdul Wahab
Matar Eng Marwan Al-Tal Eng Mohamad Lafi and to Development AlternatIves Inc
as represented by Edwm D Stams ChIef ofParty for theIr cooperatIOn and confidence
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EXECUTIVE SUMMARY

Development Alternattves, Inc (DAI) under Contract No 278-0288-00-C-4026-00 wIth the
umted States Agency for Internattonal Development (USAID) IS performmg an Industnal
Wastewater DIscharge Prevention Program (IWDPP) m Amman, Jordan ThIS Program IS one
of four components of the Water QualIty Improvement and Conservation Project (WQICP)
funded by USAID ThIS program IS bemg performed by DAI WIth full coordmatIon between
the Mmistry of Water and IrngatIon (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consultmg Engmeers and SCIenttsts (Harza), ChIcago, UnIted States (U S ), was retamed
bv 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 conductmg the
PP/WM audIts, feasibIlIty studies, and desIgnmg demonstratIon facllIttes at selected mdustrIal
faCIlItIes

thIS report presents the fmdmgs of the FeasIbIlIty Study (FS) for Yeast IndustrIes Company
(YIC) The objectIve of the FS was to evaluate the technIcal, fmancIaI, and logIstIcal feasIbIlIty
ot the most promISIng PP/WM and water conservatIon techmques IdentIfIed for YIC the m the
preVIOusly performed PP/WM audIt

PROCESS AND FACILITY DESCRIPTION

The YIC IS located on the north bank of the Zarqa RIver man agncultural area near the western
perImeter of the RuseIfa, Jordan The faCIlIty produces fresh compressed and dry actIve baker s
yeast The faCIlIty started productIOn m 1978 In 1992, the faCIlIty produced 2,582 tons of
compressed yeast and 865 tons of dry yeast (95 to 98 percent solIds) WhICh IS eqUIvalent to about
2 600 tons of wet fIltered yeast WIth 30 to 32 percent solIds On a wet baSIS (about 30 percent
solIds) YIC produces about 5,200 tons of yeast per year, WhICh IS about 87 percent of the
tacIlIty s total productIon capaCIty (6,000 tons per year) The faCIlIty operates 24 hours per day
and seven days a week. The faCIlIty employs about 70 people

The faCIlIty occupIes 10,000 square meters of land and conSIsts of a maIn production bUIldmg
whIch houses the fermentors dryers, packagIng eqUIpment and plant offIces Also, there IS a
small utIlIty bUIldIng WhICh houses two bOIlers for process steam production and fIve aIr
compressors WhIch supply aIr to the fermentors OutSIde of the faCIlIty bUIldmgs, there are
molasses storage tank.s, water coolIng towers, and an abandoned wastewater treatment plant

AUDIT CONCLUSIONS

Several potential PP/WM and water conservation opportunItIes were IdentifIed dUrIng the audIt
at the YIC faCIlIty By ImplementIng the IdentifIed measures the pollUtion load was expected
to be reduced by about 15 to 20 percent and the total water consumptIon reduced from 636
m Idav to 438 m~/day resultmg 111 a 30 percent reductIon

Although the IdentifIed PP/WM opportumt,es could potentially reduce the orgamc pollUtion and
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TECHNICAL FEASIBILITY EVALUATION

The proposed wastewater treatment consists of a land treatment system preceded by an anaerobiC
\\ astewater pretreatment system

The land treatment area currently supports vanous trees shrubs and grasses The types of trees
present are Kmya Accacla and pme
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BOD loadmg
NItrogen loadmg,

•
•

A properly deSigned SR land treatment system can etfectIvelv remove Biochemical Oxygen
Demand (BOD) and nitrogen from wastewater through natural filtratIon, adsorptIon, nitrogen
uptake by vegetation and nItnflcatIon-denItnflcatIOn processes However, the heavy loadmgs
at BOD and nItrogen at YIC combmed with the high salmIty of the local well water and the
and climate presented a Significant challenge for developmg a successful land treatment system
The plan for Improvmg the land treatment system was developed based on deSign parameters
IncludIng

The type of land treatment system selected for conSideratIon at YIC was the Slow Rate (SR) land
treatment process SR land treatment IS characterIzed by the applIcatIon of wastewater to a
\ egetated surface to be treated as the wastewater flows through the plant-soil matrix A portIon
at the flow IS used by the vegetatIOn, whIle some percolates to the confmmg layer or
groundwater table ThiS type of system has the highest treatment potential of the three sOlI­
based svstems listed above due to relatively low application rates combmed WIth the very actIve
ecosvstem near the soil surface and has low operatIon and mamtenance reqUIrements

Ttechmcal, economiC, and environmental feaSibility analyses were conducted for each of the
tollowmg optIons

Land treatment of YIC wastewater Without pretreatment,
J Land treatment of YIC wastewater tollowmg anaerobiC pretreatment at

concentrated wastes and
3 Land treatment of YIC wastewater followmg anaerobiC pretreatment of total

wastewater flow

\\ astewater volume by 15 to 20 percent, a cost effective treatment for processmg the fmal
\\astewater was also strongly recommended Therefore, the recommendation selected for the
detailed FS was to upgrade the wastewater treatment system The reason for selectmg thiS Item
\\ as to msure adequate protectIon of surface and groundwater resources from potentIal
contammatIon by YIC s high strength wastewater, which currently IS discharged to land
Irngatlon WIthout pretreatment The objective of the feaSibilIty study was consistent WIth the
pnmary concern of the WQICP which IS the protection of the quahty of Jordan s water
resources



The followmg IS a dicusslOn of the optIons analyzed

• Cost The cost of the larger system for treatmg the concentrated streams was
estimated to be 20 percent higher

• Space The space needed for the system to treat the concentrated waste streams
was approximately 30 percent greater than the space reqUired for the treatment
of the total wastewater flo~

• Digester volume Although the flow mto the UASB dIgester would be less It
only the concentrated wastes were treated, the dIgester volume would be 1 75
tImes as large

t
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• Hydraulic detention time Due to mternalIzed recyclmg necessary to bnng the
heavily loaded wastes from separators # 1 and #2 to lower concentratIon levels for
effiCient treatment the hydraulIc detennon tIme of the concentrated waste system
was substantIally greater than that for the total wastewater flow

Land Treatment Without Anaerobic Pretreatment Given the charactenstlcs of the YIC
~ astewater and the typical performance of a land treatment system, It not considered possible
for land treatment alone to achIeve appropnate levels of treatment, m partlcular for BOD and
mtrogen The lack of appropnate treatment creates the potential for odors, health nsks, and
groundwater contammation For these reasons the optiOn of usmg land treatment With no
pretreatment was not further considered m the feaslblhty analySIS However, 11 was
recommended that a pllot study for untreated waste be performed on the land treatment system
to evaluate the performance of land treatment under hIgh loadmgs, and thereby help determme
the actual level of pretreatment reqUired

• Phosphorus loadmg,
• SoIl permeabIlIty,
• Salt loadmg, and
• IrngatIon reqUIrements

Land Treatment Following Pretreatment of Concentrated Wastes The expected
performance of an Upflow Anaerobic Sludge Blanket (UASB) system for treatlng only the
concentrated wastes (flow from separators #1 and #2) IS SImIlar to the system for treatIng the
entire 'Waste stream presented m the followmg sectIon BOD and COD removal effiCienCies tor
l ASB were expected to be around 70 percent and 90 percent, respectlvely However a
companson of the system reqUIrements assOCiated WIth the dIfferent flows and concentratIons
revealed the followmg

H-\RZA FS)[l E'i

The concluslOns of the above were that no pretreatment was not a Viable alternatIve and It

appeared more effiCient and cost effective to treat the total flow of wastewater at YIC than to
trv to treat the discharges trom separators # 1 and #2 separately Costs were fully developed
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however, for both of the pretreatment optIons

SYSTEM COMPONENTS

The proposed pretreatment system was developed to maXImIze the use of eXIstmg facl1mes m
order to reduce the costs and satisfy space reqUirements The components of the proposed
svstem are hsted below

• Land Apphcauon Upgrade
• Wastewater Storage Pond
• AnaerobIC pretreatment, and
• Other pretreatment

A layout of the proposed land treatment system IS provIded m Flgure ES-I A conceptual layout
of the proposed pretreatment of total wastewater IS provIded m Figure ES-2, and a layout of the
proposed pretreatment system for total wastewater IS proVided In Flgure ES-3

COSTS/BENEFIT EVALUATION

Costs The costs tor the proposed system were as follows

• The cost estImate for the land treatment dIstnbutIon system was JD
42800

• The cost for the wastewater storage pond, with aeration for odor control,
was JD 184,200 ThIS pond proVIdes storage for YIC wastewater durmg
the ramy season and for site runoff

• The cost for the anaerobIC component of the treatment upgrade was
approXImately JD 648 600 for pretreatment of concentrated waste streams
and JD 531 600 for pretreatment of total wastewater flow By reusmg
the eXIstmg tanks as much as pOSSible m the proposed system, some cost
amounts were reduced

• The addItional pretreatment eqUIpment proposed m the system IS estimated
to cost 10 289 700 mcludmg a pumping staUon for fl1tenng, two
mulumedIa filters and two air stnppIng towers complete with pH
adjustment eqUIpment

The total cost of the proposed system mcludmg 20 percent for shlppmg of Imported
eqUipment and a 20 percent contingency was esumated at 10 1,517,600 for treatment
of concentrated waste streams and JO 1 363 200 tor treatment of total waste streams

ES-4
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Annual operatIon and mamtenance costs for both alternatIves were developed Total
costs were JO 56,400 wIth pretreatment of concentrated wastes and JO 53 500 WIth
pretreatment of total wastewater flow

The Table ES-I summarIzes costs provIdes eqUIvalent costs for a 20 year project lIfe and
6 0 percent mterest rate The eqUIvalent costs are proVIded per year, per day, per CUbIC
meter of treated wastewater, per ton of yeast, and per 100 g of yeast The eqUIvalent
cost per ton of yeast was 10 36 for pretreatment of concentrated wastewater, and JO 33
tor pretreatment of total wastewater flow Therefore, the Impact of wastewater treatment
on the wholesale pnce of a 100 g package of yeast would be JO 0 0036 for the
concentrated wastewater optIon and 10 0 0033 for the total wastewater optIon

Benefits Although It was claimed that the eXIstmg land treatment system operates
successfully our analysIs showed that wIthout pretreatment the mtrogen loadmg becomes
a CrItIcal factor GIven the hIgh mtrogen concentratIon m the untreated waste\\ ater, the
allowable applIcatIon rate was much less than evapotranspIratIon and therefore could not
support plant lIfe If the applIcatIon rate was mcreased to match evapotranspIratIOn, then
the mtrogen concentratIon exceeded the SOlI and vegetatIon removal capaCIty

The odor due to bIOdegradatIon of concentrated orgamcs could become another problem
when hIgh orgamc loadmg rates are used for land treatment Such odor could be a
nUIsance and pose health hazards due to the presence of sulfur and methane related
compounds m odorous emISSIons

Lastly, the success for dIrect applIcatIon of wastewater WIthout pretreatment IS not, was
our opmIOn fully establIshed WIth rIgorous soIl, treated effluent, and groundwater
momtorIng Observed growth of certam vegetatIon appeared to be the only parameter
to prove that envIronmentally the eXIstmg system work.s

The applicatIon of untreated wastewater, m our opmIOn needed to be proven successful
and relIable with rIgorous momtormg data, mass balances, and momtormg of \ egetatlon
SOlis and groundwater dUrIng at least 3 to 5 hydrologIcal cycles (3 to 5 years) to be
accepted ThiS would also help gam acceptance by publIc and regulatory agenCIes

We therefore recommended that a demonstratIon faCIlIty be Implemented To proVIde
a comparIson one portIOn should use untreated wastewater whIle another use pretreated
wastewater

The cost of pretreatment of wastewater was relatIvely hIgh, but the long term Impact of
the pretreatmentlland treatment optIon could be that the yeast mdustry could contmue to
operate the eXlstmg facIlIty and even expand the same With thiS sound environmental
program rather than nskmg reduced plant operatlon due to land treatment constramts

The YIC \\ astewater treatment project, If successfully Implemented could proVIde a

ES-5



CONCLUSIONS

RECOMMENDATIONS

ENVIRONMENTAL EVALUATION

The focus of the demonstratIon project would be to verIfy the predIcted eftectIveness of land
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The most effectIve solutIon tor managll1g the strong wastewater at YIC IS to add anaerobIc
treatment fIltratIon and aIr strIppmg for the total wastewater flo\\- utIlIze the eXIstmg tanks and
clarIfIer and upgrade the land treatment applIcatIon llslI1g thIS svstem, the BOD and mtrogen
concentratIons would also be reduced enough to protect surface and groundwater resources

model of effectIve waste management and could be followed by other mdustrIes WhICh
also currently dIscharge wastewater to land IrrIgatIOn The cost of Implementmg thIS
project must be shared by the government, other fmanclal sources, and mdustry as a role
model for other mdustrIes

The current BOD concentratIOns m the wastewater must also be reduced pnor to land treatment
AnaerobIc treatment was a proven effectIve way of treatIng BOD 111 yeast facIlIty effluents to

a level that can be successfully treated by the SOlI

The mtrogen concentratIon 10 the applIed wastewater must be brought down from 870 mg/l to

50 mg/l to comply WIth the Jordan standard 202 The effectIveness of land treatment of mtrogen
\\ ould be greatly enhanced WIth thIS decrease m loadmg and was expected to produce a fmal
effluent of less than 10 mg!l In the percolate

The ImplementatIon of an upgraded land treatment system would provIde an effectIve way to

treat the wastewater at YIC Nutnent and BOD loadmgs 10 the present wastewater stream
however posed defmIte concerns for the extended use ot the land

The expected result of treatll1g the total wastewater flo\\- with anaerobIc treatment and ammoma
removal was an effluent that could be applIed to the land treatment system ApproXImately 90
percent BOD reductIon was antIcIpated from the anaerobIc treatment process whIch would
produce a concentratIon of approxImately 600 mg/l ThIS level was well wIthm the optImal
range tor successful land treatment The ammoma removed from the aIr strIppers was also
expected to produce the reqUIred quality of less than 50 mg/l tor IrrIgatIOn

There are Issues assOCIated WIth how the wastewater effluent relates to the effectIveness of land
treatment that must be addressed m the demonstratIon phase For a demonstratIon project two
small plots of land should be developed to receIve two representatI\ e effluent qualItIes One plot
WIll be Irngated WIth the current total effluent from the facIlity, whIle the other plot WIll receIve
only the dIlute wastes from the plant and the effluent from separator #3 ThIS second sItuatIOn
\\ III SImulate the use of pretreated wastewater for land treatment

H"RZA F~' j( E~, ~



treatment at YIC The demonstratIon systems wIll be constructed so that the percolated water
can be collected and momtored for mtrogen, BOD, and SalInIty A companson will be
performed between the percolate of the two systems to venfy the effectIveness of BOD and
nnrogen removal, and to venfy the need and reqUIred level of for pretreatment The salInIty
ot the soIl and percolated water will also be momtored
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Table ES·1
TOTAL COST ANALYSIS

Yelst Industries Company

Pretreatment of Concentrated Wastestreams Pretreatment of Total Wastewater Flow

Item Cost (JD) Item C08t(JD)

nltlal Capital Cost 1,517600 InlUal CapItal Cost 1363200
iAnnUJI Operation and Maintenance Costs 56400 Annual Operation and Maintenance Costs 53500

I OUlI t:qulValenl Goete T6IAI [~ulYal'''' C.etD~

It:qulV~1801 Tt'"ny I .I'''' '".fM [ ..wi wl~ I \f.!.!'lt Q.ut 1711fV1
Equlv,lenl Dally Cost 517 Equivalent Daily Cost 472
[equl\1llent Cost Per (,UtlIC Meter ofWIN 0040 E~fVart:ntCost Per Cuble Meter afWN 0036
iE~UlV~ltl'tt uost li!rte... of yeo!ltM 30 EqulVlllent r~'lt ",., tnn of YM:\t"" 3~

C""••i.I.er.t (){1st II!!' 4DO § ef yuuulllt OM'lR r""nralant r.n'3f nf'r 100 0 nfyft~ftf"" O,~

• Basell on • 2O-year project life and 6 0% Interest rate
" Ba5~ 011 • yeast production of 6200 ton£lynr

In.,.., ~ -- .­
'l,lrJ~'O'>'M



Table ES-1
TOTAL COST ANALYSIS

Yeast Industnes Company

Pretreatment of Concentrated Wastestreams Pretreatment of Total Wastewater Flow

Item Cost (JD) Item Cost (JD)

Inlbal Capital Cost 1517600 Initial Capital Cost 1363200
!Annual Operation and Maintenance Costs 56400 Annual Operabon and Maintenance Costs 53500

lTotal Equivalent Costs- Total EquIvalent Costs·
Equivalent Yearly Cost 259600 Equivalent Yearly Cost 236000
EQUivalent Dally Cost 711 EqUivalent Oa"Y Cost 647
EqUIvalent Cost Per Cubic Meter of WIN 0054 Equivalent Cost Per CubIc Meter of WN 0049
Equivalent Cost per ton of yeast·· SO EquIvalent Cost per ton of yeast- 45
EquIValent Cost per 100 9 of yeast·· 00050 Equivalent Cost per 100 9 of yeast*· 00045

Based on a 2().~Br project life and 12 0% Inlerest rale

... Based on a yeast production of 5200 tons/year
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1 0 INTRODUCTION

1 2 Objectives

1 1 Background

1 3 Report Orgamzatlon

I

Development Alternatives Inc (DAI) under Contract No 278-0288-00-C-4026-00 wIth the
llnIted States Agency for InternatIonal Development (USAID) IS performmg an Industnal
Wastewater DIscharge PreventIOn Program (IWDPP) m Amman Jordan ThIS Program IS one
of four components of the Water QualIty Improvement and ConservatIon Project (WQICP)
tunded by USAID ThIS program IS bemg performed by DAI WIth full coordmatIon between
the Mmistry of Water and IrngatIon (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consultmg Engmeers and SCIentists (Harza), ChIcago, UnIted States (U S ), was retamed
bv 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 conductmg the
PP/WM audits feasIblhty studIes, and desIgnmg demonstration facl11t1es at selected mdustnal
tacl1mes

ThIS report presents feasIbIhty studIes (FS) for pollutIon preventIon and waste mmimizatIon
(PP/WM) and water conservatIOn for the Yeast IndustrIes Company, Ltd (YIC)

Based on a rankmg methodology, the PP/WM Committee selected ten mdustrIes with potential
needs for PP/WM audits, as the fIrSt step of the IWDPP The purpose of the audits was to
assIst the mdustnes m the Amman-Zarqa Basm m assessmg pollutIOn problems and developmg
alternatIve solutIons to achIeve desIred levels of PP/WM water conservation, and wastewater
treatment appropnate for the selected mdustry The next step m the IWDPP IS to further
develop the most promIsmg optIons for PP/WM revealed through the audIt process by
performmg a FS ThIS report proVIdes the FS for the yeast mdustry and also outhnes potentIal
demonstration projects that may be earned out WIthm the next phase of the IWDPP

The PP/WM technIques are defmed as any technIques to prevent or reduce waste generation by
source reductIon or recyclmg actIvmes These aCtiVItIes must reduce either the volumes or the
concentrations ot pollutants generated pnor to treatment, storage or dIsposal of the waste

The objective of the FS IS to evaluate the technIcal fmancIal, and logIStical feaSIbIlIty of the
most promIsmg PP/WM and water conservatIon technIques IdentIfIed m the Audit Report

ThIS report contams an mtroductIon a summary of audit fmdmgs and recommendatIons (from
the prevIOus PP/WM Audit Report) a screenmg of recommendatIons, the feaSIbIlIty analySIS of
the selected alternatIve, and conclUSIOns and recommendations The recommendatlons proVIde
suggestIOns for subsequent demonstratlon projects
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The main wastewater sources at YI Care

222 Wastewater Sources

2 0 SUMMARY OF AUDIT FINDINGS AND RECOMMENDATIONS

2 2 Audit Findings
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Centntuge separator discharges (390 m Iday)
Tank washwater (5-1- m Ida»
Wastewater treatment plant v. ashwater (50 m~/day)

2

•
•
•

Water used for domestic purposes IS entirely supplIed by WAJ An overall water balance
across the faCIlIty IS presented 111 Table 1 and IS Illustrated on FIgure 1

2 2 1 Water Usage

2 1 Process and FaCIlity Description

• Process operatIOns (66 percent)
• EqUIpment cleamng (18 percent)
• CoolIng (9 percent)
• StenlIzation (3 percent),
• Floor washing (3 percent) and
• Regeneration and other (1 percent)

Water for mdustrIal use at the YIC tacIlIty IS obtamed trom a pnvate groundwater supply
well The facIlIty uses thiS water pnmanlv tor (percentage of total fresh water
consumed)

The facility occupIes 10,000 square meters of land and conSIsts of a main productIon buIlding
\\ hlch houses the fermentors dryers, packaging eqUIpment and plant offIces Also, there IS a
small utilItY bUIlding WhICh houses two bOilers for process steam productIon and five air
compressors which supply air to the fermentors OutSIde of the facIhty bUIldings there are
molasses storage tanks, water cooling towers and an abandoned wastewater treatment plant

HAA::" FS- Pj
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The YIC IS located on the north bank of the Zarqa River In an agncultural area near the western
perimeter of the RuseIfa, Jordan The facilIty produces fresh compressed and dry actIve baker s
yeast The faCIlIty started productIOn 111 1978 In 1992 the faCIlIty produced 2 582 tons of
compressed yeast and 865 tons of dry yeast (95 to 98 percent solIds) WhICh IS eqUIvalent to about
2 600 tons of wet filtered yeast with 30 to 32 percent solIds On a wet baSIS (about 30 percent
solIds), YIC produces about 5 200 tons of yeast per vear WhICh IS about 87 percent of the
faCIlity s total productIOn capaCIty (6,000 tons per year) The facility operates 24 hours per day
and seven days a week The faCIlIty employs about 70 people



2 3 Audit ConclUSions

The organIc load generated at the faCIlIty could be mmimized through

') Water savmgs should result from the PP/WM measures descnbed herem In addmon
water conservatIon can be achIeved through ImplementatIon of

• Floor and lab wastewater (21 m3/day),
• FIlter washwater (10 m3/day), and
• FIltrates (10 m'/day)

InstallatIOn of an aIr coolmg system
Use of dIlute wastewaters to clean wastewater conveyance pIpmg mstead ot fresh
water

3

•
•

The total facIlIty mdustnal wastewater dIscharge amounts to about 545 m3/day All the
IndustrIal wastewater IS dIscharged to an off-sIte land treatment area Some Intak.e water
IS also lost due to evaporatIon, fugItIVe steam, and product mOIsture These water losses
(91 rn~/day) correspond to approx'IT'ate1y 16 percent of the total .vastewater dIscharge

• Process optImIZatIOn and automatIOn,
• Process automatIon WIth Incremental feed addItIons rather than manual batch

operatIon
• FermentatIon process control through exhaust mOnItorIng and feed back. control
• MmImlZlng tank. cleanIng frequency
• Countercurrent washIng of yeast IncludIng reuse of filtrate,
• Good housekeepIng
• SweepIng or dry vacuumIng floors, and
• ImplementatIOn of new technologIes or InstallatIon of new reSInS for water

demmeralIzatIon

The residual molasses lIquor dIscharged from Separator #1 IS the most concentrated
wastewater generated at the faCIlity Wastewater effluent from Separator #2 IS
moderately high WIth respect to organIc loadIng Other combIned dIscharges could be
conSIdered to be dIlute wastewater The VIC does not have a program for mOnItonng
water use, wastewater discharges and aIr emiSSIons The wastewater sources are
summanzed III Table 2

Several PP/WM and water conservatIon opportunItIes eXIst at the VIC faCIlIty By ImplementIng
the followmg measures the pollutIon load IS expected to be reduced by about 15 to 20 percent
and the total water consumptIon can be reduced from 636 m~/day to 438 m~/day, resultIng m a
30 percent reductIon Ftgure 2 presents the conceptual water balance and Table 3 summanzes
the proposed water reductIon, recycle and reuse IdentIfIed PP/WM and water conservatIon
opportunItIes are noted below
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Although the above PP/WM opportumtles could potentIally reduce the orgamc pollUtion
and wastewater volume by 15 to 20 percent, a cost effective treatment for processmg the
fmal wastewater should also be evaluated

• Tank cleamng frequency mimmizatIon and use of last rmse water for the fIrst
nnse ot the next cleanmg cycle, and

• FIltrate recyclmg

Other PP/WM and water conservatIon opportumnes such as vented steam capture and
recvcle and separator effluent evaporanon and recycle may eXIst WhIch may reqUIre new
process applIcatIOns or 'TIOdlfiCanons and WhICh may be relanvely more dIffIcult to
Implement
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3 0 FEASIBILITY STUDY PROCESS

The proposed wastewater treatment conSIsts of a land treatment system preceded by an anaerobIC
wastewater pretreatment system

The evaluation of the Technical FeaSIbIlIty of the selected optIOn IS proVIded In SectIon 4 0
Section 5 0 proVIdes an Opportunity Cost/BenefIt AnalYSIS, and SectIon 6 0 proVIdes
ConclUSIons and Recommendations

The recommendatIOns provIded In the AudIt Report were screened to IdentIfy the most promISIng
alternative for PP/WM, and subsequent detaIled analyses In feaSIbIlIty studIes The
recommendations of the audIt report and comments on the feaSIbIlIty of each recommnedatIOn
are proVIded In AppendIX A

5

The recommendatIon selected for the detaIled feaSIbIlIty study IS to upgrade the wastewater
treatment system The reason for selectIng thIS Item IS to Insure adequate protectIon of surface
and groundwater resources from potential contamInatIon by YIC'S hIgh strength wastewater
WhICh currently IS dIscharged to land IrrIgatiOn WIthout pretreatment The objectIve of the
teasIbilIty study IS conSIstent WIth the pnmary concern of the WQICP, WhICh IS the protectIon
ot the qualIty of Jordan s water resources
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4 0 TECHNICAL FEASIBILITY EVALUATION

In this section, techmcal, economIC and environmental feaSIbIlity analyses are conducted for
each of the followmg optIOns

Land treatment Without pretreatment,
2 Land treatment followmg anaerobIc pretreatment of concentrated wastes, and
3 Land treatment followmg anaerobIc pretreatment of total wastewater flow

The followmg sections dISCUSS the techmcal conSiderations and design parameters associated with
land treatment and anaerobic pretreatment Evaluations of the economic and envIronmental
teaslbIlIty of the selected options lIsted above follow the techmcal diScussIon

4 1 Land Treatment

Land treatment systems are natural wastewater treatment systems m WhICh the wastewater IS
applIed at the surface of the soil Land treatment can be classified mto three mam types

• Slo\\ rate land treatment
• Rapid mfiltratIon land treatment and
• Overland flow land treatment

The type of land treatment system selected for consideratIon at YIC IS the Slow Rate (SR) land
treatment process SR land treatment IS charactenzed by the application of wastewater to a
vegetated surface to be treated as the wastewater flows through the plant-sOlI matnx A portion
of the flow IS used by the vegetatIon while some percolates to the confmmg layer or
groundwater table ThIS type ot system has the highest treatment potential of the three soIl­
based svstems listed above due to relatively low applIcatIon rates combmed with the very actIve
ecosystem near the soIl surface and has low operatIon and mamtenance requirements

4 1 1 EXisting Land Treatment System

The land treatment area currently bemg used IS approxImately 38 hectares, and the total
avaIlable land tor treatment purposes IS approximately 60 hectares The site IS located
one kIlometer northeast of the plant The distributIOn system conSIsts of three 15 m
storage tanks and a gravity dIstrIbutIon plpmg system of 4 m diameter headers and 2 m
dIameter secondary plpmg Water conveyed bv the pipes IS further routed on the land
through trenches See Figure ~ for the eXlstmg system layout

Based on mtormatlon trom a study by the Center of Research and Water StudIes of
Jordan Unn erslty (relevant pornon proVided m Appendix B) the SOlI depth at the site
,arIes trom a tew centImeters to 100 cm and the soil profIle mcludes the followmg
lavers

6
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4 1 2 DeSign Parameters

The land treatment area currently supports vanous trees, shrubs, and grasses The types
of trees present are Kmya, Accacla, and pme

A layer ThIS layer IS less than 6 cm thIck and IS composed of 15-20 % clay,
70 % Slit, and 0 1% organIc matter and plant roots The soIl structure IS
pnsmatIc

B layer ThIS layer IS approxImately 50 cm thIck and IS composed of 10-15%
clay, 75 % Slit addItIOnally with calcante m lower section The SOli structure IS
pnsmatIc and IS consIdered permeable

7

BOD Loading Removal of BOD IS accomplIshed by soIl adsorptIon and
bactenal OXIdatIon SR systems can typIcally remove substantIal amounts of
BOD Systems usmg food processmg wastewater are often loaded at 55 to 220
kg/ha/dav (source Natural Systems for Wastewater Treatment WEF Manual of
PractIce FD-16) At YIC dunng the month of maXImum IrngatIon reqUIrements
(June Il1 WhIch ET - Pr = 27 1 cm as shown m Table 4) the loadmg rate for

• BOD loadmg,
• NItrogen loadmg,
• Phosphorus loadmg
• SoIl permeabIlIty,
• Salt loadmg and
• IrngatIon reqUIrements

C layer TIm layer IS approxImately 60 cm thICk and consIsts mamly of calIche,
mcludmg 15 % of sIlt CalIche IS typIcally consIdered low permeabIlIty, although
It IS possIble that the layer may contam fractures through WhICh water may
qUIckly reach the water table

ConSIderatIon must be gIven to each of the above factors to determme a hydraulIc
loadmg rate tor the SR land treatment system WhICh allows for effICIent wastewater
treatment \\ hIle provldmg suffICIent amounts of water to sustam crop growth Each of
the above parameters are dIscussed below WIth thIS m mmd

A properly deSIgned SR land treatment system can effectIvely remove BIochemIcal
Oxygen Demand (BOD) and nItrogen from wastewater through natural fIltratIOn,
adsorptIon mtrogen uptake by vegetatIon, and mtnfiCatIon-demtnfIcation processes
Ho\\ ever the heavy loadmgs of BOD and mtrogen at YIC, combmed WIth the hIgh
salmIty of the local well water and the and clImate present a sIgmficant challenge for
developmg a successful land treatment system The plan for Improvmg the land
treatment svstem was developed based on deSIgn parameters mcludmg

rl ..... .:=jb FS_ o~
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8

Cp = Nitrogen concentratIon 10 percolatmg water (10 mg/I)
Pr = PreCIpItatIOn rate

Nitrogen Loading NItrogen loadmg and removal rates are Important parameters
when desIgnIng a land treatment system For SR systems located above potable
aqUIfers, nItrogen concentration In percolate must be low enough that the
groundwater qualIty at the project boundary can meet dnnkmg water nItrate
standards Nitrogen removal mechanIsms at SR systems Include crop uptake,
nItnfiCation-denItnfiCatiOn ammOnIa volatIlIzatIOn and storage 10 the soIl The
Jordan Standard 202 states that water used for IrrIgatIon purposes must have a
total nItrogen concentration of lower than 50 mg/l and the dnnkmg water
reqUIrements set the lImit for NO 10 dnnkmg water at 45 mg/l In the US the
standard for percolated water reach109 an aqUIfer below a treatment site IS 10
mg/l nItrogen Percolate nItrogen concentratIOns less than thIS lImit can be
achIeved through the combmed nItrogen removal mechanIsms by applymg
wastewater that meets the Jordan IrrIgatlOn standard The desIgn equatIon used
by the USEPA to determme the hydraulIc loadmg for a SR system based on
nItrogen IS gIven below

untreated wastewater would be substantIally higher Given that the BOD
concentratIon of untreated effluent IS 5,400 mg/l, the loadIng rate would be 489
kg/Ha/day (5400[mgll]/ 1000[kg/m3/mg/l]xO 271 [m/month]/30[day/month]
*10000[m2/Ha)) In order to be In the 55 to 220 kg/ha/day range, the BOD
would need to be reduced by pretreatment to the range from 608 to 2,435 mg/l
However, at YIC the wastewater applIcation rate necessary for Irngatlon purposes
(174 cm per year, as discussed In thIS section under IrngatIOn ReqUIrements)
would Imply a BOD loadIng rate of approximately 436 kg/ha/day ThIS value
was denved trom the BOD concentration of around 6000 mg/l In the plant
effluent without pnor treatment Based on the amount of land that can be
successfully IrrIgated at YIC, the concentrations of the wastewater would have to
be brought down to 757 - 3028 mg/l to correspond to the 55 to 220 kg/ha/day
mentioned above Therefore, the loadIng without precedIng treatment exceeds the
range for effective BOD treatment Furthermore, the odors assOCIated WIth hIgh
BOD wastewater present other problems for spray IrngatIOn systems These
fmdmgs further emphasIze the need for wastewater treatment precedmg the land
treatment system WIth the BOD concentration reduced by anaerobIc treatment,
as discussed later 10 tim report the wastewater will be well wIthm the acceptable
range for land treatment
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EquatIOn 1

where

LWmU-ll = Cp x (Pr - ET) + LJ x 10
(1 - f) x Cn - Cp
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ET = EvapotranspIratIOn rate
U = Nitrogen uptake by vegetatIon
f = FractIon of mtrogen removed by demtnficatIon and

volatIlIzatIon
Cn Nitrogen concentration In wastewater (50 mg/l)

For USIng the above equatIon for the YIC site (see Tables 4 & 5), mtrogen
concentratIons In the percolatIng water (Cp) was taken as 10 mg/l In accordance
WIth the US standard for percolated water PreCIpItatIOn rate (Pr) and
evapotranspIratIOn (ET) were taken from local records Plant mtrogen uptake (U)
was assumed to be 540 kg/ha/yr WhICh corresponds wIth the nItrogen uptake for
alfalfa (the crop used for feaSIbIlIty-level desIgn calculatIons) The annual value
for U was converted Into monthly uptake rates by assummg proportionalIty with
ET The fractIon of mtrogen removed by demtnfICatIon and volatilIzatIon (f) was
assumed to be 0 2 (typIcal value), although the preSSUrIzed spray dIstrIbutIOn
system recommended at YIC may allow for more ammoma volatilIzatIon, WhICh
corresponds to a hIgher value for thIS parameter Fmally, the mtrogen
concentration m the applIed wastewater (Cn) IS a parameter that vanes accordmg
to effluent charactenstIcs and levels of pretreatment

The desIgn hydraulIc loadmg rates calculated for the land treatment system with
no pretreatment IS shown m Table 4 The total mtrogen concentratIon m the
untreated wastewater IS 871 mg/l as shown m Table 6 In thIS case, mtrogen
concentration severely lImits the allowable hydraulIc loadmg rate so that only 7 8
cm/year can be successfully treated ThiS wastewater loadmg rate In conjunction
wIth preCIpitatIOn (16 5 cm/year) would supply only 13 percent of the yearly
evapotranspIratiOn demand (191 1 cm/year), whIch IS the reqUIred amount of
water for sustamable plant growth Nitrogen levels, therefore, must be reduced
with pretreatment pnor to land applIcatIon

Table 5 represents the treated effluent to the mtrogen level of 50 mg/l WhICh
meets complIance wIth Jordaman Standards 202 The result of thIS calculation
shows that nItrogen IS stIll a hmmng factor The allowable loadmg rate
however, IS mcreased to 133 0 cm/year, WhICh combmed with the annual
precipitation rate, makes up 78 percent of the evapotranspIration demand ThIS
loadmg rate IS WItlun the range where plant growth can be sustamed Actual
mtrogen removal effICiency, furthermore WIll be thoroughly evaluated m the
demonstratIOn phase

Phosphorus loading Phosphorus IS removed m a SR system through chemIcal
precipitation and adsorptIon reactions m the soil, and to a lesser extent through
plant uptake The phosphorus sorptIon capacIty of a soIl profIle depends on the
amounts of clav, alummum, Iron and calcIUm compounds present and the soIl
pH In general fme textured mmeral SOlis have the lughest phosphorus sorption

9
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capabIlIties

The deSign hydraulIc loadIng rates due to permeabdlty are also presented m
Tables 4 & 5 and It can be seen that the permeabIlIty IS never the lImItmg factor
m thIS applIcatIOn when compared to the loadIng rate due to nItrogen tor the
deSIgnated land area

The soIl profIle can be consIdered to have fmIte phosphorus sorptIOn capacity
assocIated WIth each layer Eventually, the sorption capacity of the entire soIl
profIle may reach saturation and soluble phosphorus Will appear In the percolate
However, the adsorptive capacIty for even sandy SOlIs IS qUIte large and therefore
phosphorus IS typically not consIdered a factor for design
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EquatIOn 2ET - Pr + Pw

ET = Evapotranspiration rate
Pr = PreCIpItatIOn rate

Pw = Percolation rate

LWperm =

where

Soli Permeability The other deSIgn parameter often tound to be crItIcal In
developmg a land treatment system IS the SOlI permeabilIty Based on the SOlI
descnption proVided (see Appendzx B), a conservative estimation 190 cm/yr
(approxImately 10 5 cm/s) percolation rate correspondmg to a moderately slow
permeabilIty, was used for deSIgn calculations Usmg thIS eStimation, the
hydraulIc loadIng governed by permeabilIty was developed WIth the equatIon
shown below from the USEPA

Salt Loading Another area of concern related to the land treatment area IS the
budd-up of salts In the SOlI Due to the high rate of evaporatIon and
evapotranspIratiOn throughout most of the year, the salts that are present m the
raw well water are concentrated m the soil over time Smce hIgh concentrations
of salts m the SOlI WIll lImIt, or even completely stop plant growth the only ways
to manage thiS problem IS to reduce the amount of salts m the wastewater bemg
applIed, or proVide a dramage system for soIl leachIng or flushIng ThIS can be
accomplIshed by water treatment upon recelvmg the well water mto the plant or
by redUCIng the salt content followmg treatment WIthout removmg the sallmty
from the water however crops can be cultIvated on the land but It must be
understood that thiS use of the land wIll not be sustaInable as a long-term solution
WIthout ImplementIng measures to restore the soIl

rlARZA FS_ P,
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These are dIscussed below

The followmg Items must be dIscussed to properly define system deSign

4 1 3 System Components

• Crop selection
• DIstnbutIOn method
• Storage reqUirements and
• System operation

11

Crop Selection The process of selectmg WhICh type of vegetation to be
cultivated m the treatment system mvolved accountmg for the mtended use for the
land mtrogen uptak.e by the crop, and the crop s tolerance to salmIty Based on
the topography of the land treatment area the deCISIOn was made to pursue a
forage crop that can be used for grazmg Usmg the land m thIS way allows a less
labor-mtenslve solution that also aVOids the need to perform costly gradmg work.

Irngatlon ReqUirements In order to sustam the growth of crops such as alfalfa
or grazmg grasses enough water must be supplIed to meet the IrngatIon
reqUIrements of the plants cultivated ThIS means that the hydraulIc loadmg rate
for the land treatment system must also be desIgned WIth thIS parameter m mmd
In Jordan, where evapotranspiration greatly exceeds preCIpItatiOn, the IrngatIOn
reqUIrement represents a large amount of water ThIS parameter, therefore
determmes the mmImum loadmg rate reqUIred for a VIable land treatment system

The preCIpItatiOn and evapotranspIratIOn data recorded at weather statIons m the
regIOn of the YIC are supplIed m Appendlx C The annual evapotranspIration
value IS gIven as 191 cm PreCIpItatIOn on the other hand, IS only 17 cm per
year The objective of IrngatIOn, therefore, IS to sIgmfIcantly close the WIde gap
between evapotranspIratiOn and preCIpItatIOn GIven the present wastewater flow
of 545 m~/day the total area of the land treatment system must not exceed 7 5
hectares m order to meet the objective The applIed wastewater must also be
pretreated to levels compatible With thIS loadmg rate

The above deSIgn parameters were all taken mto account when developmg the teaslblhty­
level system deSign The parameter that gUIded the deSIgn of the land treatment system
was the IrrIgatiOn reqUIrement for growmg crops m the area The pretreatment faCIlIties
were therefore deSIgned to proVIde an effluent qualIty such that gIven the reqUired
applIcation rate for Irrigation and the estimates of SR land treatment removal effiCIenCIes
IrngatIon reqUIrements and mtrogen standards were able to be met
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A number of possIble forage crops were IdentIfIed m Table 7 for this applIcatIon
along wIth theIr respective mtrogen uptake potentIals, and salt tolerances In the
demonstratIOn phase of thIS project several optIOns can be explored to aId m
makmg the fmal crop selectIon Alfalfa, however, IS used for all desIgn
calculatIOns m thIS feasibIlIty study AddItIonal crop mformatIon IS provIded m
Appendlx D

Distribution Method The land treatment and Irrigation system WIll be operated
m such a way that 7 5 hectares WIll be Irngated WIth the reqUIred amount of
water to sustam crops The system Will be set up WIth one 6-mch PE mam pIpe
supplymg water to 15 hectares wIth a mmlmum pressure of 30 Ib 1m 2 From the
mam header, 44 4-mch PE laterals wIll be attached at 12 meter mtervals Half
of these laterals WIll be used to supply the water for land treatment on 7 5
hectares (FIgures 4 & 5) Along the laterals 9/64 x 3/32 spnnklers WIll be
Installed every 6 meters dlschargmg 16 UmIn Each lateral WIll have 46
spnnklers, so the total discharge for each lateral In use WIll be approxImately 700
l/mm For a week-long penod dunng peak demand, 3,800 m" Will be applIed,
or approximately 5 cm over the 7 5 hectares ThIS area wlIl be umformly
IrrIgated with the wastewater through a pressunzed spnnkler system Spnnklers
are reqUIred because a forage crop IS proposed

Storage ReqUirements The upgraded land treatment system IS deSIgned to
supply the IrrIgatIOn demand m summer months WIth the total wastewater flow
from the facJ!Ity Dunng the winter months however, the precIpItatIOn rate
mcreases while the evapotranspIratIOn decreases The demand on water for
IrrIgatIon therefore also decreases The excess water accumulatmg dunng thiS
tIme (December January and February) must be stored m order to be used when
the demand for water mcreases agam The SIze of the storage pond needed IS
estimated at 25 000 m"' which IS the eqUIvalent of 11h months The proposed
storage pond IS formed by an embankment located m a natural depreSSIOn as
shown m Fzgure 4 The pond capacIty IS 60 000 m" to allow for capture of
runoff

Smce the stored wastewater WIll contam hIgh levels of BOD, even If pretreated
septic condItIons are lIkely to occur and odors may become a problem To aVOId
thIS condmon three 7 5 HP hOrIzontally-mIXIng aspIratIng aerators are proposed
to mamtam oxygen levels at approxImately 2 a mg/l throughout the pond TIm
type of surface aerator IS mounted on floating pontoons, whIch allows It to adJust
to changIng pond levels The aerators addItIOnally proVIde mlxmg It IS
recommended that the proposed IrrIgatiOn pumpIng statIOn at the pond be
proVIded WIth the abIlIty to reCIrculate wastewater from the bottom of the pond
to gIve further mlxmg

12

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



4 2 AnaerobiC Treatment

The upgraded land treatment system will be located on the same plot of land as
the eXlstmg system east of the facIlity See Flgure 4 for a layout and locatIon of
the proposed system

Mamtammg the upgraded land treatment system Will not reqUIre much addmonal
operatIonal labor The antIcIpated tasks for the new system mclude operatmg and
mamtammg the pumps, dlrectmg the flow of water to the land via valves and
plpmg

Another type of anaerobIC treatment successfully applied today IS the flUIdIzed bed technology
ThiS technology has many of the same advantages descnbed above for the UASB system, such
as low sludge production short detention times, and the production of usable methane The
flUIdized bed applIcation IS often very comparable m expected performance and cost to the

13

AnaerobiC treatment IS a strong option for treatmg wastewater at yeast manufactunng facllwes
due to the high BOD and COD concentratIons m the wastewater AnaerobiC treatment
technology presents many advantages when compared to trymg to treat the enure waste stream
aerobically These benefIts are tremendously lower sludge productIon WhICh serves to greatly
alleVIate disposal problems, productIOn of usable energy m the form of methane gas, space
effICiency and slgl1lflcantly lower operatmg costs due to low energy consumption and ease of
mamtenance

~,..RZA FS~ Py
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As discussed m SectIon 4 1 2 the amount of water applIed to the land treatment system IS
governed by IrrIgatIon reqUIrements Therefore, the quality of the wastewater applIed must be
compatible WIth the land treatment capabilItIes Smce such treatment capabIlwes are site
speCifIC actual levels of treatment capabilItIes must be determmed by pIlot studies, WhICh may
be carned out m the DemonstratIOn Phase of the IWDPP Recommended demonstration projects
are discussed m Section 5 2

System Operation The objective of the operatIOn will be to complete one
rotatIOn of all 22 laterals m 6 days ThiS breaks down to be 4 laterals per day for
five days, and 2 laterals for the last day of the weekly cycle Durmg peak
months the applicatIon Will be 16 hours per day, or 4 hours per lateral WhICh
relates, once agam, to approximately 5 cm applIed per week dunng the peak.
operation

The Upflow AnaerobiC Sludge Blanket (UASB) technology IS one type of anaerobIC process that
proVIdes high punflcatIon fast hydraulIc throughput, and has the advantage of energy recovery
bv production of directly combustIble methane gas The general process consists of a SImple
svstem WhICh IS easy to operate and mamtam There are no movmg parts WIthm the digester
vessel and there IS no expenditure of energy to brmg the bIodegradable substances In contact
WIth the biomass
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432 Treatment Options

4 3 Feasibility AnalysIs

43 1 EXisting Wastewater Treatment System

The wastewater flows through the mactIve treatment facIlIty m the followmg steps
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land Treatment Without AnaerobiC Pretreatment GIven the charactenstIcs
of the VIC wastewater and the tvpIcal performance of a land treatment system
It IS very unlIkely that the land treatment alone can achIeve approprIate levels of
treatment 111 partIcular for BOD and nitrogen ThiS creates the potentIal for

Three options for feaSIbIlIty analySIS are dIscussed m thIS seCtion no pretreatment
pretreatment for concentrated wastes only (Figure 7) and pretreatment for total
wastewater flow (Figure 8) The selected optIon IS then further developed

• From the last aeratIOn tank the wastewater overflows to a 109 m~ CIrcular
clarIfIer

• Then It IS fIltered and pumped 750 m to the land treatment area via a 5 m
dIameter force mam See Ftgure 6 for a layout of the eXlstmg system

• The wastewater overflows from tank to tank then flows sequentIally mto tour
aeratIon tanks, each approxImately 80 m m volume

• The wastewater IS pumped from the collectIon bas1l1 mto the equalIzatIon tanks
There are three 170 m~ equalIzatIon tanks (above which are two bIOlogIcal towers
measurIng 366m x 366m x 5m hIgh) and two 49 m equalIzatIon tanks

A number of sources eXIst WhIch proVIde data for the effluent qualIty at YIC These
sources range from one-tIme samplIng events to record spannmg years When data from
these sources show conflIctmg or dIfferent results, the data with the broadest samplIng
base was typIcally used Table 6 presents a stlmmary at the avaIlable data regardmg
effluent qualIty tor YIC and hIghlIghts the data used for the purposes of thIS report

The eXIstmg wastewater treatment facIlIty IS not currently m operation The use of the
wastewater treatment plant was discontmued reportedly due to hIgh levels of odor and
ItS mabilIty to manage surges from the batch productIon of yeast Some of the tanks are
currently used for attenuatIon before the wastewater IS pumped to the land treatment area

UASB technology, but IS not as wIdely used m the yeast mdustry Based on the worldwIde
record of UASB success wIthm the yeast mdustry (mcludmg facilItIes m Israel and SaudI
ArabIa), thIS process IS chosen to be further developed m the followmg cost summary
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odors, health rIsks, and groundwater contammatlOn WhIle the optIOn of usmg
land treatment with no pretreatment will not be further considered m the
feasibility analysis, it is recommended that a pIlot study for untreated waste be
performed on the land treatment system to evaluate the performance of land
treatment under high loadmgs, and thereby determme the level of pretreatment
reqUIred

Land Treatment FollOWing Pretreatment of Concentrated Wastes

The expected performance of a UASB system for treatmg only the concentrated
wastes (flow from separators #1 and #2) IS simIlar to the system for treatIng the
entire waste stream, Which IS presented m detaIl m the followmg section BOD
and COD removal effIcIencies tor UASB are expected to be around 70 percent
and 90 percent, respectively However, a companson of the system reqUIrements
assOCiated with the different flows and concentratIOns reveals the followmg

• Digester volume Although the flow mto the UASB digester would be
less If only the concentrated wastes were treated, the dIgester volume
would be I 75 times as large The reqUIred digester volume for the 260
m /day concentrated flow would be 700 m while the less concentrated
total flow of 545 m'/dav would only reqUire a 400 m~ digester

• Hydraulic detention time Due to mternalized recycling necessary to
bnng the heaVily loaded wastes from separators #1 and #2 to lower
concentratIon levels for effICIent treatment, the hydraulIc detentIon tIme
of the concentrated waste system is substantially greater (65 2 hours) than
that for the total wastewater flow (17 5 hours)

• Space The space needed for the system to treat the concentrated waste
streams is approximately 370 m-, whIle the space reqUIred for the
treatment of the total wastewater flow IS 280 m2

• Cost The cost of the larger system for treatmg the concentrated streams
IS also estImated to be 20 percent hIgher

The compansons discussed above are shown m more detail m Table 8 The
conclUSIon of these compansons is that It is more effiCient to treat the total flow
of wastewater at YI C than to trv to treat the discharges from separators #I and
#2 separately

Land Treatment FollOWing Pretreatment of Total Wastewater Flow As
dIscussed above treatment of the entIre wastewater flow IS more techmcally and
cost effectIve than treatIng only the concentrated wastes ThIS optIon therefore
IS recommended and further developed In the follOWIng sectIOns

15



4 3 3 System Components

The proposed pretreatment system to treat the total waste stream wIll maXImIze the use
of eXIstmg facIlItIes m order to reduce the costs and satIsfy space reqUIrements The
components of the suggested system are lIsted below

• AttenuatIon,
• AnaerobIC pretreatment,
• SedImentatIon,
• FiltratIon
• AmmonIa removal, and
• Sludge handlIng

I
I
I
I
I

Each component IS dIscussed below
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Attenuation The eXIstmg stabIlIzatIon tank. can contmue to serve as attenuatIOn
tor the total wastewater flow m the proposed system The stabIlIzatIOn tanks are
needed to equalIze the surges commg mto the treatment plant when the batch
separators are dischargmg Bv usmg the eXIstmg tank the costs and space
reqUIrements wIll be mInImIZed

Anaerobic Pretreatment An UASB system, as descnbed m the prevIOUS
section IS proposed to treat the total wastewater flow There are two mam tanks
needed m the UASB system The fIrst IS a 180m~ condItIOnIng tank, m WhICh the
IncomIng wastewater IS neutralIzed and enhanced With nutrIents before entenng
the dIgester The condltIonmg tank volume requirement IS closely matched to the
volume of the north partitions of the stabIlIzatIon tanks (190 m~) Therefore, WIth
some modifICatiOnS the wastewater condltlonmg can be accomplIshed usmg part
of the eXistIng stabilIzatIOn tank.

The digester Itself IS the other tank. needed m the system The dIgester volume
necessary to treat 545 m~/day would be 400 m The eXlstmg aeratIon tanks
proVide a volume of approxlmatelv 320 m and WIth some alteratIOns to Increase
the SIdewalls and remove the partitIOns can be used as the dIgester tank By
usmg the eXIstll1g aeration tanks m the proposed system, the cost wIll be
mll1lmlZed and the space lImItatIons wIll be accomodated See Fzgure 9 for
layout of the proposed pretreatment system

The temperature reqUIrement for the UASB process IS approximately 32° C The
wastewater effluent at YIC IS approxImately 10° C below thIS level, and therefore
needs to be raised One pOSSIbIlIty for accomplIshIng thiS IS to run a steam lIne
trom the plant to the condltIOnmg tank precedll1g the anaerobIc digester The
methane produced by the digester furthermore has the potential to be captured
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and reused as fuel for steam productIOn to offset some operatmg costs

The two mam shortcomIngs IdentifIed at the abandoned wastewater treatment
plant were the odor problem and the lack of surge capacIty to handle the batch
productIOn process Both of these Issues are remedIed by usmg the UASB
treatment process An odor control system bUIlt mto the system contams the
odorous gases and provides treatment pnor to release Due to the high shock and
surge resistance of UASB systems, furthermore, the proposed system Will easily
handle the fluctuatmg flows and loadmgs common at YIC

Sedimentation The eXIstIng circular clanfler can be used m the recommended
treatment system The volume of 109 m~ corresponds With a surface overflow
rate of 11 8 m~/day/m2 (289 gpd/fe), whIch provides ample settlIng capacity for
removal of most suspended solIds A cover for the eXlstmg sedimentation basm
IS provided to control potential odor problems

Filtration If the suspended solIds from the effluent from the anaerobIc treatment
umt are espeCially fme or unsettlable, filtration may be needed to elImmate the
solIds prIor to air strIppmg Standard mdustrIal multi-media filters can be used
effectively for thiS applIcation A pumpmg station and two multimedia pressure
fIlter are proVided for fIltration

Ammoma Removal The untreated wastewater at YIC has a total mtrogen level
of 871 mg/l accordmg to tests performed m March 1995 shown m Table 6 ThiS
mtrogen loadIng IS expected be slIghtly reduced by the anaerobIC treatment whIle
the remamder of the Incommg mtrogen WIll be transformed mto ammoma
mtrogen In order to remove the ammoma from the wastewater further treatment
must be added

Air stnppmg proVides effective ammoma removal and IS Widely used for thiS
purpose throughout the world The advantages of air stnppmg are high removal
rates (up to 90 percent), and low operatwnal reqUIrements To remove ammoma
trom the effluent however the pH of the wastewater must be raised to
approximately 11 prIor to the air stnppmg tower Furthermore, the ammoma
volatilIzed m the strIppmg towers may also need to be collected and passed
through a sulfUrIC aCid scrubber to control the harmful air emISSIOns and generate
ammomum outfall and the pH should also be neutralIzed followmg treatment
Three aIr stnppers are proVides

Sludge HandlIng The proposed UASB system Will generate 2 m~ per day of
sludge at a solIds content of approximately 10 percent, which IS a much lower
quantIty than that produced by a conventional activated sludge system, such as the
eXlstmg Therefore the eXlstmg sand drymg beds should be adequate for the new
system with mmlmal Improvements The drIed sludge can be used as a soIl

17
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ammendment, however, It IS not recommended that the same portton of the YIC
SIte used for land treatment receIve the sludge, smce It WIll further mcrease the
mtrogen loadmg 10 an area where mtrogen IS the hmmng parameter

18

I
I
I
I
I
I
I

.;{I



5 1 1 Costs

5 1 Economic Cost/Benefit Evaluation

5 0 Opportumty Cost/Benefit AnalysIs

For budgetary gUIdelIne purposes, a cost estlmate for treatIng the entlre wastewater flow
IS presented In Table 9 The table provIdes costs for the land treatment system and costs
for the pretreatment system

The cost estImate for the land treatment dlstnbutIOn system IS compIled from
local Jordaman pncmg InformatIon for eqUIpment and mstallatIOn costs The total
cost estImate for the land treatment upgrade IS JD 42 800

The cost tor the wastewater storage pond IS based on local Jordaman pncmg
mformatIon, except for the aeratlon system, whIch IS based on US supplIer
mformatIon The total cost tor the storage system IS JD 184,200 ThIS pond
proVIdes storage for YIC wastewater dunng the ramy season and for sIte runoff

19

The cost for the anaerobIc component of the treatment upgrade would be
approxImately JD 531 600 for pretreatment of concentrated waste streams and JD
1 374 500 for pretreatment of the total wastewater flow ThIS amount was
determmed from the cost estImates of UASB systems mstalled m the US A 15
percent reductIon was used to account for the lower mstallatIon rates m Jordan
Bv reusmg the eXIStIng tanks as much as pOSSIble m the proposed system some
lImIted addwonal cost amounts have been subtracted from the base estlmate The
cost for the anaerobIc dIgester and accessones mcludes the dIgester vessel and
foundatIOn patented settlers dIgester feed dlstnbutIOn system, mternal
recIrculatlon capabIlIty COndItlOnmg tank. complete WIth mIxer and foundatlon
process pIpIng between COnditlOnIng tank and dIgester, chemIcal dOSIng system
(excludmg bulk. storage) mstrumentatlon for automated control, pressure
regulat1l1g valve to ma1l1ta1l1 gas backpressure WIth1l1 the dIgester vessel, feed
pumps and reversIble sludge pump automatIc safety flare, odor control, and
mnoculant charge ot bIOmass tram eXIst1l1g BIOthane umt

The addItIOnal pretreatment eqUIpment proposed In the system IS estImated to cost

The folloWIng evaluatIOn of costs IS based on a treatment system to manage the current
wastewater flow of 545 m'/day By ImplementIng the pollutIon preventIon and waste
mInImIzatIon measures outlIned In the audIt report recommendatIons, however, the
system SIze and cost reqUIrements can potentIally be reduced by as much as 25 percent
ThIs 25 percent cost reductIon IS estImated based upon assumIng proportIOnalIty of the
cost WIth the reduced projected wastewater flowof 397 m~/day associated WIth the
Implementatlon of these measures

•

•

•

•
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5 1 2 Benefits

Table 10 presents operatIon and mamtenance costs for both alternatIves Total costs are
10 56,400 with pretreatment of concentrated wastes and 10 53,500 with pretreatment of
total wastewater flow

JO 289 300 Included m the cost are a pumpmg statIon for filterIng two
multImedia filters, and two air strIppmg towers complete with pH adjustment
equipment

The success for dIrect applIcatIon ot wastewater without pretreatment IS not m our
opmlOn fully established with rigorous monItonng data, treated effluent and
groundwater momtorIng Observed growth of certam vegetatIon appears to be the only
parameter to prove that environmentally the eXlstmg system works

I
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The total cost of the proposed system, mcludmg 20 percent for shlppmg of Imported
equipment and a 20 percent contIngency, IS estImated at JO 1,056,000 for treatment of
concentrated waste streams and JO I 374 500 for treatment of concentrated waste streams
only

The odor due to bIOdegradatIon of concentrated organIcs may become another problem
when l11gh orgal1lc loadmg rates are used for land treatment Such odor can be a
nUisance and may pose health hazards due to the presence of sulfur and methane related
compounds 111 odorous emiSSIOns

Although It IS claimed that the eXlstmg land treatment system operates successfully our
analySIS shows that without pretreatment the nItrogen loadmg becomes a crltIcal factor
Given the high nItrogen concentratIon m the untreated wastewater the allowable
applIcatIOn rate IS much less than evapotranspiratIon and therefore cannot support plant
lIfe If the applIcation rate IS mcreased to match evapotranspiratIOn, then the nItrogen
concentration exceeds the soIl and vegetation removal capacity

The applIcatIOn of untreated wastewater m our opmlOn needs to be proven successful
and relIable with rigorous mOnItoring data, mass balances and mOnItonng of vegetation,
soIls and groundwater dUring at least 3 to 5 hvdrologlcal cycles (3 to 5 years) to be
accepted ThiS wIll also help gam acceptance bv publIc and regulatory agencies

Table 11 presents eqUivalent costs for a 20-year project lIfe and 6 0 percent mterest rate
The eqUivalent costs are proVided per year per day, per cubiC meter of treated
wastewater, and per ton of yeast It IS noted that the eqUivalent cost per ton of yeast IS
1D 36 for pretreatment ot concentrated wastewater and 10 33 for pretreatment ot total
wastewater flow Tim represents approXimately _ percent of the wholesale prIce of a
ton at yeast (10 per ton)

HA"CI-< "54 \ PI
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5 2 EnVironmental Evaluation

We therefore have recommended that a demonstratIOn facIlIty be Implemented To
provIde a comparIson, one portIOn should use untreated wastewater whIle another should
use pretreated wastewater

The current BOD concentrations m the wastev. ater must also be reduced pnor to land treatment
Anaerobic treatment IS a proven effective way of treatmg BOD m yeast faCIlIty effluents, and
the followmg sections WIll present alternatives for brmgmg down the loadmg to a level that can
be successfully treated by the solI

The nItrogen concentration m the applied wastewater must be brought down from 870 mg/l to
50 mg/l to comply WIth the Jordan standard 202 The effectiveness of land treatment of mtrogen
Will be greatly enhanced WIth thiS decrease m loadmg, and IS expected to produce a fmal effluent
of less than 10 mg/l m the percolate

21

The VIC wastewater treatment project If successfully Implemented, can proVIde a model
of effective waste management and can be followed by other mdustnes WhICh also
currently dIscharge wastewater to land IrngatIOn The cost of Implementmg thiS project
must be shared by the government, other fmanclal sources and mdustry as a role model
for other mdustrles

The Implementation ot an upgraded land treatment system WIll proVide an effective way to treat
the wastewater at YIC The water used at the faCIlIty can be used to recharge the groundwater
and to cultivate crops Nutnent and BOD loadmgs m the present wastewater stream, however
pose defmlte concerns for the extended use ot the land

The cost of pretreatment of wastewater IS relatively hIgh, but the long term Impact of the
pretreatment/land treatment option could be that the yeast mdustry can contmue to
operate the eXIstmg faCIlIty and even expand the same WIth thIS sound envIronmental
program, rather than rIskmg reduced plant operation due to land treatment constramts

The expected result ot treatmg the total wastev. ater flow WIth anaerobIc treatment and ammoma
removal IS an effluent that can be applIed to the land treatment system ApproXImately 90
percent BOD reduction IS antiCipated from the anaerobiC treatment process, which would
produce a concentratIon of approximately 600 mg/l ThIS level IS well wIthm the optimal range
for successful land treatment The ammoma removed from the aIr stnppers IS also expected to
produce the requIred qualIty of less than 50 mg/l for IrngatIOn
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6 0 CONCLUSIONS AND RECOMMENDATIONS

6 1 Conclusions

The most effectIve solution for managmg the strong wastewater at YIC IS to add anaerobic
treatment, filtratIOn, and air stnppmg for the total wastewater flo\\ utIlIze the eXIstmg tanks and
clanfler and upl:,rade the land treatment applIcatIon Usmg thiS system, the BOD and mtrogen
concentratIons will also be reduced enough to protect surface and groundwater resources

6 2 Demonstration Project Recommendation

There are Issues associated WIth how the wastewater effluent relates to the effectIveness of land
treatment that must be addressed In the demonstratIon phase For a demonstratIOn project two
small plots of land should be developed to receive two representatl\ e effluent qualitIes One plot
\\ ill be Irngated WIth the current total effluent from the facility, whIle the other plot Will receIve
only the dIlute wastes trom the plant and the effluent trom separator #3 ThiS second sItuation
\\ III simulate the use of pretreated wastewater for land treatment

The tocus ot the demonstration project wIll be to venty the predicted effectiveness of land
treatment at YI C The demonstration systems WIll be constructed so that the percolated water
can be collected and monItored tor nitrogen BOD and Sal1l1Itv A companson Will be
pertormed between the percolate of the two systems to venfy the effectIveness of BOD and
nItrogen removal, and to venty the need tor pretreatment The salInity of the soIl and
percolated water WIll also be monItored 111 order to develop a model for salt buIld up dUrIng the
tull scale operation

-

HA'lZ,J, FS4 lIP,

9:J C 'J 22

I
I
I
I
I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
\1
I
I
I

TABLES

HARZA FS4 WPY
950909



Tab'. 1
OVERAll WATER BALANCE ACROSS FACILITY'

Yeast IndustrIes Company

Water lofIow (mJ/day) Water Outflow (mJ/day)

Well Water Pumped 626 Separator Drscharge 390

Molasses MOISture 10 Coolmg System 56

TanJc Washmg 54

WWTP Cleamng 50

floor/Lab WashIng 21

Boiler Make·Up Water 20

FLiter Cleawng 10

Fl.Iter Press and RVF 10

Dryer Exhaust 10

Product MOIsture 10

Regenerauon 3

ChIller Make-up I

Valve Operator 1

TOTAL 636 636

Domesne water IS supplIed by the Water Authonry of Jordan and domestIc waste~ ater
IS dIscharged to the oo-slte septIC tank DallY domesne water consumption IS 10 mJ

I



Source Volume (m)/day)

Process Wastewater
Separator Discharge 390
Fllter Press and RVF Fl1trates 10

Equlpmem Cleanmg Wastewater
Tank Washwarer 54
WWTP Cleanmg SO
Fllrer Cleanmg 10

Floor Washwater (mcludmg Jab) 20

Coolmg System Wastewater 6

Regeneranr Wastewartr 3

Valve Opener Wastewater 1

TOTAL 545

I
I
I
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Table 2
SUMMARY OF WASTEWATER SOURCES'

Yeastlndustnes Company

Dornesuc wastewater IS generated at a rate of apprmwnately 10 mJ/ctay



Water Usage (mJ/day)
Source

Current Projected Savmgs

Separator Discharge 390 330 60
(lllCludmg fIltrate
return)

Coohng System 56 6 50

Tank Washmg 54 27 27

WWTP Cleamng 50 0 50

Floor/Lab WashIng 21 13 8

Boder Make-Up Water 20 20 0

Fllter Cleanmg 10 8 2

FIlter Press and RVF 10 10 0

Dryer Exhaust 10 10 0

Product MOIsture 10 10 0

Regeneration 3 2 1

ChIller Make-up 1 1 0

Vdive Operator 1 1 0

TOTAL 636 438 198

1

2

Table 3
PROPOSED WATER REDUCTION, RECYCLE AND REUSe'

Yeast Industries Company

DomestIc water IS currently consumed at YlC at a rate of approxImately 10 m3/day It
IS expected that consumptIon can be reduced by 20 to 40 percent

If In the future, an Overcash Water Recovery System IS unplememed to recover separator
#1 effluent an additional 120 m)/day water can be saved thereby reducmg the pollution
load and water usage by 50 to 60 pen:en[

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



- - - - -- - - - - - - - .. - - - - - •

Parameters
f= 02

Cn (mgIL) = 871
Cp (mgll) = 10

Table 4
OESIGN LOADING RATE CALCULATIONS FOR

UNTREATED EFFLUENT
Yeast Industries Company

Data and Calculations Loading Rates Design LO.tdlng rate
pr ET ET,U Fraction U Pw Lw-.,+PrET Lw."tro. Lw.-. lw

Month (em) (em) (kg/ha) fem) 'em) (em) (em)

January 320 543 003 1536 540 -201 022 764 022
February 397 690 004 19 S1 686 -265 028 979 028

March 187 1167 006 3299 1161 -933 047 21 41 047
April 069 1874 010 5298 1864 17 29 076 3670 076
May 013 2540 013 7176 2526 2424 103 5052 103
June 000 2708 014 7655 2694 2599 1 10 54 02 110
July 000 2247 012 6350 2234 -2156 091 44 81 091

August 000 1935 010 5489 1924 -1657 078 3859 078
September 000 19 00 010 5370 1890 1823 077 3790 077

October 089 1600 008 4522 1591 1446 065 3102 065
November 155 1200 006 3392 1193 996 049 2238 049
December 423 700 004 1979 696 249 028 9 73 028

Annual 1653 19105 100 54000 19000 775 36452 775

..L..
~

Design EquatIons

lWrltro=(Cpx(Pr ET)+Ux10)f«1 f)xCn Cp) rort.....'1J'o PI ET><l

lw,,~o =(UX1 0)/«1-0xCn Cp) for LwnilloOP, Fl <JJ

fie L~lnIIrolorJ8nu",~('5.3llx'Q)/(11 021.871 10J,-o.22ll",I'1lllo'PrETa..201

lwpo"" ;:: ET Pr + Pw
(Ie l Wf'tl'm lor Januaty" 5 43 'J 20 5~7 64)

f.l6JllA 1BY FlR.V2 XLs
lQ \l/Q511 06FM

Lw +Pr=
ETOemand"
(Lw+pr)IET ::

I;;: Frac1Jon 01 nrtrogGn remOWd by dllf1llnnaJllon ana volalllizatiOfl (tyPically 0 2)

en =Nilrogoo oonoElnlratlOllln wast~alllf ,mllll! (SO mgll Pill' Jordanian Standardl
ell - Ndtogen conoentr.sllon In perOOlabng walet Im~J (10 mlJfL per USEPA)

Pr = Preclpll8liQn rate (anI (datll5~pplled by MI!1Jstry of Waler and ''''Igatlonl
ET " EvapotransplralJon ~e reml (data supplied tlV MlnlSlry or Water and IrngaJloo)

U= Nitrogen uptake by 1Ifl1l8!alrOfl (l<gJJ-iaJ (upper limIt 01 altalra uptake range)

PlY =Perrolabon rate fem) (consefV3tnle mlmlle 01 modllf8tllly slow permeabilIty USEPAj

PlQflIted propor1101'I81 to ET U l'nIellon

lWl1llro =tiydra~ILC !oscSing based on rII1rogen hmlls (em)

Lwpe1'm =tiydlau'lC loading based on soli psrmealllhly Jimlls 'eml
lw =Deslg", t!ydraulc loacSing leml

2428
19105

13%



Table 5
DESIGN LOADING RATE CALCULATIONS FOR

PRETREATED EFFLUENT
Yeast Inclwltries Complny

Parameters
f= 02

Cn (mglL) = 50
Cp (mglL)" 10

Data and Calculations Loading Rate. DesIgn loading rate
fir ET U Pw Lw",",o+Pr·ET Lw.... lw,.... Lw

Month (em) (em) ET U Fraction (kg/ha) (em) (em) (em) (Cltl)

January 320 543 003 1536 540 105 328 764 328
February 397 690 004 1951 688 121 414 979 414

March 187 1167 OO~ 3299 1161 155 825 2141 825
Apnl 069 1874 010 5298 1864 -481 13.25 3670 1325
May 013 2540 013 7178 2526 732. 1795 5062. 1795
June 000 2708 014 7655 2694 795 1914 5402. 1914
July 000 2241 012 6350 2234 659 1588 4481 1588

August 000 1935 010 5469 192.4 568 1387 3859 1367
September 000 1900 010 53 70 1890 557 1343 3790 1343

October 089 1600 008 4522 1591 -380 1131 3102 1131
November 156 1200 006 3392 1193 -197 848 2238 848
December 423 700 oru 1979 696 148 42ft 973 425

Annuli 1653 19105 100 54DOO 19000 13302 36452 13302

Design Equ8tJons

Lw.....=(Cpx(Pr ET)+Ux10)1« 1 I)xCn Cp) la, L""'" PI ET 0

I.w"",,={UxlO}/«l f)xCn Cp) forl..........~ 0
pe L",nltlol""'" IIO'32~A3, 11S38l<1~1.Q2)l11l7110))1211llwnitJ't>of'r-€T1

Lw,*", =Er Pr + Pw
~. L..,..,., rot JanOA1\l 543 3111 540'784)

HARz.< lBY ""In XLS
ttlns.'V& 12'01 p~

lw+Pr=
ET Demand '"
(Lw+Pr}/ET =

f = Fl1Idlcn 01 nlJrogel\ removed by dIInlltllicallCl\ and vol....atlon (t;p1caJty 0 2)

Cn ~ Nllrogan eon""'*"1_tn waale_r (man) [5D mlJfl Pili JllIdenl.., elande"',

Cp = N~rogen CXl~allon '" perCGI"'n~waler llllgl~ (ID mal\. per USEPA,

Pr = PreoJlIlllIlCfl ,ste (an) (dala supplMd by Mtlllsl<y of Y'llIler snd ImgIl1(11)

Ei ~ EVBpot"",p~-'tOn..1e (Cll'I) (ltat. IJJIlplied by Monltlf)' 01 water.oo l,rigsIoDn)

U - Nrtlll\JBn uplelle ~ Ye\lNlJOn I~.)(upper Iml\ 01 alfliia uplaJ<e range,
PW" Peroolll1lon .... ternl l_rvalrve esUmafo 01 modBtalelV slow permseblllly USEPA)

p1oral8d p«lllorllort81 to ET U fra<;l!on

lWlllIrO = Hyll<eulic loading _d on nJll"ClQ8l1lill1llllcml
LWIlerm = Hydreurll; loading bell8d on soil permelbility IUIIllIlcmI

Lw ~ [)sBIIIf' hydraufic loading (em1

14955
19105
78%

-t\- - - - - - - - - - - - - - - - - - •
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Table 6

WASTEWATER QUALITY DATA

Ye...t Indu8trtea Complny

"ouree of Data Flow pH BOD COD TSS TDS NH4 Total N p

(m3/d) (tng/L) (mgIL) (mgIL) (mgIL) (mglL) (mglL) (mgIL)

HarzafRSS Separator # 1 130 7 15 14,443 22800 2,938 456 2,405

Samplmg Separator #2 130 7 10 12,220 16800 953 60 400

10 Mar-95 Separator #3 no 7 15 1,079 1,600 933 42 891

Total Emuent 545 645 13,529 21,200 1,878 237

C.OWlconsult
report

1993 Total Eflluent 550 642 5,400 8tl30 660 10,584 129 36.0
RSS/AERC
Samplmg

1991 Toral Effiuent 626 8,650 16801 752 14,356 224 87. 29 ()

wee Separator II 1 610 27334 58277 2 116 51024 230 3035 98
report Separator #2 660 4293 6,626 170 6,37\ 30 252 62
1992 Separator #3 680 960 1,370 15\ 663 4 39 Hi
WAJ

records
1990 1993 Total Emuent 635 4,780 10,810 1,915 9,028 203

Values Used In Report

For Total Effluent 545 642 5.400 8,230 660 10,584 129 87J 360
Bald values Indicate data used for design PUf'JlOSIS

~
\)'



.. For design purposes the value of 54 kg/halyr was used to reflect the maximum uptllke of alfalfa

• Nitrogen uptake values from USEPA s Process OeslQn Manual wr Land Treatment of MUniCIpal Wastewater

Qualitative salt tolel"inces taken from ~aa$ and Hoffman (1977) and FAO Guidelines R SAyers & 0 W Westctlt (1985)

Table 7
NITROGEN UPTAKE AND SALT TOLERANCE

FOR SELECTED CROPS·

Crop

Alfalfa­
Bmmegrass
Bermudagrass
Reed Canarygrass
Ryegrass
Tall Fescue
Orchardgrass

Yeast Industnes Company

Nitrogen Uptake Rate
(kglhalyr)

225 - 540
130 ~ 225
400 - 675
335 -450
200 - 280
150 - 325
250 - 350

Qualltatlye Salt Tolerances

Tolerant
Moderately Tolerant

Tolerant
Moderately Tolerant
Moderately Tolerant
Moderately Tolerant
Moderately Sensitive

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 8
COMPARISON OF PRETREATMENT OPTIONS·

Yeast Industnes Company

Item for Companson Concentrated Wastes Total Flow

Digester Volume (m3) 700 400
Factory Flow (m3/day) 258 549
Recycle Flow (m3/day) 631 450
HydraUlic Detentton Time (hours) 652 175
Total COD Load CapacIty (kg/m3/day) 12 11 3
~proxlmate Space Requirement (m2) 370 280
BOD Reduction (%) 90 90
COD ReductIon (%) 73 70
Suspended Sohds Reduction (%) 10 10
Methane Produced (m3/day) 2044 1058
Total System Costs (If bUilt In US} $US 1100000 $US 900,000

-Based on informatIon provided by B,othane Inc

I
I
I
I lolARZA TBY ReV2 XLW

10114/9512 ~3 PM
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Table 9
COMPARISON OF CAPITAL COSTS

Ye.st Industnes Company

Pretreatment of Concentrated Waste Streams Pretreatment of Total Wastewater Flow

Item Cost (JD) Item Cost (JD)

~ Land Treatment Distribution System A Land Treatment Dlstribubon System

1 Pump Station 1 (2 10 I/s 50 m head 1500 1 Pump Stabon 1 (2 10 lis 50 m head 1500

Installed) Installed)

2 Primary Dlstnbutlon Piping 3700 2 Pnmary DlstnbutlOn Piping 3700

(650 m 6 In PE Installed) (650 rn 6 In PE Installed)

3 Secondary DIstnbutJon PIPing 14000 3 Secondary DIstribution P,ping 14000

(6200 m 4 In PE Installed) (6200 m, 4 In PE Installed)

4 Valves (44 Installed) 3100 4 Valves (44 Installed) 3100

5 Spnnklers (2050 Installed) 20500 5 Spnnkle~ (2050 Installed) 20500

Subtotal 42800 Subtotal 4280C

B Wastewater Storage Pond B Wa~rSto~g.Pond

1 Embankment (36 000 m3 Installed) 108000 1 Embankment (36 000 m3) 108000

2 HDPE Bottom LlOsr (12 000 m2, Installed) 51600 2 HOPE Liner (12 000 rn2) 51600
3 Aeration System (3 units 7 5 HP surface 24600 3 Aeration System (3 Units 7 5 HP surface 24600

aerators Installed) aerators Installed)

Subtotal 184200 Subtotal 184200

~ AnaerobIC Treatment C Anaerobic Treatment

1 Anaerobic Dlgestor and Aceessones (mstalle 608000 1 AnaerobiC Dlgestor and Aceessones (Installe 491000

2 Recontiguratlon of Existing Faetlmes 30000 2 ReconfiguratJon of Exlstlng FaCIlities 30000

3 Control Building (7mx10m ,nstalled) 5600 3 Control Burldlng (7mx10m Installed) 5600

4 Improvements to eXist sludge drying beds 5000 4 Improvements to eXist sludge drymg beds 5000

Subtotal 648600 SUbtotal 531600

E (ijherP~bn8nt E Other Pretreatment

1 Pumping Station 2 (2 wastewater pumps and 1500 1 Pumping Station (2 wastewater pumps and 1500
wet well 10 Us each 50 m head Installed cost) wet well 10 Vs each 50 m head Installed cost)

2 Filtration (2 Units with backwash pumps) 26900 2 Filtration (With backwash pumps) 26900

3 AIr stnpplng (3 units with pH adJustment) 166 200 3 Air slopp,ng (with pH adjustment) 166 ZOO

4 Installation (50% of E2"i"E3) 96600 4 Installation (50% of E2+E3) 96600

Subtotal 289700 Subtotal 289700

F ShipPing of ImpOrted EqUIpment 99400 F Shlppmg of Imported EqUIpment 87700

(20% of C1x1/2 E2 and E3) (20% ofC1x112 E2 and E3)

IsUbtotal 1264 700 Subtotal 1 136000

Contingencies (20%) 252900 ContingencIes (20-10) 227200

Total 1511,600 Total 1363,200

HARZA TBY AEV2 XLW
, Dl1.,g5 12 40 PM
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Table 10
COMPARISON OF ANNUAL OPERATION AND MAINTENANCE COSTS

Yeast Industnes Company

Pretreatment of Concentrated Wastestreams Pretreatment of Total Wastewater Flow

Item Cost (JD) Item Cost (JD)

~ Land Treatment A. Land Treatment
1 Labor (2 techniCIans) 3600 1 Labor (2 techniCIans) 3600

2 Energy 1800 2 Energy 1800
3 Maintenance (5% of equipment cost) 3400 3 Maintenance (5% of eqUlpmvnt cost) 3400
Subtotal 8800 SUbtotal 8800

B Pretreatment B Pretreatment

1 Labor (1 Mech Eng 4 techOlCIans) 13200 1 Labor (1 Mech Eng 4 technIcIans) 13200

2 Energy 3200 2 Energy 3200

3 ChemIcal Usage 6000 3 Chemical Usage 6000

4 Mamtenance (5% of eqUIpment cost) 25200 4 Maintenance (5% of equipment cost) 22300

Subtotal 47600 Subtotal 44700

Total 56,400 Total 53,500

A1 MechanIcal Engineer at JD 500/month-6 OOOlyear

TechnrClan at JD 150/monthe1 800/year

A2 Pumping Station 1 at 54 kW"8760 hlyear-=47 000 kwhlyear

Add 20% for other miscellaneous power requlremenls;56400

Energy cost ;JD 0 032ikWh

Total Energy Cosr-JD 1 800/year

A3 5% of Items A and B3 from Capital Costs Table

61 See NoteA1
62 Pumpln9 Station 2 at 5 • kw"8760 h/)'ear-=47 000 kwhlyear

3 Aerators at 7 5 HP ea 17 kw 876014 hlyear-=37 200 kwhlyear

Total 84 200 kwhIyear

Add 20% for other miscellaneous power reqUirements (Incl PS to lmg pond)=101 000

Energy cost ~JD 0 032}kwh

Total Energy cos~JD 3200lyear

B4 5% of Items C1 (x112) C3 anti E from Capital Costs Table

I1ARZA T6Y REV2 XlS

101'~939PM



Table 11
TOTAL COST ANALYSIS

Yeast Industries Company

Pretreatment of Concentrated Wastestreams Pretreatment of Total Wastewater Flow

Item Cost (JD) Item Cost (JD)

nltlal Capital Cost 1517600 lnabal Capital Cost 1363200

f4nnual Operation and Maintenance Costs 56400 Annual Operation and Maintenance Costs 53500

Total Equivalent Costs- Total Equivalent Costs-
EqUivalent Yearly Cost 188700 EqUIvalent Yearly Cost 17230(J

EQUIvalent Dally Cost 517 EQUIvalent Dally Cost 412
EQuivalent Cost Per CubIc Meter of WtN 0040 EquIValent Cost Per Cubic Meter of WW 0038
EqUivalent Cost per ton ofyeast-· 36 Equivalent Cost per ton ofYf18St*- 33

Based on a 20 year project life and 6 0% Interest rata
Bssed Ort a yeast production of ~200 tons/year

HARZA TBY REV2 XLW
10114/95 12~ PM
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Figura 5

LAND APPUCAT10N DISTRIBUTION CONFIGURATION
FEASIBILITY STUDY FOR YEAST INDUSTRIES CO LTD

UARZA Ccnst4Dt'fJ E"9,n,,,,rs IJnd $cJlJn""cs Rvselta. Jordan
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I
I
I Screemng of Alternatives for Yeast Industnes Company, l TO

Recommendation 3

RecommendatIon I

Recommendation 4

RecommendatIon 2

A-I

Fermentor exhaust momtonng IS presently bemg Implemented by YIC Wastewater samplmg
IS also bemg conSIdered

Deslgn and lmplement a wastewater samplmg and momtonng program and a fermentor ethaust
sampling and momtormg plOgram

YIC currently momtors some of the process dIscharges, although staff has mentioned problems
assocIated with corrosIOn of flow meters Further momtonng IS techmcally feaSIble, however,
consultatIon with vendors should be made pnor to specIfymg eqUipment to ensure It can reSIst
the corrosive enVIronment It WIll be exposed to

Install deHces to momtor dlscharges from all processes and cleamng operanons includmg
eqUlpment and floor cleamng m order to generate and maintain an accurate dally measurement
and balance offaclbtv water use

The recommendations provided m the Audit Report for Yeast Industnes Company LTD (YIC)
(USAID Report No 3114-95-2b-30 Apn11995) were screened to determme the most promlsmg
alternative for turther mvestIgatIon m a detaIled feaSIbIlity study The recommendatIons of the
audIt report and the screenmg rationale applied to each IS proVIded below

Opnmlze modlfv and upgrade the molasses preparation and fermentanon svstems through
automatIOn and process momtonng and mcremental-feed system lmplementatwn

An mcremental feed system IS currently bemg used OptImIzmg the systems and upgradmg to
automation through mOnItonng are technically feaSIble and should be pursued In future YIC
plans

Optimzze tank cleamng systems by mmzmlZlng the washmg frequency and usmg the last nnse
v"ater for the inltlal nnse of the next cleamng sequence

MInImIZIng tank wash frequency IS technically feaSIble and should be pursued In future YIC
plans

HARZA FS4 WP}
951019
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RecommendatIon 7

RecommendatIOn 6

Recommendation 5

Recommendation 10

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

'tf I

A-2

Segregate Separator #1 effluent from dilute wastes Use ensting wastewater tanks to store them

RecommendatIon 8

Recommendation 9

OptimIZatIOn of IX IS techmcally feasIble, possibly through the use of a Ecotech type system
Further dISCUSSIon of thIS type of technology IS provIded Il1 the feasIbIlIty study repon for the
UnIversal Modern Industnes (Vegetable OIl Refmery)

Optimize the IX regeneratiOn process and etplore the use of new technologies and reSinS

ThIS Item IS technIcally feasIble and should be pursued Il1 future YIC plans

YIC belIeves that the use of counter-current nnsmg may mcrease the BOD concentratIOn of
wastewater effluent from 6 000 mg/l to approxImately 10 000 mg/l Smce both of these
measures wIll raIse the effluent BOD concentratIons, whIch potentially may draw fmes from the
Water Authonty of Jordan the fIfSt step must be to upgrade the fmal treatment of the effluent

Establlsh and implement ngorous eqUipment cleaning and floor cleaning procedures to conserve
H,ater

ThIS Item IS technIcally feasIble and should be pursued Il1 future YIC plans

Improve housekeepmg and unplement a spill prevention, control and countenneasures program
Use dry vacuum techmques mstead of ~ashmg spills into the dram

ThIS Item IS techmcally feasIble and should be pursued Il1 future YIC plans

HARZA FS4 \VPY
957079

Optimize cleaning methods bv carefully studving current procedures washing time solutiOn
concentration, water temperature, mtensltV of appllcation etc ApplYing an appropnate
cOmbinatiOn of these elements to each tvpe of tank can reduce water use Establlsh protocols
and procedures

Rec"cle and reuse Separator 2 and 3 filtrate and implement counter-cUI rent \east washing
system



RecommendatIon 14

Recommendation 12

RecommendatIOn 13

A-3

Process modifications and upgradmg through automation

separatelv Use a portton ofthe d1lute wastewater to clean and flush the wastewater eqUlpment
and convevance plpmg system rather than usmg fresh water

ThIS measure IS techmcally feasIble, however, It may not be reqUIred, or only reqUIred to a
lesser extent once the proposed wastewater treatment system upgrade IS Implemented The need
should be determmed once the wastewater treatment system IS m place

The underground storage tank ofdiesel fuel should have a management program
wherebv on a weekly baSiS the plant logs usage, rece1pt of fuel, and tank
mventory bv level By keepmg thlS tYpe of log, the plant should be able to
balance fuel use from the tank and detect a leak, ifa occurs at an early stage

Etplore mstallmg an acr coolmg system to replace the eustmg wet evaporatlve coolmg S}stem

As expressed through comments from YIC thIS measure IS ImpractIcal due to the hIgh ambIent
temperature m Jordan, WhICh lImit the effIcIency ot aIr coolIng technologIes It IS possIble to
use a combmed air coolmg and wet coolmg system but It IS costly to adapt aIr coolIng to an
eXIstmg wet system ThIS recommendation IS therefore not consIdered feasIble

RecommendatlOns made m the WEC repon

"The outdoor above-ground dlesel storage tank and aCld tanks should have a
contamment dike bUllt around a such that th1S dlke could contam the volume of
the tank m case of tank faclure or rupture It 1S also a safe operating practlce

RecommendatIOn 1I

Both of these measures are feaSIble and should be pursued m future YIC plans

Establlshmg an EnVironmental Department wah dedlcated personnel and sufficlent resources
wrztlng an environmental poltcv complete wah m1SSlons, V1SlOns, goals, pollc1es and a future
work plan, and developmg tracmng and mcentlve programs for all fIC personnel

YIC has already assIgned an envIronmental manager to pursue these objectIves

Conslder the followmg PP/WM and water conservatlOn ltems for feaslblllty levels studles

•

~ARZA FS4 IVPY
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In all above options, the followmg Will apply

• Opnml::.anon of tank cleanmg system
• ImplementatiOn of azr coolmg system

The fIrSt two recommendations are feasible and should be pursued by YIC m future plans The
third recommendation IS discarded trom further considerations, as discussed under
Recommendation 11

Although the above Items Will If Implemented reduce the orgamc pollution and
wastewater volume by 15 to 20 percent, we strongly feel that YIC should undertake
thorough feaSibility level efforts to determme a cost etfectlve treatment for processmg
the tmal wastewater Some of the options we recommend tor the YIC's conSideration
are as follows

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

bP I

A-4

• Land treatment should be thoroughly pilot studIed, deSigned, constructed
operated and momtored throughout the life cycle

• Sludges produced should be dned usmg sludge drymg beds and dned sludge
either marketed or dIsposed

• EXIstmg wastewater treatment eqUIpment should be used to the fullest extent
• An on-site anaerobiC blOtreatment, If operated, WIll generate relatively mmlmum

sludge It WIll produce methane gas WhICh can be flared or used as a fuel for the
bOIler If feaSIble

• Total wastewater attenuation, filtration and land application
• Total wastewater coagulation dissolved air flotation filtration and land

application
• Total \Vastewater coagulation clanflcatlOn, anaerobiC blOdegradanon treatment

followed by land application
• Segregation of concentrated and dilute waste treatment ot concentrated waste bv

coagulanon, and dissolved air flotanon, mIXIng with dilute wastewater tiltratlOn
and land application ot combmed wastes

• Segregation of concentrated waste and treatment by coagulanon, clanfIcation
anaerobiC bIOdegradation mlxmg treated waste wIth dilute waste, filtratIon and
land applIcatIOn ot combmed wastes

ThIS Item IS chosen as the prlIDary focus for the detaIled feaSIbIlIty study Improved
wastewater treatment WIll reduce the amount of contammants dIscharged, which ultImately
negatively Impacts water qualIty The land treatment system can be Improved to serve as an
effective component ot wastewater treatment as well as a source of groundwater recharge and
IrrIgation

HARZA FS4 WPY
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T.....ted atndl from Jordaa UIlIYtr'lity ( Ceater of Raeafth ad Walti'
Stadia) Stud, on .t.1 wutewater~ rroca Yean I4dllftftes aD

Inipdoll 01 ton:my Ina at RlWCIfa

The exposed tbrmaoons U1 the area are msmJy Amman fonnlSlon web belongs to the
Uppet Cteraceous and COlUlStS ofchart and lunaIoae altcmat10n and phoaphltu.;
rocks. The tn:Dd offractuteS In these 1bnDaa.ODJ are an the dtrecuon ofNW-SE &nd E·
W

These formanoos IRo~ by dJmol'CIlt tbrkfwoa ofsods raages Ctom few
ceamwten(cm) to 100 an. Aftet studYill8 & Q'OIIi S8CU0I1 ofthese sods iu the area
through. 120 em deep ditch the fonowmg III observed

1- Layer (A) It IS & tbm laY'" wtud1 does aot exceed 6 em mt1uc!c:DesI, the amount
afclay 11l this 1&yer 1'Il1g1:S between lS-20% and coatlml otpDJG maucr and pam
'I'OOU of'lbout 0 1% TbiJ JayCf' has a pNIDItJ&: muctute and coatams IDOre than 7~A
silt InS~tbecolor ofdus layer 11 darkbrown.

2- Layer (8) ft is a tlDck layer or 'Oil about 50 an m thickness and COnt2mS 10­
lS~o of (;1Iy ancllbout 75% of stlt 111 addmOD to ~a1~e UI the lower sectlOG, abo It

bas &pnsmatJc stn1CO.D"e and CODSldcred permc:ablc Tfus IBya" has I yellow wlor

3- Laya- (C) About 60 tm an tluclate:ss. mam1y conmts of ea1CNm carbonate
(caliche) wIuc:h OOCBI1DS about 1S% of'SIlI ud has a yellow color

4- B.ecoJrtc layer (R.egohth). tbt! layer comce 10 bctw1=cn the soIad rocks wtuch
covers. lUBe uea aa4 the rop sod.

Metala at the IOl1 pnfile.
UDday MeWs
I-Quartz
~.. Cakatc
3.. ApaIira
4- small qu,antth. og Gyp5um

Claymaals
1- Smecd:ite
2.. Dhte
J. JCJobmte.
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Appendix C
(DATA FROM M\VI)

A.verage monthly raInfall data are provIded
Also daIlv ramfall data at two statIOns
--\ 100 16 Russelfa
-\100 19 \1arka AIrport
Al 00 16 IS more representatI\ e

EvaporatIon Data are only proVIded for statIOn AlOO 19 WhICh IS nearest statIOn to the
tacilIty where evaporatIon IS measured data was not checked for years after yet but It

""Ill be soon so It could be proVIded at the moment

In case of further data needed please fax us
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Al19RAIN

- - - -­r-t\
\"

1"\)STA_IDN DATE ReODE MeODE READING(1l" ,
-f--

AL0019 01-feb-90 05 00004 o1
AL0019 02-feb-90 05 00004 03
AL0019 03 feb-90 05 00004 1 8
AL0019 04-feb-90 05 00004 o1
AL0019 OS-feb-90 05 00004 1 9
AL0019 06-feb-90 05 00004 2
AL0019 07-feb-90 05 00004 1
AL0019 08-feb-90 05 00004 05
AL0019 09-feb-90 05 00004 1 9
AL0019 10-feb-90 05 00004 37
AL0019 14-feb-90 05 00004 301
AL0019 15-feb-90 05 00004 04
AL0019 17-feb-90 05 00004 02
AL0019 18-feb-90 05 00004 11

-
AL0019 19-feb 90 05 00004 02
AL0019 01-Mar-90 05 00004 16

-
AL0019 05-Mar-90 05 00004 03
AL0019 06-Mar-90 05 00004 07

-
AL0019 10-Mar-90 05 00004 2
AL0019 11-Mar 90 05 00004 24
AL0019 12-Mar-90 05 00004 372
AL0019 13-Mar-90 05 00004 28
AL0019 24 Mar-90 05 00004 1 5
AL0019 31-Mar-90 05 00004 3
AL0019 01-Apr-90 05 00004 182
AL0019 02-Apr-90 05 00004 3
AL0019 18-0ct-90 05 00004 03

- - ---
AL0019 21-0ct-90 05 00004 02

----- - -

AL0019 28-0ct-90 05 00004 1 3
- --- - - --

AL0019 09-Nov-90 05 00004 27
~ - --- - - --

AL0019 10-Nov-90 05 00004 1---- -- ---
AL0019 25-Dec-90 05 00004 25

-
01-Jan-91AL0019 05 00004 44

AL0019 03-Jan-91 05 00004 38-- - -- -- ---
AL0019 04-Jan-91 05 00004 08
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AL0019 03 Nov-91 05 00004 54
AL0019 29 Nov 91 05 00004 93
AL0019 30 Nov-91 05 00004 203

-
05 1 9AL0019 01 Dec 91 00004

AL0019 02 Dec-91 05 00004 21 8
AL0019 03 Dec 91 05 00004 452
AL0019 04 Dec 91 05 00004 41
AL0019 11-Dec91 05 00004 92
AL0019 12 Dec-91

-
00004 14205

AL0019 13 Dec 91 05 00004 42
AL0019 18 Dec 91 05 00004 07-
AL0019 24 Dec 91 05 00004 08
AL0019 25 Dec 91 05 00004 o1
AL0019 27 Dec 91 05 00004 236
AL0019 30 Dec 91 05 00004 56
AL0019 31 Dec 91 05 00004 35
AL0019 01-Jan 92 05 00004 503
AL0019 02 Jan 92 05 00004 20
AL0019 13 Jan 92 05 00004 05
AL0019 14-Jan-92 05 00004 1 9

15 Jan 92
-

AL0019 05 00004 1 4
AL0019 16 Jan 92 05 00004 3
AL0019 17 Jan 92 05 00004 21
AL0019 18 Jan 92 05 00004 04
AL0019 19 Jan 92 05 00004 01
AL0019 20 Jan-92 05 00004 58
AL0019 21 Jan 92 05 00004 06
AL0019 22 Jan 92 05 00004 05-
AL0019 29 Jan-92 05 00004 3
AL0019 30 Jan-92

-
05 00004 67

31 Jan 92
-

AL0019 05 00004 158
AL0019 01 Feb 92 05 00004 82
AL0019 02 Feb 92 05 00004 48
AL0019 03 Feb 92 05 00004 382
AL0019 04-Feb 92 05 00004 389
AL0019 06 Feb 92 05 00004 185
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AL0019 07-Feb-92 05 00004 28
AL0019 08-Feb-92 05 00004 44
AL0019 09-Feb-92 05 00004 27
AL0019 10-Feb 92 05 00004 34
AL0019 11-Feb-92 05 00004 02
AL0019 13-Feb-92 05 00004 03
AL0019 15-Feb-92 05 00004 02
AL0019 16-Feb-92 05 00004 1 2
AL0019 19-Feb 92 05 00004 1 9
AL0019 20 Feb 92 05 00004 07
AL0019 22-Feb-92 05 00004 07
AL0019 23-Feb 92 05 00004 72
AL0019 24-Feb-92 05 00004 21 4-
AL0019 25-Feb-92 05 00004 154
AL0019 26-Feb-92 05 00004 22

- - -

AL0019 27-Feb 92 05 00004 2
AL0019 29-Feb 92 05 00004 04

- -
AL0019 21-Mar-92 05 00004 28

- -
AL0019 22-Mar-92 05 00004 129

- -- - - - -
AL0019 07-~!iy-92 05 00004 05
AL0019 0?~i'JI~y-92 05 00004 27

- --
AL0019 15:~~y-~? 05 00004 02

- ----
AL0019 17'-~~Y-~~ 05 00004 06

- - -- -
AL0019 21-May 92 05 00004 2
AL0019 20-Nov-92 05 00004 09-- -
AL0019 21-Nov 92 05 00004 8
AL0019 22-Nov-92 05 00004 22-
AL0019 23-Nov-92 05 00004 208- -
AL0019 24-Nov-92 05 00004 77-- -~~ - - --- -- - --
AL0019 01-Dec 92 05 00004 2--- - -- - - -- -
AL0019 02-Dec 92 05 00004 8-- ----- -~---- -- J---- -
AL0019 03-Dec-92 05 00004 04

- -- ------ - - - -. ---- - --- -

AL0019 04-Dec-92 05 00004 02
- -- - ~

AL0019 07-Dec-92 05 00004 31
- -

AL0019 08-Dec-92 05 00004 01
- --- - -- - - - - -

AL0019 12-Dec 92 05 00004 1 5

AL19RAIN
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AL0019 14 Dec-92 05 00004
AL0019 15 Dec-92 05 -- 00004
AL0019 16 Dec-92 05- 00004
AL0019 17 Dec-92 OS 00004
AL0019 22-Dec-92 05 00004
AL0019 23 Dec-92 OS- 00004
AL0019 24 Dec 92 05 00004
AL0019 25 Dec 92 05 00004
AL0019 26-Dec 92 05 00004
AL0019 07-Jan 93 05 00004
AL0019 08 Jan-93 OS 00004
AL0019 09 Jan-93 05 00004
AL0019 - - 10-Jan-93 - 05 - 00604
AL0019 11-Jan-93 05 00004

- -
AL0019 12-Jan-93 05 00004
AL0019 31-Jan-93 05 - 00004- --- ~ -~

AL0019 01-Feb-93 OS 00004
AL0019- 02-f-eb-93 OS - 00004
AL0019 - - 03 Feb 93 OS - 000-04
AL0019·- 04-Feb 93 OS - 00004
AL0019 08 Feb 93 OS 00004- - ~ - --
AL0019 09-Feb 93 05 00004
AL0019 10 Feb 93 OS 00004
AL0019 11-Feb 93 05 00004
AL0019 12-Feb-93 05 00004
AL0019 13-Feb-93 - - 05 -- 00004
AL0019 --- 05 Mar-93 05 -- 00004
AL0019 06-Mar-93 - 05 - - 00004 -
AL0019--- 1f.Mar-93- - - 05 - 00004-

A[6Q1~ Q~~M~y:g~ - ~ 95--_--= 00094
AL0019 OS-May-93 05 00004
AL001S----- 09-May-93 - - 05-- - 00004
AL001-9-- 19-May-93-- 05 - --- 00004- - .­
AL0019 30-May-93 - - 65- - 00004 - _4_

AL0019 - - 01".:"Nov-93 -- 05 00004
Auf019-- Oi·Nov-93 ---- 05 - 00004-·

07
153
184

1 4
06

169
1 4
02
1 3
27
76

123
296
04
02

147
179

4
58

5
53
45
1 S
1 8
02
35
06
64

10 1
05
7S
25
04
07
47
06
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AL0019 10 Nov 93 05 00004---- ----- -- --
AL0019 11 Nov-93 05 00004

- - - - -- - - --
AL0019 12 Nov 93 05 00004

- -----
AL0019 14 Nov 93 05 00004
AL0019 15 Nov-93 05 00004

- -
AL0019 13 Dec-93 05 00004
AL0019 14-Dec-93 05 00004- - -- - -
AL0019 20-Dec 93 05 00004

- - - - - ---
AL0019 21-Dec 93 05 00004

- --
AL0019 22 Dec-93 05 00004
AL0019 23 Dec-93 05 06004

- - - -- ~ -- --
AL0019 01-Jan-94 05 00004
AL0019 03-Jan-94 05 00004
AL0019 04-Jan-94 05 00004
AL0019 10-Jan 94 05 00004
AL0019 14-Jan 94 05 00004
AL0019 16-Jan 94 05 00004
AL0019 22-Jan-94 05 00004
AL0019 23-Jan-94 05 00004
AL0019 24 Jan-94 05 00004
AL0019 25 Jan 94 05 00004
AL0019 26-Jan-94 05 00004
AL0019 28 Jan 94 05 00004
AL0019 30-Jan 94 05 00004
AL0019 31-Jan-94 05 00004-- - - -- -
AL0019 01-Feb-94 05 00004

- - -- -- - - -

AL0019 02 Feb 94 05 00004
AL0019 22 Feb-94 05 00004
AL0019 23-Feb-94 05 00004
AL0019 24-Feb 94 05 00004

-. -
AL0019 26-Feb-94 05 00004
AL0019 - 27 Feb-9-4- 05 00004

----- - --- - -- - -- -~-

AL0019 06-Mar-94 05 00004
AL0019 07-Mar-94 05-- - 00004- - - -
AL0019 11 Mar 94 05 00004
AL0019-- -11-Mar-94 -- 05 00004 ----

58
94
05
05
06
87
07
04
42
25
03
49
02

201
04
03
34

136
3

33
08
08
06

1
21 9
36
07
64
3 1
04
1 5
1 9
1 6
1 2
34
26

AL19RAIN
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AL0019 12Mar94 05 00004 139
AL0019 13Mar94

-
05 00004 79

AL0019 14 Mar 94 05 00004 03- ---- -AL0019 25 Mar 94 05 00004 07- ----
01Apr94-ALOO19 05 00004 07

~
~
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STA_IDN DATE RCODE MCODE READING
AL0016 01-Jan-90 05 00004 08
AL0016 03 Jan-90 05 00004 106
AL0016 04 Jan 90 05 00004 1 8
AL0016 16-Jan-90 05 00004 38
AL0016 02-Feb 90 05 00004 1 4
AL0016 10 Feb-90 05 00004 3
AL0016 14-Feb 90 05 00004 175
AL0016 18-Feb-90 05 00004 27
AL0016 01-Mar-90 05 00004 137
AL0016 10 Mar 90 05 00004 12
AL0016 11 Mar-90 05 00004 05
AL0016 12-Mar-90 05 00004 19
AL0016 13-Mar 90 05 00004 1 6
AL0016 24-Mar-90 05 00004 1 5
AL0016 01 Apr 90 05 00004 52
AL0016 02 Apr 90 05 00004 124
AL0016 10 Nov-90 05 00004 42
AL0016 11-Nov-90 05 00004 1 5
AL0016 26 Dec-90 05 00004 1 5
AL0016 04 Jan-91 05 00004 3
AL0016 12-Jan-91 05 00004 10
AL0016 13-Jan-91 05 00004 1
AL0016 22 Jan-91 05 00004 2
AL0016 23-Jan-91 05 00004 88
AL0016 25 Jan-91 05 00004 188
AL0016 26-Jan 91 05 00004 09
AL0016 30 Jan-91 05 00004 125
AL0016 31-Jan-91 05 00004 11 2
AL0016 03 Feb 91 05 00004 1 2
AL0016 16-Feb-91 05 00004 105

-

AL0016 26-Feb-91 05 00004 10
AL0016 27-Feb-91 05 00004 28
AL0016 05 Mar 91 05 00004 07
AL0016 12-Mar 91 05 00004 2
AL0016 22-Mar-91 05 00004 147

<... ....... """)
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AL0016 23-Mar 91 05 00004 38
AL0016 24 Mar-91 05 00004 1 5
AL0016 01 Apr-91 05 00004 52
AL0016 02 Apr-91 05 00004 124
AL0016 04 Nov 91 05 00004 2
AL0016 29 Nov 91 05 00004 42
AL0016 30 Nov-91 05 00004 123
AL0016 01-Dec 91 05 00004 25
AL0016 02-Dec 91 05 00004 105
ALOO16 03 Dec 91 05 00004 31 6
AL0016 04-Dec 91 05 00004 33
AL0016 11 Dec-91 05 00004 75
AL0016 12-Dec 91 05 00004 77
AL0016 26-Dec-91 05 00004 146
AL0016 31-Dec-91 05 00004 21 5
AL0016 01 Jan-92 05 00004 33
ALOO16 14-Jan-92 05 00004 2
ALOO16 16 Jan-92 05 00004 45
AL0016 19 Jan-92 05 00004 26
AL0016 31-Jan-92 05 00004 91
AL0016 01-Feb 92 05 00004 10
AL0016 02 Feb-92 05 00004 46
AL0016 04 Feb-92 05 00004 203
AL0016 07-Feb 92 05 00004 12 1
AL0016 OB-Feb 92 05 00004 35
AL0016 10 Feb-92 05 00004 222
AL0016 23 Feb-92 05 00004 8
ALOO16 26-Feb 92 05 00004 272
AL0016 04 Mar 92 05 00004 1 3
AL0016 21 Mar-92 05 00004 21
AL0016 22-Mar-92 05 00004 92
AL0016 08 May-92 05 00004 2
AL0016 20-Nov 92 05 00004 1
AL0016 21 Nov-92 05 00004 43
AL0016 22-Nov 92 05 00004 15
AL0016 23 Nov-92 05 00004 42
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AL0016 25 Jan 94 05 00004 1 1
AL0016 26 Jan 94 05 00004 02
AL0016 28 Jan 94 05 00004 05
AL0016 30 Jan-94 05 00004 122
AL0016 02 Feb 94 05 00004 08
AL0016 03 Feb 94 05 00004 05
AL0016 12 Feb 94 05 00004 04
AL0016 23 Feb 94 05 00004 35
AL0016 26 Feb 94 05 00004 1 4
AL0016 07 Mar-94 05 00004 12
AL0016 12 Mar 94 05 00005 0
AL0016 13 Mar 94 05 00005 a
AL0016 14 Mar-94 05 00005 12
AL0016 15 Mar 94 05 00005 a
AL0016 25 Mar-94 05 00004 3
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STA_IDN DATE MAXT MINT WETS DRYS WD WV WR PD PE SUN Coeff Evapotransplarllon
AL0019 01-Jan-90 126 74 75 82 N 148 130 36 3 1000 065 1 95
AL0019 02-Jan-90 165 62 7 1 76 N 1000 211 8 6 1000 065 39
AL0019 03-Jan-90 137 84 82 96 S 185 383 24 1 6 1000 065 1 04
AL0019 04-Jan-90 105 77 8 84 SW 185 225 1 8 08 1000 065 052
AL0019 05-Jan-90 10 7 78 8SW 222 582 1 8 1 1000 065 065
AL0019 06-Jan-90 11 4 48 53 56 N 1000 77 23 2 1000 065 1 3
AL0019 07-Jan-90 11 9 34 35 4N 1000 112 2 1 2 1000 065 078
AL0019 08-Jan-90 94 -1 3 1 5 28 N 1000 188 39 25 1000 065 1625
AL0019 09-Jan-90 9 4 45 5N 1000 203 35 3 1000 065 1 95
AL0019 10-Jan-90 81 9999 1 5 22 N 1000 192 37 3 1000 065 1 95
AL0019 11-Jan-90 84 -0 2 -0 7 1 4 N 1000 248 52 5 1000 065 325
AL0019 12-Jan-90 9 -1 25 08 E 148 147 52 5 1000 065 325
AL0019 13-Jan-90 102 04 -1 5 24 NE 11 1 150 38 3 1000 065 1 95
AL0019 14-Jan-90 122 22 28 3SW 1000 157 46 35 1000 065 2275
AL0019 15-Jan-90 106 55 58 68 S 93 263 3 1 6 1000 065 1 04
AL0019 16-Jan-90 10 55 62 66 S 74 256 1 6 1 1000 065 065
AL0019 17-Jan-90 104 6 72 74 SW 13 321 25 1 7 1000 065 1 105
AL0019 18-Jan-90 11 5 66 7 73 SW 56 195 2 1 1000 065 065
AL0019 19-Jan-90 134 24 25 28 SE 37 118 55 3 1 1000 065 2015
AL0019 20-Jan-90 128 54 32 55 N 1000 158 33 3 1000 065 1 95
AL0019 21-Jan-90 97 58 7 78 S 93 477 26 1 5 1000 065 0975
AL0019 22-Jan-90 84 5 54 58 SW 148 475 29 2 1000 065 1 3
AL0019 23-Jan-90 73 22 55 62 SW 167 232 25 1 8 1000 065 117
AL0019 24-Jan-90 77 -0 9 -1 2 1 6 N 1000 190 49 3 1000 065 1 95
ALOO19 25-Jan-90 93 -0 8 -3 06 SE 334 313 88 59 1000 065 3835
ALOO19 26-Jan-90 38 03 -01 03 E 185 187 1 6 1 1000 065 065
AL0019 27-Jan-90 88 1 4 1 3 1 8 NE 93 118 1 4 08 1000 065 052
AL0019 28-Jan-90 8 1 43 57 6NW 185 226 21 1 4 1000 065 091
AL0019 29-Jan-90 129 1 2 1 24 SW 37 165 44 3 1000 065 1 95
AL0019 30-Jan-90 138 39 1 4 58 SE 13 224 66 4 1000 065 26
AI nn11"1

-
,,, 0 '11"1 ~ .. ~ 1~_ 1'1 ')')..1 &:&: .A ~nnn n ~ ..-"'v £U

AL0019 31-Jan-90 147 -0 6 1 7 02 N 1000 111 49 32 1000 065 208 54 :?t
AL0019 01-feb-90 11 5 29 37 69 SW 74 202 28 1 2 1000 071 0852
AL0019 02-feb-90 11 8 56 67 69 N 1000 197 29 1 5 1000 071 1 065
AL0019 03-feb-90 12 4 45 46 N 1000 109 2 1 2 1000 071 1 42
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AL19EVAP

AL0019 04-Feb-90 13 3 1 42 5 1 N 1000 107 31 25 1000 071 1 775
AL0019 05-Feb-90 11 5 3 31 32 N 1000 168 28 1 9 1000 071 1 349
ALOO19 06-Feb-90 104 4 55 62 S 296 382 44 3 1000 071 213
AL0019 07-Feb-90 93 4 46 52 SW 185 216 36 28 1000 071 1 988
ALOO19 08-Feb-90 135 1 9 32 36 N 1000 129 58 4 1000 071 284
AL0019 09-Feb-90 82 45 56 6N 74 291 2 1 1000 071 071
AL0019 10-Feb-90 95 46 47 55 W 222 365 3 25 1000 071 1 775
AL0019 11-Feb-90 12 1 58 64 7SW 222 215 4 3 1000 071 213
ALOO19 12-Feb-90 121 6 5 72 S 93 307 75 52 1000 071 3692
AL0019 13-Feb-90 135 55 53 77 S 74 192 83 59 1000 071 4189
AL0019 14-Feb-90 16 1 5 48 82 S 74 658 10 8 1000 071 568
AL0019 15-Feb-90 92 42 59 62 W 222 341 3 2 1000 071 1 42
AL0019 16-Feb-90 15 82 74 9N 1000 270 58 32 1000 071 2272
AL0019 17-Feb-90 175 8 1 67 102 S 11 1 391 92 9 1000 071 639
AL0019 18-Feb-90 11 4 48 9 94 SW 334 742 94 10 1000 071 7 1
AL0019 19-Feb-90 64 3 3 42 NW 296 297 3 1 25 1000 071 1 775
AL0019 20-Feb-90 87 06 1 5 2 N 1000 120 2 1 5 1000 071 1 065
AL0019 21-Feb-90 104 1 1 9 34 N 1000 82 26 1 5 1000 071 1 065
AL0019 22-Feb-90 68 1 9 1 9 33 NE 148 138 1 7 1 1000 071 071
AL0019 23-Feb-90 11 4 1 5 33 39 N 74 195 34 25 1000 071 1 775
AL0019 24-Feb-90 105 34 4 54 NE 37 252 36 22 1000 071 1 562
AL0019 25-Feb-90 124 27 44 54 N 1000 145 42 28 1000 071 1 988
AL0019 26-Feb-90 135 26 57 62 N 1000 170 38 3 1000 071 213
AL0019 27-Feb-90 138 4 1 6 68 N 1000 211 54 3 1000 071 213
AL0019 28-Feb-90 144 6 65 8SW 148 366 11 2 85 1000 071 6035 f.~.Df2-
AL0019 01-Mar-90 126 73 64 124 W 11 1 693 43 3 1000 075 225
AL0019 02-Mar-90 122 5 1 7 74 W 37 314 23 1 4 1000 075 1 05
AL0019 03-Mar-90 183 46 7 8N 1000 47 4 3 1000 075 225
AL0019 04-Mar-90 216 68 75 103 N 1000 106 48 5 1000 075 375
AL0019 05-Mar-90 144 66 83 88 W 11 1 241 32 27 1000 075 2025
AL0019 06-Mar-90 12 78 82 84 SW 74 233 28 2 1000 075 1 5
AL0019 07-Mar-90 13 63 64 72 W 11 1 255 42 3 1000 075 225

-AL0019 08-Mar-90 136 4 7 76 NE 11 1 120 3 2 1000 075 1 5
AL0019 09-Mar-90 193 49 53 94 E 13 207 9 1 9 1000 075 675
ALOO19 10-Mar-90 207 95 55 11 7 E 445 459 88 7 1000 075 525
ALOO19 11-Mar-90 12 92 83 98 S 204 242 39 24 1000 075 1 8

~}, 1 C
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AL19EVAP

AL0019 12 Mar 90 148 7 77 8 S 148 219 3 1 7 1000 075 1 275
AL0019 13 Mar 90 84 55 64 68 W 185 389 1 2 06 1000 075 045
AL0019 14 Mar 90 142 7 74 96 W 148 236 42 25 1000 075 1 875
AL0019 15 Mar 90 178 43 66 7 N 1000 206 45 31 1000 075 2325
AL0019 16 Mar 90 184 88 64 108 E 241 280 98 68 1000 075 51
AL0019 17 Mar 90 133 1 5 -1 4 45 222 177 9 66 1000 075 495
AL0019 18 Mar 90 162 27 9999 565 185 118 82 6 1000 075 45
AL0019 19 Mar 90 18 24 -1 4 96 S 11 1 75 8 1 7 1000 075 525
AL0019 20 Mar 90 199 54 55 106 N 1000 235 139 13 1000 075 975
AL0019 21 Mar 90 17 53 1 84 E 148 128 106 9 1000 075 675
AL0019 22 Mar 90 198 57 1 5 8N 1000 60 85 7 1000 075 525
AL0019 23-Mar 90 164 9 7 124 N 1000 243 68 5 1000 075 375
AL0019 24 Mar-90 155 6 8 10 SW 11 1 219 42 3 1000 075 225
AL0019 25 Mar 90 16 65 8 98 NW 11 1 186 6 4 1000 075 3
AL0019 26 Mar 90 181 6 7 11 6 N 1000 169 78 56 1000 075 42
AL0019 27 Mar 90 202 59 6 108 N 1000 230 6 42 1000 075 315
AL0019 28 Mar 90 21 5 78 7 127 N 1000 142 96 8 1000 075 6
AL0019 29 Mar 90 222 79 87 138 5W 56 174 105 9 1000 075 675
AL0019 30 Mar 90 205 8 68 149 N 1000 329 87 75 1000 075 5625-

227 I/l.7AL0019 31 Mar 90 155 77 74 10 W 278 6 55 1000 075 4125
AL0019 01 Apr-90 83 52 67 71 N 1000 400 1 8 08 06 08 064
AL0019 02 Apr 90 7 1 38 5 5W 296 334 2 1 27 08 08
AL0019 03 Apr 90 11 24 45 64 S 148 231 56 4 108 08 32
AL0019 04 Apr 90 146 3 5 7N 1000 113 37 25 96 08 2
AL0019 05 Apr-90 168 45 78 98 N 1000 187 54 4 78 08 32
AL0019 06 Apr 90 165 64 6 125 NW 148 206 75 6 11 08 48
AL0019 07 Apr 90 18 65 9 124 N 1000 129 5 4 109 08 32
AL0019 08 Apr 90 206 78 9 13 N 1000 153 96 8 78 08 64
AL0019 09 Apr-90 191 13 10 164 SW 222 241 86 5 49 08 4
AL0019 10 Apr 90 24 85 11 152 N 1000 199 7 6 92 08 48
AL0019 11 Apr 90 287 155 12 188 S 11 1 145 9 7 4 08 56

iAL0019 12 Apr 90 212 15 125 19 W 185 153 11 99 1000 08 792
AL0019 13-Apr 90 23 123 10 1 156 N 1000 121 8 75 4 08 6
AL0019 14 Apr-90 22 99 86 159 N 1000 295 88 85 11 7 08 68
ALOO19 15 Apr 90 166 9 9 11 6 W 148 357 7 7 8 08 56
AL0019 16 Apr 90 16 82 86 102 W 148 254 58 46 8 08 368
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AL19EVAP

ALOO19 17-Apr-90 19 68 84 108 NW 56 199 86 9 112 08 72
AL0019 18-Apr 90 246 95 88 16 N 1000 126 12 105 108 08 84
AL0019 19-Apr-90 282 146 9 18 N 1000 235 145 13 83 08 104
AL0019 20-Apr-90 25 157 12 19 N 1000 108 11 88 3 08 704
AL0019 21-Apr-90 232 122 1 17 N 1000 228 108 9 11 08 72
AL0019 22-Apr-90 25 65 93 17 N 1000 106 11 86 121 08 688
AL0019 23-Apr-90 291 124 10 19 E 185 134 128 12 11 2 08 96
AL0019 24-Apr-90 307 146 10 194 SE 74 90 128 11 9 75 08 952
AL0019 25-Apr 90 30 154 106 21 4 N 1000 157 134 12 10 08 96
AL0019 26-Apr-90 31 5 158 11 224 N 1000 121 159 14 11 08 11 2
AL0019 27-Apr-90 31 2 17 13 247 W 53 197 181 163 77 08 1304
AL0019 28-Apr-90 238 11 121 222 NW 74 538 99 9 64 08 72
AL0019 29 Apr-90 207 103 11 2 136 SW 93 173 82 7 11 2 08 56
AL0019 30-Apr-90 233 88 81 143 N 1000 219 88 74 11 08 592 1'{74-+
AL0019 01-May-90 188 84 105 136 NW 259 408 86 8 1000 071 568
AL0019 02 May-90 187 78 10 106 NW 56 78 77 65 1000 071 4615
AL0019 03 May-90 22 6 1 87 11 1 NE 56 173 8 1 7 1000 071 497
AL0019 04 May-90 20 84 85 127 NW 74 391 69 55 1000 071 3905
AL0019 05-May-90 19 69 95 12 W 222 210 75 7 1000 071 497
AL0019 06-May-90 228 7 8 11 6 E 56 105 84 7 1000 071 497
AL0019 07-May 90 253 98 94 153 N 1000 151 127 11 7 1000 071 8307
AL0019 08-May 90 274 126 104 204 SE 56 167 135 123 1000 071 8733
AL0019 09 May-90 27 152 139 179 N 1000 230 11 2 10 1000 071 71
AL0019 10 May-90 22 156 122 186 W 93 251 93 88 1000 071 6248
AL0019 11-May-90 20 10 1 12 142 SW 185 381 85 8 1000 071 568
AL0019 12 May-90 195 11 4 133 148 SW 148 310 75 7 1000 071 497
AL0019 13 May 90 21 8 114 122 16 S 36 259 98 8 1000 071 568
AL0019 14-May-90 288 126 10 18 N 1000 123 123 10 1000 071 71
AL0019 15-May 90 33 164 125 21 7 E 56 390 20 17 1000 071 1207
AL0019 16-May-90 256 164 125 21 8 W 185 366 178 18 1000 071 1278
AL0019 17-May-90 25 135 126 196 SW 13 160 125 12 1000 071 852
ALOO19 18-May 90 273 132 131 208 N 1000 290 13 11 1000 071 781
AL0019 19-May-90 31 2 15 12 24 N 1000 143 13 1 11 1000 071 781
AL0019 20-May-90 30 167 134 242 N 1000 189 135 11 1000 071 781
AL0019 21-May-90 264 148 14 19 SW 11 1 400 134 11 1000 071 7 81
AL0019 22-May-90 275 125 121 204 NW 11 1 258 11 94 1000 071 6674
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AL19EVAP

AL0019 28 Jun-90 332 196 16 276 N 1000 235 184 14 122 068 952
AL0019 29 Jun 90 31 8 185 135 252 N 1000 265 153 11 12 1 068 748
AL0019 30-Jun 90 29 178 144 236 W 185 371 176 155 123 068 1054 21rJ '?44
AL0019 01-Ju190 28 178 233 137 W 148 346 148 9 124 068 612
AL0019 02-Jul-90 29 185 222 146 N 1000 266 144 92 12 1 068 6256
AL0019 03-Jul 90 292 189 234 136 SW 148 346 185 12 122 068 816
AL0019 04-Ju190 308 208 24 155 SW 93 346 16 106 11 8 068 7208
AL0019 05-Jul-90 305 208 243 169 W 148 439 21 14 11 8 068 952
AL0019 06 Jul-90 31 9 21 6 264 16 1 SW 11 1 317 239 168 12 1 068 11 424
AL0019 07 Jul 90 326 194 267 157 NW 56 274 197 12 122 068 816
AL0019 08 Jul 90 338 208 278 153 NW 74 240 162 105 12 068 714
AL0019 09 Jul-90 327 205 256 15 N 1000 275 145 98 123 068 6664
AL0019 10-Jul-90 323 20 25 16 NW 11 1 341 173 122 12 1 068 8296
AL0019 11 Jul-90 304 186 23 163 W 11 1 399 16 12 123 068 816
AL0019 12-Jul-90 286 17 198 17 W 185 329 98 7 124 068 476
AL0019 13 Jul 90 28 18 1 21 184 W 185 388 9 78 11 7 068 5304
AL0019 14-Jul-90 294 182 21 19 W 11 1 258 12 1 10 11 7 068 68
AL0019 15-Jul-90 33 195 256 174 N 1000 275 174 12 125 068 816
AL0019 16 Jul 90 324 21 4 26 175 S 56 279 17 12 123 068 816
AL0019 17-Ju190 325 20 248 144 NW 93 277 18 125 125 068 85
AL0019 18-Jul-90 335 22 27 174 W 93 285 18 12 124 068 816
AL0019 19-Ju190 336 224 282 176 NW 148 341 173 11 5 125 068 782
AL0019 20-Jul-90 325 224 268 152 NW 148 289 172 12 124 068 816
AL0019 21-Jul-90 32 20 241 13 1 W 148 301 163 11 125 068 748
AL0019 22-Ju190 342 194 25 148 NW 11 1 229 164 105 123 068 714
AL0019 23 Jul-90 31 4 184 227 176 N 1000 311 136 9 118 068 612
AL0019 24-Ju190 308 195 234 147 S 37 347 125 85 12 068 578
AL0019 25 Jul 90 305 168 222 158 SW 74 280 11 3 9 12 068 612
AL0019 26-Jul-90 321 177 241 168 N 1000 259 155 11 123 068 748
AL0019 27-Jul-90 31 8 208 252 17 W 259 451 21 4 15 122 068 102
AL0019 28-Jul-90 32 227 261 147 SW 93 386 16 11 122 068 748
AL0019 29-Jul-90 29 19 226 185 SW 148 395 93 7 12 068 476
AL0019 30-Ju190 292 165 206 17 SW 11 1 336 7 5 122 068 34
AL0019 31-Jul-90 30 179 233 179 W 93 300 124 85 122 068 578 -zzf b7'Z
AL0019 01-Aug-90 306 17 145 245 NW 185 298 132 10 123 06 6
AL0019 02-AuQ-90 324 184 166 245 NW 93 241 15 11 125 06 66
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4.3.2.1 Nutr~ent Uptake

AgrIcultural Crops

AfftJ'l1)'~ IUf4
D
(4p~s)

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

In general, the largest nutrIent removals can be achleved
wIth perennIal grasses and legumes that are cut frequently
at early stages of growth. It should be recognIzed that
legumes can fIX nl trogen from the atr, but they are actIve
scavengers for nItrate If It 1S present. The potential for
harvestIng nutrlents Wl th annual crops IS generally less
than WI th perennlals because annuals use only part of the
ava~lable grow~ng seaSon for growth and act~ve uptake.
Typ~cal annual uptake rates of the maJor plant nutrlents-­
n~trogen, phosphorus, and potasslum--are lIsted In
Table 4-11 for several commonly selected crops.

The nutrIent removal capacl ty of a crop 15 not a f lxed
characterIstIc but depends on the crop yIeld and the
nutrIent content of the plant at the tIme of harvest.
DeSIgn estlrnates of harvest removals should be based on
yIeld goals a nd nutrIent compOSl tlons that local experIence
IndIca tes can be ach Ieved W~ t.h good management on SImIlar
Salls.

TABLE 4-11
NUTRIENT UPTAKE RATES FOR

SELECTED CROPS
kg/ha·yr

Forage crops
Alfalfa" 22S-S40 22-)5 175-225

llr0lll6qnSS 130-225 '0-55 2'5

coastal Dermuda9rass 400-615 )5-45 225

Aen~ucky bl~.g~~.s 200-270 45 200

Quaekgrass 235-2110 30-45 275

Reed cOlnilrY9ro$1I' HS-4SD 40-45 315

Ry.gf"US 200-280 60-115 170-325

Sweet clovu il 175 20 100

TaU fescue 1S0-3,,5 30 300

Orch.rd9ril&5 2S0-1SD 20-S0 225-11 5

Fleld crops
'.:-l.y US 15 '10

Corn 175-200 20-30 110

CottOft '!I-HO 15 40

Cr••n .orgh\llll 135 B 70

POt.to.. 230 20 245- 325

Soybeaftll· 2S0 10-20 3D·"

Wb••t 160 15 20-45

a I.e9WIles v 111 also taxe nltroqen from the atmosphere
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Table E-IO

Relative tolerance or selected crops to exchangeable so\llum (1)

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

TolulDtC21

Alfalfa
(M-'aJIO .IlUMJ)
Badey
(H.....wJ,tvt)
Beet. pIdr:n
(Sal WIlId'U)
&ea.su,.
(BrJIJ VfIlrruu)
Bamuda..­
(CyItOdtM dtzcty/(1l1)
Couon
(coss,puIIIt IuT.5lll1UPI)
Parapass
(B,adu1:rr4 mullCa)
Rhodes I1aSS
(Chkms ,qm4)
Wheaq;ras$, CR$tm
(Ag'opyron CTLJlalUm)

Wharpss. fairway
(AgrOpyrt1f1 ensUJUUfl)
WheIIgzus. Cau'way WI
(Agropyron MllltUumJ
Kamalgrus
(DlfJl«hrafusca)

Camx
(DtMMs antIJ)
Clover UdJQO
rr~,tpDIS)

DaIbspss
(PtJSPIIburc~)
Fescue. wi
(FdIaI~J

Uuuce
(1..«IJa JGAla)

BaJltl
(PCNWtUIM l)pltDuiLJJ
Supcane
(Sdccltt:vlllfl tJf!flCJlltJnIm)
8encrm
rrn/DlUIm Gk.rlllldrUUU71}
Benjl

(MtUItJIMS ptJI'VIjlora)
Raya
(Srass:aIlIN:c)
oa
fAvura SGUWl)

Onaon
(A11lwrl cqa)
Radash
(RaplltJnMs ~lI"41J

Ru
(Orym Jal'vws)
Rye
(SeaJlc cCTCtl/tJ
Ryecrass. 11ahan
(Loillurr tftIIlllflMUM)

SorghuM
($of'hum IfIIIgarl)
Sptnach
(SpwJa12 okrDaa)
TomaJO
(L~,SICO" tsCwtlllwn)
VCId\
(VK'UI SQI,wz)
W1at
rrrUJcum vulgart)

Adapfed &om dala oC FAD-Unesco {l973t Pt.:lrson (1960)- and Abrol (1982)
Source. FAO Guldelmes R-S Ayers & DW Wesu:ot (l98~)

Avc:ado
(Pmet. tlmUIaJ/IQ)
Dc:aduoua FruilS
Hues
Bean.peen
(PIwuIMs lfIII,aru)
Couon (Ill ,t'""fl4IlOlI)
(GouJpuIm Iur'SUlwrc)

MaI2£
(Za1lf41l)
Pas
(P&IIIIfI IGl'YUIfI)
GrapeCnul
(CIWI ptZTDduJ)
Orange
(Cunu .fIN!IISUJ

Peach
(PnIMS pgsrcaj
Tangennc
(Cunu TtueWtJla)

MUllS
(P~QW14S)

Mash
(PItasulJlS It'IWIIQ)
Lenlll
(Lens etdwuu)
GIOUndnut (peDttul)
(.4rocJus IrJpopa)
Cram
(ClUT tJlVlUwrt)

Cowpcas
(VI8M JlIIl:1UU)



I 158 DESIGN AND OPERATION OF FARM IRRIGATION SYSTEMS
SAUNrTY IN IRRIGAteD AGRICUL.T\l1

'fAaLE &.1 sALt' TOLERANCE or AGIUC11l.1'URAL caon AS A FUNCTION
TAJU.1t ~1 SALT'I'OLEaAl'll'or son. SATURATION UUACT SALINITY (EC~)WHEat KnATlVE Tl~LD IT)

or SOIL SA'flIRATlON IXTJlAIN 'EaCENT • 100 - IllEC•• a) (nOM MAAS AND BOFniAN 1'71)
IN 'UCENT • 100 - ~ t

I 5a1Ia1ey· ae '~'~C'iH yield QuUcalin
Inm.s doPe.... p~r II.... ' SIll' >ury.dcl~~ lIu:n_ UI AhNer

\IIlu__

lthrahold} bnoftd thnohold .abDrt
C."p <AI C.) k enol'I cIS/m 'llo1(dS/VI)

Altalfa
Felty. C&IlM~dlco,., IOtl1l0 2.0 73 MS

F~.'uc .. ~lGnor

I
AbIlonll

S FluPrunu. d..lcu 1S 19
L'It..... ....I./lUl'"u ...""Pi'

G~;V.l....y/wo'I'" S
V,IU IPPAPncot*

S GrapcfNu*1'>'"n,,, "","fI"_O 15 24
Crl"'J " II'lJradUlI Avacado:

HudlD"""p~rUa o,"f'I'k'gno S
rlllJ/OTU I.. WI'OMButry (lo.aer) §

MT I.rmoc:tHO"*"m ~ ..Ildrf 60 • 1
CI.... hmon

I
Jarle)' (p8Pl) !I

T IAtW"Hordfl..m u"lt..r, '0 5
L<zc/IfC. $OI.IIG!INa

LO"f!P'IP··Ph_ol". u"I'lJru 10 19 oS
ErlJlrO.r" IPPBefit. IatOeJili

MT Maallow Foslall

I
arIa ""l...r~ 40 9

Alo~u""" ,,""rt'"''"1111_
MS Mlllet. FoslAilA~lllpgl".lr..

~l"'''lIollC''Jlfteudql-usa
Okr.C)'''ado" Do<'n'lo" 19 64 T

AIWI",o",'"u ~.e..i."fU'

I Bladlbe""
ObvrRlLlJll$ IIPP I!> 22 S
~.u,.~

Bo~lIIbeny
()Il.oeIIl1b.... cu:JU2W.. 1 !> 22 S

AU..",,. cepeIkoadbeUl
0raA.,

I
V,cl# Falla 11 96 M.S

Cltnu .,rlif"."Broccoli
OftbardlJ_Br.o.JSKO .,.rrccca borrylu 2-11 9~ MS

Do:Ic~'" .110....""1"BrOillfcau
Peach.Bro"n" In~""". MT

Pruny, 1'c"'~G

I Ca~ ...
hUll'ar-j~.. 01.'0(;.0 cop/rGra l' 9? MS A"",I... hy/lo__canary...... rud
Po1)IlU"'aIar", ar""dmac"G MT

Cq.",,,,,, """"'"carrot
P1l1mrI Dolle.., Co,orCl 10 14 S

",",n". do"'tsllcGaa~r olsakr ladma
l'oLawftd. IUawberry

Sa/cln"m "'0-".... '"'Ih/ol...", IPP 1 ~ 12 MS
Radd/la~r~_m

~......... _tl,,'""I T "."""arm..", 1 :; 57 MS
Rul>~nyColIS (SOta.)

JtllllW /c/efI...~_M..,., 1 , 74 MS
Ah~paMCOd let.....)

CIllo... Gay_z..AfI". 1 1 12 MS
JUu ORO"!I <::oI'Q sweet

0",....._ZeaN.,.. 1 '7 12 MS
Rye_Ile_AICotton

Lolo..... "....._GoIf)PIII'" II/,... IY", 77 62 'J'
sarno.,e.:CoWSlea

C••fll.",u. tme'on...I v,.,... U"'" IcU'lJ/.. 11 l4 MS s..a.u§Qae:umber
sa.......,../..'.Cucumil IO,WII. 2-6 JI MS

Sollll\llll0.,", pl1zD
$or........ Wealo.Pflo."Ut del:tyli,... 40 $II T

I
I
I
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159
CRO.S AS A 'UNCTION SALINITY IN IRRIGATED AGRICUI.TUflE

IEU aELATlVE YIELD tV) TA8LE ~ 1 S ......T TOL&RAl'lCE Ot" AGRlCuLTUaAL CII-OPS AS A FU"{CTION

+~
ND HorNAN IS17, OF SOIL SATURATION EXTRACT SAl.lNITY tE(;., WHEaE RELATIVE YIELD t VI

l~ .£aC£*iT. 100 - btEC. - .., ( ..aOM MAAS AJoII) HOFt"MAl'/ IIT7)
Pflceat ntld Qu.~lIye

fc:.rc.... pel' UAU Iti. SalIn,ty' ~t P...." ..,t 1'1,,14 Q\o~bbY. I.......... _.1' cot.,....,. ""11.01 deer-edit pcr unat ..,It
YOAd dI~old ' ..flair!" YlcltS dechn. IACtt...- U1 ..uAI. ty tal..tilln<-t

(In IUtlnholdl bryoncll:hreollold ...ua(1"
Crop tAl IBl

iIo/(dS/aU

IdS 1ft "/ldS/al)

73 MS Fear:u.. &aU
F••rueo ..I..uo' 39 53 MT

19 S !'We
L,.nwnt w"tohll'r.rIum 1 7 12 ...S IS Gnp, *
V"" .pp 1 S 96 MS

24 S GnP"......
CllfV41 II p"nJd'" ta 16 S

S Ha,dmQrajl IPha'''''' II' ~'OI4 U 16 "T
7 \ "d~ Ltmollt

CI/rua teMolI S
5 T Lettue.

IL ..cruc.. ...rwel 1 J 13 \1S
19 S Lovcp'___ -

£ro/lrt1.ru SOP 20 114 "'S
9 MT M,,~ciow Foxuu

A.lo.P.~u.n..p"oc"nJU 1 6 96 MS

IMS ~Uct ('0:11&..11

ScfarUJ .rol... " MS
64 T Okn

AOc!I",o""h ... r"',,'-/lna. =>
22 S QlI...

IO~"~lorop_" MT
21 S OlUOD

Alhum C.,,,, 12 16 S
86 MS Ollllft.

C'tIUS ..." .. I'lt'$ 1 7 16 S

I92 \1S
Q&ehard__

DlJC:f)llu "o",.,rafa IS 62 \IS

\IT 1'1:.."11
PrunuJ 1'1l',1 4 1 7 21 S

97 "tS ""_Ill
IA'G<,hu IIypo_" 3 2 211 \15

\1T P"..~r
~CflP"CW,," ullnum 1 S 14 \is

14 S Plulil*
Prunu~ dO,,""SIICtS 1 ~ 11 S

I""LalO
12 MS ~()14IlUim ill Ct!'osum 17 12 M:,

RaclPb
57 MS Ro,ph...... ...fl~'" 1 2 13 Ms

R.aP!Ktn'

I'1'4 MS Ru/nl••_us S
RbodeJlnN

n MS CIllo,.. ""yunel MS
llJee pacl4lY!t

12 MS Of<Y"" ,,,'wo 30 12 MS I.,.11-' p.,nftftlal
&.2 T Lot"'m p."..- U '1'6 11fT

satflow"~
14 loSS Cortlla...II' tift" r""loa NT

SdbanJII § I13 MS S<tollrlltla ,,,alt..,.. :U 1 MS
So,.......

:I. T _""urn lIkolor M$
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AuguSt. 4, 1995

JIIt'. Stephen lfempel
Rarza Environmental Service
sears Tower
233 South Wacker Or1ft
chicago, II. 60606-6392

Dear M.r. Hempel;

'1'ha.n.k: you for your cont.u1ued Ultere6t regard.1.lI.9' the yeast appl~cat~on

in Jordan. In re&ponse t.o our cb.sCUGsion, we are pleased to offar
the follow.nq J;.nformatJ.on.

In develop.J.nq ue fol1ClW~9 Expeetec1 PeJ:'forma:aea Summar:.eEi (EPS s),
'Ire have u»ed the .nformat1on yo~ 8uppl1.ed. to us r(iSqud1.ft9" t.he
cha..acter1.st~c. of the wast.ewater. !PS II .s a seope for a full
ecale in5tallatl.oo wh11e =:PS III reflect. .. typ.cal scope for our
package plants.

§ZPIIC!~e4 Performance S.....£Y II

The full scale BIOTHANE UASE EPS reflects a flow or 34,000 gpd and a
BOD of 27,000 DlCJ/l. Removal eff.cJ.encl.es ot 75' for COD and 90' tor
BOl) are applicable as .1.n the IPS of 17 July. Energy prOduction in thQ
form of me1:hane qafi w1.11 he GqUJ.va1ent to abOut 62 DU.l110n Btu I $ ~r

day. Excess 51udge produet:.on w~ll hA equivalent to approxJ",ma:tely
800 gallons per day ~ wet slndge.

A digeater of volume capacJ,'ty 500 m3, W1th d.J,mens1ons S8 ft lOllq by
14 ft W1de by 20 ft h1.9h .s requ.l.red. The condJ..tiorunq tank that
precedes the dJ.<jester "1.11 be of volume capacity 180 mJ , wJ.tb
d~&J.onl 19 ft diameter by 20 ft sidewall he1ght.

For buc1qetuy g\I.del1.XlQ purposes, we es~1D'late the price tor supply,
1natallatlon, and start-up of a DtO'rlmNE aytltem tb.s ~~.ze, :!4 bUJ..lt
Jon the ys to De $1.1 lUl~J.on. Included.l.n the workseope at. Uu.s tJ.me
are the fol1ow1.!19 c:omponent.8:

1.. The c1i.gaster vesse~ and :rounda't.lon;
2. 'the pateQ~4!Id. internal set.~ler5;

3. ch.gea1:er feed d1.8tr1bution SYB1:em~
4. .internal recn.reu~a.~ioneapability;
5. the conci!t1.oIU.nq tank ccmplete w1.th mJ.Xer and founaat.ion ~

6. proeess p~pinq and meehan1.cal between the condi.tiOlll..nq tank,
and d.ges~er7



1. temperature regulat.on (if requJ.red);
2. upstream acreenJ.D9 and/or FOG removal (.f requ~rQd);

3. g'ilS hand.l:.nq Deyond the flare,
4 • eqw.pmeni;. <;md con't.rOl bU:Llding; '"
S. surplus sludqe tank;
G. sit.e preparai:.Qni
7. f.inal ~radinq and. landsc:ap.nq,
8 • yard p1p.IIg;
9. env.ronmental and cOlnf~ruct~onper:uta;
10. taxes, dutJ,es, custa1l/bJ:'okeraqe;
11. freJ.ght ;
12. please note that we have assumed a 50.1 bearUl9 capacJ.ty of 3000

pst.

7. chenoa! dosing Gyatem (lIXCl.udJ.ng QUlJc; storage);
e. U1Strumentat~on for aui;.oma-ted eOl'l1:roll
9. pressure requla'tJ.Dg valve to mal.nta.n gas baeJcpralillurw w.t:hJ.n

the ~ge:J~er vesee!;
10. feed pwzap& and J:"OVen~le slUdge pwnp;
11. &utamat.c: S.f~y flare;
l~ • oc1or control,
13. inoculant charge ot b!QIIUIs& from existing DI~ facili~ieG

(20,000 q&llons - excludJ.nq f.eJ.sht);
14_ ccnstruC:~l.an lIiU1aq_ent associated wloth our work.cope;
15. thirty days of on sJ.te .tart ~p and traJ.1UnC);
16. performance warranty based upon 800 pl.a".f1.cat.J.on.

Noi: .ncluded .n the 1IIOrlCscope au4 budget price are the follawillq
J.'ecus s

TJu.s IPS rBfl~. a flow of 145,000 gpd and a SOD of 5,400 1119'/1.
RMlOVal effiC!ienc~es are the same, w!t.h energy product~on equ~valent
to about. 36 nu.ll~on Btu per day. E~cess slUdge prociuce1on w.ll be
apprOX1:lDately SOO qallons per Clay as wet. &luage

A d1gester of volume capacity 400 m3, w:l.th dimen.ions so ft long by
14 ft lade by 20 ft 5~dewall he.qnt is requJ.red for 'th.l.3 .ppl.ca1aon.
The ootlt1l.tion.inq tank. will also be 180 m3•

For 1?9dget. gL11.deb..ne purposes, we est-mat@ ~e price for supply,
.J..lUS~&11.t.~on, and s~-up of a Bl:OT'HA!fE $y$tem this S~2Q, :L.£ built in
the US ~o be $900,000. IDClu<1ed in ~he wcrksc:ope at t1u.s tJ.llle are the
fol1ow1.nq cCDponents:

1. tb@ digester vessel and foundaUon complete Wl.th J.nterna,l
tOPWO.~8 ~d llltemal feed dist.J:'~ut:t.on netWQ~kr
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Kr. Bempel
Augu_t 4, 1995
Pa.ge Three

N.:1D/enclosurea

Nadine J. an~c

Jl!ark9tar1q CoordJ.nator

2. the canc:h~.1on.iJ1q tank complete with mixer and foundat:.J.on;
3. mechanical P~PU19 betwwen c:li9es~ and concht10nl.ft9 tank;
4. J.ns~t.a~ioDand con~J. paCkage WJ.tn JlUcroproc:essor

IIlOlU.toring;
5. cheau.cal do~u.l1g erst-em. (excluding' Dulk 8toraqe);
6. biomaa. supply (20,000 gallons - exclucU.ng' U'cu.qh1:);
7. feed pumpe and revers1.ble sludge transfer pump;
8. Iiafet.y flare;
9. odor c:olltz:ol;
10. construction manageaent 8ervi~N;

11. 15 days Qf On-81.te .tart QP;
12. process warranty for BOD pur1.f1.cat1.on.

Not 1ncluded in the pr~ce workUp at thJ.5 t.une are;

1. ~e:mperature requlat~on (it required),
2. UP5~A_ sereeJUn9 anellor !'OG removal (it requ1red);
3 • gas handlJ.C9' Deyond t.he flare;
". equl.pment and con~ol blult1i.ng, ...
5. surplus sludge ~ank;

6. 81t.e preparat~on and <:1v1.1; -
7 • yard Pl.P.1J1q and Pump1.n9 i
s. COD.truct.on Q't1.11.t1.8.,
9 . ~a!J, du't.ies, custom/brokerage 1
10. frei9h~1
11. en~1.rOnmental end conatruetJ.on pe::m.ts;
12. please nota that we have as!!IWIl@d IS. SC1.1 bear1.Rg capac~ty of

3000 paf.

Steve, please note on EPS II that a larqe recycle flow 1.& needed, .n
turn requiring ex:ternal dilution.

we look fonrard to f~e. ~&<:ua.1.onll J:1tqarciiu9' th.s poi;ent.J..al
project and ~ advantaqes of worJcU1g' W1.th B1.othane Corporat~an and
how we can help solve your cl~eat's wastewater trea.tment need:i. If
you have any qu••'t.i.ona or desire add1.1aonal J.nfomat.Qn, please
cOfltact us. Aqun, ~ank you ror the opport.utu~:Y.
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A. DESIGN -lAltAMETERS

PRELnmwtY STUDY !'OK BUZA ENVIROlGIElft'AL
BIOl'IWfE SYSmK UP!C'l'EJ) PERFORMANCE SUMMARY II

D. ANAEROBIC SLUDGE PRODUCTION
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5432
217
217

70
310

10
3

N/A

73
15
10
10
90

2038
1802
~3i

236
348

158Z6
13990

1800
1836
2700

7470
1207

258
263

3477

COD Avulable (Kq/d)
COD converted (~9/d)
O:1"gan.c Sludge Growth rag/d}
ViS (')
TOtal SolJods Increase (Kq/d)
Solids Coni:eDt (')
Disposal Volume (113 )
Surplus Sludge Tank vol (m3)

Effluent
Load Concentration LOad Reduetion

(l\g/d) (ppm) (Kg/el) (')

500
34,000/129

120,000/456
10,000/38

72
14.9
4000

5432
3214

fi4
70
45

1825
950

62

Influent
Concentra't.on

(ppm)

58000
55960
2000
20&0

27000

Digester volume (m31
Factory E"low (gpd/m td)
Reeyele Flow (qpdJm3/d)
External. D.Ll Flow (qpd)
Hydraul.c R.e1:.8nt1.OD 1'1Dle (hrs)
'fotal COD load Capacl:ty (KgI113 /4)
ApproxiSDa1:.e Space R.equ..'LreIIent. (ft2 )

Toeal COD
Soluble COO
Sw;pended SOlids
Suspended Solidi (as COO)
Total BOD5

COD Ava!labl.. (IC9/d)
COD convened (ltg/d)
'1'Ot:al. Gas P1.CIV (cfm)
Percen1: Methane (')
~ane Fl.ow (cfm)
Mei:h,ane P~oduced (m31d)
calorJ.c Value (B'l't1/ft.3 )
limN J:lrodueed (per day)

B. WM'ER PURITY

c. ANAEROBIC GAS PRODUCTION



PalLDaNAR!' STUDY !'OR BARZA ENV:IRO'NMB!fl'AL
BIOTBAD GymEM EXPEC'rBD PERPOMANCB SUMllARY In

3150
126
126

70
180

10
2

N/A

70
75
10
10
90

ANAEROBIC SLUDGE PRODUCTION

COD Avnla:ble (xqJ~)

COD COllVertet1 (Kq/d)
OJ:'gaJUc Sludge Growth (Kg/d)
VSS (')
~~al Sol.ds Inc..~e (ltg/d)
Solids Content (')
DJ.Sposal volume (mJ )
Suz:plua Sludge Tank Vol (m3 )

Effluent
I.oad Concentration Load Reduet~on

(leg/d) (ppm) (leg/d) Ct)

4520 2495 1310
4151 1889 1038
362 594 326
370 606 333

2966 540 297

D.

400
145,000/549
119,000/450

o
17.5
11.3
3000

August 4, 1995

3150
3024

37
70
26

1058
950

36

Influtlnot
Concent.at..on

(ppm)

8230
7557

660
673

5400
(as COD)

DESign - PARAMETERS

03.geater volume (1D.3)
Factory Flow cCJPd/aJ/d)
Recycle Flow (gpd/m3/d)
Ex~aJ. 1)1.1 Pl.aw (gpd)
Hydraulic Retention rae (llrs)
Tot:.a.1 COD load capaci~y (Kg/m3/d)
App.ox..ma1;e Spaov ~eqq~r...nt (ft:.2 )

TOtal COl)
Soluble COD
SQ.penQed Solids
SUspended Solids
'1'oUll BODs

COD AvulaDle (ltg/d)
CC1) conve:te<1 (KqI4)
Total Gas ~low ((:fm)
l'e.~ent Methane <')
Methane Flaw (cfll)
MA'thane prOdueed (m3/d)
Calo::.c: Va.lue (BTUI£1:.3 )
K8TU Produced (per day)

B.

c. ~OBiC GAS PRODUCTION
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I A.
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the UOJlOlDIcs..sease
~

IOCW IECOYERV
A1oMGDflow ofwastewater
containing0 COD
concer,tTo1lonof6500 mg/l
can Te5lJt 1I"l1he generation of
mefhoneopproochtng300 em
cublc feet perday (2700
therms) ThIscon realIze SOVIngs
Of 620.00:1 gallons of fuel oiln 0
32O-day opefcrtr1g yearwtth a
volue of S500 COO

JlEDUCS) SEWAGE. A5SE\9AF.NJS
An Industry payng 570 per 1(XX)

~~
choractenst1CSconsaveos
much os 5700 emper 32O-doy
operahng year Even larger
poten1lci~ccnbeaxrued
wIttll-Qw-toojedwostewote's

0fIBlA1I0tW.SAVIGS
Veri.8'W3rgy~n
smpIicIfyoropemtfona1d
mantel taneeand the low
prod\JCtIeOofbtOmoSsmalc:es
poss1bIe~SCMnQS
relahve101leatmentof wast&­
waterbycMt9aetOblCsystern5
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#1 Btofhane systelTl5 come InvarIous~ond
SIZes thIScempactconcrete stYucture Ioeated Of
lheJ M SrnuckerComgonyIScompar1menfedto
contClin (I 600 mol digester vessel Q 200 mI
eondJtlonlng tonic 0 small Sl.II):lIUs studge vessel and
ft'Ie e<:lUlPfT1ent andControlbulldng ptCfun!Id
towards the front nght lhe commot, woI
cons1rUcflOn lSeconomIcoIandproctteol for5YSfem
users with high~lilfI\o'N crId reIOfIvetv low
strengthorgcnJCIood The BIot!'lone roc~1ty at The
J M Smucker plonf IS deSigI'led '0 !reat a COD load
ot 5CXX) Kg/d confOlned m0 flow ot04 MGO

Stote-of fhe-Qf
JTlICropOC8SlOl' ..
moflItOllng anci..
control maIc8s the
BIolhanspnxes
easy to opergte
end molntoln and
allOws tot fest
O\JtornaTed
response to alV POtential problems to nsure
long term system steblll1't

1.4 1heBIothoneproce$5 offeI1 sgtlll'icont etlefgy
ICMnglcomporedtoaerobe rreoti lief If systems
Thegen&lallanofc:ornDuSfi)le tllOgOS I'lCl'IlI'1
~c:mb8u11ledCylt'le~fQclity

ond1h8sinp1e~ proc:ess/'r(dl'(UcS
onc:.IconIIt*l8QlII8mnmQ!~fooP8'ole
andeanbesIcId-mou'lfed

#5 lhe srxx:e compac1nes$ at !he Biothane system
IS IIusfrQtedby the treaIm8ntofwast8wot8l' from
S1DneConfOlner 0 recvetepcpIIf IJlI Theentie
syItem~ 75COlCg/dCOD contaIll8d Ina ftow
etO 3MGO Is I6catedon a SIte of less ftlan 11m
square teet In area

12 The gIeOmIIlg silVer S1nJCl\1e to !tie fen Of tr'le
peeve Is 0 200 mJ llIottIone pOdcoge plant mailed
to treat WCI5fewQfef from frozen vogut production
at Colombo Inc JhIs package cig8ster concept IS
Ideal tor system users who have organIe IoodsOf
leU than 6CXX) Kg/dCOO ]he II'IlCII equlpment a'ld
control bI.IIdhg is IQcotedto"~or the
digester ana tne IbergIossCIOmed tOOf otthe
upstream condtlorwlg tora Is vlsibIe n ttle
background The svstem at Colombo Is dQsfgnod to
treat 200J Kg/d of COO contooed In a ftow of0 I
MGD

#3 The TWil'l2500 In'd1gestels at Eogle Yeast eoeI'l
1Tect 26 CO) Kg/d ofCOD eontoned In 0 flow ot03
MGO Thts New Jersey fodlJty uttiles the get teOred
blogcs to~ 0 IT1CJOl1TY Oftne energy requred
It\ themt.ndac1U~at lis bckersyeast product
1hesysternhOIbeen In operollon SInCe 1965end
routinely oc:hJevesac;ar.SOD removot efftclencv
lheconcepfofparollel<lgesteroperot1Qrl
InJIoc*Jced sosuccess1ulyat Eagle V8O$f has been
~.IbeeQuen1IvIll.....allarge BIothane
1I8OfmGnt~lSfaIatkn

• >
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dnd dre !psted at 1:iO"a of dt.sl~n prt>~5U"" The mtt.rwr of the
tank IS (Int'd wlt!'l a two part epo'\;\ which 15 EP" approvl"d
for potable water Tankage mav bf' opllonallv -\SME code
stampt'd

• Distribution System
l pp~r dl'llrlbullon I) an:omphshed b\ oJ 51O~11' pmlll or
mlllnplt' PQlnt b.1ffle l\pe dcp,ndm~on '.Ink dldmell'r Th..
lond. rdrclLn .... ,1: b.. f]f lhl! hub 40d fdlhJII\ p" ~'Ht>("d b\ a
!4f<ld..d gfd\' I ,uppor-mll: bed Fal:. bOll"m~ <lfP nlJt
mp!o\,d

• Packaging
S\stems are complete from Inlet 10 outlet and Include
pressure gauge sampJe valve and backwash flow rate
controller effectl\ e 0\ eu 30 to 100 PSI pressure range
Mulllple umts mclude electncallock-out to prevent mOrt!

than one filter baclt't\ashang at a ume Optlonallv muLtIple
umls may be skJd mounted and preplped

WARRANTED iig;lInst failure due to faulty workmanshIp
malenals and corroSion for a petlOd of 1 year

oPERAnNG DATA
PRESSURE 20 pst·100 pIN

1.5-70 bar
TEMPERATURE "'·F-l20·F StandardS-e-50-C

up to 1ao-F ANlIabl••s
up toao-c OptIOnal

ELECTRICAL 120 y eo Hertz
REQUIREMENTS 220 y 50 Hertz

,.ILI "AIIUN
The INOl'STR!AL Multi MedIa flitPI' I'llpresents a '1grtdica.nl
step ro~ard an water filU;itlon ledmolOS\ It offtrrs fau ..
blghJv effiCIent filter lhat don noc rUe up a lot of space doe'l
not use much water for backwash filters much longer dUring
the !en ICl!' C\ de "lth Jow pN'll'lure drop 1),.(0«' bdlXwa'lh I:>

requued .md (]fft'~ molal other ad\anlagtS de1311t!d In thl:>
brochu~

The d~lol~n I" hlghh ~ffllllmt-~"~"r.. ll.\pr'l of 'Icltmtdll dlh
~elecl~d fill. r m...dld dre cOl1tam~ In a Single tank and
.tratlfit!d so tholt a:. wat~r flo"",, down through th~ \arll)US

medIa ma."Lmum filtermg take:> plaCl' In l'aeh la\er as
descnbt!d In the paragraph Quallt\ \1,nerolls ~Io't\ Tnt>
design o~ercome~ the baSIC fault of most :>and and other
sangl.medld fillers lh.l pro\'ldl! a ma.,\;lmum filtl!rlng
efficlencv onh In the top few mches of Ihe filter bed The
lNDVSTRI \L "fuJu Media filler operates al ma.,\;lmum
efficlencv throughout the enure filter bed

The vanous media ha\e been selected accordmg 10 material
densl{v Thl:> means th.t du.nng back".,~h the media la\er)
are automatlca1l" restratdied 50 that the filter IS Immedlatelv
~dv for sen Ice as soon as back't\ash IS completed

TYPE 212 1s FEATURES
• Quality Minerals
Each la\er of mmeralm the lNDLSTRL\L Mulll Medla filter
has been speclficallv selected for a specific functIon The top
la"er of anthraCIte removes the larger partlcll!5 WithOUI bemg
blmded b" the fines The second la\er of tilter sand remo\es
partlcles to the c1anlv tVl)lcal of cocwenuonal sand filters
The thud and fourth lavers are ~o dlfferenl SlZes of g<l.rnet
WhlCh polJ5h filter bv removmg partIcles do't\ n to 10
mJcrons The enure bed becomes the filter medlum
pem1lnsng a bJgh dU1 ho[dlng capaCllv '" lth a finel\.
polIshed effluent quahtv

• Automatic Valve System
lNDUSTRL-\L s facton assembled \ alve nest Incorporates
Y-pattem diaphragm valves for po5l11Ye control WIth full
flow offers low pressure loss high now rate capabdm and
either hvdraubc or pneumatic operatIon lndlvldu,1 valves
bave less bulk Jess weight and ale less complicated AU
parts can be servIced WIthout dlsturbmg the pipIng The
valves open and dose at a rate WhlCh posmvelv assures that
the valve arrangement IS &ee of water hammer for long lIved
operatIon

• Timer.controller
The utdlVldual dlapluagm valves are controlled by the
actlon of a fow pOSltlon motor dnven bmss bodied rolarv
pllOI valve whJch sequences the filter lhrough the steps of
Backwash Settle RJnse and Return to SelVlce The actlon of
the rotan pIlot valve IS controlled bv a fully adJustable c..c1e
tuner The cycle umer 15 Inltaaled bv a C41lendar tune clock
which provides for the blIckwasblng pnxess to occw' from
one to seven umes lD a seven dill penod As an opnon
Inltl.bon may be accomphshed b\ a 1llgnaJ from a
differential pressure Indacanng swttch The !nlllabon mal
.lso be accomphsbed bv manual push button and the
system may also be manually 1.Ildu.ed through a complete
cycle m the event of a power rallure

~
~,

INDUSTRIAl FILTER I PUMPMFG CO - 5900 OGDEN AVE -ClCERO,ll60650-388I-7OI-656-7800-fAX71J8.656-7806
• PRESSURE FILTERS • PACKAGE AND CUSTOM LIQUID WASTE TREATMENT SYSTEMS • VULCANIZED RUBBER

UN'NG • 'ON EXCHANGERS • EVAPORATOFIS • PUMPS • reST CABINETS • SYSTEMS AUTOMATION

I

I
I

I

I
I

I
I

I
I
I
I
I
I
I
I
I
I

I



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 strippers _ - \,- -.
Models .a501 Series ~S.1 5 Series }5-2 Serle51 ~S.3 series I "'So4 Senes

Stnpper
Co u n t e r flo w, For c 8 d Ora rtDeSign

Nominal
dla~ Fl 10 15 20 32 .,
Oeltl PakTII

hgt., Ft. 145 to 23.5 55 to 175 65 to 18.5
Wlter
Flow, GPM 2 to 30 75 to 50 11 to 90 35 to 150 55 to 350

Motor HP 15 15 15 to 5 2 t05 3 to 7S

C e n I.-.r I f u g a I B lower

I Direct or IFin Type Direct Drive Belted Belted Orl ve

Materl ... of Construction:

SHELL FRP Or Polyethylene

PACKING pvc I PVC I PVC I PVC I PVC
PIPING PVC PVC - PVC PVC PVC

•
•
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".-",1:...,- .,._,.,,. ...
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Dena Cooling Towers Inc
114 Clinton Road
PO Box 952
Fairfield New Jersey 070004 2970
Telephone 2011227-0300
Fax 2011227-0158

- .. I" ...

C " J-O,chloropropene
t 1 3 DlchJoropropene
ED6
ethylbenzene
Hydrogen sulfide
Methane
Methylene chlorIde
MTBE
Radon
" " 2, 2 Tetrachloroethane
Tetrachloroethylene (peE)
Toluene
1 " 1 Tnchloroethane
" 1,2 Tnchloroethane
Trichloroethylene (TCE)
Trlchlorofluoromethane
12 4 Trlmethylbenzene
VInyl chlonde
Xylenes

Ammonia
Benzene
Bromodlchloromethane
Bromoform
Bromomethane
Carbon tetrachlorIde
Chforobenzene
Chloroethane
Chloroform
Chloromethane
oeep
Dlbromochloromethane
1, 4-Dlchlorobenzene
Dlchlorodlfluoromethane
1, 1 Olchloroethane
1, 2 Dlchloroethane
1 1 Dlchloroethylene
t 1 2 Olchloroethylene
" 2 Olchloropropane

PHYSICAL SPECIFICATIONS:

~ 6$.1:Il1O_
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TORNADO aerators oonvvrt the least
amount of energy Into Itte maximum amounr
of aeratlort and muong giving you

High OXYGEN TRANSFER EFFICIENCY ­
the ~Itv to dJssolvG or transfer oxygen 10
water. and
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The TORNADO aeraro, represents the most
Innovative, yet proven solutIon to aeration
equipment deSign llle TORNADO I••
hlgh-effiClency. lotaDy leU·contalned.
horlzont8ll, mixing, .olld shaft a.praUnv
aerator Mounted on floats or braeJceta, It
uses a subsutfaee propeller to aerate ~nd

mix a" or part of a basin

TORNADO aerators Ire ideaJlV .uned for

APPLICATIONS
• Wastewater Treatment
• Cold Weather Operallon lice Concrol
• SupplementaJ Aeratlon

• vOC Removal
• Odor and Algae Control

• leachate Trea&moot

INDUSTRIES

• Chemical Pr~lng

• W.". & Beverage Manufaclurera

• Texate Industries
I Pulp' Pilper Mills

• MunICipal Wutewal.r Troatmert

• QallI8I

H'Qh BASIN MIXING EFFlCIENCY - the
.rfeeave dI.tSIOft 01 oxygen whsJe mamlain.
mg solids In luap.....fon.

A High-EfficIency.

Hori2ontaJly Mixing. ASplHt{ing Aerator
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1.0 SAFETY PRECAUTIONS

Any equipment thallnVOlvIts water eJec:tncrty and movIng parts Is potentJalty dangergus' Owners and
equIpment operators are~ to see lhat evmOOI follows the estabflSl1ed safety IVieS and U1e
safely rule. listed 1ft IhI& manuaL AEAOMIX IS not responsible for ""UI)' or property damage caused by
unsafe eQUfpment apera1Jon

1. IIHcI th.. IIIInwi before operating the equtpmentl
2 Always keep yourself and otMrc away from the propeller when Itte aerator Is operallng In or

out of the water
3 NeYer let anyone $WU'n ,n a pond whldl has an aeratOt operating
4 Whtle lnstalbng an 8sraler make sure the propeller 1$ dear of any submerged Items such as

moonng or eleclrical Cable
5 Make sure the electneal arcurts are locked out (drsconneded) whenever eqUipment IS beIng

handled or sel'VlCtd
8 If Itte 881*r Is I./ied tor dlHClng make sure SlQns are posted ," accardance WIth state or

1ocal1aWs acMs'"8 of thtn IC8 and open water
7 Never Climb on float 01 rnountlng assembhe.s wtule the eqwpmenll5 operating
8 see addItanai latety precaullons regardIng the couplang ftanges In Appendix A

3.0 OPERATING PRINCIPLE

FIGURE 2 IHusuates an a.falor In operatlon water mCMng PUt1MS',..r creates a low pre5SUfe
zone at the ",opeUer hub thiS draws air lhraugt\ UJe dta" rube .r IMIt hole down to me propeller
AdJon of the propeller mlJ['s the lie stream w,!h the water resulting In lin)' bUbbles The IIf and water
mIXture II forced away from the~r both horlZontaUyand
vettJeally eff8CllVe[y mixIng and oxygenating the 'lfarer

AlA

FIGURE 2
Aerator In operation
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It. float moonng sysrem Is mort flexible tor POSI1IOl'llng aerators than most other mounbng systems Th.
most common way' of mooting noats are moonng to posts on shore or rnoonng tg anchors

LOw Water I.e"' Lep - Typcany used 1ft c:ombIn81JOft
WIth SWIng ....ma. lOw water IeveC regs (FIGURE 8)
allow a pond CO be completely etnp(ted WIth the
TORNADO aerator and floats mcxnd In pJacoe
The '.gs hold the propeller off Ihe pond
floof when there II no water In h pond

7.' MOORINGTO SHORE
The TORNADO floats are normally
equipped to be moored ,.ther
perpendi~ar (moonng opIIon A If1

FIGURE 9) or paralfe' (mooring
opbOn 8 In FIGURE 9) to the
moonng cable SptcIaI modIficabOnf
can be made to allOw Itte noats lO be
mounted at dlf'erent angles SIze the
moonng cable per moIOr horsepowttr by
USing the Chart In AppendIJe 8
AppendIx B-'so prOVIdes
the maximum cable
length and mulmum
unsuppotted distance
fOl ddfttlnt cable lIZ".

FIGURE.
low Water Le1Iel Leg5

fIOURE.
Moorll'lg OptIOns

7.0 fLOAT MOORING OPTIONS
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6.1 FLOATACCIS$ORIES

Vor1•• Shtefd • &~$$IVO votteJltli WID not notma!ly occur WIth the TORNADO when operated under
ordinary concfdJona and when bpped Into the water at a '45 degree angle In 'Ituabons where vortulog
does occur an optional vortex atneld (FIGURE 6) 15 available

.- -
~
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\ I
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FIGURE &
FIoal WIth Opttona!
Vortex Shield

" , ,/

Swing Arms • Swing arms (fiGURE 7) ar. needed whenever
wattr levela tluctuall beyond the Iiml" of the moonn; cabl.
Floats with swing arms can only be mooted perpendicular
to thl cabl.

fIGURE?
float WIth SWIng Arms


