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EXECUTIVE SUMMARY

Development Alternatives, Inc (DAI) under Contract No 278-0288-00-C-4026-00 with the
United States Agency for International Development (USAID) 1s performing an Industnal
Wastewater Discharge Prevention Program (IWDPP) in Amman, Jordan This Program 1s one
of four components of the Water Quality Improvement and Conservation Project (WQICP)
funded by USAID This program 1s being performed by DAI with full coordination between
the Ministry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consulting Engineers and Scientists (Harza), Chicago, United States (U S ), was retained
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 includes conducting the
PP/WM audits, feasibility studies, and designing demonstration facilities at selected industrial
facilities

This report presents the findings of the Feasibility Study (FS) for Yeast Industries Company
(YIC) The objective of the FS was to evaluate the technical, financial, and logistical feasibility
ot the most promising PP/WM and water conservation techniques 1dentified for YIC the 1n the
previously performed PP/WM audit

PROCESS AND FACILITY DESCRIPTION

The YIC 1s located on the north bank of the Zarqga River in an agricultural area near the western
perimeter of the Ruseifa, Jordan The facility produces fresh compressed and dry active baker s
yeast The facility started production in 1978 In 1992, the facility produced 2,582 tons of
compressed yeast and 865 tons of dry yeast (95 to 98 percent solids) which 1s 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 1s 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 maimn production building
which houses the fermentors dryers, packaging equipment and plant offices Also, there 1s 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 buildings, there are
molasses storage tanks, 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 1dentified measures the pollution load was expected
to be reduced by about 15 to 20 percent and the total water consumption reduced from 636
m /day to 438 m>/day resulting i a 30 percent reduction

Although the 1dentified PP/WM opportunit.es could potentially reduce the organic pollution and
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wastewater volume by 15 to 20 percent, a cost effective treatment for processing the final
wastewater was also strongly recommended Therefore, the recommendation selected for the
detailed FS was to upgrade the wastewater treatment system The reason for selecting this item
was to Insure adequate protection of surface and groundwater resources from potential
contamination by YIC s high strength wastewater, which currently 1s discharged to land
irrigation without pretreatment The objective of the feasibihity study was consistent with the
primary concern of the WQICP which 1s the protection of the quality of Jordan s water
resources

The proposed wastewater treatment consists of a land treatment system preceded by an anaerobic
W astewater pretreatment system

TECHNICAL FEASIBILITY EVALUATION

Tiechnical, economic, and environmental feasibility analyses were conducted for each of the
tollowing options

l Land treatment of YIC wastewater without pretreatment,

2 Land treatment of YIC wastewater following anaerobic pretreatment ot
concentrated wastes and

3 Land treatment of YIC wastewater following anaerobic pretreatment of total

wastewater flow

The type of land treatment system selected for consideration at YIC was the Slow Rate (SR) land
reatment process SR land treatment 1s characterized by the application of wastewater to a
vegetated surface to be treated as the wastewater flows through the plant-soil matrix A portion
ot the flow 1s used by the vegetation, while some percolates to the confining layer or
groundwater table This type of system has the highest treatment potential of the three soil-
based svystems hsted above due to relatively low application rates combined with the very active
ecosystemn near the soil surface and has low operation and maintenance requirements

The Iand treatment area currently supports various trees shrubs and grasses The types of trees
present are Kinya Accacia and pime

A properly designed SR land treatment system can etfectively remove Biochemical Oxygen
Demand (BOD) and nitrogen from wastewater through natural filtration, adsorption, nitrogen
uptahe by vegetation and nitrification-denitrification processes However, the heavy loadings
ot BOD and nitrogen at YIC combined with the high salinity of the local well water and the
arid climate presented a significant challenge for developing a successful land treatment system

The plan for improving the land treatment system was developed based on design parameters
including

L BOD loadmg
® Nitrogen loading,
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Phosphorus loading,
Soil permeability,

Salt loading, and
Irrigation requirements

The following 1s a dicussion of the options analyzed

Land Treatment Without Anaerobic Pretreatment Given the characteristics of the YIC
wastewater and the typical performance of a land treatment system, 1t not considered possible
for land treatment alone to achieve appropriate levels of treatment, in particular for BOD and
nitrogen The lack of appropriate treatment creates the potential for odors, health risks, and
groundwater contamination For these reasons the option of using land treatment with no
pretreatment was not further considered mn the feasibility analysis  However, 1t was
recommended that a pilot study for untreated waste be performed on the land treatment system
to evaluate the performance of land treatment under high loadings, and thereby help determine
the actual level of pretreatment required

Land Treatment Following Pretreatment of Concentrated Wastes The expected
performance of an Upflow Anaerobic Sludge Blanket (UASB) system for treating only the
concentrated wastes (flow from separators #1 and #2) 1s similar to the system for treating the
entire waste stream presented 1n the following section BOD and COD removal efficiencies tor
LASB were expected to be around 70 percent and 90 percent, respectively However a
comparison of the system requirements associated with the different flows and concentrations
revealed the following

. Digester volume Although the flow into the UASB digester would be less 1t
only the concentrated wastes were treated, the digester volume would be 1 75
times as large

. Hydraulic detention time Due to internalized recycling necessary to bring the
heavily loaded wastes from separators #1 and #2 to lower concentration levels for
efficient treatment the hydraulic detentton time of the concentrated waste system
was substantially greater than that for the total wastewater flow

. 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 flow

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

The conclusions of the above were that no pretreatment was not a viable alternatve and 1t
appeared more efficient and cost effective to treat the total flow of wastewater at YIC than to
trv to treat the discharges from 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 existing facilities 1n
order to reduce the costs and satisfy space requirements The components of the proposed
system are listed below

Land Apphlication Upgrade
Wastewater Storage Pond
Anaerobic pretreatment, and
Other pretreatment

A layout of the proposed land treatment system 1s provided 1n Figure ES-1 A conceptual layout
of the proposed pretreatment of total wastewater 1s provided in Figure ES-2, and a layout of the
proposed pretreatment system for total wastewater 1s provided in Figure ES-3
COSTS/BENEFIT EVALUATION

Costs The costs tor the proposed system were as follows

. The cost esttmate for the land treatment distribution system was JD
42 800
. The cost for the wastewater storage pond, with aeration for odor control,

was JD 184,200 This pond provides storage for YIC wastewater during
the rainy 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 reusing
the existing tanks as much as possible in the proposed system, some cost
amounts were reduced

. The additional pretreatment equipment proposed 1n the system 1s estimated
to cost JD 289 700 including a pumping statton for filtering, two
mulumedia filters and two air stripping towers complete with pH
adjustment equipment

The total cost of the proposed system including 20 percent for shipping of imported
equipment and a 20 percent contingency was estimated at JD 1,517,600 for treatment
of concentrated waste streams and JD 1 363 200 tor treatment of total waste streams
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Annual operation and maintenance costs for both alternatives were developed Total
costs were JD 56,400 with pretreatment of concentrated wastes and JD 53 500 with
pretreatment of total wastewater flow

The Table ES-1 summarizes costs provides equivalent costs for a 20 year project hife and
6 O percent interest 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 JD 36 for pretreatment of concentrated wastewater, and JD 33
tor pretreatment of total wastewater flow Therefore, the impact of wastewater treatment
on the wholesale price of a 100 g package of yeast would be JD 0 0036 for the
concentrated wastewater option and JD 0 0033 for the total wastewater option

Benefits Although 1t was claimed that the existing land treatment system operates
successfully our analysis showed that without pretreatment the nitrogen loading becomes
a critical factor Given the high nitrogen concentration in the untreated wastew ater, the
allowable application rate was much less than evapotranspiration and therefore could not
support plant life If the application rate was increased to match evapotranspiration, then
the nitrogen concentration exceeded the soil and vegetation removal capacity

The odor due to biodegradation of concentrated organics could become another problem
when high organic loading 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 1n odorous emissions

Lastly, the success for direct application of wastewater without pretreatment 1s not, was
our opwnion fully established with rigorous soil, treated effluent, and groundwater
monitoring Observed growth of certain vegetation appeared to be the only parameter
to prove that environmentally the existing system works

The application of untreated wastewater, 1n our opimnion needed to be proven successful
and reliable with rigorous monitoring data, mass balances, and monitoring of 1 egetation
soils and groundwater during at least 3 to 5 hydrological cycles (3 to 5 years) to be
accepted This would also help gain 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 pretreatment/land treatment option could be that the yeast industry could continue to
operate the existing facility and even expand the same with this sound environmental
program rather than risking reduced plant operation due to land treatment constraints

The YIC wastewater treatment project, 1f successfully implemented could provide a

HARZA FSYIt ES

ES-5



model of effective waste management and could be followed by other industries which
also currently discharge wastewater to land mrmigation The cost of implementing this
project must be shared by the government, other financial sources, and industry as a role
model for other industries

ENVIRONMENTAL EVALUATION

The implementation of an upgraded land treatment system would provide an effective way to
treat the wastewater at YIC Nutrient and BOD loadings 1n the present wastewater stream
however posed definite concerns for the extended use of the land

The nitrogen concentration in the applied wastewater must be brought down from 870 mg/1 to
50 mg/1 to comply with the Jordan standard 202 The effectiveness of land treatment of nitrogen
would be greatly enhanced with this decrease i loading and was expected to produce a final
effluent of less than 10 mg/l i the percolate

The current BOD concentrations 1n the wastewater must also be reduced prior to land treatment
Anaerobic treatment was a proven effective way of treating BOD 1n yeast facility effluents to
a level that can be successfully treated by the soil

The expected result of treating the total wastewater flow with anaerobic treatment and ammonia
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 within the optimal
range tor successful land treatment The ammonia removed from the air strippers was also
expected to produce the required quality of less than 50 mg/l for irngation

CONCLUSIONS

The most effective solution for managing the strong wastewater at YIC 1s to add anaerobic
treatment filtration and air stripping for the total wastewater flow utilize the existing tanks and
clarifier and upgrade the land treatment application Using this svstem, the BOD and nitrogen
concentrations would also be reduced enough to protect surface and groundwater resources

RECOMMENDATIONS

There are 1ssues associated with how the wastewater effluent relates to the effectiveness of land
treatment that must be addressed 1n 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 1rrigated with the current total effluent from the tacility, while the other plot will receive
only the dilute wastes from the plant and the effluent from separator #3 This second situation
will simulate the use of pretreated wastewater for land treatment

The focus of the demonstration project would be to verify the predicted eftectiveness of land
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treatment at YIC The demonstration systems will be constructed so that the percolated water
can be collected and monitored for nitrogen, BOD, and salimty A comparison will be
performed between the percolate of the two systems to verify the effectiveness of BOD and
nitrogen removal, and to verify the need and required level of for pretreatment The salinty
ot the soil and percolated water will also be monitored
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Table ES-1
TOTAL COST ANALYSIS
Yeast Industries Company
y — _ ———— —
Pretreatment of Concentrated Wastestreams Pretreatment of Total Wastewater Flow
item Cost (JD) Item Cost (JD)
L}Inlﬂal Capital Cost 1,517 soohnman Capital Cost 1363 2ggh
IAnnuat Operation and Maintenance Costs 56 400]Annual Operation and Maintenance Costs 535
1 otal bquivaient Costs Tatal Cquivaient Ceato®
quw&wm reany 1am 108 980] 0yt Ao tVsd) Damt
Equivplent Daily Cost 517|Equivalent Daily Cost
quivplent Cost Per Lublc Meter of WW 0 040|Equivalent Cost Per Cubic Meter of WY
quivalent Cost par ton of yenatt 36| Equivalent Nast per inn nf yraat™
Cyuvhicint Qast per 400 § of yuuut™® 0 MRIF mvalent Dinat per 10 g of gnaat“

* Based on g 20-year project Ife and 8 0% interest rate
" Baspd on a yeast production of 6200 tone/ysar
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Table ES-1
TOTAL COST ANALYSIS
Yeast industries Company
Pretreatment of Concentrated Wastestreams Pretreatment of Total Wastewater Flow
Item Cost (JD) item Cost (JD)
linitial Capital Cost 1 517 600{Initial Capital Cost 13632
lAnnual Operation and Maintenance Costs 56 400|Annual Operation and Maintenance Costs 535
Total Equivalent Costs” Total Equivaient Costs*
Equivalent Yearly Cost 259 600{Equivalent Yearly Cost
Equivalent Daily Cost 711|Equivalent Daily Cost
Equivalent Cost Per Cubic Meter of WwW 0 054{Equivalent Cost Per Cubic Mster of WW
iEquivalent Cost per ton of yeast™” 50|Equivalent Cost per ton of yeast™
quunralent Cost per 100 g of yeast™” 0 0050]|Equivalent Cost per 100 g of yeast**
= —

Based on 3 20-yesr project Ife and 12 0% interast rate
** Based on a yeast produchon of 5200 tons/year
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1 0 INTRODUCTION

This report presents feasibility studies (FS) for pollution prevention and waste minimizaiion
(PP/WM) and water conservation for the Yeast Industries Company, Ltd (YIC)

11 Background

Development Alternatives Inc (DAI) under Contract No 278-0288-00-C-4026-00 with the
Umnited States Agency for International Development (USAID) 1s performing an Industrial
Wastewater Discharge Prevention Program (IWDPP) in Amman Jordan This Program 1s one
of four components of the Water Quality Improvement and Conservation Project (WQICP)
tunded by USAID This program 1s being performed by DAI with full coordination between
the Mmistry of Water and Irrigation (MWI) and the Amman Chamber of Industry (Chamber)
Harza Consultung Engineers and Scientists (Harza), Chicago, United States (U S ), was retained
by DAI 1o 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 includes conducting the
PP/WM audits feasibility studies, and designing demonstration facilities at selected industrial
tacilities

The PP/WM techniques are defined as any techniques to prevent or reduce waste generation by
source reduction or recycling activities These activities must reduce erther the volumes or the
concentrattons of pollutants generated prior to treatment, storage or disposal of the waste

Based on a ranking methodology, the PP/WM Commuttee selected ten industries with potential
needs for PP/WM audits, as the first step of the IWDPP  The purpose of the audits was to
assist the industries 1n the Amman-Zarga Basin 1n assessing pollution problems and developing
alternauve solutions to achieve desired levels of PP/WM water conservation, and wastewater
treatment appropriate for the selected industry  The next step 1 the IWDPP 1s to further
develop the most promising options for PP/WM revealed through the audit process by
performing a FS This report provides the FS for the yeast industry and also outlines potential
demonstration projects that may be carried out within the next phase of the IWDPP

12 Objectives

The objective of the FS 1s to evaluate the technical financial, and logistical feasibility of the
most promising PP/WM and water conservation techniques identified in the Audit Report

13 Report Organization

This report contains an introduction a summary of audit findings and recommendations (from
the previous PP/WM Audit Report) a screening of recommendations, the feasibility analysis of
the selected alternative, and conclusions and recommendations The recommendations provide
suggestions for subsequent demonstration projects
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2 0 SUMMARY OF AUDIT FINDINGS AND RECOMMENDATIONS
21 Process and Facility Description

The YIC 1s located on the north bank of the Zarga River 1n an agricultural area near the western
perimeter of the Ruseifa, Jordan The facility produces fresh compressed and dry active baker s
yeast The facility started production mn 1978 In 1692 the facility produced 2 582 tons of
compressed yeast and 865 tons of dry yeast (95 to 98 percent solids) which 1s 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 1s 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 weeh The facility employs about 70 people

The facility occupies 10,000 square meters of land and consists of a mamn production building
which houses the fermentors dryers, packaging equipment and plant offices Also, there 1s a
small utility buillding which houses two boilers for process steam production and five air
compressors which supply air to the fermentors Outside of the facithity buildings there are
molasses storage tanks, water cooling towers and an abandoned wastewater treatment plant

2 2 Audit Findings

2 2 1 Water Usage

Water for industrial use at the YIC tacility 1s obtained from a private groundwater supply
well The facility uses this water primarily for (percentage of total fresh water

consumed)
. Process operations (66 percent)
. Equipment cleaning (18 percent)
. Cooling (9 percent)
. Sterihzation (3 percent),
. Floor washing (3 percent) and
[ ]

Regeneration and other (1 percent)

Water used for domestic purposes 1s entirely supplied by WAJI  An overall water balance
across the facility 1s presented in Table 1 and 1s illustrated on Figure 1

2 2 2 Wastewater Sources

The main wastewater sources at YIC are

. Centrifuge separator discharges (390 m /day)
. Tank washwater (54 m /day)
. Wastewater treatment plant washwater (50 m°/day)
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o Floor and lab wastewater (21 m®/day),
. Filter washwater (10 m*/day), and
. Filtrates (10 m°/day)

The residual molasses liquor discharged from Separator #1 1s the most concentrated
wastewater generated at the facility  Wastewater effluent from Separator #2 1s
moderately high with respect to organic loading Other combined discharges could be
considered to be dilute wastewater The YIC does not have a program for monitoring
water use, wastewater discharges and air emussions The wastewater sources are
summarized 1n Table 2

The total facility industrial wastewater discharge amounts to about 545 m?/day All the
industrial wastewater 1s discharged to an off-site land treatment area Some intake water
1s also lost due to evaporation, fugitive steam, and product moisture These water losses
(91 m>/day) correspond to approxmately 16 percent of the total wastewater discharge

2 3 Audit Conclusions

Several PP/WM and water conservation opportunities exist at the YIC facility By implementing
the following measures the pollution load 1s 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 1n a
30 percent reduction Figure 2 presents the conceptual water balance and Table 3 summarizes

the proposed water reduction, recycle and reuse Identified PP/WM and water conservation
opportunities are noted below

1

[§S]

The organic load generated at the facility could be minimized through

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
Minimizing tank cleaning frequency

Countercurrent washing of yeast including reuse of filtrate,

Good housekeeping

Sweeping or dry vacuuming floors, and

Implementation of new technologies or nstallation of new resins for water
demineralization

Water savings should result from the PP/WM measures described herein In addition
water conservation can be achieved through implementation of

. Installation of an air cooling system

Use of dilute wastewaters to clean wastewater conveyance piping instead ot fresh
water

HARZA FS4\ PV
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. Tank cleaning frequency minimization and use of last rinse water for the first
rinse of the next cleaning cycle, and
. Filtrate recycling

Other PP/WM and water conservation opportunities such as vented steam capture and
recvcle and separator effluent evaporation and recycle may exist which may require new

process applications or modifications and which may be relattvely more difficult to
implement

Although the above PP/WM opportunities could potentially reduce the organic pollution

and wastewater volume by 15 to 20 percent, a cost effective treatment for processing the
final wastewater should also be evaluated
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3 0 FEASIBILITY STUDY PROCESS

The recommendations provided 1n 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

The evaluation of the Technical Feasibility of the selected option 1s provided 1in Section 4 0
Section 50 provides an Opportunity Cost/Benefit Analysis, and Section 6 0 provides
Conclusions and Recommendations

The recommendation selected for the detailed feasibility study 1s to upgrade the wastewater
treatment system The reason for selecting this 1tem 1s to msure adequate protection of surface
and groundwater resources from potential contamination by YIC’s high strength wastewater
which currently 1s discharged to land irrigation without pretreatment The objective of the
teasibihity study 1s consistent with the primary concern of the WQICP, which 1s the protection
ot the quality of Jordan s water resources

The proposed wastewater treatment consists of a land treatment system preceded by an anaerobic
wastewater pretreatment system
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4 0 TECHNICAL FEASIBILITY EVALUATION

In this section, technical, economic and environmental feasibility analyses are conducted for
each of the following options

1 Land treatment without pretreatment,
2 Land treatment following anaerobic pretreatment of concentrated wastes, and
3 Land treatment following anaerobic pretreatment of total wastewater flow

The following sections discuss the technical considerations and design parameters assoclated with
land treatment and anaerobic pretreatment Evaluations of the economic and environmental
teasibility of the selected options listed above follow the technical discussion

41 Land Treatment

Land treatment systems are natural wastewater treatment systems in which the wastewater 1s
applied at the surface of the soil Land treatment can be classified nto three main types

0 Slow rate land treatment
o Rapid infiltration land treatment and
® Overland flow land treatment

The type of land treatment system selected for consideration at YIC 1s the Slow Rate (SR) land
treatment process SR land treatment 1s characterized by the application of wastewater to a
vegetated surface to be treated as the wastewater flows through the plant-soil matrix A portion
of the flow 1s used by the vegetation while some percolates to the confining layer or
groundwater table This type of system has the highest treatment potential of the three soil-
based svstems listed above due to relatively low application rates combined with the very active
ecosystem near the soil surtace and has low operation and maintenance requirements

4 1 1 Existing Land Treatment System

The land treatment area currently being used 1s approximately 38 hectares, and the total
available land tor treatment purposes 1s approximately 60 hectares The site 1s located
one hilometer northeast of the plant The distribution system consists of three 15 m
storage tanhs and a gravity distribution piping system of 4 1n diameter headers and 2 in
diameter secondary piping Water conveyed by the pipes 1s further routed on the land
through trenches See Figure 3 for the existing system layout

Based on intormation trom a study by the Center of Research and Water Studies of
Jordan Unnersity (relevant portion provided in Appendix B) the soil depth at the site
varies trom a tew cennmeters to 100 cm and the soil profile includes the foliowing
lavers
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A layer This layer 1s less than 6 cm thick and 1s composed of 15-20% clay,
70% silt, and 0 1% organic matter and plant roots The soil structure is
prismatic

B laver This layer 1s approximately 50 cm thick and 1s composed of 10-15%
clay, 75% silt additionally with calcarite i lower section  The soil structure 1s
prismatic and 1s considered permeable

C layer This layer 1s approximately 60 cm thick and consists mainly of caliche,
including 15% of silt  Caliche 1s typically considered low permeability, although

1t 1s possible that the layer may contain fractures through which water may
quichly reach the water table

The land treatment area currently supports various trees, shrubs, and grasses The types
of trees present are Kinya, Accacia, and pine

4 1 2 Design Parameters

A properly designed SR land treatment system can effectively remove Biochemical
Oxygen Demand (BOD) and nitrogen from wastewater through natural filtration,
adsorption mitrogen uptake by vegetation, and nitrification-denitrification processes
However the heavy loadings of BOD and nitrogen at YIC, combined with the high
salinity of the local well water and the arid climate present a significant challenge for
developing a successful land treatment system  The plan for improving the land
treatment system was developed based on design parameters including

BOD loading,
Nitrogen loading,
Phosphorus loading
Soil permeability,

Salt loading and
Irrigation requirements

Consideration must be given to each of the above factors to determine a hydraulic
loading rate tor the SR land treatment system which allows for efficient wastewater
treatment w hile providing sufficient amounts of water to sustain crop growth Each of
the above parameters are discussed below with this 1n mind

BOD Loading Removal of BOD 1s accomplished by soil adsorption and
bacterial oxidation SR systems can typically remove substantial amounts of
BOD Systems using food processing wastewater are often loaded at 55 to 220
kg/ha/day (source Natural Systems for Wastewater Treatment WEF Manual of
Practice FD-16) At YIC during the month of maximum 1rrigation requirements
(June m which ET - Pr = 27 1 cm as shown i Table 4) the loading rate for
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untreated wastewater would be substantially higher  Given that the BOD
concentration of untreated effluent 1s 5,400 mg/l, the loading rate would be 489
kg/Ha/day (5400[mg/1]/1000[kg/m3/mg/1]x0 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/I

However, at YIC the wastewater application rate necessary for irrigation purposes
(174 cm per year, as discussed in this section under Irrigation Requirements)
would 1mply a BOD loading rate of approximately 436 kg/ha/day This value
was derived trom the BOD concentration of around 6000 mg/l mn the plant
effluent without prior 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 irrigation systems These
findings further emphasize the need for wastewater treatment preceding the land
treatment system With the BOD concentration reduced by anaerobic treatment,

as discussed later 1n this report the wastewater will be well within the acceptable
range for land treatment

Nitrogen Loading Nitrogen loading and removal rates are important parameters
when designing a land treatment system For SR systems located above potable
aquifers, nitrogen concentration 1n percolate must be low enough that the
groundwater quality at the project boundary can meet drinking water nitrate
standards  Nitrogen removal mechanisms at SR systems include crop uptake,
nitrification-denitrification ammonia volatihization and storage in 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 drinking water
requirements set the limit tor NO 1n drinking water at 45 mg/l In the US the
standard for percolated water reaching an aquifer below a treatment site 1s 10
mg/l nitrogen  Percolate nitrogen concentrations less than this Iimit can be
achieved through the combined nitrogen removal mechanisms by applying
wastewater that meets the Jordan irrigation standard The design equation used
by the USEPA to determine the hydraulic loading for a SR system based on
nitrogen 1s given below

Lw,, = Cpx(Pr-ET)+ Ux]10 Equation 1
(1-)xCn-Cp

where

Cp = Nitrogen concentration 1n percolating water (10 mg/l)

Pr = Precipuation rate
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ET Evapotranspiration rate
U Nitrogen uptake by vegetation
f = Fraction of nitrogen removed by demitrification and
volatilization
Cn = Nitrogen concentration 1n wastewater (50 mg/1)

For using the above equation for the YIC site (see Tables 4 & 5), nmitrogen
concentrations 1n 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 nitrogen 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 1nto monthly uptake rates by assuming proportionality with
ET The fraction of nitrogen removed by denitrification and volatilization (f) was
assumed to be 0 2 (typical value), although the pressurized spray distribution
system recommended at YIC may allow for more ammonia volatilization, which
corresponds to a higher value for this parameter  Finally, the nitrogen
concentration in the applied wastewater (Cn) 1s a parameter that varies according
to effluent characteristics and levels of pretreatment

The design hvdraulic loading rates calculated for the land treatment system with
no pretreatment 1s shown i Table 4 The total nitrogen concentration in the
untreated wastewater 1s 871 mg/l as shown in Table 6 In this case, nitrogen
concentration severely limits the allowable hydraulic loading rate so that only 7 8
cm/year can be successfully treated This wastewater loading rate in conjunction
with precipitation (16 5 cm/year) would supply only 13 percent of the yearly
evapotranspiration demand (191 1 cm/year), which 1s the required amount of
water for sustainable plant growth Nitrogen levels, therefore, must be reduced
with pretreatment prior to land application

Table 5 represents the treated effluent to the nitrogen level of 50 mg/l which
meets compliance with Jordanian Standards 202 The result of this calculation
shows that nmitrogen 1s stll a hmiung factor  The allowable loading rate
however, 1s mcreased to 133 0 cm/year, which combined with the annual
preciprtation rate, mahes up 78 percent of the evapotranspiration demand This
loading rate 1s within the range where plant growth can be sustained Actual
nitrogen removal efficiency, furthermore will be thoroughly evaluated in the
demonstration phase

Phosphorus loading Phosphorus 1s removed 1n a SR system through chemical
precipitation and adsorption reactions in the soil, and to a lesser extent through
plant uptake The phosphorus sorption capacity of a soil profile depends on the
amounts of clay, alumimum, ron and calcium compounds present and the soil
pH In general fine textured mineral soils have the highest phosphorus sorption
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capabilities

The soil profile can be considered to have finite phosphorus sorption capacity
associated with each layer Eventually, the sorption capacity of the entire soil
profile may reach saturation and soluble phosphorus will appear 1n the percolate
However, the adsorptive capacity for even sandy soils 1s quite large and therefore
phosphorus 1s typically not considered a factor for design

Soil Permeabiity The other design parameter often found to be critical in
developing a land treatment system 1s the soil permeability Based on the soil
description provided (see Appendix B), a conservative estimation 190 cm/yr
(approximately 10 ° cm/s) percolation rate corresponding to a moderately slow
permeability, was used for design calculations Using this estimation, the

hydrauhic loading governed by permeability was developed with the equation
shown below from the USEPA

LWy =  ET-Pr+ Pw Equation 2
where
ET = Evapotranspiration rate

Pr Precipitation rate
Pw = Percolation rate

The design hydraulic loading rates due to permeability are also presented in
Tables 4 & 5 and 1t can be seen that the permeability 1s never the limiting factor
in this application when compared to the loading rate due to nitrogen for the
designated land area

Salt Loading Another area of concern related to the land treatment area 1s the
build-up of salts in the soil  Due to the high rate of evaporation and
evapotranspiration throughout most of the year, the salts that are present in the
raw well water are concentrated 1n the soil over ime Since high concentrations
of salts 1n the soif will limit, or even completely stop plant growth the only ways
to manage this problem 1s to reduce the amount of salts in the wastewater being
applied, or provide a drainage system for soil leaching or flushing This can be
accomplished by water treatment upon receiving the well water into the plant or
by reducing the salt content following treatment Without removing the salinity
from the water however crops can be cultivated on the land but 1t 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

10
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Irmgation Requirements In order to sustain the growth of crops such as alfalfa
or grazing grasses enough water must be supplied to meet the irrigation
requirements of the plants cultivated This means that the hydraulic loading rate
for the land treatment system must also be designed with this parameter 1n mind
In Jordan, where evapotranspiration greatly exceeds precipitanon, the irrigation
requirement represents a large amount of water This parameter, therefore
determines the minimum loading rate required for a viable land treatment system

The precipitation and evapotranspiration data recorded at weather stations 1n the
region of the YIC are supplied in Appendix C The annual evapotranspiration
value 1s given as 191 cm Precipitation on the other hand, 1s only 17 cm per
year The objective of irngation, therefore, 1s to significantly 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 1in order to meet the objective The applied wastewater must also be
pretreated to levels compatible with this loading rate

4 1 3 System Components

The above design parameters were all taken into account when developing the teasibility-
level system design The parameter that guided the design of the land treatment system
was the 1rrigation requirement for growing crops in 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
1rrigation requirements and nitrogen standards were able to be met

The following 1tems must be discussed to properly define system design

Crop selection
Daistribution method
Storage requirements and
System operation

These are discussed below

c

Crop Selection The process of selecting which type of vegetation to be
cultivated 1n the treatment system nvolved accounting for the intended use for the
land mitrogen uptake by the crop, and the crop s tolerance to salinity Based on
the topography of the land treatment area the decision was made to pursue a
forage crop that can be used for grazing Using the land 1n this way allows a less
labor-intensive solution that also avoids the need to perform costly grading work

11
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A number of possible forage crops were identified in Table 7 for this application
along with their respective nitrogen uptake potentials, and salt tolerances In the
demonstration phase of this project several options can be explored to aid 1n
making the final crop selection  Alfalfa, however, 1s used for all design
calculations 1n this feasibility study Additional crop information 1s provided n
Appendix D

Distribution Method The land treatment and irrigation system will be operated
i such a way that 7 5 hectares will be 1rrigated with the required amount of
water to sustain crops The system will be set up with one 6-inch PE main pipe
supplying water to 15 hectares with a mimimum pressure of 30 1b /in* From the
main header, 44 4-inch PE laterals will be attached at 12 meter intervals 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 sprinklers will be
mnstalled every 6 meters dischargmng 16 1/mim  Each lateral will have 46
sprinklers, so the total discharge for each lateral in use will be approximately 700
Ymin For a week-long period during peak demand, 3,800 m* will be applied,
or approximately 5 cm over the 7 5 hectares This area will be uniformly
irrigated with the wastewater through a pressurized sprinkler system  Sprinklers
are required because a forage crop 1s proposed

Storage Requirements The upgraded land treatment system 1s designed to
supply the 1rrigation demand i summer months with the total wastewater flow
from the facility During the winter months however, the precipitation rate
increases while the evapotranspiration decreases The demand on water for
irrigation therefore also decreases The excess water accumulating during this
time (December January and February) must be stored in order to be used when
the demand for water increases agam The size of the storage pond needed 1s
estimated at 25 000 m> which 1s the equivalent of 1%2 months The proposed
storage pond 1s formed by an embankment located 1n a natural depression as
shown m Figure 4 The pond capacity 15 60 000 m” to allow for capture of
runoft

Since the stored wastewater will contain high levels of BOD, even if pretreated
septic conditions are likely to occur and odors may become a problem To avoid
this conditton three 7 5 HP horizontally-mixing aspirating aerators are proposed
to maintain oxygen levels at approximately 2 0 mg/I throughout the pond This
type of surface aerator 1s mounted on floating pontoons, which allows 1t to adust
to changing pond levels The aerators additionally provide mixing It 1s
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 mixing
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System Operation The objective of the operation will be to complete one
rotation of all 22 laterals in 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 During peak
months the application will be 16 hours per day, or 4 hours per lateral Which

relates, once again, to approximately 5 cm appled per week during the peak
operation

The upgraded land treatment system will be located on the same plot of land as
the existing system east of the facility See Figure 4 for a layout and location of
the proposed system

Maintaining the upgraded land treatment system will not require much additional
operational labor The anticipated tasks for the new system 1nclude operating and
mamntaining the pumps, directing the flow of water to the land via valves and
piping

4 2 Anaerobic Treatment

As discussed 1n Section 4 | 2 the amount of water applied to the land treatment system is
governed by wrrigation requirements  Therefore, the quality of the wastewater applied must be
compatible with the land treatment capabiliies Since such treatment capabilities are site
specific actual levels of treatment capabilities must be determined by pilot studies, which may
be carried out 1n the Demonstration Phase of the IWDPP Recommended demonstration projects
are discussed 1n Section 5 2

Anaerobic treatment 1s a strong option for treating wastewater at yeast manufacturing facilities
due to the high BOD and COD concentrations 1n the wastewater  Anaerobic treatment
technology presents many advantages when compared to trymg to treat the entire waste stream
aerobically These benefits are tremendously lower sludge production which serves to greatly
alleviate disposal problems, production of usable energy mn the form of methane gas, space

efficiency and significantly lower operating costs due to low energy consumption and ease of
maintenance

The Upflow Anaerobic Sludge Blanket (UASB) technology 1s one type of anaerobic process that
provides high purification fast hydraulic throughput, and has the advantage of energy recovery
by production of directly combustible methane gas The general process consists of a stmple
system which 1s easy to operate and mamntain There are no moving parts within the digester
vessel and there 1s no expenditure of energy to bring the biodegradable substances in contact
with the biomass

Another type of anaerobic treatment successfully applied today 1s the fluidized bed technology
This technology has many of the same advantages described above for the UASB system, such
as low sludge production short detention times, and the production of usable methane The
tfluidized bed application 1s often very comparable in expected performance and cost to the
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UASB technology, but 1s not as widely used 1n the yeast industry Based on the worldwide
record of UASB success within the yeast industry (including facilities in Israel and Saud:
Arabia), this process 1s chosen to be further developed 1n the following cost summary

4 3 Feasibility Analysis

4 3 1 Existing Wastewater Treatment System

The existing wastewater treatment facility 1s not currently 1n operation The use of the
wastewater treatment plant was discontinued reportedly due to high levels of odor and
1ts mability to manage surges from the batch production of yeast Some of the tanks are
currently used for attenuation before the wastewater 1s pumped to the land treatment area

The wastewater flows through the mactive treatment facility 1n the following steps

. The wastewater 1s pumped from the collection basin into the equalization tanks
There are three 170 m> equalization tanks (above which are two biological towers
measurmg 3 66m x 3 66m x 5m high) and two 49 m equalization tanks

. The wastewater overflows from tank to tank then flows sequentially into four
aeration tanks, each approximately 80 m 1n volume

. From the last aeration tank the wastewater overflows to a 109 m’ circular
clanfier
| Then 1t 15 filtered and pumped 750 m to the land treatment area via a 5 1n

diameter force main  See Figure 6 for a layout of the existing system

A number of sources exist which provide data for the effluent quality at YIC These
sources range from one-time sampling events to record spanning years When data from
these sources show conflicting or different results, the data with the broadest sampling
base was typically used Table 6 presents a summary of the available data regarding
effluent quality tor YIC and highlights the data used for the purposes of this report

4 3 2 Treatment Options

Three options for feasibility analysis are discussed 1n this section no pretreatment
pretreatment for concentrated wastes only (Figure 7) and pretreatment for total
wastewater flow (Figure 8) The selected option 1s then further developed

Land Treatment Without Anaerobic Pretreatment Given the characteristics
of the YIC wastewater and the typical performance of a land treatment system
it 1s very unlihely that the land treatment alone can achieve appropriate levels of
treatment 1n particular for BOD and mitrogen This creates the potential for
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odors, health risks, and groundwater contamination While the option of using
land treatment with no pretreatment will not be further considered in the
feastbility analysis, 1t 1s recommended that a pilot study for untreated waste be
performed on the land treatment system to evaluate the performance of land
treatment under high loadings, and thereby determine the level of pretreatment
required

Land Treatment Following Pretreatment of Concentrated Wastes

The expected performance of a UASB system for treating only the concentrated
wastes (flow from separators #1 and #2) 1s similar to the system for treating the
entire waste stream, which 1s presented in detail 1n the following section BOD
and COD removal efficiencies tor UASB are expected to be around 70 percent
and 90 percent, respectively However, a comparison of the system requirements
associated with the different flows and concentrations reveals the following

o Digester volume Although the flow into the UASB digester would be
less 1f only the concentrated wastes were treated, the digester volume
would be 1 75 tumes 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>/day would only require a 400 m’ digester

. Hydraulic detention time Due to 1nternalized recycling necessary to
bring 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 1s 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 1s approximately 370 m-, while the space required for the
treatment of the total wastewater flow 1s 280 m*

. Cost The cost of the larger system for treating the concentrated streams
1s also estimated to be 20 percent higher

The comparisons discussed above are shown in more detail in Table 8 The
conclusion of these comparisons 1s that it 1s more efficient to treat the total flow
of wastewater at YIC than to try to treat the discharges from separators #! and
#2 separately

Land Treatment Following Pretreatment of Total Wastewater Flow As
discussed above treatment of the entire wastewater flow 1s more technically and
cost effective than treating only the concentrated wastes This option therefore
1s recommended and further developed 1n the following sections

15
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4 3 3 System Components

The proposed pretreatment system to treat the total waste stream will maximize the use

of existing faciliues in order to reduce the costs and satisfy space requirements
components of the suggested system are listed below

Attenuation,

Anaerobic pretreatment,
Sedimentation,
Filtration

Ammonia removal, and
Sludge handling

Each component 1s discussed below

The

Attenuation The existing stabilization tank can continue to serve as attenuation
tor the total wastewater flow 1n the proposed system The stabilization tanks are
needed to equalize the surges coming nto the treatment plant when the batch
separators are discharging By using the exisung tank the costs and space

requirements will be minimized

Anaerobic Pretreatment An UASB system, as described in the previous
section 1s proposed to treat the total wastewater flow There are two main tanks
needed 1n the UASB system The first 1s a 180m” conditioning tank, 1n which the
incoming wastewater 1s neutralized and enhanced with nutrients before entering
the digester The conditioning tank volume requirement 1s closely matched to the
volume of the north partitions of the stabilization tanks (190 m®) Therefore, with
some modifications the wastewater conditioning can be accomplished using part

of the existing stabilization tank

The digester 1tself 1s the other tank needed in the system The digester volume
necessary to treat 545 m>/day would be 400 m  The existing aeration tanks
provide a volume of approximately 320 m and with some alterations to increase
the sidewalls and remove the partitions can be used as the digester tank By
using the exisung aeration tanks 1n the proposed system, the cost will be
minimized and the space limitations will be accomodated See Figure 9 for

layout of the proposed pretreatment system

The temperature requirement for the UASB process 1s approximately 32° C  The
wastewater effluent at YIC 1s approximately 10° C below this level, and therefore
needs to be raised One possibility for accomplishing this 1s to run a steam line

trom the plant to the conditioning tank preceding 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 operating costs

The two main 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 using the UASB
treatment process An odor control system built into the system contains the
odorous gases and provides treatment prior to release Due to the high shock and
surge resistance of UASB systems, furthermore, the proposed system will easily
handle the fluctuating flows and loadings common at YIC

Sedimentation The existing circular clarifier can be used 1n the recommended
treatment system The volume of 109 m’ corresponds with a surface overflow
rate of 11 8 m*/day/m* (289 gpd/ft’), which provides ample settling capacity for
removal of most suspended solids A cover for the existing sedimentation basin
1s provided to control potential odor problems

Filtration If the suspended solids from the effluent from the anaerobic treatment
unit are especially fine or unsettlable, filtration may be needed to eliminate the
solids prior to air stripping Standard industrial multi-media filters can be used
effectively for this application A pumping station and two multimedia pressure
filter are provided for filtration

Ammoma Removal The untreated wastewater at YIC has a total nitrogen level
of 871 mg/l according to tests performed in March 1995 shown in Table 6 This
nitrogen loading 1s expected be slightly reduced by the anaerobic treatment while
the remamder of the mcoming nitrogen will be transformed into ammonia
nitrogen In order to remove the ammonia from the wastewater further treatment
must be added

Air stripping provides effective ammonia removal and 1s widely used for this
purpose throughout the world The advantages of air stripping are high removal
rates (up to 90 percent), and low operational requirements To remove ammonia
trom the effluent however the pH of the wastewater must be raised to
approximately 11 prior to the air stripping tower Furthermore, the ammonia
volatilized 1n the stripping towers may also need to be collected and passed
through a sulfuric acid scrubber to control the harmful air emissions and generate
ammonium outfall and the pH should also be neutralized following treatment
Three air strippers 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 1s a much lower
quantity than that produced by a conventional activated sludge system, such as the
existing Therefore the existing sand drying beds should be adequate for the new
system with mimmmmal improvements The dried sludge can be used as a soil
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ammendment, however, 1t 1s not recommended that the same portion of the YIC
site used for land treatment receive the sludge, since 1t will further increase the
nitrogen loading 1n an area where nitrogen 1s the limiting parameter
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5 0 Opportunity Cost/Benefit Analysis

5 1 Economic Cost/Benefit Evaluation

51 1 Costs

The following evaluation of costs 1s 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 1s estimated based upon assuming proportionality of the
cost with the reduced projected wastewater flowof 397 m’/day associated with the
implementation of these measures

For budgetary guideline purposes, a cost estimate for treating the entire wastewater flow
1s presented 1n Table 9 The table provides costs for the land treatment system and costs
for the pretreatment system

HARZA FS—t Py
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The cost estimate for the land treatment distribution system 1s compiled from
local Jordaman pricing information for equipment and nstallation costs The total
cost estimate for the land treatment upgrade 1s JD 42 800

The cost tor the wastewater storage pond 1s based on local Jordamian pricing
information, except for the aeration system, which 1s based on US supplier
information  The total cost for the storage system 1s JD 184,200 This pond
provides storage for YIC wastewater during the rainy season and for site runoff

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
determined from the cost estimates of UASB systems installed in the US A 15
percent reduction was used to account for the lower installation rates in Jordan
By reusing the existing tanks as much as possible in the proposed system some
limited additional cost amounts have been subtracted from the base estimate The
cost for the anaerobic digester and accessories includes the digester vessel and
foundation patented settlers digester feed distribution system, internal
recirculation capability conditioning tank complete with mixer and foundation
process piping between conditioning tank and digester, chemical dosing system
(excluding bulk storage) strumentation for automated control, pressure
regulating valve to maintain gas backpressure within the digester vessel, feed

pumps and reversible sludge pump automatic safety flare, odor control, and
innoculant charge of biomass trom existing Biothane unit

The additional pretreatment equipment proposed 1n the system 1s estimated to cost
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JD 289 300 Included in the cost are a pumping station for filtering two
multimedia filters, and two air stripping towers complete with pH adjustment
equipment

The total cost of the proposed system, including 20 percent for shipping of imporied
equipment and a 20 percent contingency, 1s estimated at JD 1,056,000 for treatment of
concentrated waste streams and JD 1 374 500 for treatment of concentrated waste streams
only

Table 10 presents operation and maintenance costs for both alternatives Total costs are
ID 56,400 with pretreatment of concentrated wastes and JD 53,500 with pretreatment of
total wastewater flow

Table 11 presents equivalent costs for a 20-year project life and 6 0 percent interest rate

The equivalent costs are provided per year per day, per cubic meter of treated
wastewater, and per ton of yeast It 1s noted that the equivalent cost per ton of yeast 1s
JD 36 for pretreatment of concentrated wastewater and JD 33 for pretreatment ot total
wastewater flow This represents approximately _ percent of the wholesale price of a
ton of yeast (JD___ per ton)

5 1 2 Benefits

Although 1t 1s claimed that the existing land treatment system operates successfully our
analysis shows that without pretreatment the mtrogen loading becomes a critical factor
Given the high nitrogen concentration in the untreated wastewater the allowable
application rate 1s much less than evapotranspiration and therefore cannot support plant
life If the application rate 1s increased to match evapotranspiration, then the nmitrogen
concentration exceeds the soil and vegetation removal capacity

The odor due to biodegradation of concentrated organics may become another problem
when high organic loading 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 m odorous emissions

The success for direct application of wastewater without pretreatment is not 1 our
opmion fully established with rnigorous monitoring data, treated effluent and
groundwater monitoring Observed growth of certain vegetation appears to be the only
parameter to prove that environmentally the existing system works

The application of untreated wastewater n our opinion needs to be proven successful
and reliable with rigorous monitoring data, mass balances and monitoring of vegetation,
soils and groundwater during at least 3 to 5 hvdrological cycles (3 to 5 years) to be
accepted This will also help gain acceptance by public and regulatory agencies
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We therefore have recommended that a demonstration facility be mmplemented To
provide a comparison, one portion should use untreated wastewater while another should
use pretreated wastewater

The cost of pretreatment of wastewater 1s relatively high, but the long term impact of the
pretreatment/land treatment option could be that the yeast industry can continue to
operate the existing facility and even expand the same with this sound environmental
program, rather than risking reduced plant operation due to land treatment constraints

The YIC wastewater treatment project 1f successfully implemented, can provide a model
of effective waste management and can be followed by other industries which also
currently discharge wastewater to land irrigation  The cost of implementing this project

must be shared by the government, other financial sources and industry as a role model
for other industries

5 2 Environmental Evaluation

The implementation of 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 culuvate crops Nutrient and BOD loadings in the present wastewater stream, however
pose definite concerns for the extended use ot the land

The nitrogen concentration in the applied wastewater must be brought down from 870 mg/l to
50 mg/1 to comply with the Jordan standard 202 The effectiveness of land treatment of nitrogen

will be greatly enhanced with this decrease 1n loading, and 1s expected to produce a final effluent
of less than 10 mg/l in the percolate

The current BOD concentrations in the wastew ater must also be reduced prior to land treatment
Anaerobic treatment 1s a proven effective wav of treating BOD 1n yeast facility effluents, and
the following sections will present alternatives for bringing down the loading to a level that can
be successfully treated by the soil

The expected result ot treating the total wastewater flow with anaerobic treatment and ammonia
removal 1s an effluent that can be applied to the land treatment system Approximately 90
percent BOD reduction is anucipated from the anaerobic treatment process, which would
produce a concentration of approximately 600 mg/l This level 1s well within the optimal range
for successful land treatment The ammonia removed from the air strippers 1s also expected to
produce the required quality of less than 50 mg/i for irrigation

HARZA FS~+ \/PY ~
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6 0 CONCLUSIONS AND RECOMMENDATIONS
6 1 Conclusions

The most effective solution for managing the strong wastewater at YIC 1s to add anaerobic
treatment, filtration, and air stripping for the total wastewater flow utilize the existing tanks and
clarifier and upgrade the land treatment application  Using this system, the BOD and nitrogen
concentrations will also be reduced enough to protect surface and groundwater resources

6 2 Demonstration Project Recommendation

There are 1ssues 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 representative effluent qualities  One plot
will be wrrigated with the current total effluent from the facility, while the other plot will receive
only the dilute wastes trom the plant and the effluent from separator #3 This second situation
w1l simulate the use of pretreated wastewater for land treatment

The tocus of the demonstration project will be to verity the predicted effectiveness of land
rreatment at YIC  The demonstration systems will be constructed so that the percolated water
can be collected and monitored for nitrogen BOD and salinity A comparison will be
pertormed between the percolate of the two systems to verify the effectiveness of BOD and
nirrogen removal, and to verity the need tor pretreatment The salimity of the soil and

percolated water will also be monitored n order to develop a model for salt build up during the
tull scale operation
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Table 1

OVERALL WATER BALANCE ACROSS FACILITY'

Yeast industries Company

| Well Water Pumped Separator Discharge
gMolasses Moisture 10 Cooling System 56 ﬂ
Tank Washng sa |
ﬂ WWTP Cleaning 50
Floor/Lab Washung 21
Boiler Make-Up Water 20
Futer Cleaning 10
Fulter Press and RVF 10 #
Dryer Exhaust 10
Product Moisture 10
Regeneration 3 f
Chuller Make-up 1
Valve Operator 1
TOTAL 636 636
1 Domestic water is supplied by the Water Authority of Jordan and domestic wastewater

1s discharged 10 the on-site septic tank Daily domestc water consumption 1s 10 m’



Table 2

SUMMARY OF WASTEWATER SOURCES'

Yeast industnes Company

| Process Wastewater

Source

Separator Discharge 3%

Fulter Press and RVF Filtrates 10
Equipment Cleaning Wastewater

Tank Washwater 54

WWTP Cleaning 50

Filter Cleaning 10
Floor Washwater (including lab) 20

Cooling System Wastewater

Regenerant Wastewater

Valve Opener Wastewater

|

TOTAL

1 Domestc wastewater 1s generated at a rate of approxunately 10 m’/day

Jr



Table 3
PROPOSED WATER REDUCTION, RECYCLE AND REUSE'

Yeast Industries Company

Water Usage (m*/day)

]

Source Current Projected Savings ﬂ
Separator Discharge 390 330 60
h (ncluding filtrate
return)
H Cooling System 56 6 50
Tank Washing 54 27 27
WWTP Cleamng 50 0 50 P
Floor/Lab Washing 21 13 8
Boiler Make-Up Water 20 20 0
Filter Cleanung 10 8 2
Filter Press and RVF 10 10 0
Dryer Exhaust 10 10 0
Product Moisture 10 10 0 “
Regeneration 3 2 1 q
Chilier Make-up I 1 0
Valve Operator 1 1 0
TOTAL 636 438 198

Domestic water 1s currently consumed at YIC at a rate of approximately 10 m’/day It

1s expected that consumption can be reduced by 20 to 40 percent

If in the future, an Overcash Water Recovery System 1s umplemented to recover separator
#1 effluent an additional 120 m’/day water can be saved thereby reducing the pollution
load and water usage by 50 to 60 percent

3



Table 4
DESIGN LOADING RATE CALCULATIONS FOR
UNTREATED EFFLUENT
Yeast Industnes Company
Parameters
f= 02
Cn{mgl)= 4]
Cp (mgiL) = 10
— SETI — —
Data and Caiculations J Loading Rates Design Loading rate
Pr ET ET,U Fractian u Pw LWwrotPr ET|  LWeto. | LWeem | Lw
Month (cm) {cm) (kg!ha) {cm) {em) {cm) {cm)
January 320 543 003 15 36 540 -2 01 D22 764 022
February 397 890 oo 19 91 688 -2 65 028 979 028
March 187 11 67 008 3299 1161 -833 047 21 41 047
Aprit 089 1874 010 52 98 18 64 17 29 076 36 70 076
May 013 2540 013 7178 25 26 24 24 103 50 82 103
June 000 2708 014 78 55 26 94 25499 110 54 02 110
July 000 2247 012 63 50 22 34 -21 86 091 44 81 091
August 000 19 35 010 54 89 19 24 -18 §7 078 3859 078
September 000 19 00 Q10 5370 18 90 18 23 077 37490 077
October 089 16 00 08 45 22 1591 14 46 065 3102 065
November 155 12 00 006 3392 1193 9 96 Q49 22 38 048
December 423 700 Q04 1979 6 98 249 028 973 028
Annyal 16 53 191 05 100 540 00 180 0D 775 364 52 778
Lw +Pr= 24 28
ET Demand = 19105
(Lw+pr)/ET = 13%
t = Fracton of nirogen removed by denitnlicetion and valatfization (typically © 2)
Design Equations Cn = Nilropgen concantratian i wastewster {mgh] (50 mg¥L per Jordanian Standand)
Cp ~ Ndrogen conteniration wn percalating waler [mgh] (10 mgfL per USEPA)
Lwrio=(Cpx(Pr ET)+Ux10)/((1 fixCn Cp) rorvwnio 1 ET>0 Pr = Precipitaton rate [om} (data supphed ty Mirustry of Water and frvigaton}
Lware =(UX10)({1-HxCn Cp) fOF Lwmnrosp: €140 ET = Evapotranspiratan rate jom] (data supplied by Minstry of Water and Imgation)
fie Lyindtro for January = (1538 x 10)1{(v 02 x 871 10)1=022) LwiyotPr ETa-2 01 U = Nitrogen uptake by vagetalion (kg/Ha] (uppar imit of atalfa uptake rangs)
Pw = Percolavon rate {cm) {consenvatve estmsie of moderatsly slow permeabiity USEPA)
Lwesm =ET Pr+ Pw prorated proportional to ET U fraction
(e Lwperm for January= 543 320 5407 84) twnilro = Hydraui loading based an ndrogen hmis {em)
Lwperm = Hydiauw\ic oading based on sail parmeability kmits (cm]
Lw = Design hydraulc loading fem)
HARZA TBY ARVZ XS
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DESIGN LOADING RATE CALCULATIONS FOR

Table 5

PRETREATED EFFLUENT
Yeast Industries Company
Parameters
= g2
Cn (mgiL) = 50
Cp (mg/L}y = 10
e o
Data and Calculations Loading Rates {Dasion Loading rate
Pr ET U Pw LWrno*Pr-ET | LW | LWpem w
Month {cm) {em) ET U Fraction (kﬂlha) [cm) {cm) {cm) (cm)
January 320 543 003 1536 540 105 328 764 328
February 397 690 oM 19 51 B 88 121 414 879 414
March 187 1167 008 3299 1161 185 825 2141 B25
April 0es 1874 010 52 98 18 64 -4 81 1325 870 1325
May 013 25 40 013 7178 2528 732 17 95 50 62 17 95
June 000 2708 014 78 56 2594 7 95 1914 54 02 19 14
July 000 22 47 012 83 50 2234 6 59 1588 44 81 15 88
August 0 Qo 1935 010 54 69 1924 568 1367 3859 1387
September 000 19 00 019 53 70 18 80 557 1343 3790 1343
October 089 16 00 008 45 22 15 91 -3 80 $131 3102 1N
November 155 1200 006 3392 1193 -197 848 22 38 848
Dacember 423 700 oM 1878 598 148 4.25 973 425
Annual 1653 181 03 100 540 00 190 00 13302 364 52 13302
iwePr= 149 55
ET Demand = 18105
(Lw+Pry/ET = 78%
{ = Fracton of nikogen removed by denizéication ant volabdizstion (typlcalty 0 2)
Design Equations Cn = Nitrogen concanretion tn waslawater [mgh) (50 mg/L. pac Jordsnian Standard)

Lwnbo=(Cpx(Pr ET)+Ux10)/((1 HxCn Cp) soiwnito pr€T 0
Lwnee ={Ux10)/((1 HXCn Cp) fOr tanve mreT 0
e Lwnliofos San (1042 2-549) {153ExT0)Y(1-0 2)x871 90))~3 2B LwniyosPr-ET 4

Lwpem =ET Pr+Pw

Qe Lwperm for January 643 320 540=T64)

HARZA TBY REV2 XLS
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Cp = NArogen cor ¢ P g water [mg/() {19 mgA. per USEPA)
Pr = Pracipitation iate [cm] (data suppbed by Ministry of Water and Imgstion)
ET = Evapotranspiretion rate {cm) (date suppiied by Mensdry of Water and Ivnigation)
U - Nizogen uptake by vegetation [kg/ts) (upper imil of aifslfa uptake rangs)
Pw = Percoiation rste [cm)] ( vative estimale of mod y slow permeabildy USEPA)
morated proportions! to ET U kaction

Lwnitre = Hydiaube joading based on nitrogen limks {cm)
Lwperm = Hydraulic \oading besed on soil permestiity mss jemi

Lw = Dasign hydraufic icading fem]




Table 6
WASTEWATER QUALITY DATA

Yoast Induatdes Company

Source of Data Flow pH BOD cOoD TSS TDS NH4 Total N P
(m3/d) (mg/l)  (mg/l)  (mg/l) (mg/l) (mg/L)  (mg/L)  (mp/L)
HarzaRSS | Separator #1 130 715 14,443 22800 2938 456 2,405
Sampling Separator #2 130 710 12,220 16 800 953 60 400
10 Mar-95 Separator #3 130 715 1,079 1,600 933 42 891
Total Efffuent 545 645 13,529 21,200 1,878 237
COWIlconsult
report
1993 Total Effluent 550 642 5400 8,230 660 10,584 129 36.0
RSS/AERC
Sampling
1991 Total Effluent 626 8,650 16 807 152 14,356 224 871 290
WCC Separator #1 610 27 334 s82m 2116 51024 230 3035 93
report Separator #2 6 60 4293 6,626 170 6,371 kit 252 62
1992 Separator #3 6 80 960 1,370 151 663 4 39 s
WAJ
records
1990 1993 Total Effluent 635 4,780 10,810 1,915 9,028 203
Values Used In Report
For Total Effluent 545 6 42 5,400 8,230 660 10,584 129 871 360

* Bald vatues indicatle data used for design purpases




Table 7
NITROGEN UPTAKE AND SALT TOLERANCE
FOR SELECTED CROPS*

Yeast Industnies Company

Nitrogen Uptake Rate
Crop (kg/halyr) Qualirtative Sait Tolerances
Alfalfa™ 225 - 540 Tolerant
Bromegrass 130 - 225 Moderately Tolerant
Bermudagrass 400 - 675 Tolerant
Reed Canarygrass 339 - 450 Moderately Tolerant
Ryegrass 200 - 280 Moderately Tolerant
Tall Fescue 150 - 325 Moderately Tolerant
Orchardgrass 250 - 350 Moderately Sensitive

* Nitrogen uptake values from USEPA s Process Design Manual for Land Treatment of Municipal Wastewater
Qualitative salt tolerances taken from Maas and Hoffman (1977) and FAQ Guidelines R S Ayers & D W Westcot (1985)

** For design purposes the value of 54 kg/hasyr was used to reflect the maximum uptake of aifalfa

N
~



Table 8
COMPARISON OF PRETREATMENT OPTIONS*
Yeast Industnes Company

— e

Digester Volume (m3) 700
Factory Flow {m3/day) 258
Recycle Fiow (m3/day) 631
Hydraulic Detention Time (hours) 652 175
Total COD Load Capacity (kg/m3/day) 12 113
Approximate Space Reguirement (m2) 370 280
BOD Reduction (%) 90 90

COD Reduction (%) 73 70

Suspended Solids Reduction {%) 10 10
{Methane Produced (m3/day) 2044 1068
Total System Costs (if built in US) $US 1 100 000 $U 900,000

*Based on information provided by Biothane Inc

HARZA TBY REV2 XLW
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Table 9
COMPARISON OF CAPITAL COSTS
Yeast industnes Company

l] Pretreatment of Concentrated Waste Streams I Pretreatment of Total Wastewater Flow

Cost (JD}I

Land Treatment Distnbution System
1 Pump Station 1 (2 10 /s 50 m head
installed)

2 Primary Distribution Piping
{650 m 6 n PE mnstalled)

3 Secaondary Distnbution Piping
(6200 m 4 1n PE installed)

4 Valves (44 installed)

5 Spnnklers (2050 nstalled)

Subtotal

Wastewater Storage Pond

1 Embankment (36 000 m3 :nstalled)

2 HDPE Bottom Liner (12 000 m2, installed)

3 Aeration System (3 umts 7 5 HP surface
aerators instslled)

Subtotal

Anaerobic Treatment

1 Anaerobic Digestor and Accessones (installe

2 Reconfiguration of Existing Facilites

3 Control Bullding (7mx10m nstalled)

4 improvements to exist sludge drying beds
Subtotal

E Other Pretreatment

itF

1 Pumping Station 2 (2 wastewater pumps and
wet well 10 I/s each 50 m head nstalled cost)

2 Filtration (2 units with backwash pumps)
3 Ar stnpping (3 units with pH adjustment)
4 installation (50% of E2+E3)

Subtotal

Shipping of imported Equipment
{20% of C1x1/2 E2 and E3)

ubtotal

Contingencies (20%)

1 500

3700

14 000

3100
20 500
42 800

108 000
51600
24 600

184 200

608 000
30000
5600

5 000
548 600

1500

26 800
166 200
86 600
289 700

99 400

1264 700
252 800

item

Cost (JD

A Land Treatment Distribution System
1 Pump Station 1 (2 10 /s 50 m head
instaiied)

2 Primary Distnbution Piping
(650 m 6 in PE mnstalled)

3 Secondary Distnbution Piping
(8200 m, 4 in PE nstalied)

4 Valves (44 installed)

5 Spninklers (2050 mstalled)

Subtotal

B Wastewater Storage Pond
1 Embankment (36 000 m3)
2 HODPE Liner {12 000 m2)
3 Aeration System (3 uruts 7 5 HP surface
aerators installed)
Subtotal

C  Anaerobic Treatment
1 Anserobic Digestor and Accessones {installe

2 Reconfiguration of Existing Facihties
3 Control Bulding (7mx10m installed)

4 Improvements to exist sludge drying beds

Subtotal

E Other Pretreatment

1 Pumping Station (2 wastewater pumps and
wet well 10 /s each 50 m head installed cost)

2 Filtration (mith backwash pumps)
3 Arr stnpping (with pH adjustment)
4 Instaliation (50% of E2+E3)
Subtotal

F Shipping of imported Equipment
(20% of C1x1/2 E2 and E3)

Subtota!
Contingencies {20%)

Total

HARZA TBY REVZ XLW
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1 517,600

Total




Table 10
COMPARISON OF ANNUAL OPERATION AND MAINTENANCE COSTS
Yeast industnies Company
Pretreatment of Concentrated Wastestreams Pretreatment of Total Wastewater Flow
Item Cost {JD) item Cost (JD)
Land Treatment A. Land Treatment
1 Labor (2 techmcians) 3600 1 Labor (2 technicians)
2 Energy 1800 2 Energy
3 Maintenance (5% of equipment cost) 3400 3 Maintenance (5% of equipment cost)
Subtotal 8800 Subtotatl
Pretreatment B Pretreatment
1 Labor (1 Mech Eng 4 technicians) 13200 1 Labor (1 Mech Eng 4 technicians)
2 Energy 3200 2 Energy
3 Chemical Usage 6 000 3 Chemical Usage
4 Mamntenance (5% of equipment cost) 25200 4 Maintenance (5% of equipment cost)
Subtotal 47 600 Subtotal
Total 56,400 Total
ﬂw

Notes

A1 Mechanicat Enginear at JO S00/month=8 000/year
Techmician at JD 150imonth=1 800/year

A2 Pumping Station 1 3t 5 4 kw"8760 hiyear=47 000 kwh/year
Add 20% for other miscelianecus power requiremeants=56400
Enargy cost =JD 0 032/kwh
Total Energy Cost=JD 1 800/year

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

B1 See Note A1

B2 Pumping Staton 2 at 5 & kw8760 hiyear=47 000 kwhiyear
3 Aerators at 7 5 HP ea 17 kw 876074 hiyear=37 200 kwh/ysar
Total 84 200 kwh/year
Add 20% for other misceliansous pawer raquirements (inc! PS tourlg pond)=101 000
Ernergy cost =D 0 032/kwh
Total Energy Cast=JD 3 200/year

84 5% of tems C1(x1/2) C3 and E from Capital Costs Table

HARZA TBY REVZ XLS
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Table 11
TOTAL COST ANALYSIS

Yeast Industries Company

Pretreatment of Concentrated Wastestreams

Pretreatment of Total Wastewater Flow

item Cost (JD) Item Cost (JD)

nitial Capital Cost 1 517 600)inibal Capital Cost 13632
nnual Operation and Maintenance Costs 56 400jAnnual Operation and Maintenance Costs 53 500

Total Equivalent Costs* Total Equivaient Costs*
Equwalent Yearly Cost 188 700iEquivalent Yearly Cost 172 30
Equivalent Daily Cost §17]|Equivalent Daily Cost 4
Equivalent Cost Per Cubic Meter of WW 0 040(Equivalent Cost Per Cubic Meter of Ww 00
Equivalent Cost per ton of yeast** 36| Equivalent Cost per ton of yegast™ 3

Based on a 20 year project ife and 6 0% interest rate

Based on a yeast production of 5200 tons/year

HARZA TRY REV2 XLW
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Screening of Alternatives for Yeast Industries Company, LTD

The recommendations provided i the Audit Report for Yeast Industries Company LTD (YIC)
(USAID Report No 3114-95-2b-30 April 1995) were screened to determine the most promising
alternative for turther investigation n a detailed feasibility study The recommendations of the
audit report and the screening rationale applied to each 1s provided below

Recommendation |

Install devices to momtor discharges from all processes and cleaming operations including

equipment and floor cleanming in order to generate and maintain an accurate darly measurement
and balance of faciity water use

YIC currently monitors some of the process discharges, although staff has mentioned problems
associated with corrosion of flow meters Further monitoring 1s technically feasible, however,
consultation with vendors should be made prior to specifying equipment to ensure 1t can resist
the corrosive environment 1t will be exposed to

Recommendation 2

Design and implement a wastewater sampling and monitoring program and a fermentor exhaust
sampling and monitoring program

Fermentor exhaust monitoring 1s presently being implemented by YIC Wastewater sampling
15 also being considered

Recommendation 3

Optimize modifv and upgrade the molasses preparation and fermentation systems through
automation and process monitoring and incremental-feed system implementation

An incremental feed system is currently being used Optimizing the systems and upgrading to
automation through monitoring are technically feasible and should be pursued 1n future YIC
plans

Recommendation 4

Opnmuze tank clearung systems by mmmmizing the washing frequency and using the last rinse
water for the iitial rinse of the next cleaning sequence

Minimizing tank wash frequency 1s technically feasible and should be pursued in future YIC
plans

HARZA FS4 WPY
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Recommendation 5

Recvcle and reuse Separator 2 and 3 filtrate and implement counter-current \east washing
svstem

YIC believes that the use of counter-current rinsing may increase the BOD concentration of
wastewater effluent trom 6 000 mg/l to approximately 10 000 mg/l  Since both ot these
measures will raise the etfluent BOD concentrations, which potentially may draw fines trom the
Water Authority ot Jordan the first step must be to upgrade the final treatment of the etfluent

Recommendation 6

Establish and implement rigorous equipment cleanming and floor cleaning procedures to conserve
water

This 1tem 1s technically feasible and should be pursued 1n tuture YIC plans

Recommendation 7

Optimuze cleaning methods by carefullv studving current procedures washing tfime solution
concentration, water temperature, intensity of application etc  Applying an appropriate
combination of these elements to each tvpe of tank can reduce water use Establish protocols
and procedures

This 1tem 1s technically feasible and should be pursued n future YIC plans

Recommendation §

Optimize the IX regeneration process and explore the use of new technologies and resins
Opumization of IX 1s technically teasible, possibly through the use of a Ecotech type system
Further discussion of this type ot technology 1s provided n the feasibility study report for the
Universal Modern Industries (Vegetable O1l Refinery)

Recommendation 9

Improve housekeeping and implement a spill prevention, control and countermeasures program
Use dry vacuum techniques instead of washing spills into the drain

This item 1s technically feasible and should be pursued in tuture YIC plans

Recommendation 10

Segregate Separator #1 effluent from dilute wastes Use existing wastewater tanks to store ther
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separately  Use a portion of the dilute wastewater (o clean and flush the wastewater equipment
and convevance piping system rather than using fresh water

This measure 1s technically feasible, however, 1t may not be required, or only required to a
lesser extent once the proposed wastewater treatment system upgrade 1s implemented The need

should be determined once the wastewater treatment system 1s in place

Recommendation 11

Explore installing an air cooling system to replace the existing wet evaporative cooling system

As expressed through comments from YIC this measure 1s impractical due to the high ambient
temperature n Jordan, which limit the efficiency of air cooling technologies It 1s possible to
use a combined air cooling and wet cooling system but 1t 1s costly to adapt air cooling to an
existing wet system This recommendation 1s theretore not considered feasible

Recommendation 12

Recommendations made in the WEC report

"The outdoor above-ground diesel storage tank and acid tanks should have a
containment dike built around 1t such that this dike could contain the volume of
the tank in case of tank failure or rupture It 15 also a safe operanng practice

The underground storage tank of diesel fuel should have a management program
wherebv on a weekly basis the plant logs usage, recewpt of fuel, and tank
inventory bv level By keeping this type of log, the plant should be able to
balance fuel use from the tank and detect a leak, if 1t occurs at an early stage

Both ot these measures are feasible and should be pursued in future YIC plans

Recommendation 13

Establishing an Environmental Department with dedicated personnel and sufficient resources
writing an environmental policv complete with missions, visions, goals, policies and a future
work plan, and developing traiming and incentive programs for all YIC personnel

YIC has already assigned an environmental manager to pursue these objectives

Recommendation 14

Consider the following PP/WM and water conservation items for feasibility levels studies
° Process modifications and upgrading through automation
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. Opnmuzanon of tank cleaning svstem
. Implementation of air cooling system

The first two recommendations are feasible and should be pursued by YIC in future plans The

third recommendation 1s discarded from further consideratuons, as discussed under
Recommendation 11

Although the above items will 1f implemented reduce the organic pollution and
wastewater volume by 15 to 20 percent, we strongly feel that YIC should undertake
thorough feasibility level efforts to determine a cost etfective treatment for processing
the tinal wastewater Some of the options we recommend tor the YIC’s consideration
are as follows

. Total wastewater attenuation, filtration and land application

o Total wastewater coagulation dissolved air flotation filtration and land
application

. Total wastewater coagulation clarification, anaerobic biodegradation treatment
followed by land application

o Segregation of concentrated and dilute waste treatment ot concentrated waste by

coagulation, and dissolved air flotation, mixing with dilute wastewater tiltration
and land application ot combined wastes
. Segregation of concentrated waste and treatment by coagulation, clarification

anaerobic biodegradation mixing treated waste with dilute waste, filtration and
land application of combined wastes

In all above options, the following will apply

. Land treatment should be thoroughly pilot studied, designed, constructed
operated and monitored throughout the Iife cycle

. Sludges produced should be dried using sludge drying beds and dried sludge
etther marketed or disposed
Existing wastewater treatment equipment should be used to the fullest extent

° An on-site anaerobic biotreatment, if operated, will generate relatively mimimum
sludge [t will produce methane gas which can be flared or used as a fuel for the
boiler 1if feasible

This item 1s chosen as the primary focus for the detailed feasibihty study Improved
wastewater treatment will reduce the amount of contaminants 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
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Transiated extracts from Jordaa Unrvertity ( Center of Research and Water

Studies) Study on using wastewater ducharged from Yeast Industries in
Irrigation of forestry trees at Russeda

The Soil and Geology of the area:

The exposed formatons i the area are maialy Amman formaton winch belongs to the
Upper Cretaceous and conusts of chart and limestone giternation and phosphatic
rocks. The trend of fractures m these formations are in the direction of NW-SE and E-

w

These formations are overian by different thickness of soils ranges from few
centmeters{cm) 1o 100 cm. After studying a cross saction of these soils in the area
through s 120 cm deep ditch the following s observed

1- Layer(A) It s a thin layer which does not exceed 6 cm m thickness, the amount
of clay 1 this layer ranges between 15-20% and contams organic matter and plant
roots of sbout 0 1% This layer has a pnematic structure and contains more than 70%
silt Ingeuml,ﬂ:eoolorofthuhyetmdnkbmwn.

2. Layer(B) [tisatinck layer of soil about SO on i thickness and conrams 10-
15% of clay and about 75% of silt 13 addition to calcante w the lower section, aleo st
has a prismatic structure and conwdered permeable  Thus layer has a yellow color

3- Layer (C) About 60 cm in thickness mamly consists of calcrum carbonate
(Caliche) which coatains about 15% of silt and has a yellow color

4. Recolite layer (Regolith), thus layer comes 1n between the sohd rocks which
covers & large arez and the top soil.

Metals at the soil pnifile.
unclay Metals

1« Quastz

2- Calctte

3- Apatits

4- small quantities 0g Gypsum

Clxy metals
I- Smecttite
2~ Mxe

3- Kaohmte.
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Appendix C
(DATA FROM MWI)

Average monthly rainfall data are provided
Also dailv rainfall data at two stations
410016 Russeifa

A10019 Marka Arport

A10016 1s more representative

Evaporation Data are only provided for station A10019 which is nearest station to the

tacility where evaporation 1s measured data was not checked for years after yet but it
will be soon so 1t could be provided at the moment

In case of further data needed please fax us
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AL19RAIN Y
STA_IDN DATE _|RCODE [MCODE READING( mm )
AL0019 01-Feb-90 05 00004 01
AL0019 02-Feb-90 05 00004 03
AL0019 03 Feb-90 05 00004 18
AL0019 04-Feb-90 05 00004 01
AL0019 05-Feb-90 05 00004 19
AL0019 06-Feb-90 05 00004 2
AL0D19 07-Feb-90 05 00004 1
ALDD19 08-Feb-90 05 00004 05
AL0D19 09-Feb-90 05 00004 19
AL0019 10-Feb-90 05 00004 37
AL0019 14-Feb-90 05 00004 301
ALD019 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
ALOO19 01-Mar-90 05 00004 16
ALOO19 05-Mar-90 |05 00004 03
ALOD19 06-Mar-90 05 00004 07
ALOD19 10-Mar-90 05 00004 2
AL0019 11-Mar 90 05 00004 24
ALO019 12-Mar-90 05 00004 372
AL0019 13-Mar-90 05 00004 28
AL0019 24 Mar-90 05 00004 15
AL0019 31-Mar-90 05 00004 3
AL0O019 01-Apr-80 05 00004 182
AL0019 02-Apr-90 05 00004 3
ALOD19  ]18-Oct-90 |05 _ |00004 03
AL0D19 21-Oct-90 |05 00004 02
ALOD1S _  [28-Oct-90 |05~ [00004 13
ALO0T9 ~ |09-Nov-90  [05  |00004 27
ALO019  [10-Nov-90 |05  |00004 1
AL0019 25-Dec-90 05  [00004 25
ALD019 [01-Jan-91 05 00004 44
AL0O019 03-Jan-91 05 00004 38
AL0O019 04-Jan-91 |05 {00004 08
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AL19RAIN
AL0019 03 Nov-91 05 00004 54
AL0019 29 Nov 91 05 00004 93
AL0019 30 Nov-91 |05 00004 203
AL0019 01 Dec 91 05 00004 19
ALOO19 02 Dec-91 05 00004 218
AL0019 03 Dec 91 05 00004 452
AL0019 04 Dec 91 05 00004 41
AL0019 11-Dec91 |05 00004 92
AL0019 12 Dec-91 05 00004 14 2
AL0019 13 Dec 91 05 00004 42
ALO019 18 Dec 91 05 00004 07
AL0019 24 Dec 91 05 00004 08
AL0019 25 Dec 91 05 00004 01
AL0019 27 Dec 91 05 00004 23 6
AL0D19 30 Dec 91 05 00004 56
AL0019 31 Dec 91 05 00004 35
AL0019 01-Jan 92 05 00004 50 3
AL0019 02 Jan 92 05 00004 20
AL0019 13 Jan 92 05 00004 05
ALDO19 14-Jan-92 |05 00004 19
AL0019 15 Jan 92 05 00004 14
AL0019 16 Jan 92 05 00004 3
ALQ019 17 Jan 92 05 00004 21
AL0019 18 Jan 92 05 00004 04
AL0O19 19 Jan 92 05 00004 01
AL0019 20 Jan-92 05 00004 58
AL0019 21 Jan 92 05 00004 06
AL0019 22Jan92 |05 ﬂgggg 05
ALQ019 29 Jan-92 |05 00004 3
AL0019 30Jan-92 |05 00004 67
AL0019 31 Jan 92 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 18 5
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AL0019
ALOO19
ALO019
ALOD19
AL0019
AL0019
AL0O19
ALO019
ALDO19
AL0019
AL0019
AL0019
ALD019
AL0019
AL0019
AL0019
ALDO19
AL0019
ALO019
AL0019

AL0018

AL0019
AL0019
ALO019
AL0019
AL0019
AL0019
ALOO1S
AL0019
ALOO19
ALO019 |
ALOO19
AL0019
ALO019

07-Feb-92
08-Feb-92
09-Feb-92
10-Feb 92
11-Feb-92
13-Feb-92
15-Feb-92
16-Feb-92
19-Feb 92
20 Feb 92
22-Feb-92
23-Feb 92
24-Feb-92
25-Feb-92
26-Feb-92
27-Feb 92
29-Feb 92
21-Mar-92
22-Mar-92

15-May-92
17-May-62
21-May 92
20-Nov-92
21-Nov 92
22-Nov-92
23-Nov-82
24-Nov-92

01-Dec 92

03 Deos?

04-Dec-92
07-Dec-92

08-Dec-92

AL0019

~ |[12-Dec 92

__[02-Dec92

28
44
27
34
02
03
02
12
19
07
07
72
214
154
22

04
28
129
05
27
02
06

09

22
208
77

04
02
31
01

15
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AL19RAIN
AL0019 14 Dec-92 05 00004 07
AL0019 15 Dec-92 05 |00004 153
AL0018 16 Dec-92 05 |00004 18 4
AL0019 17 Dec-92 05 00004 14
AL0019 22-Dec-92 05 00004 06
AL0019 23 Dec-92 05 00004 16 9
AL0019 24 Dec 92 05 00004 14
ALO019 25 Dec 92 05 00004 02
AL0019 26-Dec 92 05 00004 13
AL0019 07-Jan 93 05 00004 27
AL0019 08 Jan-93 05 00004 76
ALO019  |09Jan-93 (05 00004 123
AL0019 10-Jan-93 05 00004 29 6
AL0019 11-Jan-93 105 |oo004 04
AL0019 12-Jan-93 05  |00004 02
AL0019  [31-Jan-93 05  |00004 14 7
AL0019 |01-Feb-93 05  |00004 179
AL0019  |02-Feb-93 05 |oooo4 4
ALO019 |03 Feb 93 05  |00004 58
AL0019 04-Feb 93 05 00004 5
ALOO19 08 Feb 93 05 (00004 53
ALDO19 09-Feb 93 05 00004 45
AL0019 10 Feb 93 05 00004 15
AL0019 11-Feb 93 05 00004 18
AL0019 12-Feb-93 105 _ |00004 02
AL0019 13-Feb-93 05 00004 35
AL0019 |05 Mar-93 ~  [05  |00004 06
AL0019 _ |06-Mar-93 |05  _ |00004 64
ALO019 |11-Mar93 105 100004 ) 101
AL0019  |04-May-83 |05  |00004 05
ALO019  |05-May-93 |05 |00004 75
ALQO19  109-May-93 |05~ |00004 | 25
ALO0T9  |19-May-93 |05 |oodos | 04
ALO018  |30-May-93 05 00004 07
AL0019  |01-Nov-83 |05 00004 47
AL0019  |02-Nov-93 05 00004 06
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ALOO19
ALOO19
AL0019
AL0019
AL0Q19
ALOD19
AL0019
AL0O19
ALOO19
AL0019
AL0019
ALQO19
AL0019
ALO019
AL0O19
ALDO19
ALOO19
AL0O019
ALO019
AL0019
AL0019
ALOO19
AL0019
AL0019
AL0019
ALOD19
ALOO19
AL0019
ALOO019
ALDD19
ALOO19
AL0019
ALOD19
AL0019
ALOO19
ALOD19

10 Nov93 |05 00004
11 Nov-93 |05 00004
12 Nov 93 05~~~ |00004
14 Nov 93 05 00004
15 Nov-93 05 00004
13 Dec-93 05 00004
14-Dec-93 |05 |oo004
20-Dec 93 05 |ooo04
21-Dec93 |05 _ |00004
22 Dec-93 05 00004
23 Dec-93 105  |00004
01-Jan-94 05 00004
03-Jan-94 05 00004
04-Jan-94 05 00004
10-Jan 94 05 00004
14-Jan 94 05 00004
16-Jan 94 05 00004
22-Jan-94 05  |00004
23-Jan-94 05 00004
24 Jan-94 05  |00004
25 Jan 94 05 00004
26-Jan-94 05 00004
28 Jan 94 05 00004
30-Jan 94 05 00004
31-Jan-94 05 _ |00004
01-Feb-94 05 _ |00004
02 Feb 94 05 00004
22 Feb-94 05 00004
23-Feb-94 05 00004
24-Feb 94 05 _ |00004
26-Feb-94 05 00004
27 Feb-94 05 00004
06-Mar-94 |05 00004
07-Mar-94 |05 00004
11 Mar 94 05 00004
11-Mar-94 05 00004

58
94
05
05
06
87
07
04
42
25
03
49
02
201
04
03
34
136

33
08
08
06

219
36
07
6 4
31
04
15
19
16
12
34
26
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ALO019 12 Mar 94 05 |00004 139
ALOO019 13 Mar 94 05 00004 79
ALO019 /14 Mar 94 05 _ |00004 03
AL0019 _|25 Mar 94 105 00004 07
AL0019 01 Apr 94 105 00004 07
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STA_IDN
AL0016
AL0016
AL0016
AL0016
ALO016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
ALO016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
AL0016
ALO016
AL0016
AL0016
AL0016
AL0016
ALOD16
ALO016
AL0016
AL0016
AL0016

DATE

01-Jan-90
03 Jan-90
04 Jan 90
16-Jan-90
02-Feb 90
10 Feb-90
14-Feb 80
18-Feb-90
01-Mar-90
10 Mar 90
11 Mar-90
12-Mar-90
13-Mar 90
24-Mar-90
01 Apr 90
02 Apr 90
10 Nov-90
11-Nov-90
26 Dec-90
04 Jan-91
12-Jan-91
13-Jan-91
22 Jan-91
23-Jan-91
25 Jan-91
26-Jan 91
30 Jan-91
31-Jan-91
03 Feb 91
16-Feb-91
26-Feb-91
27-Feb-91
05 Mar 91
12-Mar 91
22-Mar-91

RCODE
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
05
Q5
05
05
05
05
05
05
05

MCODE
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004
00004

READING
08
106
18
38
14
3
175
27
137
12
05
19
16
15
52
124
42
15
15
3
10
1
2
88
188
09
125
112
12
105
10
28
07
2
147

me)

AL16RAIN
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ALOQO16 23-Mar 91 {05 00004 38
AL0016 24 Mar-91 |05 00004 15
AL0D16 01 Apr-91 05 00004 52
ALO016 02 Apr-91 05 00004 12 4
ALOO16 04 Nov 91 |05 00004 2
AL0016 29 Nov 91 |05 00004 42
AL0016 30 Nov-91 |05 00004 123
ALO016 01-Dec 91 |05 00004 25
AL0O016 02-Dec 91 |05 00004 105
AL0018 03 Dec 91 (05 00004 3186
ALO016 04-Dec 91 |05 00004 33
ALOO016 11 Dec-91 |05 00004 75
ALO016 12-Dec 91 |05 00004 77
AL0016 26-Dec-91 |05 00004 146
AL0016 31-Dec-91 |05 00004 215
ALOO16 01 Jan-92 |05 00004 33
ALDO16 14-Jan-92 |05 00004 2
AL0016 16 Jan-92 |05 00004 45
AL0016 19 Jan-92 |05 00004 26
AL0016 31-Jan-92 |05 00004 91
AlL0016 01-Feb 92 |05 00004 10
ALD0D16 02 Feb-92 105 00004 46
AL0016 04 Feb-92 |05 00004 203
ALOO16 07-Feb 92 |05 00004 12 1
ALOO16 08-Feb92 |05 00004 36
AL0016 10 Feb-92 |05 00004 222
AL0O16 23 Feb-82 |05 00004 8
ALOO16 26-Feb 92 |05 00004 272
AL0016 04 Mar 92 |05 00004 13
AL0O16 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
ALDD186 21 Nov-92 |05 00004 43
AL0016 22-Nov 92 {05 00004 15
AL0016 23 Nov-92 |05 00004 42
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AL16RAIN
AL0016 25Jan 94 |05 00004 11
AL0OO16 26 Jan 94 |05 00004 02
ALOO16 28Jan 94 |05 00004 05
AL0016 30 Jan-84 |05 00004 122
ALOO16 02 Feb 94 |05 00004 08
ALO0O16 03Feb 94 |05 00004 05
AL0016 12 Feb 94 |05 00004 04
AL0016 23Feb 94 |05 00004 35
ALO016 26 Feb 94 |05 00004 14
AL00186 07 Mar-94 |05 00004 12
AL0O016 12 Mar 94 {05 00005 0
ALOO16 13 Mar 94 |05 00005 0
ALO016 14 Mar-94 |05 00005 12
AL0O016 15Mar 94 |05 00005 0]
ALO016 25 Mar-94 |05 00004 3
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STA_IDN [DATE MAXT {MINT |WETB |DRYB |WD WV (WR |PD [PE |SUN |Coeff Evapotranspiartion
ALO019 |01-Jan-90 126 74 75 82N 148) 130 386 3| 1000 065 195
ALOD19 |02-Jan-90 165 62 71 76|N 1000| 211 8 6| 1000 065 39
ALO019 |03-Jan-90 137 84 82 96(S 185 383 24| 16{1000 065 104
AL0019 |04-Jan-90 106 77 8 8 4|SW 185 225 18| 081000 065 052
AL0019 |05-Jan-90 10 7 78 8|sw 222 582 18 111000 065 065
ALO019  |06-Jan-90 114, 438 53 56|N 1000 77 23 21000 065 13
AL0019 |07-Jan-90 119 34 35 4|N 1000 112 2| 12|1000 065 078
ALO019 |08-Jan-90 94 -13 15 28|N 1000| 188) 39 25/1000 065 1625
AL0019 |09-Jan-90 9 4 45 5|N 1000f 203| 35 3/1000 065 195
/AL0019  |10-Jan-90 81,9999 15 22|N 1000f 192| 37 31000 065 195
AL0019 |11-Jan-90 84, -02] -07 14|N 1000 248 52 5| 1000 065 325
ALO019 |12-Jan-90 9 -1 25 08|E 148, 147| 52 5| 1000 065 325
ALO019 [13-Jan-90 102 04| -15 2 4|NE 111 150| 38 31000 065 195
ALO019 |14-Jan-90 122 22 28 3|sSwW 1000| 157| 46| 35/1000 0 65 2275
AL0019 |15-Jan-90 106 55 58 6 8|S 93| 263 3| t16|1000 065 104
AL0019 |16-Jan-90 10| 55 62 66|S 74| 256 16 1( 1000 065 065
ALO019 |17-Jan-90 10 4 6 72 7 4|SW 13| 321 25| 17{1000 065 1105
AL0018 |18-Jan-90 115 66 7 7 3|SwW 56| 195 2 11000 065 065
AL0019 ([19-Jan-90 134| 24 25 28|SE 37, 118] 55| 31[1000 065 2015
ALO019 |20-Jan-90 128, 54 32 55N 1000| 158 33 3| 1000 0 65 195
AL0019 |21-Jan-90 97/ 58 7 78|S 93| 477) 26|/ 15(1000 065 0975
ALO019 |22-Jan-90 84 5 54 58|SwW 148 475 29 21000 065 13
AL0019 |23-Jan-80 73, 22 58 6 2|SW 167 232; 25 181000 065 117
AL0019 |24-Jan-90 77, -09] -12 16(N 1000 190| 49 3| 1000 065 195
ALO019 |25-Jan-90 93 -08 -3 06(SE 334| 313; 88/ 591000 065 3835
AL0019 |26-Jan-90 38/ 03] -01 03|E 185, 187| 16 11000 065 065
ALO019 |27-Jan-90 88 14 13 1 8|NE 93| 118 14| 08/1000 065 052
AL0019 |28-Jan-90 81 43 57 6(Nw 185 226/ 21| 141000 065 091
AL0O019 |29-Jan-90 129 1 21 24|s8W 37| 165| 44 311000 065 195
ALO019 |30-Jan-90 138/ 39 14 58|SE 13| 224| 66 4|1000 065 26
ALO018 —38-dan=80— 3.0 14 5-816E 13224/ 548 4. 1000 5 20—
AL0019 [31-Jan-90 147 06 17 02N 1000 111] 49| 32|1000 065 208| 54 24
AL0019 |01-Feb-90 115 29 37 6 9|SwW 74 202 28 12/1000 071 0 852
AL0019 |02-Feb-90 118 56 67 6 9|N 1000 197| 29| 15/1000 071 1 065
ALO019 |03-Febh-90 12 4 45 4 6|N 1000] 109 21 2/ 1000 071 142
“e 77
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AL19EVAP

ALO019 [04-Feb-90 13| 31 42 51|N 1000| 107 31| 251000 071 1775
ALO019 |05-Feb-90 115 3 31 32N t000{ 168| 28| 19(1000 071 1349
AL0019 |06-Feb-80 104 4 55 62|S 296| 382 44 3| 1000 071 213
ALO019 |07-Feb-90 93 4 46 52(SW 185 216| 36| 28[1000 071 1988
AL0O019 |08-Feb-90 135/ 19 32 36|N 1000| 129 58 4| 1000 071 284
ALDD19 |09-Feb-90 82| 45 56 6!N 74| 291 2 1| 1000 071 071
ALO0018 [10-Feb-90 95/ 46 47 55w 222| 365 3, 251000 071 1775
ALD019 |11-Feb-90 121 58 64 7|SW 222 215 4 3| 1000 071 213
ALCO19 [{12-Feb-90 121 6 5 728 93, 307} 75| 52|1000 071 3692
ALOO19 (13-Feb-90 135, 55 53 77|S 74 192 83| 59{1000 071 4189
AL0019 [14-Feb-90 161 5 48 82|S 74 658 10 81000 071 568
AL0019 |[15-Feb-90 92| 42 59 6 2(W 222 341 3 211000 071 142
AL0019 |16-Feb-90 15| 82 74 9N 1000 270{ 58| 321000 071 2272
AL0019 |17-Feb-90 175/ 81 67 10 2|8 111 391 92 911000 071 6 39
AL0OO019 |18-Feb-90 114 48 9 9 4|SW 334] 742| 94 10} 1000 071 71
ALOD19 [19-Feb-90 64 3 3 4 2INW 296 297 31| 251000 071 1775
AL0D19 |20-Feb-90 87| 06 15 2N 1000/ 120 2 15/1000 071 1065
AL0019 |21-Feb-90 104 1 19 34N 1000 82/ 26 151000 071 1 065
ALQ019 {22-Feb-90 68, 19 19 3 3|NE 148) 138] 17 1] 1000 071 071
ALOO19 |23-Feb-90 114 15 33 39N 74/ 195/ 34| 25/1000 071 1775
ALO019 [24-Feb-90 105 34 4 5 4|NE 37| 252 36, 221000 071 1562
ALOO19 |25-Feb-90 124, 27 44 54|N 1000f 145 42 28{1000 071 1988
ALOO19 |26-Feb-90 135 26 57 6 2|N 1000 170{ 38 311000 071 213
AL0019 |27-Feb-90 138] 41 6 6 8|N 1000 211| 54 311000 071 213
ALO019 |28-Feb-90 14 4 6 65 8/Sw 14 8| 366{ 112 85(1000 071 6Q35 (%.0(2
ALO019 |01-Mar-90 126] 73 64 12 4|\W 111 693 43 3/1000 075 225
AL0019 |02-Mar-90 122 51 7 74W 37, 314, 23| 14]1000 075 105
ALO019 |03-Mar-90 183 46 7 8N 1000 47 4 311000 075 225
ALQ019 [04-Mar-90 216} 68 75 10 3|N 1000; 106 48 51000 075 375
ALOO19 |05-Mar-90 144, 66 83 8 8|w 111 241 32| 27|1000 075 2025
ALO019 |06-Mar-90 12, 78 82 8 4/SW 74| 2331 28 21000 075 15
AL0019 [07-Mar-90 13| 63 64 72/W 111 255] 42 31000 075 225 .
AL0D19 [08-Mar-90 136 4 7 7 6/NE 111} 120 3 211000 075 15
ALO019 |09-Mar-90 193| 49 53 94 E 13| 207| 91 9| 1000 075 675
AL0019 |10-Mar-90 207, 95 55 11 7|E 445 459 88 7| 1000 075 525
ALOD19 [11-Mar-90 12| 92 83 98|S 204) 242 39| 241000 075 18
“1 1€
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AL19EVAP
ALOO19 |12 Mar 90 148 7 77 8(S 148 219 3 171000 075 1275
ALO019 |13 Mar 90 84| 55 64 6 8|W 185, 389 12| 06|1000 075 045
AL0019 {14 Mar 90 14 2 7 74 96(W 148 236 42| 25/1000 075 1875
ALOD19 |15 Mar 90 178 43 66 7(N 1000 206| 45 31({1000 075 2325
ALO019 |16 Mar 90 184, 88 64 10 8|E 241 280 98 6238|1000 075 51
AL0019 |17 Mar 90 133, 15| -14 45 222 177 9/ 66[1000 075 495
ALO019 |18 Mar 90 162 27| 9999 56|S 185, 118 82 6| 1000 075 45
ALOO19 |19 Mar 90 18| 24| -14 968 111 75! 81 71000 075 525
AL0O019 |20 Mar 90 199 54 55 106N 1000| 235/ 139 13| 1000 075 975
ALO019 |21 Mar 90 171 53 1 84E 148 128 106 9|1000 075 675
ALO019 |22 Mar 90 198 57 15 8N 1000 60| 85 7/1000 075 525
AL0O019 |23-Mar 90 16 4 9 7 124N 1000 243| 68 51000 075 375
AL0019 |24 Mar-90 155 6 8 10|sSW 111 219 42 3/1000 075 225
ALO019 |25 Mar 90 16| 65 8 9 8|NW 111 186 6 41000 075 3
AL0019 |26 Mar 90 181 6 7 11 6|N 1000| 169 78; 561000 075 42
ALO019 |27 Mar 90 202! 59 6 10 8|N 1000{ 230 6| 42{1000 075 315
ALO019 {28 Mar 90 215 78 7 127|N 1000, 142| 96 8| 1000 075 6
ALO019 {29 Mar 90 222 79 87 13 8|SW 56| 174/ 105 9(1000 075 675
ALO019 |30 Mar 90 205 8 68 14 9|N 1000| 329| 87| 75|1000 075 5625
AL0OO19 |31 Mar 90 155 77 74 101w 278 227 6| 55|1000 075 4125 4147
ALO019 |01 Apr-90 83 52 67 71N 1000 4001 18| 08| 06 08 064
ALO019 |02 Apr 90 71 KR} 5 5|W 296 334 2 1, 27 08 08
ALO019 |03 Apr 90 11 24 45 64|S 148 231 56 4108 08 32
ALOO19 |04 Apr 90 146 3 5 7iN 1000, 113 37, 25} 96 08 2
AL0019 |05 Apr-90 168/ 45 78 98N 1000, 187 54 4 78 08 iz
ALOD19 |06 Apr 90 165/ 64 6 12 5|NW 148 206 75 6 11 08 48
ALO019 |07 Apr 90 18| 65 9 124|N 1000] 129 5 4/ 109 08 32
AL0019 08 Apr 90 206 78 9 13N 1000/ 153] 96 8 78 08 64
ALO019 |09 Apr-80 191 13 10 16 4{SW 222 241| 886 5/ 49 08 4
ALO019 10 Apr 90 24) 85 11 15 2|N 1000 199 7 6] 92 08 48
ALO019 |11 Apr 90 287 155 12 18 8|S 111 145 9 7 4 08 56
AL0019 |12 Apr 90 212 15, 125 19|W 18 5| 183 11| 99|1000 08 7 92
ALO019 |13-Apr 90 23] 123 101 15 6|N 1000 121 8 75 4 08 6
ALO019 |14 Apr-90 22/ 99 86 15 9|N 1000| 295, 88| 85| 117 08 68
ALO019 |15 Apr 90 166 9 9 116({W 14 8| 357 7 7 8 08 56
ALOO19 |16 Apr 90 16, 82 86 10 2|W 148] 254| 58| 46 8 08 368
/‘)‘{ ‘7l )
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AL19EVAP

ALOO19  |17-Apr-90 19| 68 84 10 8|NW 56|/ 199, 86 9 112 08 72
ALO019 |18-Apr 90 246| 95 88 16(N 1000, 126| 12| 105|108 08 84
ALO019 |19-Apr-90 282 146 9 18N 1000 235 145 13 83 o8 104
ALO019 [20-Apr-90 25| 157 12 19|N 1000/ 108 11, 88 3 08 7 04
ALO019 |21-Apr-90 232| 122 1 17|N 1000 228|108 9 1N 08 72
ALO019 [22-Apr-90 25 65 93 17|N 1000f 106f 11| 86| 121 08 6 88
ALO019 |23-Apr-90 291 124 10 19|E 185 134 128 12; 112 08 96
ALO019 |24-Apr-90 307| 146 10 19 4|SE 74 90| 128| 119| 75 08 952
AL0OO19 |25-Apr 90 30| 154| 106 21 4N 1000 157 13 4 12 10 08 96
ALO019 |26-Apr-80 315/ 158 11 22 4|N 1000f 12t{ 159 14| 1 08 112
ALO018  |27-Apr-90 312 17 13 24 T\W 53 197,181 163 77 08 13 04
ALOO19 |28-Apr-90 238 1M 121 22 2INW 74 538| 99 9 64 08 72
ALOD19 |29 Apr-90 207 103 112 136/SW 93| 173] 82 71112 08 586
AL0O019 |30-Apr-90 | 233| 88| 81| 143|N 1000f 219 88| 74| 11 08 592 8744
ALO019 |01-May-90 18 8 84| 105 13 6|NW 259 408, 86 8| 1000 071 568
ALO019 |02 May-90 | 187 78 10 10 6{NW 56 78| 77| 65/1000 071 4 615
ALOO19 |03 May-90 22 61 87 11 1|NE 56| 173| 81 7| 1000 071 497
ALO019 |04 May-90 20 84 85 12 7|NW 74 391 69; 551000 071 3 905
ALO019 |05-May-90 19| 69 95 12/W 222 210 75 7/1000 071 497
ALO019 [06-May-90 | 228 7 8 116E 56 105| 84 7|1000 071 497
ALOO19 |07-May 90 | 253 98 94 15 3|N 1000f 151{127| 1171000 071 8 307
AL0O019 |08-May 90 | 274| 126 104 20 4|SE 56| 167|135 1231000 071 8 733
ALO019 |09 May-90 27 152 139 17 9|N 1000( 230|112 10| 1000 071 71
ALOO19 110 May-90 22) 156 122 18 6|W 93 251, 93| 88|1000 071 6 248
ALOO18 [11-May-90 20 101 12 14 2/SW 185 381 85 8| 1000 071 568
ALD019 |12 May-90 195 114] 133 14 8|SW 148 310f 75 7|1000 071 497
ALO019 |13 May 90 218} 114 122 16|S 36 259 98 81000 071 568
ALOO19 }14-May-90 288, 126 10 18|N 1000 123 123 10| 1000 071 71
ALO019 [15-May 90 33| 164] 125 21 7(E 56 390| 20 1711000 071 12 07
ALO019 [16-May-90 256| 164, 125 21 8|W 185 366| 178 18| 1000 07 1278
AL0019 |17-May-90 25| 135/ 126 19 6|SW 13| 160|125 12]1000 071 852
ALO019 |18-May 90 | 273 132, 131 20 8|N 1000f 290| 13 11{1000 o7 7 81
ALO019 |19-May-90 | 312 15 12 24N 1000f 143] 131 1111000 071 781
AL0018 20-May-90 30| 167 134 24 2N 1000/ 189) 135 111000 071 7 81
ALO019 (21-May-90 | 264| 148 14 19(SW 111 400/ 134 11| 1000 071 7 81
AL0OD19 |22-May-90 | 275| 125| 121 20 4|NW 111 258 11| 941000 071 6 674
z7%0l7
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ALO019 |28 Jun-90 332| 196 16 27 6|N 1000{ 235} 184 14} 122 068 952
ALQO019 |29 Jun 80 318/ 185 135 252N 1000 265|153 11 121 068 748
AL0019 |30-Jun 90 291 178 144 236|W 185] 37111786} 155|123 068 1054 270 %44
AL0O019 |01-Jul 90 28/ 178| 233 13 7|W 148 346|148 91124 068 612
AL0019  |02-Jul-90 29| 185; 222 14 6|N 1000| 266|144 92| 121 068 6 256
ALO019 |03-Jul 90 292 189 234 13 6|SW 14 8] 346|185 12} 122 068 816
ALOO19  |04-Jul 90 308f 208 24 15 5|8W 93 346| 16| 106| 118 068 7 208
ALOO19  [05-Jul-90 305/ 208| 243 16 9|W 14 8| 439, 21 14} 118 068 952
ALO019 |06 Jul-90 319 216] 264 16 1|SW 111 317|239 168| 121 068 11 424
AL0OO19 |07 Jul 90 326| 194, 267 15 7|NW 56| 274|197 121 122 068 816
ALOO19 |08 Jul 90 338/ 208 278 15 3|NW 74] 240[162| 105 12 068 714
AL0019 |09 Jul-90 327 205 256 15N 1000{ 275( 145 98| 123 068 6 664
AL0OO019  |[10-Jul-90 323 20 25 16|NW 111 3411173} 122 121 068 8 296
AL0019 |11 Jul-90 304| 186 23 16 3|W 111 399 16 121 123 068 816
AL0019  [12-Jul-90 286 17, 198 17|\W 185/ 329| 98 71124 068 476
ALOO19 |13 Jul 90 28, 181 21 18 4|W 185 388 9 78 117 068 5 304
ALO019 |14-Jul-90 294| 182 21 19|W 11 1] 258|121 101 117 068 68
AL0019  |15-Jul-90 33f 195| 256 17 4|N 1000 275|174 12} 125 068 816
AL0019 |16 Jul 90 324 214 26 17 5|S 56 279 17 12 123 068 8 16
AL0019  |17-Jul 90 325 20| 248 14 4| NW 93 277 18] 125|125 068 85
ALO019 |18-Jul-90 335 22 27 17 4\W 93] 285 18 12| 124 068 816
ALO019 |19-Jul 90 336| 224 282 17 6|NW 148; 341|173| 115|125 068 782
ALO019 |20-Jul-90 325 224, 268 15 2|NW 148 289|172 12{ 124 068 816
AL0019  [21-Jul-90 32 20| 241 131w 148 301163 11 125 068 7 48
ALO019  [22-Jul 90 342 194 25 14 8|NW 111] 229/ 164| 105|123 068 714
ALO019 |23 Jul-90 314, 184 227 17 6|N 1000 311|136 9/ 118 068 612
ALO019  |24-Jul 90 308 195/ 234 14 7|8 37 347125 85 12 068 578
AL0019 |25 Jul 90 305/ 168 222 15 8|SW 74 2800113 9| 12 068 612
AL0019 (26-Jul-90 321 177, 241 16 8N 1000, 259|155 111 123 068 748
ALOO19 |27-Jui-90 318 208| 252 17 /W 259 451|214 15| 122 068 102
ALO018 |28-Jul-90 32| 227) 261 14 7|SW 93| 386 16 111122 068 748
AL0019  [29-Jul-90 29 19| 226 18 5{SwW 148 395 93 71 12 068 476
AL0O019 [30-Jul 90 292 165/ 206 17|SwW 111 336 7 5122 068 34
AL0O019 |31-Jul-90 30| 179] 233 17 9|W 93 300{124] 85{122 068 578 22% (72
AL0019 [01-Aug-90 306 17| 145 24 5|NW 185 298|132 10] 123 06 6
ALOO19 |02-Aug-90 324| 184| 166 24 5|NW 93] 241 15 11] 125 06 66

764 i
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4.3.2.1 Nutrient Uptake

Agricultural Crops (4 PAGES)

In general, the largest nutrient removals can be achieved
with perennial grasses and legumes that are cut freguently
at early stages of growth. It should be recognized that
legumes can fix nitrogen from the air, but they are active
scavengers for nitrate i1f 1t 1s present. The potential for
harvesting nutrients with annual crops 1s generally less
than with perennials because annuals use only part of the
availlable growing season for growth and active uptake,
Typical annual uptake rates of the major plant nutrients--
nitrogen, phosphorus, and potassium--are listed in
Table 4-11 for several commonly selected crops.

The nutrient removal capacity of a crop 1s not a fixed
characteristic but depends on the c¢rop yield and the
nutrient content of the plant at the time of harvest,
Design estimates of harvest removals should be based on
yield goals and nutrient compositions that local experience
indicates can be achieved with good management on similar
soils,

TABLE 4-11
NUTRIENT UPTAKE RATES FOR
SELECTED CROPS
kg/ha-yr

Haitrogen Phosphorus Potaessium

Forage crops

Alfalfa® 225=-540 22-35 175-225
Bromegrass 130-225 40~55 245
Coastal permudagrass 400-675 35-45 225
rentucky bluesgrass 2006-270 45 200
Quackgrass 235~280 30-4¢5 275
Reed canarygrass 335-450 40-45 315
Ryegrass 200-280 60-89 270-325
Sweet cloverd 175 20 100
Tall fescue 150-325 30 300
Orchardgrass 2%0-350 20~50 225-315
Field crops

Barley 125 15 20
Corn 175-200 20~ 30 llg
Cotton 75-110 15 40
Graan sorghwn 1315 15 70

POt atONS 230 20 245~325%
Soybeanad 250 1p-20 30+55
Wheat 160 15 20~45

a Legumes will alao take nitrogen from the atmosphere

4=16
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Table E-10

Relative tolerance of selected crops to exchangeable sodium (1)

Sensitive (2}

Aveeado

(Persea americana)
Deczduous Fruils

Nuts

Bean, green

(Phaseolus vulgar:s)
Cotton {at geraunation)
{Gossyprum hursuiwm)
Mace

(Zea mays)
Peas

(Pisum sativum)
Grapefnut
{Cuarus parodig)
Orange

(Curus sinensis)
Peach

{(Prunus persica)
Tangenne

{Curys reuculaia)
Mung

{Phaseolus aurus)
Mash

(Phaseolus mungo)
Lentl

{Lens cultnans)
Groundnyt (peania)
{Aracius kypogaea)
Cram

(Cicer anewrum)

Cowpeas
{Vigna sinensis}

Semu-tolerant(2)

Carot
{Dascs carota)
Clover Ladino

(Trfoluum repens)

Dallnsgrass

(Paspalum dilatatum)
Fescye, tall

{Festuca arnundinacea)
Lettuce

{Lazwica sanva}

Bapn

{Penaiserum ryphodes)

Sugarcane
(Saccharum officinarum)
Berseem

{Trifolium alcxandrinum)
Benp

{Meliows parvifiora)
Raya

{Brassica juncea)

Oat

{Avena sanva)
Onion
{Allum cepa)
Radish

{Raphanus satsvis)
Rxce

{Ory2a sativas)

Rye

(Secale cereale)
Ryegrass, lalan
(Lotium multflorum)
Sorghum

{Sorghum wuigare)

{Lycopersicon esculentum)

Veich

Vicua sauva)
Wheat

(Triticum vulgare}

Tolerant(Z}

Alfaifs
(Medicago satrva)}
Barley

(Hordewn vulgare)
Beet, garden

(Bewa vidgans)

Beet, sugar

{Beta vilgaris)
Bermuda grass
{Cynodon dactylon)
Cotton

(cossypsum hursutum)
Paragrass

(Brackicna mutica)
Rhodes grass

(Chlons gaysna)
Wheatgrass, crested
(Agropyron crisiatum)
Wheatgrass, farway
(Agropyron crisianom)
Wheaigrass, farway tall
{Agropyron siongatum)
Kamal grass
{Dsplachra fusca)

Adapted from data of FAO-Unesco (1973) Pearson (1960) and Abrol (1982)

Source. FAQ Guidelines RS Ayers & D'W Wesicot (1985)
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DESIGN AND OPERATION OF FARM IRRIGATION SYSTEMS

TABLE 8.1 SALT TOLERANCK OF AGRICULTURAL CROPS AS A FUNCTION
OF SOIL SATURATION EXTRACT SALINITY {EC,) WHERX RILATIVE YIELD (Y)
IN PERCENT ® 100 ~ WEC, -~ 2) (FROM MAAS AND BOFFNAN 1977)

Salinity* gt Percent yield Qualitative
nitial decrease per unit salt
rieid deciine wncrease \n saliruty tolezance
(threshoid) beyond threshold ratngt
Crop A} )
45/m R/{dS/m)
Altfalfs
Medicago satve 290 13 MS
Almong
Prunus dulcw 18 19 5
Appie
Walus sylvestris —_ — s
Apricot
Prunus ormenigco 16 24 s
Avocadol
Persea americano — — S
Bartry (forage)§
Hordeum vuigare 60 b MT
Barley (o) §
Mordeum vuigare 50 5 T
Bean
Phaseolus vulgaru 10 19 5
Beet, gazdend|
Beta vulgaris 40 9 MT
Bantexrase
AFrostis palusirs —_— — M8
Bermudagraszs
Cynoden Dectyion 69 8 4 T
Hack berry
Rubus spp 18 22 s
Boysenberry
Rudus ursinus 15 22 s
Broadbean
Vicig Fada 16 96 MS
Broccol
Brossica oleracea botry tis 28 92 MS
BRrootegrass
Bromus inermus —_ — MT
Cabbage
Brassica oleracec copliato 18 97 MS
Canarygrass, resd
Phglgri grundinaceg —_ —_ MT
Carrot
Daucus Carota 10 14 S
Qover anke lagino
red. sttawberry
Trifolusm spp 18 312 MS
Clover berseem
T elexandrinum 15 57 MS
Com (forage)
Zea Mays 18 T4 M5
Com (gran)
Zes Mays 17 2 MS
Com sweet
Zes Mayt 17 12 MS
Cotton
Gossypium Nirsutum 77 52 T
Cowpea
Vigna unguicylata 13 14 MS
Cucumber
Cucunis sotivys 25 13 MS
Date paln
Phoenix doctylifers 40 38 T

of

l(

SALINITY IN IRRIGATED AGRICULTU!

TABLE 5.1 SALT TOLERAN!(
OF SOIL SATURATION EXTRA
IN PERCENT * 100 - W}

Crop

Fescur tali
Festucc elanior

Flaa
Linum usilalssimam

Grapes

Vitia spp
Grapefratt

Crtrus x parodis!
Hardisggras

Phglgris luberose
Lemonz

C trus mon
Lattuce

Lactuce sgtiva
Lovegram®*®

Eragroaty spp
Meadow Faxtail

Alopecurus praotensis
Mallet. Foxtail

Setars itghica
Okrs

Abdeimoschus escuientus
Olive

Oleg curopato
Omion

Allsum Ceps
Omnge

Citrus sinensiy
Orchardgrass

Dacty it lomengte
Peach

Prunus Hersucs
Peranut

Arachis hypogaea
Pepper

Cepuicurm annum
Plumzx

Prunus domestice
Poltato

Solgnum tuderogum
Racksd

Raphanus sativus

Raspbersy
Rubdus idecus

Rhodesgrnss

Chicns Gayanc
Rice paddy §

Oryza sstvg
Ryegram. petenyual

Lolium perenne
Safflowes3

Carthamus tinctorius
Sesbanza §

Sesdonw exsilals

Sorghum
Sorghum dcolor




)F FARM IRMGATION SYSTEMS

CROPS AS A FUNCTION
ERE RELATIVE YIELD (Y)
ND BOYFMAN 1377)

SALINITY IN I1RRIGATED AGRICULTURE

TABLE 51 SALT TOLEZRANCE OF AGRICULTURAL CROPS AS A FUNCTION
OF SOIL SATURATION EXTRACT SALINITY (EC ) WHERE RELATIVE YIELD (Y)
IN PERCENT = 100 - EEC' «23) (FROM MAAS AND HOFFMAN 1977}

Pexcent yield Qualitative
crCase per urul salt
rease 10 salinity tolerance
yond theeshold atingt
[$. 3]
»/(d5/m)
73 ms
19 S
- 5
24 S
- S
Ty T
5 T
19 3
9 MT
- MS
64 T
22 s
23 S
96 MS
L s
- MT
917 s
- MT
14 s
12 MS
817 MS
T4 MS
12 MS
12 MS
5.2 T
14 Ms
13 Ms
I T

Salimity * at Percent yield Quahitative
n3tial decreate per unut sal1
yield decline mncrense \n salinity tolerance
(iheeshoid) beyond theeshold rauagt
Crop {A) (¢:)]
as m %/(dS/m)
Fescue tal}
Festucg eiatior 39 $3 MT
Flax
Linum usitatsnimum 17 12 s
Grape t
Vizis 3pp 15 86 MS
Grapefruaty
Citrue x paradis: 13 i6 5
Hardinggrass
Phaloriy tubeross 45 16 T
Lemonyt
Citrus imon — —_— s
Lettuee
Lactuca sativa 13 13 Ms
Lovegrass *
Eragrosts spp 20 54 s
Meadow Foxtan
Alopecurus pratensu 15 86 MS
Miliet Foxtaul
Setara lolice — —_— MS
Okza
Abeimoichus rsculenius - —_ 5
Qlve
Qlea europgea — —_— MT
Onion
Atlium Cepa 12 16 S
Omnge
Citrus sinenyis 17 16 S
Orchardgrass
Dactyiis glamerata ] 62 ms
Prach
Prunus Pers: a 117 21 S
Pranut
Argchis hypogess 32 29 WS
Pepper
Cgpacum annum 15 14 Ms
Plum}
Prunus domestica 19 18 b
Potato
Solenum fuberesum 17 12 My
Radash
Raphenus salivus 12 13 Ms
Raspberry
Rubdus idoeus —_ —_ [
Rhodestrass
Chlorns Gayung —_— —— MS
Ruce paddy
Nryza sulve 30 12 M5
Ryszass. perennial
Lolsum pergnne 5¢ T6 MT
Satflowsr
Carthamis tinctonus —_ — MT
Sesdansa §
Seedanie exgitata 2.3 7 MS
Sorghum
Sorghum dicolor —— —_ MS

e
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August 4, 1995

Mr. Stephen ¥

Harza Environmental Service
Sears Towar

233 seuth Wacker Drive
Chicago, IL 60606-6392

Dear Mr. Hempel:

Thank you for your continued interest regarding the yeast applicataon
in Jerdan. In response to our discussion, we are pleased to offer

the following information.

In developing the following Expected Performance Summaries (EPS s),
we have used the information you supplied to us zegarding the
characteristics of the wastewater. EPS II 18 a acope for a full
scale installation while EPS III reflects a typical acope for ocur
package plants.

Expected Performance Suamary II

The full scale BIOTHANE UASB EPS reflects a flow of 34,000 gpd and a
BOD of 27,000 mg/1. Removal efficiencies of 75% for COD and 90% for
BOD are applicable as in the EPS of 17 July. Energy preduction in the
form of methare gas will be equivalent to about 62 million Btu's per
day. BExcess sludge production will be equivalent to approximately
800 gallens paer day as wet sludge.

A digester of volume capacity 500 m3, with damensions 58 ft leng by
14 £t waide by 20 ft high i1a required. The conditionang tank that
precedes the digester will be of volume capacity 180 m?, with
dimensions 19 ft diameter by 20 ft sidewall height.

For budgetary guideline purposes, we estimate the price for supply,
installation, and etart-up of & BIOTHANE system this size, if built
in_the US to be $1.1 mallion. Included in the workscope at this time
are the fallowing compeonents:

1. The digester vessel and roundation;

2. the patentad internal settlers;

3. digester feed dastribution system;

4. internal reecirculation capability;

s, the eonditionaing tank complete with mixer and fouadation:

6. pracess piping and mechanieal detween the conditioning tank,
and daigestear,
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7. chemical dosing system (axcluding bulk starage);

8. wnstrumentation for automated contrel;

9. pressure regulating valve to maintain gas backpressure within
the digester veseel;

i0. fead pumps and reversible sliudge pump;

11, autoamatic safety flare;

12. odor control,
13. inoculant charge of biomass from existing BIOTHANE facilities

{20,000 gallons -~ excluding freight);
14. construction managemeat associated with our workscope;
1S. thirty days of on site start up and trainmang;
16. performance warranty based upon BOD purification.

Not included i1n the workscope and budgat price are the following
ltoms s

1. temperature regulation (if required):
2. upstream screening and/or FOG removal (1f requarad);
3. gas handling beyond the flarae;

4. eguipment and control building: .

5. surplus sludge tank;

6. site preparation;

7. final grading and landscaping;

8. yard piping;

9. environmental and construction permits;

10. taxes, duties, custam/brokerage;

11. freaight;

12. please note that we have assumed a soil bearing capacaity of 3000

ps?.

Expected Perforsmance Summary IXI

Thas EPS raflects a flow of 145,000 fpd and a BOD of 5,400 mg/1.
Removal efficiencies are the sams, with energy production equivalent
to about 36 million Btu per day. Excess sludge productieon will be
approxigsately 500 gallons per day as wet sludge

A digester of volume capacity 400 m3, with dimensions S0 £t long by
14 £t wide by 20 £t sadewall height is required fer this application.
The conditioning tank will also be 180 m3,

For pudget gquideline purposes, we estimate the price for supply,
installation, and starteup of a BIOTHANE system this size, 1f built in
the US to be $900,000, Included in the werkscope at this time are the
following cemponents:

1. the digester vessel and foundation complete with internal
topworks and i1nternal feed distribution network;
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2. the condaitioning tank complete with nixer and foundation;

3. mechanical papang betwsen digestar and conditioning tarnk;

4. tnstrumentation and contrel package with microprocessor
monitoring:

5. chemcal dosing system (excluding bulk storage);

6. bicmass supply (20,000 gallous - exciuding freight);

7. feed purps and reversibie sludge transfer pump;

8. safety flare;

9. odor control:

10. construction management services;

1i. 15 days of on-sitse start up;

12. process warranty for BOD purification.

Not included in the price workup at this time are:

1- tamperature requlation (if required),

2. upstream screening and/or FOG removal (if required):;

3. gas handling beyond the flare;

4. equipment and control building; -

LN surplus sludge tank;

6. gite preparation and civil; <=

7. yard piping and pumping;

8. construction utiliities)

9. taxes, duties, custom/brokerage;

1¢. freighe;

1l1. envaronmental and construction permits;

12. g%gg.se gcte that we have assumed a so:l bearing capacity of
psf.

Steve, please note onp EPS IT that & large recycle flow 1 needed, in
turn requiring external dilution.

We lock forward to further discussions regarding this potential
project and the advantages of working with Biothane Corporation and
how we can help solve your client's wastewater treatment needs. If
you have any questions or desire additional informatiou, please
contact us. Again, rthank you for the opportunity.

Sincerely,

Nadine J. Qmeo

Marketing Coordinator

NJD/enclosures



PRELIMINARY STUDY FOR HARZA FNVIRONMENTAL
BIOTHANE SYSTEM EXPECTED PERFORMANCE SUMMARY IT

August 4, 1995

A. DESIGN - PARAMETERS
Digester Volume (m3; 500
Pactory Flow (gpd/m3/d) 34,000/129
Recycle FPlow (gpd/m3/d) 120,000/456
External Dil Flow (gpd) 10,000/38
Hydraulic Retention Time (hrs) 72
Total COD load Capacaty (Xg/m3/d) 14.9
Approximate Space Raguirement (ft?) 4000
B. WATER PURITY
Influent Effluent
Concentration Ioad Concentration Load Reduction
{ppm) (Kg/d) (ppm) (Xg/d) (%)
Total COD 58000 7470 15826 2038 73
Soluble COD 55960 7207 13990 1802 75
Suspanded Solids 2000 258 1800 232 10
Suspendad Solids {(as COD) 2040 263 1836 236 190
Total BODs 27000 3477 2700 348 90
C. ANAEROBIC GAS PRODUCTION D. ANAFROBIC SLUDGE PRODUCTION

cap available (Xg/d) §432
COD Converted (Kg/d) %214
Total Gas FPlow (e¢fm) 64
Percent Mechane (&) 70
Methane Flow {(cfm) 45
Methane Produced (m’/d) 1825

Caloric Value (BTU/£t3) 950
MBTU Produced (per day) 62

COD Avairlable (Kg/d)

COD Converted (Kg/d)

Organic Sludge Growth (Kg/d)
V&S (%)

Total Solids Increase (Kg/d)
Solide Content (%)

Disposal Volume (m’}

Ssurplus Sludge Tank Vol (m®)

5432
2l7
217

70
310

10
3
N/Aa

“
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PRELIMINARY STUDY FOR HARZA ENVIRONMENTAL
BIOTHANE SYSTEM EXPECTED PERFORMANCE SUMMARY III

August 4, 1995

DESIGN -~ PARAMETERS

Digester vVoliume (m3) 400

Factory Flow (gpd/m3/d) 145,000/548

Recycle Flow (gpd/mi/d) 119,000/450

External D1l Plow {(gpd) 0

Hydraulic Retention Time (hrs) 17.5

Total COD load Capacity (Kg/m3/d) 11.3

Approximate Space Requirament (ft?) 3000
- WATER PURITY

Influent Effluent
Concentration Load Concentration Load Reduction
(ppm) (Xg/d) {(ppm) (Xg/d) (%)

Total COD 8230 4520 2495 1370 70
Seluble COD 7557 4151 1889 1038 7%
Suspended Solids 660 362 594 326 10
Suspended Solids (as COD) 673 370 606 333 10
Total BODs 5400 2966 540 297 90
. ANAEROBIC GAS PRODUCTION D. ANAEROBIC SIUDGE PRODUCTION
CoP available (Kg/d) 3150 COD Avairladle (Kg/d) 3150
COD Convexrted (Kg/d) 3024 COD Converted (Kg/d) 126
Total Gas Flow {Ccfm) 37 Organic Sludge Growth (Rg/d) 126
Percent Methane (%) 70 VSS (§) 76
Methane Flow (cfm) 26 Total Solids Increase {(Kg/d) 180
Methane Produced (m3/d) 1058 Solids Content (%) 10
Caloric Value (BTU/f££3)  9%0 Dispogal Volume (m’) 2
MBTU Produced (per day) 36 Surplus Sludge Tank Vol (m%}  N/A
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biothane advantage ~x - - the economics make sense
JOVEN REUABRITY g HIGHLY SETEABLE SUWDGE BIOGAS RECOVERY
tore than one hundred = remarkable siudge A 1 0MGD flow of wastewater
dustnat-scale piants now in ~granules which are charactenshc containnga COD
perchon throughout the world %&?gﬁmm Groatty concenhono":!:f&mmgll .
bromass handi canresult m the generahion o
AAJOR REDUCTION IN BOD "o methone approcching 300 000
Jver 90% i most applications STABLE cubic feet perday (27
Jgndicantly lowers municipal Resists upset from vanety of therms) This can realze savings
uchorgesemdm%\;egswm wastewan pH cxc:rg1 gfé?O.!Ingbnsofmel“%ihmc
operghing efficlency concihons Systern 20-day operahng year with a
secondary treatmentsystems rerncn dormant durdng factory voiue of $500 000
downtime"withautatfectng
PRODUCTION OF USABLE futsrepertformance REDUCED SEWAGE ASSESSMENTS
ENERGY An industy poying $70 per 1000
at COMPACT SEZE s BOD dischorged with the
approxsmately 0 35 cubic meter  Needs only o sall fraction of wastewater
pet Kg COD converted equvaient cerotxc space charactenshcs can save os
offset factory energy costs. sm Anarao!essthgn muchosS?mC%Jpergzo-doy
RAPD HIDRALLIC THROUGHPUY Bloigmews?emmchoechI: 350 000 g o Do Ot
'fh’? oo Pon Kg of COD per day withhigherdoadedwastewatess
responsive condrol of system W SAVINGS
utomated systemcon Very fiw enetgy consumphion
. ~ providesreficble efficient operation and
*Wm%%gcoo without mfonse latax anfanamoa Gna e iow
s maintain
e oates of oo S hess o e Akl
vokmsparg mm relative 1o freaiment of waste-
M@fa ¥ or water by onrsite garobic systerns
QUICK SYSTBM ST/ ) (cover photo) the compoct
il pesitmioneh o Biothane system consisting of four
HievBCIiTRS covamdgnwmmﬁcemesr)
woekswiity ey T Boidwirsyio New Yorkbrawery
grangior R332 removes more thon 90% of the
: 8] orgone confained nthe
oW SUDGE N Al s mmm
oo SRR busrscndcianers thersot o
s \ “Cormpact by providng nfiuent ond
6 #ffuent SCOD dota ivough the
problems. . oterfacedwith exishng onaerobic digesters for three
N L wostewater freaimentsysterns. months folawing start up of the
N ‘\'—3: + : m
. &%‘;"‘; B The botiom ine Theabiha\e? mmmwzg
£xd '%':" * ~ S v = mn
RN D e Ao mio payback _two fothree
- a:;_‘ » rgoovenshelpsoffset energy yearsformany applicctions.
AN \ csi¥oswastewater treatment
T 453 probiorms are sovec
‘P‘Mo:“ N ‘\\( e
A



#1 Biothane systerns comae in vanous shopes ond
szes This compact concrete siructwe located ot
The J M Smucker Company s compartmented to
contain o 600 m gigester vessel ¢ 200 m’
conditioning tonk o smoll suphus sudge vessel and
the equipmen? and control buskdang pctured
towards the front nght  The common woll

B consiruction s economical and practicot for system
us@rs with high wastewater low ond reiahvely iow
strengthoigamciood The Biothane racity ot The

3 J M Smucker piont s designed 1o freat a COD kad
of 5000 Kg/d contaned m ¢ flow of 0 4 MGD

#2 The gleoming siver stuchura 10 the ief! of he
pechure is a 200 s Blothane package piant mnstaled
B 10 freat wastewater fromn frozen yogurt praduction
at Colombo Inc mnpudmgadgsﬂuconceotb
ideat for system users who have organic ioods

less than 6000 KQ/d COD lhewnalmmmd
control buiding is located to the Aght of the
agester ond the Rdergioss aomed rcot of the
upstreom condihonmng tork is visibie in the
background The systern at Colombo is designed to
treat 2000 Kg/d of COD contaned ina flow of 0 1

#3 The twin 2500 v digesters af Eoglie Yeost each
treat 26 000 Kg/d of COD contained in o fliow of 0 3
MGD Ths New Jersey focity uttizes the generated
iogos to supply a maonty of the energy requred
in the manufacturing of iis baker s yeast product
The system hos been in operation snce 1985 and
routmely achleves a 90% BOD removai efficiency
The concep!’ of paroliel digester operation
infrociuced so successhally at Eogle Yeast has been
used subsequently in saveral large Biothone
fregimentinstaliations

#4 The Biothane process offers sgrsficant energy

#5 The spoce compoctness of the Biothane system
s Rustrated by the reatment of wastewater from
Stone Conidiner arecycie paper M The entiro

systom
ot0IMGD kiocated on a site of less than 7000
square feet n area

State-of the-art
MCIODIOCesr .
mondoning andd.
control makes the'
Biothans process
easy fo cpergte
and mgintain and
Clicws for 1ot
automated
response 1o any potential problerns fo nsure
long tenm system stabilly

7500Kg/a COD contained ina flow
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The INDUSTRIAL Multi Media Filter represents a significant
step forward n water filtration technology It offers vou o
highlv efficient filter that does not take up a lot of space doey
not use much water for backwash filters much longer durning
the sen ice crvcle with low pressure dimp before backwash 1s
required and otfers many other advantages detarled in ths
brochure

The destgn 1~ highly efficient—several lavers of screntificalls
selected filte r media are contained in a single tank and
stratified so that as water flows down through the varwus
media maximum filtering takes place 1n each laver as
described in the paragraph Quali Miaerals below The
design overcomes the basic fault of most »and and other
single-medha filters that provide a maximum filtering
efficienncv onis in the top few inches of the filter bed The
INDUSTRI AL Multi Media filter operates at maximum
efficiencv throughout the entire flter bed

The various media have been seiected according to matenial
densitv This means that during backwash the media lavers
are automaticallv restratfied so that the filter 1s immediatelv
readv for service as saon as backwash 1s completed

TYPE 212's FEATURES
© Quality Minerals

Each laver of muneral in the INDUSTRIAL Mulu Meda filter
has been specificatlv selected for a specific function The top
laver of anthracite removes the larger parucles without being
blinded by the fines The second laver of filter sand removes
particles to the clanty tvpical of convenuonal sand filters
The thud and fourth lavers are two different sizes of garnet
which polish filter bv removing particles down to 10
microns The entire bed becomes the filter medium
permitting a hugh dirt holding capacitv wath a fineiv
polished effluent qualitv

© Automatic Valve System

INDUSTRIAL s factor assembled valve nest incorporates
Y—-pattern diaphragm valves for positive control wath full
flow offers low pressure loss high flow rate capability and
either hvdraulic or pneumatic operation [ndividual valves
have less bulk less weight and are less comphicated All
pasts can be servicad wathout disturbing the piping The
valves open and close at a rate which posiuvelv assures that
the valve arrangement 1s free of water hammer for long lived
operation

© Timer-Controlier

The wndividual diaphragm valves are controlied by the
action of a four position motar dnven brass bodied rotarv
pilot valve which sequences the filter through the steps of
Backwash Settle Rinse and Retum to Service The action of
the rotany pilot valve is controlled bv a fully adjustable cvcle
tumer The cvcle umer is imtiated by 3 calendar nme clock
which provides for the backwashing process to occur from
one to seven tioies 1n a seven day peniod As an opuon
imitiation may be accomplished by a signal from 2
differential pressure indicanng switch The imitiation may
also be accomplished bv manual push button and the
system mav also be manuaily indexed through a complete
cycle 1n the event of a power failure

~ - - e - ~ v LA 4 ~ M picayu >

and are tested at 130% of design pressure The intesior of the
tank is ined with a two part epoxy which 1s EPA approved
for potable water Tankage mav be optionally ASME code
stamped

© Distribution System

L pper distribution 13 arcomplished by 4 single pont or
muitiple poiat baffle tpe depe nding un 1ank diameter The

uade rdrain wili be of the hub and radial tpe Lavered by a

graded gras« i supporing bed Fals bottums are aot
mploved

@ Packaging

Syvstems are complete from inlet to outlet and include
pressure gauge sample valve and backwash flaw rate
controller effective over 3 30 to 100 psi pressure range
Multiple units include electrical lock-out to prevent more
than ane filter backw ashing at a ume Opuonallv multiple
units mav be skud mounted and prepiped

OPERATING DATA
20 p3i-100 pm
1570 bar
40°F -120°F
5*C-50°C

up to 180°F
up to 80°C

PRESSURE

TEMPERATURE Standard

Avatiadle as
Optional

ELECTRICAL 120 v 60 Horz

REQUIREMENTS 220 v 50 Henz

WARRANTED against tailure due to faulty workmanship
maternals and corrosion for a peniod of 1 year

INDUSTRIAL FILTER & PUMP MFG CO + 5900 0GDEN AVE - CICERO, IL 60650-3888 - 708-656-7800 « FAX 708-656-7606

e PRESSURE FILTERS * PACKAGE AND CUSTOM LIQUID WASTE TREATMENT SYSTEMS * VULCANIZED RUBBER
LINING ¢ ION EXCHANGERS ¢ EVAPORATORS = PUMPS « TEST CABINETS v SYSTEMS AUTOMATION

Creveer ¥ - agcs

!O¢



Vanguard® 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.

Ammonia

Benzene
Bromodichloromethane
Bromotform
Bromomethane

Carbon tetrachioride
Chiorobenzene
Chioroethane
Chioroform
Chioromethane

OBCP
Dibromochloromethane
1, 4-Dichlorobenzene
Dichlorodiflugromethane
1, 1 Dichloroethane

1, 2 Dichicroethane

1 1 Dichloroethylene

t 1 2 Dichioroethylene
1, 2 Dichioropropane

PHYSICAL SPECIFICATIONS:

~

¢ 1, 3-Dichloropropene

t 1 3 Owchloropropene
ED8

Ethylbenzene

Hydrogen sultide
Methane

Methyiene chloride

MTBE

Radon

1, 1, 2, 2 Tetrachloroethane
Tetrachloroethylene {PCE)
Toluene

1 1, 1 Tnchloroethane

1, 1, 2 Trichiorcethane
Trichioroethylene (TCE)
Trichlorofluoromethane
12 4 Trimethylbenzene
Vinyl chioride

Xylenes

Vanguard® Alr Strippers = |
Models 4S-1 Serles I AS-15 Serles ‘ AS3 Series ;_ a4S-4 Seres
Stnpper
Design Counterflow, Forced Dratt
Nominal
dla., Ft. 10 15 20 32 41
Delta Pak™
%FL 145 to 235 §5t0175 85 to 18.5
Water
Flow, GPM 2t030 751050 11 10 90 35 t0 150 55 to 350
Motor HP 15 18 15to5 2t05 3to78

Centrifugal Blower

Direct or
Fan Type Direct Drive Bsited Belted Drive
Materials of Construction:
SHELL FRP Or Polyethylene
PACKING PVC PVC PVC PVC PVC
PIPING PYC Ve PVC PVC PVC
Above Specificationy Are Subject To Change Without Notics in The Ot Proguct imp

Form & 91300 394
Mrinved in U3A
Mavees 380

Defta Cooling Towers Inc
114 Clinton Road

PO Box 952

Fairtield New Jersey 07004 2970
Telephone 2012270300

Fax

201/227-0458
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A High-Efficiency,

Horizontally Mixing, Aspiratling Acrator
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The TORNADOQ aerator represents the most
innovative, yet proven solution to aerahon
equipment design The TORNADO is a
high-efficiency, totally seil-contained,
horizontally mixing, solid shaft aspirating
aerator Mounted on fioats or bracksts, it
uses a subsurface propeller to aerate and
mix all or parn of a basin

TORNADQ aerators are ideally suited for

APPLICATIONS

Wastewater Treatment

Cold Weather Operation / ice Control
Supplemental Aeration

vOC Removal

Qdor and Algas Control

Leachate Treatment

INDUSTRIES

Chemical Processing

Wine & Beverage Manufacturers
Textlle Industries

Pulp & Paper Mills

Municipal Wastewater Treatment
Daines

TORNADQO aerators oonvert the least
amount of energy into the maximum amount
of aeration and mxing glving you

High OXYGEN TRANSFER EFFICIENCY -
the ability to dissolve or transfer oxygen to
water, and

High BASIN MIXING EFFICIENCY - the
effective dispersion of oxygen wisie mainiain-
ng solids in suspension.
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2.0 SAFETY PRECAUTIONS

——

Any equipment that invoives waler electnaty and maving parts is potentatly dangerous' Owners and
equipment operalors are responsdie 1o see that gveryong follows the estabiished safety ruies and the
safaty rules bsted i this manual. AEROMIX s not responsidle for injury or property damage caused by

unzafe equipment operaton

1. Read this manusl! before operating the equipment!

2 Aiways keep yourself and others away from the propeller when Lthe aerator is operaling 1 or
out of the water

3 Never lat anyone swim in a pond which has an aerator operating

4 Whie installing an aerator make sure the propeller is clear of any submerged items such as
meonnp of electrical ¢cable

5 Make sure the slectrical circurts are locked out (disconnected) whenever equipment is baing
handied or serviced

6 I the aerator Is ysed for deiCing make surg signs are posted 1n accordance with siate or
local laws adwising of thin ice and apen water

7 Never ¢imb on fioat or moynting assembhes while the equipment is operating

8 Ses additonal salety precautions regarding the coupling flanges in Appendix A

3.0 OPERATING PRINCIPLE

FIGURE 2 illustrates an aeralor in operation Water moving past the propeller creates & Iow pressure
zone at the propeller hub This draws air through the dralt twbe air inlet hole down to the propeller
Action of the propeiier mxes the ait slream with the water reasulting in tny bubbles The air and water
mixture 18 forced away from the propelier both horizontally and
venically effectively mixing and oxygenatng the water

FIGURE 2
Aerator in operation

LIKQUID LEVEL




Low Water Level Legs - Typcally used in combinauon
with swing arms, low walter level legs (FIGURE 8)

allow a pond to be compietely empbed with the
TORNADO aerator and floats moored in place
The legs hoid the propelier off the pond
tioor when thers is no water m the pond

&G
FIGURE 8

Low Water Level Legs

N

1.0 FLOAT MOORING OPTIONS

e

A float mooning system is more flexible for posmiomng aerators than most other mounting systems The
most common ways of moonng floats are moornng [0 posts on shore or moonng o anchers

7.1 MOORINGTO SHORE
The TORNADO floats are normally OFTION 8
equipped lo be moored either
perpendicular (mooring oplion A in
FIGURE 9) or paraliel (mooring
opuon 8 in FIGURE 9) 1o the
mooring cable Special modificatons
can be made to aliow the flogts 10 be
mounted at differant angles Size the

moonng cable per mator horsspower by

using the chart in Appenchx B ‘%

Appendix B aiso provides
the maximum cable
length and maximum
unsupported distance
for adierent cable sizes.

FIGURE S
Mooring Optons




6.2 FLOAT ACCESSORIES

Vortex Sheid - Excessive vortexing will not normally occur with the TORNADO when operated under
erdinary condibons and when tipped inlo the water at a 45 degree angle In situabons where vortexing
does occur an optional vortex shield (FIGURE 6) 15 available

FIGURE 6
Floal with Optional
Vortex Shieid

Swing Arms - Swing arms (FIGURE 7) are needed whenever
water levels tluctuste beyond the himiis of the moonng cable
Floats with swing arms can only be moored perpendicular

to the cadble

4



