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Abstract

Treatment and application of agricultural drainagewater (ADW) has become mandatory to cope with the shortage
of potable water. In Egypt, current water supply plans comprise increasing utilization of the ample resource of
ADW. The current limitations facing wider utilization of secondary sources in general and, ADW of particular,
need extensive funding requirements. Best availabl e technol ogies and consequently high level of capital have been
required to implement treatment works. This paper presents techno-economic aspects of treatment and reuse of
polluted surface water resulting from mixing river water with ADW. Proposed technol ogical treatment schemesare
first discussed. Further, the selected integrated treatment scheme based on conventional and advanced physico-
chemical techniques is elucidated. Membrane separation has been incorporated to achieve removal of residual
pollutants as well as salinity reduction. Further, the paper is concluded with a techno-economic assessment of the
proposed treatment train for 110,000 m®/d treatment facility. The resultsindicate promising features of the proposed
scheme. Complementary studies are needed to assess potential environmental impacts under normal conditions.
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1. Introduction

The utilization of agricultural drainage water
(ADW) and marginal quality surface water isan
emerging necessity to deal with severewater shor-
tage in arid and semi-arid land. Upgrading of
ADW may enable appropriate schemes for con-
trolled application depending on treated ADW or
viamixing with other sources of surface water.

Obviously, theissue of utilization of marginal
quality water isgoverned by numerous considera-
tions comprising level of treatment technology,
economic limitations, applicable environmental
legislations and social acceptability.

Recent technological advances enabled iden-
tification of technically feasible schemes for the
treatment of marginal quality water [1-5]. Those
packages rely on recent innovations in the areas
of biological and physico-chemical treatment. In
addition, the last two decades witnessed the
development of reliable membrane separation sys-
tems enabling cost-effective processing of mar-
ginal quality water to achieve the most stringent
health and environmental standards. Dual and
triple membrane separation schemes such as
microfiltration (MF), ultrafiltration (UF), nano-
filtration (NF), reverse osmosis (RO) and MF/NF/
RO are examples of powerful integrated mem-
brane schemes.

The optimal performance of membrane sepa-
ration technology isclosely related to the success-
ful selection and operation of a pretreatment sys-
tem whose selectionisrelated to the characteristics
of feed stream and the requirements of down-
stream membrane separation. Numerous integ-
rated packages have been proposed for the treat-
ment of ADW including but not limited, to the
following:

* Plain sedimentation.

» Chemical precipitation and aerated |agoons.

e Activated sludge.

o Tertiary treatment comprising chemical preci-
pitation, biofiltration and sand filtration.

» Physico-chemical treatment comprising chem-
ical precipitation, sand filtration, activated car-

bon adsorption, nanofiltration and ozonation.

» Chemical precipitation, sand filtration, chem-
ical oxidation, activated carbon, EDR and ion
exchange.

This paper addresses the techno-economic as-
pects of ADW treatment with identification of
techno-economically feasibleintervention scena
rios. Moreover, the results of reassessment of
polluted surface water treatment package will be
discussed.

2. Treatment rationale

Planning of treatment interventions pertaining
to ADW or mixed ADW and surface water should
consider the following:

The characteristics of ADW should be moni-
tored for sufficient length of timeto quantify pol-
lution loads and seasonal changes. In addition,
hazardous contaminants level and their possible
sources should be identified and eliminated. Fur-
ther retrospective data should be al so considered.

Consideration of TADW uses:

e |dentification of potential uses of TADW and
structured interview of different aspectsof de-
mand pattern.

e Careful definition of treatment objectives to
meet the requirements of potential concerns.

» Exploring the reliability and economics of al-
ternative water supplies.

Feasible technological schemes should be
identified and assessed based on techno-economic,
environmental and social grounds. Initial screen-
ing is based on environmental impact considera-
tion and risk assessment. Addressing of biological
treatment is needed in case of land availability
dueto reliability in remote arid zones. Additional
advanced post treatment may be needed to remove
residual hazardous components to meet target
criteria of specific consumers.

Process design of the target treatment scheme
should permit:

e Multipleoutletsalong the processlineto cope
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with quality needed.

e Mixing TADW with other surface water stream
to copewith availability and quality consider-
ations.

3. Technology modules

Numerous technologies are commercially
established to enableremoval of suspended solids,
biol ogical/organic and inorganic pollutants. Selec-
tion of an integrated package should consider
reliability and cost effectivenessfor each specific
module. Performanceindicators of some adopted
treatment technology modules are shown in
Table 1.

4. Proposed ADW treatment packages

Three ADW treatment packages have been
proposed as shown in Figs. 1-3 [9-12]. These
schemes cope with seasonal variations of ADW
characteristics. The selected schemes comprise:

Table 1l
Performance indicators of selected treatment modules [6-8]

a Integrated biol ogical/membrane separation

This scheme assumes availability of cheep
lands for construction of aerated lagoons and
polishing ponds. The biologically treated ADW
will befurther processed by triplefiltration assem-
bly including sand, carbon and nanofiltration. The
use of RO is optional in case of high dissolved
solids. Thisscheme enables multiple outl ets speci-
fically after sand filtration, nanofiltration and RO.

b Complementary treatment using membrane
separation

This scheme compriseschemical precipitation
and biological filtration. Filtration will be con-
ducted the same filtration assembly using sand/
carbon/membranefiltration. EDR will be used to
desalt low salinity brackish water. The generated
brineswill be subjected to further water extraction
by RO. Obvioudly, thisschemeissuitableinloca-
tions manifesting scarcity of land and low salinity
ADW.

Module % removal
SS DS BOD T. heavy metal
1 Screen 2
2 Grit removal 2 3
3 Equdlization 10
4 Chemical treatment 50-75 3048 83-92
5 Dissolved air flotation 84 50 80
6 Sand filter 68 28
7 Wet land 62 87
8 Activated sludge 71 88 15
9 Trickling filter 80 85
10 Aerated lagoons 68 80
11 Anaerobic lagoons 60 79
12 Activated carbon 60 63 60
13 Ultrafiltration 96 90
14 lon exchange 97 95 80
15 Micro filtration 90
16 Electrodialysis 95
17 Reverse osmosis 95 10
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Fig. 2. Complementary treatment through membrane systems (b).

¢ Heavy metal s containing effluents treatment

This scheme comprises slow sand filtration,
activated carbon adsorption and ion exchange
separator. Thisschemeissuitable ADW with low
BOD and significant concentrations of heavy
metals. Effluents produced through bed regene-
ration or carbon backwash are considered hazard-
ous and should be treated by specially designed
evaporation lagoon and subsequent disposal onto
secure land fill.

Thequality of TADW matchesthe anticipated
specifications of numerous commercia and in-

dustrial uses. Financial indicators of the adopted
ADW treatment schemes are summarized in
Tables 2 and 3[13-20].

5. Treatment of mixed ADW and surfacewater
stream

An earlier study provided a detailed technical
package for the treatment of mixed ADW and
surface water [6]. The elements of technical
package are shownin Fig. 4. Reassessment of the
proposed package indicates the following:

e Excessive consumption of chemicals would
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Table 2
Cost indicators of the selected ADW treatment schemes

Treatment scheme Capital cost ~ Operating cost (M US$) Total annual ~ Cost/m®
(M USS) O&M Depreciation (M USE) ()

aBased on 25 Mm?/y treated water 33,960 4 1.85 6.67 0.27
b Based on 28 Mm®/y treated water 78,632 4,97 2.07 7.04 0.26
¢ Based on 33 Mm®/y treated water 16,351 10.43 191 12.34 0.37

* Updated to the price of the 2nd quarter of 2005 using M& S cost index.

increase unit water trestment cost and generate cost.

excessive amount of sludge. » Selection of two types of desalting technolo-
» Thesdlection of biological treatment isnot ap- gies(EDR & RO) would consulate operational

propriatefor remote desert communitieswhere and maintenance difficulties.

abundant land isavailable at almost negligible Thus, the new proposed technol ogical package
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Table 3 manifests reliance on land treatment (aerated
Basis for maintenance and operating cost estimated of lagoon), elimination of pretreatment chemicals
the selected treaiment schemes and adoption of two stage reverse osmosis. The
tem Trestment scheme modlfledtechnolqglcal papkagmsshoyvn inFig. 5.
> Thetreatment train comprisestwo main parts. The
irst part with acapacity of 110,000 m*/d produc-
(M US$) (M USS$) (M USS) Hrstp apacity . P
— ing treated water for industrial purpose. The
1 Eledricity 094 086 0.66 second part producing high quality water at arate
2 Chemical and other 1.2 11 74 3 :
materias of 46 m¥d. The main trestment modules for the
3 Membrane 0.87 1.07 — two main phases are conpluced in Tgbl e4d thqt com-
replacement prisesthe capital, operating and unit cost estimates
4 Labour 0.47 05 0.43 of the proposed treatment scheme. The basis of
> Maintenance 083 093 0.85 design, cost analysis and adopted cost functions
6 Others 048 05 1.04 areillustrated in the Appendix.
Total 48 4.97 10.43 . . s
Comparison of financial indicators of the pre-
Primary
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Fig. 4. Process flow diagram for mixed water treatment system (previous scheme).
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Table 4
Cost indictors for the proposed treatment scheme

Item Capital cost  Operating cost (US$ 1000*)  Tota annual Unit 3cost
US$ 4000* - operatingcost  ($/m
( ) o&M Depreciation (88‘5 10%0*) ($/)

A) Mixed water treatment unit (110,000 m*/d)
Construction cost
Pumping station 2,344 197 156 353 0.009
Screen and grit removal 660 88 132 0.003
Aerated lagoon 2,569 310 374 0.0093
Chlorination unit 660 603 647 0.016
Filtration unit 4,063 267 203 470 0.012
Others 3,883 26 26 0.0006
Total (A) 14,179 1,490 512 2,001 0.05
B) High quality water unit
Granular activated carbon (50,000 m*/d) 602 673 30 703 0.04
Reverse osmosis (40,000 m3/d) 19,365 1,953 968 2,926 0.179
Sec. reverse osmosis (brine 6,000 m¥/d) 2,897 404 145 549 0.03
Total (B) 22,865 3,036 1,143 4,179 0.246
Grand total 37,043 4,525 1,655 6,180 0.3

RRR

* According to piping, electricity, control, site preparation and others.
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Table5
Comparison of cost indicators

Type of comparison Proposed Previous
treatment treatment
scheme scheme*

Capital cost (US$ 1000)*

1st part** 14,000 30,600
2nd part*** 22,800 27,500
Total annual operating cost
(US$ 1000)*
1st part 2,001 2,288
2nd part 4,179 4131
Unit cost ($/m°) *
1st part 0.05 0.06
2nd part 0.24 0.25
Grand total 0.29 0.32

*  Updated for 2005

** 1t part for production of treated water (110,000 m¥d)

*** 2nd part for production of high quality water
(46,000 m*/d)

vious and proposed schemeis shown in Table 5.

It is concluded that the capital cost has been
decreased by 54 and 16% for the 1st and 2nd parts
respectively. Also, thetotal annual operating cost
has been decreased by 12.5% for the 1st part while
itisamost the same for the 2nd part.

Further, the unit cost has been decreased by
about 17% and 9% for the 1st part and 2nd part
overall the system respectively.

Treatment and utilization of ADW is manda-
tory for development needsin arid and semi-arid
zones. Planning for treatment should adopt ap-
proved rational e to come-up with optimal, reliable
and socially accepted technological interventions.
Three proposed technology packages have to be
developed to copewith varying ADW characteris-
ticsand prevailing limitation. Reassessment of the
proposed package for mixed ADW and surface
water tends to confirm the improvement of the
economics of the revised scheme by significant
reduction in capital, operating and unit treatment
Ccost.

Comparison of the financial indicators of the
original and the revised scheme indicates about
17 and 9% reduction asfar as unit treatment cost
for the 1st phase and overall the system respec-
tively, whileit isalmost the samefor the 2nd treat-
ment phase.
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Appendix
Design and cost basis for the proposed treat-
ment scheme
A. Design basis
* Plant capacity 110,000 m*/d
o Water characteristics
pH 7.6-8
TDS 1200-1500 ppm
SS 350 ppm
BOD 120 ppm
COD 180 ppm
» Loading factor 90%
» Aerated lagoon
Averagewater tempera-  20°C
ture along the year
Surface loading 330 kg BOD/had
Depth 4m
Horsepower 8 HP/1000 m3
Retention time 6d
e RO unit 1st stage
Unit recovery 80%
Salt rejection 90%
e RO unit 2nd stage
Brine recovery 60%
Salt rejection 90%
* Product water capacity
1st part 110,000 mé/d

[17] M. Buschand B. Mickols, Desalination— reducing

cost by lowery energy use, Water Wastewater Int.,
19(4) (2004) 18-20.

[18] H.M. Eltouney, Evauating of economicsof desalina-

tion, Chem. Eng. Prog., 98 (2002) 32—39.

[19] Y.T. Zhou and S.J. Richard, Evaluation of the costs

of desalination and WATER tRANSPORT, Working
Paper, FNU-41, 2005.

[20] M.H. Sorour, N.M. El Defrawy and H.F. Shaalan,

Treatment of agricultural drainage water vialagoon/
reverse 0smosis system, Desalination, 152 (2002)
359-366.

2nd part 46,000 m¥/d
Granular activated carbon
Filtration rate 10 m¥m#/d

B Capital cost estimates basis

Construction cost

Based on process unit functions and updated
published data using the relevant cost index
(M&S) for the 2nd quarter of 2005, US$
exchange rate of Egyptian pound (LE) (U$ =
LE 5.7) (2005).

Aerated lagoons (US $)

{(2E-0.5Q+0.4412)-1.5+ 2.8Q
+0.617}-0.56

Activated carbon (US $)
(0.0047Q°**-1.19)

Reverse osmosis (US $)

477 Q 1.0014
where Q in the water flaw rate in m¥/d.
Piping, electricity, control, preparation of site

and othersthat account for 10, 8, 5, 5, 10% of
construction cost.
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C Operating cost estimates basis

Electricity consumption for pumping station,
screen and grit removal, aerated lagoons, chlo-
rination unit, filtration unit, activated carbon,
1st reverse osmosis, 2nd reverse oSmosis are
$0.09, 0.05, 0.17, 0.005, produced water res-
pectively at $0.03 kWh.

Membrane replacement cost for RO1, RO2is
4 and 6% of the total plant capital cost/y.

Chemical and materiasfor chlorination gran-
ular activated carbon, 1st reverse osmosis, 2nd

H.A.Talaat, SR. Ahmed / Desalination 204 (2007) 102-112

reverse osmosisare $0.017, 0.03, 0.02, 0.03/m?,
proposed water respectively.

*Q water flow rate in m3/d.

Maintenance cost 3% of the capital cost
Labor cost $0.05/m? of produced water
Other operation cost 10% of total operating
cost

Depreciation

Based on 15, 40, 20 for electromechanical

modul es, biological module and other respec-
tively.



