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Abstract

As Tran moves forward with the development of a sustainable integrated water
management plan, water reuse, including the potable reuse, can play an important role
in the overall success and implementation of the plan. As part of this effort, the Iranian
journal of water and wastewater requested papers on the subject of water reuse. In
response to that request, this paper, to be published in three parts, deals specifically with
the subject of water reuse and the potential application of potable reuse in Iran. The
principal focus of this paper (Part I) is on the background information that is necessary
to understand and assess the potential application of potable reuse in Iran. Topics
addressed in this paper include: 1) consideration for why potable water reuse in Iran, 2)
background information on potable water reuse, 3) a comparative assessment of potable
water reuse with alternative sources of water supplies. The information presented in this
paper is needed to understand the issues and challenges presented in the subsequent
papers. Technical and regulatory issues related to potable reuse are considered in Part II.
The path forward and implementation challenges, including public outreach, are
addressed in Part III.

Keywords: Water Reuse, Potable Reuse (PR), Indirect Potable Reuse, Direct Potable
Reuse, Comparative Energy/Carbon Footprints, Comparative Costs Issues.
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Fig. 1. Pictorial view of two different types of potable reuse: (a) IPR through groundwater and surface water
augmentation and (b) DPR through raw and drinking water augmentation
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Table 2. Important issues related to the technical component elements of a potable reuse program
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Table 3. Representative examples of successfully operated potable reuse (PR) project (Adapted from USEPA, 2017)
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Table 4. Comparative issues with alternative sources of water supply to potable reuse
(Adapted from Kayhanian and Tchobanoglous, 2016)

Jilowe 4 e Sl o Sl e
EIWE

J5ls o K alaii 4 bt S 5 e O Sl 0lnl Bl 581 5 s T s 5aS gz s 0
1399wl 555 oLl e S Sanl 2 81 glaan 5l 528 51 OF Ol 1y ool o San i 528
Ol CbB 5 ool o el 4 by e Ssenily Bleo (58 8 5 53 Los e

30l 5 linl Sl Gy bl mmer S 4 of Jlisl i 5l gble 51 O cils ;@
1 ol S ey 58 sl S 4 Saenily 53 ol s T & o 55l

(¥ ,ls eVl ol 5 b OV Ol 6l st Jewsly () il Sl sl o
43 A gl 5 o (F5(003 55 5l (551> Ste) izl it S (sTols Sl S

St shae 4 02 5Ll BT el e ST 51 s gl 5l (F 530 g5l 53,30 b T sl

w2y el 5V s eanT s olized 5w ol STl (O 5 1058

() sl 5ol lsds plad mS oS cod olanl 5 nnb Julse (om0 3 uimen O Sils,ly @
el b (Sl e il s Sl (F s JLsits (¥ sgman a2 1 Lol 2580
3 & Gsir e wan] s ol (0 5 il @By (F ol mle wd b
b G565 (el s A

s g i3l |y S e O syl bl 5 5k s @

Wl 5l b ey (398 03 1S kil 4 el ZekSL Dl wlie gl @

b S5 5y a5 o S Sl gt sl 5835 5 51555 sy 9 B s T (a5 Sas @
3l ali ar Jy oS L 1 (2 b 05 O e s Ganlal OT 5Ls 00 23l b gt LS|
5 osd 2l gileley 5 abs (e sldl OF Sl 4 by e g sl o5l DI 1(Y sdlex )
6351 455 T 5l (Y bl Gblis & Sisp b ol ol bl s Sl Slas!
(¥ 1S ol by omiliS b (V ttuner 5 588 bl @ Shay 6l o550 5 i )2
Sotdtaet ooma 53 il O oS Ol i sl 5 oo Sl 31y S (3555 o S
sl Gk glsel 5 OF a8, Y s 4 col oSon 8 Jolo Sl (0 5

il Sz B el ge 4 by e Sl ks (P 5 analy 1358

035 (e 3 S 38 (Sl S lake Jsa g5 J5 1 50 T35 b o ol o
YU chle b S sy Supite b BLL1 s s 5sar ot b i sl ujligds O
RGO [PPSO

saa e3lizal 31 3015 (I SG) AITIVA S sl Yod S b el ildl T s 55 @
el S35 B jlae gl O

Sl by s 53 3790 O e 398 00 Bl Sl s ST o e S 6 5y 0
53 n ial 53] o agy oalizl

Journal of Water and Wastewater Mo 5 of dxa O
Vol. 29, No. 4, 2018 VWAV Jlo F osles Yd a5 NS



dx.doi.org/10.22093/ww;j.2018.101905.980

10

werisly o 1 oazmo dlizl fuilsy

(Tchobanoglous et al., 2015 3l a3 ,) rdow o Ciliia e b aslin 55 AWTF o S sy 5 5550 slagsaasls -0 Jpa

Table 5. Comparative energy requirements and carbon footprint for different alternative sources of surface water
(Adapted from Tchobanoglous et al., 2015)
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Table 6. Comparative unit costs of advanced treated water with other water supply option
(Adapted from Tchobanoglous et al., 2015)
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Fig. 1. Pictorial view of two different types of potable reuse (a) IPR through groundwater and surface water
augmentation and (b) DPR through raw and drinking water augmentation

Technical
Technically feasible
High quality water
Sustainable supply

PR
project

Public
outreach

Reliable supply
Energy savings
Local control

Financial support

Regulatory

Public health protection
Multiple barriers
Enhanced monitoring

Fig. 2. Interrelationship of the key elements of a potable reuse system (Adapted from Tchobanoglous et al., 2015)
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Table 1. Terminology used to describe the different type of potable reuse (PR)

PR type

Definition

Water reuse terminology commonly used in the literature:

De facto PR

Indirect PR (IPR)

Direct PR (DPR)

The downstream use of surface water as source of drinking water that is
subject to upstream wastewater discharges (e.g., also referred to as
unplanned PR or indirect PR). Although common practice in many parts of
the world including the United States, de facto PR is not officially
recognized by the U.S. EPA.

The introduction of advanced treated water into an environmental buffer
such as a groundwater aquifer or a water body before being withdraw for
potable purposes (see also de facto PR). IPR can also be accomplished with
tertiary effluent when applied by spreading to take advantage of soil aquifer
treatment.

There are two forms of DPR. In the first form, advanced treated water
(ATW) is introduced into the raw water supply upstream of drinking water
treatment facility. In the second form, finished drinking water from a
AWTEF permitted as a drinking water treatment facility is introduced
directly into a potable water supply distribution system. In both forms of
DPR, use of an engineered storage buffer is optional.

Water reuse terminology adapted in California on October 2017 (AB 574):

Direct PR (DPR)

Raw water augmentation
(RWR)

Treated drinking water
augmentation (TDWA)

IPR for groundwater
recharge (IPRGR)

Reservoir water
augmentation (ReWA)

The planned introduction of recycled water directly into a public water
system or into a raw water supply immediately upstream of a water
treatment plant.

The planned placement of recycled water into a system of pipeline or
aqueducts that deliver raw water to a drinking water treatment plant that
provides water to a public water system.

The planned placement of recycled water into the water distribution system
of a public water system, as defined in Section 116275 of the Health and
Safety Code.

The planned use of recycled water for replenishment of a groundwater basin
or an aquifer that has been designed as a source of water supply for a public
water system.

The planned placement of recycled water into a raw surface water reservoir
used as a source of domestic drinking water supply for a public water
system, as defined in Section 116275 of the Health and Safety Code, or into
a constructed system conveying water to such a reservoir.
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Table 2. Important issues related to the technical component elements of a potable reuse program

(Adapted from Tchobanoglous et al., 2015)

Technical element

Issues/comments

Water supply
sources

Source control
program for
community or
service area

Wastewater
treatment

Advanced water
treatment

Engineered storage
buffer

Environmental
buffer

Drinking water
treatment

Engineering
infrastructure (piping
and pumping)

Assess what level of blending, if any, is needed based on quality of ATW and different
water sources.

Develop an operation plan for blending ATW with alternative water sources.

If needed, modify existing system to allow for blending and stabilizing the ATW.
Investigate various blend ratios and rationales for target blend rate range.

Identify constituents in wastewater that may be difficult to remove or are precursors to
disinfection byproduct formation (depending on treatment technologies used).
Information is needed on sources and concentrations of selected constituents.

Include commercial and industrial entities in source control program.

Develop a program to inform consumers of best practices for home waste disposal.
Identify alternative technologies that can enhance performance of existing and new
treatment plants.

Determine optimum location, size, type of flow equalization (inline or offline), and
quantify its benefits on performance and reliability of biological and other treatment
processes.

Quantify benefits of complete nitrification or nitrification and denitrification on
performance of membrane treatment processes used for PR.

Evaluate optimization of conventional processes (i.e., primary, secondary, and tertiary) to
improve overall treatment and reliability of entire system.

Implement a monitoring scheme to ensure treatment performance for each unit process and
end-of-process validation of water quality.

Evaluate alternative treatment schemes with and without demineralization that can be used
to treat water.

Define technical and operational requirements for a reliable system.

Develop a monitoring scheme to ensure treatment performance for each unit process and
end-of-process validation of water quality.

Select constituents and parameters for monitoring in advanced water treatment processes,
including analytical methods, detection limits, and frequency.

Provide standby power systems in the event of power loss or another type of emergency.
Identify process redundancy so treatment trains can be taken offline for maintenance.
Provide facilities for discharge of off-spec water in the event that water does not meet
established quality requirements for influent to DWTF. Example discharge locations
include the WWTP, a point in the AWTF, or into the environment.

Evaluate need for and type of ESB.

Define impact of existing monitoring response times, as well as analytical, detection, and
monitoring capabilities, to assess configuration, size, and features of an ESB.

Identify potential environmental buffers (e.g., groundwater basins, surface water reservoirs,
natural lakes)

Determine capacity of environmental buffers to receive advanced treated water.

Estimate the retention time for blended water at different points of injection

Mix of source water and ATW should not impact water treatment process or adversely
impact finished water quality.

Additional treatment, monitoring, and testing may be required.

Investigate potential impacts of ATW on drinking water distribution system (e.g., corrosion
issues).

Notes: ATW = advanced treated water; AWTF = advanced water treatment facility; DWTF = drinking water treatment
facility; DPR = direct potable reuse; ESB = engineered storage buffer; WWTP = wastewater treatment plant.
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Table 3.

Representative examples of successfully operated potable reuse (PR) project
(Adapted from USEPA, 2017)

PR project name PR type Installation Plant size Overview of treatment trains
and location year MMC/d) employed

Orange County IPR: Groundwater 2008 0.38 WWTP - UF - RO - UV/AOP

Water District recharge via expanded in -> blending with groundwater >

Groundwater surface spreading 2016 conventional water treatment

Replenishment and direct injection

System (OCWD (IPRGR)

GWRYS), California

Upper Occoquan IPR: Surface water 1978 0.20 WWTP - LC - media filtration

Sewage Authority, augmentation - GAC - IX - Cl - blending

Virginia (ReWA) with surface water body -
conventional water treatment

Big Spring DPR: blending 2013 0.007 WWTP - MF - RO -

Colorado River prior to water UV/AOP - blended with treated

Municipal Water treatment (TDWA) surface water body >

District, Texas conventional water treatment

City of Windhoek, = DPR: blending 1969; 0.02 WWTP - PAC - 03 >

Namibia prior to water expanded in Clarification = DAF - sand

treatment (TDWA) 2002 filtration - 03/AOP -

BAC/GAC - UF - Cl >
blended with treated surface
water - conventional water
treatment

NEWater, multiple  IPR: Surface water ~ Two plants in 0. 603 WWTP - UF - RO - UV 5

locations in augmentation 2003; new blending with surface water body

Singapore (ReWA) plant in 2010 - conventional water treatment

a
Combined size for three plants
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Table 4. Comparative issues with alternative sources of water supply to potable reuse
(Adapted from Kayhanian and Tchobanoglous, 2016)

Alternative water ..
Comparative issues
supply source

With low availability of water, importing water within the country is not
possible. Importing water from neighboring countries will be difficult, if not
impossible, to develop; particularly considering the long-terms issues related to
safety, security and reliability.
Withdrawing water from inland areas, transporting it to population centers,
treating and using it once, and discharging it to coastal waters is, in the long
term, less sustainable than other options.
Imported water sources: (1) are subject to natural and institutional disruptions
and limitations, resulting in potentially large inter annual variability; (2) can be
of variable quality (e.g., high salt load); (3) often require significant amounts of
Imported Water ~ energy for transport; (4) can impose significant adverse environmental
consequences when local water is extracted; (5) reduce potential environmental
impacts of wastewater discharges to surface waters; and (6) are relatively
expensive, the cost of which will continue to escalate in the future.
Imported water is also subject to natural and societal forces that are difficult to
control, including: (1) increased demands from population growth; (2) drought;
(3) changes in snowpack, rainfall, or other natural sources of replenishment; (4)
seismic events; and (5) future environmental regulations, water rights
determinations, and associated political and legal challenges.
In many locations, imported water increases local salt loading.
Extensive treatment may be required for low-quality imported water sources.
Desalination of water from Persian Gulf and Caspian Sea is a technically feasible
option that can provide a high-quality, potable supply after blending or chemical
addition, but with a number of drawbacks, including: (1) potential environmental
impacts associated with ocean feedwater intakes, brine disposal and discharges,
and construction of facilities at sensitive shoreline or near-shore locations; (2)
relatively high energy demands for treatment and especially for pumping to
populated areas; (3) large carbon footprint; (4) feedwater quality that is
vulnerable to red tides and other ocean water quality challenges; (5) coastal
Desalination facilities that may be vulnerable to sea level rise and storm surges; and (6)
security threats based catastrophic failure.
Desalination of water from Caspian Sea or inland brackish water is less costly
than the Persian Gulf water desalination because of much lower salt content; but
has significant brine management challenges.
Ocean desalination is more expensive than potable reuse, often by a factor of 2:1
per 3.78 L (1 gallon).
When desalinated source water is recycled, it increases the amount of water
available for local beneficial use.
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Table 5. Comparative energy requirements and carbon footprint for different alternative sources of surface water
(Adapted from Tchobanoglous et al., 2015)

Energy required

Technology/water source Carbon footprint

Range Typical
KWh/ m®)  (kWh/m®) (kg CO2/m’)
AWTF 0.86-1.06 0.25 0.48
Backwash water desalination 0.82-1.64 0.41 0.77
Ocean desalination 2.51-3.89 0.84 1.58
Interbasin transfer of water, California, U.S.A. 2.09-2.62 0.64 1.21
Interbasin transfer of water, Colorado River, U.S.A. 1.62-1.95 0.43 0.81

Table 6. Comparative unit costs of advanced treated water with other water supply options
(Adapted from Tchobanoglous et al., 2015)

Cost ($/m>)
Water Supply Option T Residuals Concentrate Conveyance and
reatment q v~
management management blending facilities

AWTF with RO 0.55-0.72 0.008-0.04 0.06-0.63 0.08-0.81
AWTF without RO 032*-0.57 0.008-0.04 Not applicable 0.08-0.81
Brackish groundwater 0.33-0.67 0.005-0.02 0.06-0.63 0.08-0.81
desalination (inland)
Seawater desalination 1.58-2.83 0.02-0.08 0.06-0.16 0.32-2.43
Retail cost of treated ) 0.08-0.49
. 0.32-1.05 Not applicable
imported surface water
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