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USE OF IMPAIRED WATERS in POWER PLANT COOLING TOWER SYSTEM:
REVIEW OF REGULATIONS AND FEASIBILITY ANALYSIS
ShihkrHsiang Chien, M.S.
University of Pittsburgh, 2010
In 2000, the freshwater withawn for industrial use in the U.S., including mining, industrial
process usage, power geneyatietc., has reached 45% tbe totaldaily freshwater withdraal
of 346 billion gallons. Among these industries, thermoelectric generation is the largest
freshwater usewith a withdrawal of 136 BGDHFerce competition for this valuable resource
will force difficult decisions to be made about allocation priorities and water availability for
electric power production. Studies have shown that impaired waters can be adetdnasive
water sources for certain applications, includmgkeupwater in electric power plardooling
systems Among all possible impaired wasdghat could potentially be used in power production,
secondary treated municipal wastewater is the nwaton and widespread source.

Review of regulations that govern water reuse revealed ttieae areno federal
regulations specifically addressing water reuse and that a number of states have implemented
their own regulations. Several states were investthéor specific regulations and/or guidelines
related to water reuse in power plant cooling water systems.

Thegeospatial analysigerformed in thistudy was designed to evaluate the feasibility of
using treated municipal wastewater cooling inpowerindustry.By utilizing the geoprocessing
tools of a geographic information system (Gl8)is studyevaluatd if the water demand of a
particular facility can be satisfied by nearbyublicly Owned Treatment Works (POTWS)
Datasetof 110 power plantpropassedfor developmentind 11785 POTWswvere evaluatecs

part of thisfeasibility analysis. Estimated cooling water needs for the proposed power plants



were compared with the total wastewater flowrates discharged by nearby POTWSs. Data analysis
revealed thaB81% of the proposed power plants would have sufficient cooling water supply from
POTWs within a 10 mile radius, while 97% of the proposed power plants would be able to meet
their cooling water needsom POTWs located within 25 miles from these plants: @erage,

1.15 POTWs were needed to completely satisfy the cooling water demand for each of these
power plants. In other words, one fairly large POTW within a reasonable distance from each
power plant could meet most of its cooling water needs.

Dataset 6 407 existing coal fired power plants was also evaluated using the same
process. All of the existing power plants were assumed to be renovated to wet recirculating
cooling systems regardless of their original design. Results indicate 49.4% of the gasterg
plants would have sufficient cooling water supply from POTWs within a 10 miles radius; 75.9%
of the existing power plants would have sufficient cooling water supply from POTWSs within a
25 miles radius. For those power plants which have sufficietgrvgapply, an average number
of 1.46 POTWs are required to satisfy the cooling water demand.

The tools developed in this study can be used to evaluate a number of scenarios for
alternative cooling water supply needed for energy generation in the futuseclear that the
reclaimed municipal wastewater can and will likely play a more prominent role in this critical

industrial sector.
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1.0 INTRODUCTION

The issue of water shortage is becoming more prominent in the U.S. as population increases and
global warming affects watesupplies(Hinrichsen, Robey et al. 1996Jhe freshwater usage in

the U.S. has increased from 341 to 378 billion per day between 1995 andUZB88 2000)

The mapr freshwater users are irrigation (39%) and thermoelectric power generatior3@88Y0

Water needs in a thermoelectric power plant include water for cooling, water for operation of
pollution control devices, such as flue gas desulfurization (FGD), dsasdbr ash handling,
wastewater treatment, and wash water.

Cooling tower operation is based on evaporative condensation and exchange of sensible
heat. Depending on the technology used for cooling, the amount of water usage can be quite
different. For a ncethrough cooling tower, 2®0 gallons of water are required to generate each
kW-hour of electricity. On the other hand, modern recirculating cooling towers need 0.2 to 0.6
gallons of water to generate each fiur electricity(Veil 2007)

It is estimated that water demand for energy generation will increase by 50% by 2030
(USDOE 2008) Fierce competition for this valuable resource will force difficult decisions about
allocation priorities and water availability for electric power praduc Therefore, alternative
sources of water for cooling tower operation are likely to be in even greater demand in the future.

Some potential alternative sources of cooling water include treated municipal wastewater,

treated mine drainage, and ash tpams water from coafired power plants. It has been shown



that impaired waters can be used as coolmater in electric power plan{®ichard 1964 Paul
and Ken 2003Veil, John et al. 2003 However, most of these reuse applications employ fairly
limited addition of wastewater to cooling tower as make up water. In addition, these applications
represent special circumstances (e.g., both POTW and power plant owned by the same company,
close praimately of the two, demonstration project, etc.) and there is no reliable information
about the true potential of these alternative water sources to meet cooling water demand of
power industry.

This study was designed to evaluate key regulation incerdgivé@®bstacles for impaired
water reuse in cooling applications and to provide comprehensive assessment of the availability
of secondary effluent from POTWs to meet the cooling water needs of existing and proposed
thermoelectric power plants. In additioiechnical issues associated with the use of selected
impaired waters were evaluated in both-land pilotscale studies together with potential
operating strategies that would ensure proper performance of these critical systems in

thermoelectric power pids.



2.0 WATER SHORTAGE IN TH E NEAR FUTURE FOR THERMOELECTRIC

POWER PLANTS

2.1 WATER AVAILABILITY I N THE UNITED STATES

Although 70% of the earth's surface is covered with water, most of that is saltwater. By volume,
only 3% of all water on earth is fresimater, an most of it is largely unavailabi@®uddin and
Hendrie 1989)since it exists in the form of ice located in remote areas far away from most
human habitation; only about 1% of all availaklater is easily accessible, surface freshwater.
This is mainly the water found in lakes and rivers. In sum, only 0.007% of the world's total
supply of water is considered easily accessible for huma(Latzt 1996)

The U.S. population has been steadily increasing from 1990s to Zif§0se 1 shows
the resident population change between 1990 and 2000 in the 50 states. Among the 50 states,
Nevada and Arizona experienced the highest population increase rates, which are 66 % and 40
respectively. The intermountain states have an average increase of 30%. Apparently, the
southern states have faster population increase because of the available undeveloped territory and
immigration. The future population in the U.S. is also estimtttedcrease by as much as 82%

(from 296 to 438 million) in the U.8asse and Cohn 2008)



Figure 1. Percent Change in Resident Population for the 50 States,
the District of Columbia, and Puerto Rico: 1990 to 2000
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Figure 1. Population change in the U.S. from 1990 to 2000. Darker color indicates the
higher increase rate (Adapted from(USCB 2000).
Figure2 shows the drought monitor in the U.S. in October, 2007. A comparideigurie
1 and Figure 2 shows that the areas where the population is high also have intensive drought,
especially in southwestern and southeastern U.S. It is cletrthbse conditions represent
significant challenges for industrial water uses and that the industry will most likely have to find

alternative solutions to their current water needs.



U.S. Drought Monitor (30 October 2007)

Drought Impact Types
(— Delineates Dominant Impacts —
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Dry Moderate Severe Extreme Exceptional

Figure 2. U.S. Drought monitor. Drought Monitor integrates information from a range of
data on rainfall, snowpack, streamflow, and other water supply indicators into a

comprehensibk picture. (Adapted from (USGCRP 2007).

2.2 WATER AND ENERGY ISSUES

Following rapid population growth is the increase in energy demand. In order to satisfy the
developing communities and businessesrerenergy will be produced; in other words, more
water will be needed hermoelectric power generation, which represents about 91% of electrical
power produced in the U.$Figure 3), (USEIA 2007) requires an abundance of water for its

operation In addition, the total thermoelectric generating capacity is expectattrease by



nearly 18 % between 2005 and 2030. The increasing energy demand in next decades would
certainly aggravate the water shortage problem, especially the availability of water used for

electricity generatioUSDOE 2008)

+ Coal tt Hydroelectric Conventional
Natural Gas = Nuclear
I Other Energy Sources = Petroleum

Figure 3. Net Generation Shares by Energy Source: Total (All Sectors), Yedo-Date
through December(USEIA 2007)
During the electricity generation process, process water isdmehvto steam to drive the
turbine and generate electricity. Steam is then exhausted from the turbine and condensed for
reuse. Coolant, such as water, is introduced to absorb heat from the exhaust steam so that the
process water can be recycled. Thereftine design and operating parameters of the cooling
system are critically important for the overall power generation efficiency. At higher condenser

cooling water inlet temperatures, the steam condensate temperature is higher and subsequently



turbine backressure is higher. The turbine backpressure is inversely related to power generation
efficiency (i.e., the higher the turbine backpressure, the lower the power generation efficiency).

There are three major types of wet cooling procedures currently yse@imnoelectric
power generation, including ontlerough cooling system, wet recirculating system, and a
cooling pond. Onc¢hrough cooling system draws surface water from lake, river, or the ocean
for one time cooling and then discharges the heated Wwatde to the water body. For once
through cooling system, the water withdrawal is high, but the water consumption is low.
However, the higher temperature effluent usually causes the changes in aquatic ecology and
damages the local natural habitats. Thestoiction of onceghrough cooling systems is highly
restricted in many states becausf 316(b) Federal regulatid€WA 2002) Clean Water Act
section 316(bjntroduced technologhased standards to reduce the harmful effects associated
with cooling water intake structures on marine and estuarine life, such as trapping fish and small
mammals against the intake screen, sucking in immature larvae and eggs,aeldition, the
National Pollutant Discharge Elimination System (NDPES) program is involved in any point
discharge source, thus making the construction of-tmoeigh cooling tower quite challenging.

In a wet recirculating cooling system, warm water ransferred to a cooling tower and
exposed to ambient air for cooling through evaporation. Contact between water and air is
enhanced by the use of packing material in the cooling tower and the natural draft is used to pull
air through the tower. Since theater keeps recycling in the system, the total water withdrawal
decreases, but the total water consumption increases because of significant evaporative loses.
Cooling pond uses the same mechanism as tbega@ating system but it relies on the natural

hed transfer from the water to the atmosphere.



Dry cooling systems are also used in either direct cooling or indirect cooling arrangement.
High flowrate of air is blown to the surface of an-e@doled condenser to absorb the heat via
convective heatransfer, which is called direct dry cooling. Indirect dry cooling uses the same
watercooled condenser but uses air instead of water as a coolant. Therefore, both processes have
no loss of cooling water and the freshwater withdrawal and consumption ammized.
However, due to significantly lower heat capacity of air as compared to water, dry cooling
systems are usual larger and require significantly larger capital costs.

For wet recirculating systemgachkW-hour of electricity generation requires-20
gallons of water in once through cooliagstemswhile only0.3-0.6 gallons of water is required
to generate each kWour of electricity in moderre-circulating systemgVeil 2007) About 145
billion gallons of freshwater was withdrawn per day in 2004 for thermoelectric power
generation, which is the highest, 41%, of the overall freshwater withdrawal in theFigi8ed,

(USGS 2004)

Thermoelectric Public supply ® Public supply
41% 13% m Domestic
® Irrigation
m Livestock

m Aquaculture
® Industrial

= Mining
Industria
5%

» Thermoelectric

Figure 4. Daily freshwater withdrawn in the United States in billion gallons per day

(USGS 2004)



In addition to water withdrawal, USGS also has evaluated the overall freshwater
consunption in the U.S. Kigure 5, (USGS 2000) The thermoelectriqgpower generation
represents 3%, (3 billion gallons per day) of the overall freshwater consumption in the U.S.,
while the irrigation represents the largest portion of freshwater consumption at 81%. As opposed
to the huge amount of freshwater withdrawn floermoelectric power generation, only 0.47

gallons of freshwater is evaporated per kWh of elgtt at the point of end us€lorcellini,

Long et al. 2003)

U.S. Freshwater Consumption (1995)

Commercial, 1%

a0 |
Thermoelectric, 3% | Domestic, 6%

- L
Mining, 1% —_ ™~ | __..J

Livestock, 3%

!
A

|
Irrigation, 81%

Figure 5. Freshwater consumptionpercentage divides intaifferent categoriesin the

United States(USGS 2000)

A forecast of freshwater usage 3D was done by National Energy Technology
Laboratory using different assumptions about cooling system deployment in th@QJSISOE
2008) The results indicate that freshwater withdrawal will remain the same or even decrease

when most aged power plants are replaced with modern generation units and recirculating



cooling systems. However, the freshwater consumption in 2030 will increase by 27~49% when
compared to freshwater consumption in 2005.

Existing and new power plants, including cbalsed thermoelectric plants, will be faced
with increasingly stringent regttions on water use in some regions of the BFi§ure6 shows
the Cooling Constraint Index for thermoelectric power pléRtsy, Summers et al. 2003hdeed,
the lack of available freshwater has already preventediting and permitting of new power
plants in some regior(&eeley and Ramezan 2Q0@ishneau 200)7 Furthermore, Section 316(b)
of the Clean Water Act limits the amourft freshwater that can be withdrawn by power plants,

thereby requiring the installation of wet or dry closeolp cooling systems.

Thermoelectric Cooling Constraint Index
number of counties in parentheses

B Highly constrained (191)
B Moderately constrained (235)
[ No existing generation or constraints unlikely (2685)

Figure 6. Thermoelectric Cooling Constraint Index. The colored areas indicate the cooling

water supply is limited (Roy, Summers et al. 2003)
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In conclusion, water and energy issues are intricately related and cannot be addressed in
isolation. With the increasing population and energy demand, the scarcity of freshwater will
become a nationwide phenomendmpaired waters could serve as potenéiiernative water
sources and help meet power plant cooling needs. There is already some experience with the use
of impaired waters, especially treated municipal wastewater as cooling water sbherefore,
finding alternative water resources to replateshwater demand for cooling purposes is

inevitable and urgent.
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2.3 AVAILABILITY OF IMPA IRED WATERS FOR COOL ING IN POWER

PLANTS

Potential alternative sources of cooling water addressed in this study include treated municipal
wastewater, treated mine drage, and ash transport water from efo@d power plants. It has

been shown that impaired waters can be used for cooling needs in electric powgRuthaisl

1964 Paul and Ken 20Q3Veil, Kupar et al. 2008 However, most of these reuse applications
employed fairly limited addition of wastewater to cooling tower as make up water. In addition,
these applications represent special circumstances (e.g., both POTW and power plant owned by
the same company, close proximately of the two, demonstration project, etc.) and there is no
reliable information about the true potential of these alternativervgaturces to meet cooling

water demand of power industry.

When assessing the feasibility of using impaired waters for cooling in power plants, it is
important to asses both water quality parameters and the availability of different impaired waters
to meetpower plant needs. Among all possible sources of impaired water that could potentially
be used in power production, secondary treated municipal wastewater is the most common and
widespread source in the U.S. Therefore, particular attention is givemiwehensive analysis
of the quantities, availability and proximity of this impaired water for use in existing and future

power plants.
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2.3.1 General Water Quality and Availability of Secondary Treated Municipal

Wastewater

Municipal wastewater is a complexixture of organic waste, suspended solids, debris and a
variety of chemicals that come from residential, commercial and industrial activities. Secondary
treatment of municipal wastewater, the minimum standard for municipal wastewater treatment
under the @an Water Act, usually involves debris and grit removal, primary settling of particles,
aerobic biological treatment for the removal of readily biodegradable organic matter, secondary
sedimentation, and disinfection.

The characteristics of typical seconglaffluent reported in literature were compiled in this
study and the results are shownTiable 1 and Table 2. Data for secondary effluent that is
currently used as makeup for cooling water systems were also included. The secondary effluent
quality inTablel can be used as an indication of the concentration range for the constituents that
are of importance if the effluent is used as cooling tower makeup water. The range of
concentrations for geeral constituents of treated wastewater used for cooling needs is shown in
Table2.

After treatment, BOD and ammonia concentration are reduced tel@ls, thus causing
less adverse impact when using this impaired water in cooling systems. However, total dissolved
solid and several neutral salts, such as sodium and potassium are comparatively higher than other
chemicals because of less strict limas. Organic nutrients, calcium and magnesium, which
may cause biofouling, corrosion, and scaling problems, show a wide range in the treated

wastewater.
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Table 1. Water quality of secondary treated municipal wastewater effluent fom different

U.S. locations

General Treated Wastewater Quality

Parameters After (Weinberger, Stephat
After (Williams 1982) et al. 1966)
pH
Conductivity (mS/cm)
BOD (mg/L) 11 25
COD (mg/L) 71
TSS(mg/L) 17
TDS (mg/L) 730
Alkalinity (mg/L as CaCQ®) 131 250
Hardness (as CaGp 270
Turbidity (TU) 11
Color (RC unit) 29
Forming Agent (mg/L) 0.45
Oil and Grease (mg/L) 3.7
TOC (mg/L) 11
Organics (mg/L) 55
Na (mg/L) 135
K (mg/L) 15
Ca (mg/L) 60
Mg (mg/L) 25
Cl (mg/L) 130
NH3-N (mg/L) 16
NO3-N (mg/L) 3
NO,-N (mg/L) 0.3
HCOs; (mg/L) 300
SO, (Mg/L) 100
P (mg/L)
PO, (mg/L) 8
SiO, (mg/L) 50
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Table 2. Range of chemical constituentoncentrations in secondary treated municipal

wastewater effluent

Parameter Rangé
pH 7-8
BOD (mg/L) 37 30
TDS (mg/L) 13071 1600
Alkalinity (mg/L as CaCQ) 10071 250
Ca (mg/L) 2871 185
Mg (mg/L) 2371 150
NH3z-N (mg/L) 37173
HCO; (mg/L) 137- 396
SO 6071 293
POy 0.67 51
SiO, 8.37 50

*The range of concentration is determined from

(1) General water qualityathered fronfWilliams 1982)and(Weinberger, Stephan et al. 1966)

(2) Sewageeffluent quality used fopower plant cooling water makedpm (Goldstein and Casana 1982)d
(Breitstein and Tucker 1986)

(3) Specific sites fronfGoldstein and Casana 198@)sai 2006) and(Masri and Therkelsen 2003)

2.3.1.1Feasibility Analysis Methodology

Regional and local wastewater availability for selected power plants was evaluated using
standard geoprocessing tools. The analysis was performed using Arc&&o(v9.2, ESRI).
Database of publicly owned treatment works with NPDES permits was extracted from
EnviroMapper of Water, USEPA. Database of power plants included proposed power plants
listed by Energy Information Administration, Form E860, "Annual Eletric Generator
Report" and the existing coefited power plants from DOE databg&$SDOE 2007)

For each of the power plants in the database, the sources of treated municipal wastewater
within a 10 and 28nile radius from the plant was catalogued together withdtbtance and
average flow characteristics. The number of POTWSs required to satisfy the cooling water
demand of each power plants is determined to provide an initial assessment of water distribution

network needed to meet cooling water needs.
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2.3.1.2Analysis Steps
Figure7 provides a flowchart depiction of the methodology used to conduct the analysis.
Each step in the process is briefly described in the follgwettions while the additional details

are given iPAppendix A

Develop an inventory of Develop an inventory of
potential water suppliers potential water consnmers

l

Calculate the cooling water
demand for the potential water |
consnmers

! }

Digitize the inventory and Digitize the inventory and
project it on a digital map project it on a digital map

—

Join the two digital maps and
project themonaU.S.

backgronnd map
!

Using geospatial analysis tool to
confine the potential water
soppliers with a specific range of
a potential water consumer

l

Compare the snm of total
available water flowrate from
water snppliers with calcnlated
water demand

Is the water demand satisfied?

Yes

A 4
Calculate the average nnmber of
reqnired water snppliers to folfill No

a potential water consnmer

y

Report

Figure 7 Methodology for the Feasibility Analysis ofusing secondary effluent as

cooling water.
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2.3.1.3Develop an inventory of Potential Water Suppliers and Consumers

Water Suppliersi Publicly Owned Treatment Works (POTWS)

An inventory of publicly owned treatment works was developed in order to demonstrate
potental water suppliers in the U.S. The first step was to acquire a database containing
information about wastewater treatment facilities. Database created for the Clean Watersheds
Needs Survey (CWNS), which was used in CWNS 2000 data report to cofigBEs3A 2003)
was chosen and the information about POTWs was extracted from the original database.

The database has a list of 33,852 wastewater dgehracords and includes wastewater
flow discharged from household, city sewer, treatment plant, industry, etc. However, it includes
both abandoned facilities and proposed facilities to be built in the future. Therefore, the database
was screened based e following requirements:

A Reflects publicly owned treatment works,

>

Minimum level of treatment is secondary treatment

>

Includes latitude and longitude information

>

Plant currently in operation instead of abandoned or proposed.

After the screening, the total number of POTWSs that could be used for this survey was
reduced to 17,864, including wastewater treatment plants, sewage treatment plants, water
recycling plants, water pollution control plants, and lagoons. Data for each FA@diwded
information about present and future discharge flowrates. Since this study was based on
geospatial analysis, the geographic location and available wastewater flowrate of these POTWs
would significantly affect the accuracy of the results and requdata validation. First,
authorized permit number by the National Pollutant Discharge Elimination System (NPDES)

was related to facility name in the database. Furthermore, a number of random POTWs was
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verified on the GIS query tool, EnviroMapper, tosere the reliability of the information
(USEPA 2008) EnviroMapper isan online based GIS developed by EPA and can provide
information about any point discharge source in the U.S. Querying with NPDES permit number,
geographic information and daily discharge flowrate can be compared with information in
POTW database.

Figure8 shows an example of verifying the water supplier, Akron Lagoon, Alabama, on

EnviroMapper with latitude and longitude query.

3 EnviroMapper for Water - Mozilla Firefox FEX)
Fle Edt Vew History Bookmarks Tools Help g
@ - ¢ & tar 2@ (1 [nttosfimep2+.cpa.govfenrt - - | Municipal wastenater P -
8] Most Visted |~ Study | BTT#¢ [ GO Abord! | Orine Store (| A/USAISR || TRHIE [ £/EHM [ BB I MRS [ WIS [ Msc (| My Famiy [ play ] Gooske

| ] Titles *§ icoogle | '] EnviroMapper for Water a8

U.S. ENVIRONMENTAL PROTECTION AGENCY
EnviroMapper for Water

Recent Additions | Contact Us

EPA Home - Water

Help Display Menu
Map Contents a» 3 ivd Léyer: Beact Zoom to Geographic Area a»
& [7] water Quality ) Select an Area:

© ® [Fimpaired waters Foint
© B [FAssessed Waters Point
N

LaLong Foint | v

Latitude:  Longitude:
328855 877404
Zoom i LatlLong Point

O @ [Jwater Quality Standards

r Overfic
O & [Flclean watersheds Needs
v

£ ) > R

Overview ¥ » 0 g e, 7) % u Report Query Builder
&7
[
b

Water Dischargers (Permit Compliance System) (1 feature)

. Per' LDIP FACILITY FACILITY  LRTLOC .0 Longitude PGMSYS PGMSYS  SOURCE SOURCE |
StenM CODE NAME  UIN REF ID LATITUDE LONGITUDE ACRNM ID o
o awoossria pcs 02 AKRON 410010071830 15558047 32.885944 87740417 32.885044 87.740417 01065
|
< ]
Query Results - »
X Find: . [ Match case
Done Adbock | @) S) 134.67.95.87

Figure 8 EnviroMapper, the online GIS query tool (USEPA 2008)
A number of POTWs were validated through this procedure and all information matched
with the database used in this study. However, some limitations of the database are: (1) Both
point or nonpoint source of discharge aneciuded in the inventory; (2) POTWs matching the

requirements listed above were included in the database regardless of discharge destination (e.g.
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surface discharge, groundwater recharge, ocean discharge, etc.); (3) POTWs matching the
requirements listedo®ve were included in the database regardless when the information was last
updated.

Since 1996, the water discharge data were collected and updated every four years and the
latest update was in 2004. However, the database still included dated inforfoat®ome
facilities. According to the USEPA website, the CWNS group plans to move the data entry to the
Internet to enable direct entry into CWNS 2008 by the responsible parties.

The information about 17,864 POTWs extracted from CWNS 2000 was importea into
geographic information system (GIS). ArcGIS version 9.2 was used as the software package for
this study. The U.S. background was acquired from ESRJ.S. Street Map DVD. The
geographic coordinate system for the map was World Geodetic Survey 1984 @y@si&he
datum for the map was also WGS 84. The distribution of POTWSs is showigore9. Each
node represents a POTW on the map andd¢h&/color of the point reflects the present flowrate
discharged from the POTW.

Most POTWs are located in the Eastern and middle U.S. and most large treatment

facilities are located in major cities, such as Chicago, New York, etc.
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Figure 9 Publicly owned treatment works in continental U.S.

Water Consumersi Power Plants Proposed for Construction

Power plants which were proposed to start construction in 2007 were selected to
represent potential water consumers in this studeg. driginal database was compiled from the
EIA-860, Annual Electric Generator Reports. The 8BB0 reports includes specific information
about generators at electric power plants owned and operated by electric companies, including
independent power produseicombined heat and power producers, and other industrial facilities.
The file contains generatspecific information, such as initial date of commercial operation,
generation capacity, energy sources, status of existing and proposed generators, proposed
changes to existing generators, etc. A total number of 110 power plants proposed in 2007 were
used to assess the feasibility of using secondary effluent to meet cooling water needs for new
power plant.

Figure 10 depicts tentative locations of these new plants. The geographic coordinate
system for the map was World Geodetic Survey 1984 (WGS 84) and the datum for the map was

also WGS 84. The U.S is divided into 13 different North America Electric Reliability Counci
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(NERC) regions. The NREC regions were formed by the electric utility industry in 1968 to
ensure that the main electric system in North America is reliable, adequate, and secure. The full
name of each region is providedTiable3.

The region boundaries used in this study were those originally established by the NERC
Regional Council. Regional boundaries have been changed to include eight regionsras sho
Figure 11. Due to the lack of information on new boundaries and reliable digitized maps, the
analysis conducted in this study focused on thar@igNERC regions.

Only 11 NERC regions were included in this survey because no power plants were
proposed to be built in Midtlantic Area Council (MACC) and Western Electricity
Coordinating Council/New England (NPCC/NE).

It is also important to note théthe exact geographic locations of the proposed power
plants have not yet been confirmed. As a result, the center of the city/county was designed as the
location for the new plant and used in this study.

Table 3. Full name of NERC regions,

Abbreviation Region
ECAR East Central Area Reliability Coordination Agreement
ERCOT Electric Reliability Council of Texas
MAAC Mid-Atlantic Area Council
MAIN Mid-America Interconnected Network
MAPP Mid-Continent Area Power Pool
NPCC/NY Northeast Power Coordinating Council/New York
NPCC/NE Northeast Power Coordinating Council/New England
FRCC Florida Reliability Coordinating Council
SERC Southeastern Electric Reliability Council
SPP Southwest Power Pool
WECC/NWCC Western ElectricityCoordinating Council/Northwest Power Pool
WECC/RM Western Electricity Coordinating Council/Rocky Mountains AZ NM Southern NV
WECC/CA Western Electricity Coordinating Council/California
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Figure 10 Power plants proposed in 2007 listed by EIANn continental US

Figure 11 Latest map of the Eight NERC RegiongStarting from January 1, 2006)(USEIA

2009)
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Water Consumersi Existing Power Plant Units as of 2007

To better understand the potential connection between treatstwater andpower
generation, database of existing ebadd power plants compiled by NETIUSDOE 2007)was
evaluated in this study. A total of 1929 generating units were listed individually although a single
power plant may have multiple generating units. The avegagerating capacity of existing
power plants is 547 megawatts per hour. Total numbers of power plants used in the study is 407
in 43 states as shown Kigure 12. The geographic coordinate system for the map was World

Geodetic Survey 1984 (WGS 84) and the datum for the map was also WGS 84.
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Figure 12 Existing Coal-fired power plants listed in NETL Thermoelectric Power Plant
Database(USDOE 2007) A total of 407 plants are included in the database. (A)
Geographical distribution of existing power plants; (B) Summation of the existing power

plants in each state.
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2.3.1.4Estimation of the Cooling Water Demand

The next step was to estimate the cooling water needs for each proposed power plant so
that a comparison with the total available wastewater that can be made. Two methods for
estimating water needs of a specific popwkant are described below.

The first method calculates water demand based on plant capacity, water to energy ratio,

capacity factor and operating hours based on the following equation:

E=C-R-F-T 1)

Where,
E = Estimated water demand, gaiyd
C = Maximum generating capacity (Summer capacity), MW
R = Water to energy ratio = 1200 gal/MW*h
F = Capacity factor = 0.75 (dimensionless)

T = Operating hours, hours/day

Water to energy ratio of 1200 gallons of water per MWh of energy was derivedifeom
EI A6s (USElp 80072 USDOE 2008and it is an estimate of average water withdrawal for
wet recirculating cooling systems based on the data collected in 2000. The water to energy
factor has since been updated to reflect specific generation tgpkoiler type, and the design
of the turbine and has been renamed to withdrawal fagtmrle 4 summarizes withdrawal
factors adapted from NETL repoEstimating Freshwater Needs to Meet Future Thermoelectric

Generation Requiremen{®)SDOE 2008) The withdrawal factor for codired power plants
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includes: 1) boiler makap water, 2) FGD makap water, and 3) cooling water. Apparently, the
water to energy factor of 1,200 gal/MWh used in this study is overestintagngpoling water

demand by power plants, which provides a conservative assessment of water availability for

cooling.
Table 4. Withdrawal factors for specific applications.
Applications Withdrawal
Factor (galMWh)

Freshwater, Reirculating System, Codired power plants ~600
Freshwater, Reirculating System, Nuclegmower plants ~1100
Freshwater, Reirculating System, Non Codired power plants ~250
Freshwater, Reirculating System, NGC@ower plants ~150
Freshwater, Reirculating System, IGC@ower plants ~226

26



























































































































































































































































http://www.access.gpo.gov/
http://www.azleg.state.az.us/
http://www.azsos.gov/public_services/Table_of_Contents.htm
http://ccr.oal.ca.gov/linkedslice/default.asp?SP=CCR-1000&Action=Welcome
http://ccr.oal.ca.gov/linkedslice/default.asp?SP=CCR-1000&Action=Welcome
http://fac.dos.state.fl.us/
http://www.dsd.state.md.us/comar/search_all.htm
http://www.state.nj.us/dep/dwq/techman.htm
http://reports.oah.state.nc.us/ncac.asp
http://info.sos.state.tx.us/pls/pub/readtac$ext.viewtac
http://www.rules.utah.gov/main/index.php?module=Pagesetter&func=viewpub&tid=1&pid=9
http://www.rules.utah.gov/main/index.php?module=Pagesetter&func=viewpub&tid=1&pid=9
http://apps.leg.wa.gov/RCW/default.aspx?cite=90.46
http://www.energy.ca.gov/2005publications/CEC-140-2005-001/CEC-140-2005-001-ED2.PDF
http://www.energy.ca.gov/2005publications/CEC-140-2005-001/CEC-140-2005-001-ED2.PDF
http://www.epa.gov/region5/water/cwa.htm
http://michie.lexisnexis.com/newjersey/lpext.dll?f=templates&fn=main-h.htm&cp=uanjadmin
http://michie.lexisnexis.com/newjersey/lpext.dll?f=templates&fn=main-h.htm&cp=uanjadmin
http://www.leginfo.ca.gov/calaw.html
http://www.dsd.state.md.us/comar/






























http://mapper.acme.com/







































http://www.water.utah.gov/waterplan/default.htm



http://www.water.utah.gov/
http://www.epa.gov/waterscience/standards/wqslibrary/nc/



http://serc.carleton.edu/research_education/healthrisk/envirmapper.html
http://www.epa.gov/oar/oaqps/greenbk/o3co.html
http://www.usgcrp.gov/usgcrp/Library/ocp2009/OCP09-Fig-9.htm
http://pubs.usgs.gov/circ/2004/circ1268/htdocs/text-total.html
http://www.ecy.wa.gov/programs/wq/reclaim/standards.pdf




	TITLE PAGE

	Comittee membership page
 
	Abstract

	TABLE OF CONTENTS
	List of tables
	List of figures
	Acknowledgements
	1.0 
Introduction
	2.0 
Water Shortage in the Near future for thermoelectric power plants
	Water Availability in the United States
	Water and Energy Issues
	Availability of Impaired Waters for Cooling in Power Plants
	General Water Quality and Availability of Secondary Treated Municipal Wastewater
	Feasibility Analysis Methodology
	Analysis Steps
	Develop an inventory of Potential Water Suppliers and Consumers
	Water Suppliers – Publicly Owned Treatment Works (POTWs)
	Water Consumers – Power Plants Proposed for Construction
	Water Consumers –Existing Power Plant Units as of 2007
	Estimation of the Cooling Water Demand
	Geospatial Analysis
	Wastewater Availability for Future Power Plants
	Wastewater Availability for Existing Power Plants
	Results of Feasibility Analysis

	General Water Quality and Availability of Abandoned Mine Drainage
	General Water Quality and Availability of Ash Pond Water


	3.0 
RevIew of Regulations governing the use of Reclaimed water for cooling purposes
	Federal Regulations
	Water Reuse Regulations
	Water Discharge Regulations
	Air Emission Regulation
	Particulate Emission Regulations Pertinent to Cooling Towers in The United States
	National Ambient Air Quality Standards (NAAQS)

	Interbasin Water Transfer Regulations

	State Regulations
	State Regulations on Water Reuse
	Arizona
	California
	Florida
	Hawaii
	Maryland
	New Jersey
	North Carolina
	Oregon
	Texas
	Utah
	Washington
	Wyoming
	State Interbasin Water Transfer Regulations

	Summary of regulations

	4.0 
Summary and conclusion
	Feasibility analysis of using secondary treated wastewater for cooling purposes
	Regulation Review for using Reclaimed water for cooling purposes

	Appendix A DETAILS OF REGULATIONS/GUIDELINES CITED
	Appendix B AIR EMISSIONS FROM COOLING TOWERS
	Appendix C INTRODUCTION OF GEOGRAPHIC INFORMATION SYSTEM OPERATION
	Bibliography

