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1. EXECUTIVE SUMMARY

Proposed rules by the Nllinois Environmental Protection Agency (“Illinois EPA” or “Agency”) seek to
change the use designation for the Upper Illincis Waterway (“UIW”) from the existing “secondary
contact and indigenous aquatic life” use (the “Proposed UAA Rules™). The Proposed UAA Rules
include more stringent thermal water quality standards (“Proposed UAA Thermal Standards™) for the
UIW. Five electrical generating stations owned and operated by Midwest Generation EME, LLC
(“MWGen”) are Jocated along and discharge to those portions of the UIW known as the South Branch
of the Chicago River, Chicago Sanitary and Ship Canal (“CSSC”) and the Upper Dresden Island Pocl
(“UDIP”) of the Lower Des Plaines River. These stations are Fisk, Crawford, Will County and Joliet
(2 stations) generating stations. Joliet 6 is located op the south side of the Des Plaines River, while
Joliet 7&8 is located on the north side of the Des Plaines River. Will County Units 1&2 were retired
effective December 31, 2010. Therefore, these two units were not included in this study. The MWGen
generating stations operate based on a once-through, open-cycle circulating water system design. None
of the MWGen generating stations are capable of achieving and consistently maintaining compliance
with the proposed thermal standards at existing cperating levels.

MWGen requested that Sargent & Lundy (S&L) evaluate the various technologies that are available for
cooling the Fisk, Crawford, Will County and Joliet units. S&L has been designing power plants since
its beginning in 1891, The original Fisk unit was designed by S&L in the early 1900’s. Since that time,
S&L has designed many power plants that incorporate different types of cooling tower designs.

This report addresses the potential cost and operationa) impacts associated with revised limits on
thermal discharges from the subject MWGen generating stations. This particular study expands and
updates earlier work prepared in 2005, that presented proposed cost estimates and other information
developed by S&L for the installation of thermal control technology at the MWGen stations. In 2008,
after this rule-making was initiated, S&L began work to review and update its prior 2005 study. The
proposed thermal control technology evaluated consisted of multi-cell cooling towers designed for
closed-cycle operation, with provisions to permit operation in open-cycle mode when conditions allow.
The incremental capital costs for the provisions to permit open-cycle mede constitute a small percentage
of the overzall project cost. Those incremental costs are discussed further in Section S.

At the time of the 2005 S&L study, it was not known what new thermal standards the Illinois EPA
would propose for the UIW. Accordingly, in the absence of any suggested thermal standards on which
to base the study, the 2005 S&L study used the existing Illinois General Use thermal standards as the
design basis for evaluating the control options and associated costs for achieving compliance. In the
2008 study, the estimated capital costs for wet towers ranged from about $59,500,000 for Joliet 6 to
about $170,000,000 for Joliet 7/8, and the costs for wet/dry (plume abated) towers ranged from about
$84,500,000 for Joliet 6 to about $257,000,000 for Joliet 7/8. Annual Operation and Maintenance
(O&M) costs were also estimated 1n the 2005 study. O&M costs are, to a great extent, proportional to
a plant’s electrical output, so it is to be expected that O&M costs for the largest plant, Joliet 7/8 at
1,138 MW, would be considerably higher than O&M costs for Fisk at 348 MW, The 2005 estimated
O&M costs for wet/dry towers ranged from about $1,400,000 for Fisk to about $7,000,000 for

Joliet 7/8.
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In this study, the Proposed UAA Thermal Standards are used as the design basis for determining the
feasibility of add-on thermal control technology and the associated costs of compliance for each of the
MWGen stations. As part of the design basis, the proposed cooling systems were designed with the
goa] of allowing the stations to run at full capacity under the most demanding conditions. Under the
Proposed UAA Thermal Standards, it is generally expected that the most demanding thermal conditions
will occur during the hot summer months. However, because the Proposed UAA Thermal Standards
include stringent seasonal thermal criteria throughout the year, the design also needed to address the
need to operate without capacity restrictions during the cooler times of the year. The following
information was developed in this study for cooling towers at Fisk, Crawford, Joliet and Will County:

o Evaluation of capability for meeting the proposed thermal standards;

o Review of regulatory and permitting issues and risks;

o Order-of-magnitude (-30%/+50%) capital and O&M cost estimates; and
s Review of schedule requirements and layout feasibility.

Several alternative types of closed loop cooling technologies were evaluated as part of this study,
including radiator type towers (external water required), air cooled condensers (new condenser is
located external to the turbine room), and hyperbolic natural draft cooling towers. These options have
either not been proven on such large scale installations or are considerably more expensive than the
conventional wet cooling tower design.

The advantage of the closed-cycle wet cooling tower approach is that it virtually eliminates thermal
discharges to the adjacent river, There is still a small discharge that is required to control the water
chemistry of the tower (referred to as “cooling tower blowdown™), but this is a fraction of a percent of
the total open loop cooling compared to the current open-cycle operation of these stations. If a mixing
zone is granted for discharging cooling tower blowdowa, it is assumed that the cooling tower blowdown
will meet the Proposed UAA Thermal Standards at the edge of the mixing zone. However, S&L
recognizes that, if the ambient temperature of the river js above the Proposed UAA Thermal Standards,
an allowed mixing zone may not be applicable under the existing mixing zone regulation in 35 IAC

§ 302.102. Accordingly, it is currently not known whether and to what extent each of the MWGen
stations would be granted an allowed mixing zone. In any event, the estimated costs of the proposed
cooling towers and associated circulating water system modifications discussed in this report are not
significantly affected. If the stations’ cooling tower blowdown discharge is not subject to an allowed
mixing zone, the temperature of the cooling tower blowdown discharge must comply with the Proposed
UAA Thermal Standards at the point of discharge to the river. In the absence of an allowed mixing
zone, an additional cooling mechanism (likely a chiller totaling approximately $3 million per station)
may be required to guarantee compliance at each of the MWGen stations under all operating and
receiving water scenarios. However, for purposes of this report, we have not included any supplemental
cooling of the cooling tower blowdown discharge for any of the stations in the study cost estimates.

Three different design scenarios were evaluated for the Joliet and Will County Stations. These are wet

towers (which yield a visible, fog-like discharge plume), wet/dry towers (plume-abated towers), and wet
towers with provisions to convert to wet/dry operation. The cooling tower design for Fisk and Crawford
was based solely on the wet/dry (plume-gbated) design, in order to prevent icing on the nearby interstate

1-2
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highway, high voltage power lines, and in nearby commercial and residential areas. The estimated
compliance capital costs for all of the stations covered by this study range from $93,400,000 at Joliet 6
to $223,800,000 at Joliet 7/8 for wet towers to between $115,700,000 at Joliet 6 and $300,900,000 at
Joliet 7/8 for the wet/dry options. Annual Operation and Maintenance (O&M) costs for wet/dry towers
ranged from $2,127,000 at Fisk to $9,080,000 at Joliet 7/8.

The estimated capital costs for the various designs considered are summarized in Table ES-1. Table
ES-1 also provides the capital cost per kilowatt for the wet/dry tower designs for each of the five
MWGen stations, which ranges from $264/kW to $354/kW, with an average cost across all five stations
of $301/kW. Annual O&M costs, based on 75 percent capacity factors, are surnmarized in Table ES-2.
Table ES-3 summarizes the portion of each station’s gross capacity which is lost due to the cooling
tower systems’ auxiliary power demand.

Table ES-1

Cost Summary of All Wet/Dry, Wet/Dry Convertible, and
Wet Non-Convertible Towers

Station Capital Cost | Capital Cost Wet Wet/Dry
Total Wet/Dry Convertible to Capital Cost Capital Cost
Unit Gross MW Tower (§) Wet/Dry (8) Wet Only ($) (§ per k
Fisk 19 348 $137,100,000 N/A N/A $394
Crawford 7&8 585 $165,200,000 N/A N/A 3282
Will County
3&4 832 $257,100,000 $230,200,000 $210,700,000 $309
Joliet 6 341 $115,700,000 $103,600,000 $93,400,000 $339
Joliet 7&8 1,138 $300,900,000 $257,900,000 $223,800,000 $264
Totals 3,244 | $976,000,000 - - 5301
(average)
Table ES-2
Estimated Annual Qperating and Maintenance Costs
Station Total Wet/Dry Towers Wet or Wet Convertible
Unit Gross MW Towers
Fisk 19 348 $2,127,000
Crawford 7&8 585 $3,960,000
Will County 3&4 832 $5,750,000 £5,710,000
Joliet 6 341 $2,660,000 $2,350,000
Joliet 7&8 1,138 $9,080,000 $8,280,000
Totals 3,244 $23,577,000 N/A
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Auxiliary power use increases for the cooling tower operation. Each cooling tower cell is provided
with a fan, and additional pumps are required to move cooling water through the closed cooling loop.
The power demands of the fans and additicnal pumps contribute to the additional auxiliary power
requirements. The auxiliary power requirements for the MWGen plants are shown in Table ES-3.

Table ES-3
Cooling Tower Auxiliary Power Use (Annual-Average MW)

Fisk Crawford | Will County 3&4 Joliet 6 | Joliet 7&8
348 MW | 585 MW 832 MW YIMW | L1I8 MW
Cooling Tower Fan Power 3.24 6.08 9.32 4.28 16.20
Supply Pump Power 3.89 6.48 9.72 478 17.01
Discharge Pump Power 0.65 0.97 0.81 .0.81 1.94
Average Aux Power Use 7.78 13.53 19.85 9.87 3515
Percentage of MW Output 22 23 24 29 3.1

From the data in Table ES-3, it can be seen that the cooling tower systems consume between 2.2 percent
and 3.1 percent of the stations’ gross output, which represents lost generating capacity for each affected
station. The economic effects of station generating capacity loss are discussed in Section 5.

The costs presented above are based on the preliminary design criteria prepared by S&L for this report.
For each of the MWGen stations, cooling tower design is based on a 7°F approach temperature and a
1% wet bulb occurrence. These numbers drive the performance and cost of the tower. Smaller
approach temperatures require larger and more expensive towers to accommeodate a given cooling water
flow requirement. But, smaller (or lower) approach temperatures also increase the likelihood that the
unit can remain running at its full rated load under all operating conditions. Conversely, higher
approach temperatures would reduce the size of the tower required but would increase the risk that the
unit would need to be operated at much less than its rated load on hot days when the demand for power
is typically at its greatest. A higher approach temperature would also increase the temperature of the
cooling tower blowdown, increasing the risk of not meeting the applicable temperature limits, especially
if these apply at the end-of-pipe. The potential capital cost savings realized for designing to a 12°F
approach temperature, instead of the 7°F approach temperature selected for this study, would be
approximately 20 percent. Even with this potential cost savings, the overall cost of the cooling tower
installation still represents a substantjal capital expense. The use of a 7°F approach temperature yields
the lowest practical cooling tower blowdown temperature, and thus minimizes the overall thermal
impact on the river. Please refer to Section 2.C.2 for 2 more detailed discussion of cooling tower design
and function.

There are several concems associated with the proposed cooling tower installations. The feasibility of
siting cocling towers poses significant constructability difficulties at many of the MWGen stations.
“Constructability” is an industry terro used to indicate both the economic feasibility and the ease with
which equipment can actually be installed. Installation of cooling towers at Fisk, Crawford, and Will
County stations will require relocation of ComEd high voltage lines to prevent ice buildup caused by the
cooling towers’ operation and potentially catastrophic snapping of these power lines during the winter

Y4
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months. Based on S&L’s past professional experience, the estimated capital costs include an allowance
for transmission line relocation where applicable, but there was no study performed to define the scope
of this pecessary modification. This study also assumes that if requested, ComEd would agree to and
allow the relocation of the high voltage lines. If relocation of the ComEd high voltage lines is not
possible, the towers would pose a safety concern at Fisk, Crawford, and Will County which may prevent
their installation unless another alternative approach to their installation can be identified.

Many of the MWGen stations have very limited available space for locating new cooling towers. The
limited availability of space can affect the towers’ performance. These tight arrangements promote
interference (when the bot air discharge of one tower enters the intake of a nearby tower, leading to poor
performance). Another negative impact of the tight tower arrangement is recirculation (when the hot air
discharge of a tower enters its own intake, leading to poor performance) when winds are blowing in an
unfavorable direction.

Noise emissions from the cooling towers are expected to be below the regulatory limits for all of the
units except for Joliet 7&8 due to the proximity of an existing office building west of the proposed
Joliet 7&8 cooling tower location. The cost of noise abatement was not included in the Joliet 7&8
capital cost estimates.

Particulate emissions from the cooling tower are estimated to be greater than the 25 ton/year threshold
for New Source Review (NSR) for overall particulate matter for the Joliet 7&8 and Will County 3&4
cooling towers. These emission levels would trigger requirements for Best Available Control
Technology (BACT); however, drift eliminators (included in the design) meet the BACT standards.

Particulate emissions with an aerodynamic diameter less than 10 microns (PM, ) are estimated to fall
below the NSR PM,, threshold of 15 tons/year at all stations except Joliet 7&8, based on use of
published ratios of PM,,:PM emissions that have been accepted by the Illinois EPA in the past. Using
this method, Joliet 7&8 have predicted combined PM,y emissions of approximately 15.06 tons/year,
which is slightly above the threshold. Will County 3&4 have predicted combined emissions of
approximately 10 tons/year, based on a conservative 100% capacity factor and 100% closed-cycle
operation. If 2 methodology different from the ratio method is used to calculate PM;, emissions, the
15 tons/year threshold possibly could be exceeded at Will County, depending on the final calculation
methods and assumptions. Fisk, Crawford and Joliet 6 should not have issues related to PM,o
emissions.

Lastly, S&L estimates that a single tower installation will require a minimum of 29 months to complete
after additional studies are completed and critical design critena are finalized. This schedule is based on
a single tower installation; the overall duration for a multiple station cooling tower installation will be
longer. From a design standpoint, much of the required effort will be largely repetitive. For example,
once a cooling tower specification is prepared for one station, it will take considerably less time to
prepare a comparable specification for another station. However, it is likely that MWGen’s ability to
pursue multiple cooling tower projects in parallel will be limited by the time required to fabricate and
deliver the cooling tower material and equipment and/or by the time required to construct the tower and
other structures.
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At present, there are few utility-size cooling tower projects underway nationally, and the construction
labor market is favorable. With such conditions, assuming funding can be acquired when needed, one
might be able to execute projects at Fisk and Crawford in parallel, and to start projects at the next
stations in sequence with a 12- to 15-month lag. Assuming such "best case” scenario circumstances,
after the time required to complete the final design criteria, the time required to implement closed-cycle
cooling at the five MWGen stations is estimated to be a minimum of 60 months. However, as the
economy improves, lead times will lengthen and construction labor will become less available.
Therefore, it is not possible to predict accuretely the overall time required to design, fabricate and install
cooling towers at five power stations. Again, assuming that funding can be obtained when needed, for
planning purposes, S&L recommends that at least 72 months should be allowed for that process.

The extent of transmission line relocation was not examined in any detail during this study. The time
required to obtain permission for line relocation and to actually relocate the lines has not been
considered in the schedule discussion above.
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2. APPROACH AND SCOPE OF COOLING TOWER STUDY

This section addresses:

» The Proposed UAA Thermal Standards which will force installation of closed-cycle cooling at
Crawford, Fisk, Ioliet 6, joliet 7/8 and Will County 3/4;

« A discussion of cooling tower design and performance considerations; and

» A description of the scope of this cooling tower cost study report.

A. PROPOSED UAA THERMAL WATER QUALITY STANDARDS

In October 2007, the Agency filed the Proposed UAA Rules with the 1llinois Pollution Control
Board. If adopted, the Proposed UAA Rules would reclassify the subject waters tnto which
each of the MwGen stations discharge from their cwrent “secondary contact” use designation
and impose more stringent thermal standards for the associated waterways. The Proposed UAA
Rules include thermal standards that are stricter than the existing Geperal Use standards.

Table 2-1 below lists the Proposed UAA Thermal Standards, which would apply on a period
average basis with a daily maximum limit. Under the Proposed UAA Rules, the CAWS
Aquatic Life Use B (“ALU B”) standards would apply to Fisk, Crawford, and Will County,
while the Upper Dresden Island Pool (“UDIP”) standards would apply to Joliet. The Proposed
UAA Thermal Standards may be applied at the edge of an approved mixing zone pursuant to the
requirements of 35 1ll. Adm. Code §302.102. However, a final determination of whether any
mixing zone will be allowed, and, if so, how large, is not currently known because it would be
determined by the Agency in future NPDES permitting if any revised thermal water quality
standards are ultimately adopted. For the purpose of this study, it Is assumed that the small
(~650 to ~3000 gpm) cooling tower blowdown flows generated by a closed-cycle cooling
system either will comply with the Proposed UAA Thermal Standards or will not contribute to
any significant water temperature rise within the receiving stream, thus making any need for a
mixing 2zone limited to a very small area of the receiving stream. However, based on existing
recelving stream data, it is expected that there may be times when no mixing is available due to
low river flow and/or ambient river temperatures which are higher than the Proposed UAA
Thermal Standards. In the absence of an allowed mixing zone, an additionzl cooling
mechanism (likely a chiller at a total approximate cost of $3 million per station) may be
required to ensure compliance at each of the MWGen stations under all operating and receiving
water scenarios. However, for purposes of this report, we have not included any supplemental
cooling of the blowdown discharge for any of the stations in the study cost estimates.
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Table 2-1
Proposed IEPA Water Temperature Limits
[ Month October 2007 Final October 2007 Final October 2007 Finat October 2007 Final
[EPA Average CAW IEPA Maximum CAW IEPA Average Upper IEPA Maximum Upper
Aquatic Life Use B Aquatic Life Use B Dresden Island Pool Dresden Island Pool
Temp Limit Temp Limit Ternp Limit Temp Limit

Jan 1-31 543 90.3 54.3 88.7
Feb 1-29 536 $0.3 53.6 88.7
Mar 1-15 572 90.3 57.2 88.7
Mar 16-31 572 90.3 57.2 88.7
Aprl-158 60.8 90.3 60.8 88.7
Apr 16-30 62.1 90.3 62.1 88.7
May 1-15 69.2 90.3 69.2 88.7
May 16-31 71.4 90.3 71.4 88.7
Jun 1-15 74.2 90.3 742 88.7
Jun 16-30 86.7 50.3 85.1 88.7
Jul 1-15 86.7 $0.3 85.1 88.7
Jul 16-31 86.7 90.3 85.1 88.7
Aug [-15 86.7 90.3 85.1 88.7
Aup 16-31 86.7 %03 85.1 88.7
Sep 1-15 86.7 50.3 85.1 88.7
Sep 16-30 7 90.3 77 88.7
Oct 1-13 732 90.3 73.2 88.7
Oct 16-31 69.6 50.3 69.6 88.7
Nov 1-30 66.2 90.3 662 88.7
Dec 1-31 59.9 90.3 59.9 88.7

The MWGen stations that are impacted by the Proposed UAA Rules are Fisk, Crawford, Will
County and the two Joliet stations. Thermal discharges from the MWGen stations in their
current once-through, open-cycle design do not meet the Proposed UAA Thermal Standards
either for the CAWS Aquatic Life Use B or the UDIP. Based on the Proposed UAA Thermal
Standards, as summarized in Table 2-1 above, it was determined that closed-cycle cooling tower
control technology would be the most effective means of complying with the Proposed UAA
Thermal Standards while maintaining the capability to operate at the design electrical output of
each unit.

B. COOLING TOWER DESIGN AND PERFORMANCE
1) Cooling Tower Function and Physical Characteristics

Cooling towers are used to transfer the heat from the power plant circulating water into the
atmosphere. Steamn from the turbine-generator exbaust is cooled and condensed to water in
one side of a large heat exchanger, called the condenser, and is pumped back (recycled) to
the boiler. The other side of the condenser is cooled by the circulating water system, and
the circulating water gains heat as it passes through the condenser. The circulating water is
sprayed into the top of the cooling tower, where it comes into contact with air from the
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atmosphere which flows upward through the tower. Some of the warm circulating water is
evaporated and absorbed by the cooler air. This evaporation of a portion of the circulating
water is the primary mechanism for heat transfer between the water and the air. The air
cools the circulating water so it can be pumped back to the condenser and the cycle is
repeated. “Fill” is used to break up falling water droplets in the tower and promote
interaction between the water and the ambient air.

Cooling towers of a type called “mechanical draft” were evaluated for installation at the
MWGen stations. A mechanical-draft tower is typically 40 to 60 feet tall and anywhere
from 40 to several hundred feet long, depending on the volume of circulating water flow the
tower is designed to process. A cooling tower is actually comprised of several semi-
independent modules referred to as “cells”. Each cell consists of 1) & structural stee] or
fiberglass frame, 2) walls (to confine the air and water flow), 3) piping near the top cf the
framework to distribute the water evenly, 4) material called “fill” (installed within the tower
framework) to improve heat transfer between the water flowing down and the air flowing
up, 5) a large-diameter fan to pull air upward through the tower, and 6) an exhaust stack to
help direct warm air upward and away from the sides of the tower. A group of cells is
typically linked end-to-end to form a single cooling tower assembly. The group of cells is
constructed inside a concrete basin which collects the cool water. The pumps which return
the cool water to the condenser are installed on one end of the basin.

The number of individual cells in the cooling towers evaluated for this study ranged from a
low of 16 at Fisk Station 10 a high of 64 at Joliet 7/8. The cooling tower equipment
arrangement drawings presented in Exhibit A show that it was necessary to break the total
number of cells required into two or more groups owing to space limitations at the stations.

2) Cooling Tower Performance Considerations

Sizing of wet and plume-abated (wet/dry) cooling towers depends primarily on two key
parameters: wet bulb temperature, which is determined by weather conditions, and
approach temperature, a value which is selected by the cooling system designer.

The amount of humidity in the atmosphere air determines the wet bulb temperature, which,
in turm influences the effectiveness of cooling tower in removing heat from the circulating
water. Higher humidity levels result in higher wet bulb temperatures, and lower humidity
levels result in lower wet bulb temperatures. In general, the lower the wet bulb
temperature, the lower the cold water temperature — the tempergture of the circulating
cooling water gfter it has passed through the cooling tower. Thus cooling towers are more
effective on cool, dry days and less effective on warm, humid days.

Wet bulb temperature changes continually (hour to hour and day to day) as weather
changes. Therefore, tower design for cooling performance and the ability to meet thermal
discharge limits involves consideration of meteorology probabilities. A conservative
approach that accounts for reasonably expected weather conditions was used in this study to
ensure that the tower design will remove the heat from the generating station even during
the most hot and humid days. The cooling towers were designed based on the “Summer

2-3
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1%” wet bulb temperature which means that the historical wet bulb temperatures exceed
this value only 1% of the time during the hottest months. Historical wet bulb data was
obtained from a U.S. Air Force publication. (See paragraph 3.a.6 below for a complete
reference to this publication.)

A second important parameter that defines the design of a cooling tower is “approach
temperature.” The approach temperature is defined as how close the water being cooled
approaches the wet bulb temperature, Design for a lower approach temperature results in a
larger tower, which is usually effected by increasing the number of cells in the tower.

A larger tower will provide greater contact time between the circulating water and the
airflow, which increases heat removal and lowers cold water temperature. A larger tower
is more expensive for a given circulating water flow rate, but it will increase the likelihood
that the generating station can remain running at full load during the most hot and humid
days.

Figure 2-1 1llustrates the capital costs for the Joliet 7&8 towers as a function of approach
temperature. This same general relationship emong cooling tower approach temperature,
cooling tower cost, and auxiliary power demand is typical of the towers evaluated for the
other generating stations considered in this study. Cooling tower cost decreases with higher
approach temperatures although the cost is still in the order of hundreds of millions of
dollars. With this decrease in cost, however, comes an increased risk that the unit wil]
generate less electrical power during a time when demand is high and the cost for purchased
power also is almost always relatively high. To minimize the risk that the cooling towers
chosen would necessitate unit deratings to maintain compliance at the MWGen stations at
times when demand for electricity is high, an approach temperature of 7°F was used as the
basis for this study.

An additional benefit of designing the towers with a 7°F approach is that it minimizes the
temperature of the cooling tower blowdown flow to the relevant waterway. Decreasing the
tower size and cost by selecting a larger approach temperature such as 9°F or 12°F would
increase the temperature of the cooling tower blowdown flow. An approach temperature
increase of even 2-3 degrees would likely lead to an end-of-pipe cooling tower blowdown
flow temperature that is warmer than the Proposed UAA Thermal Standards maximum
value during the summer months.

24
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Figure 2-1

Total Installed Cost of Wet/Dry Cooling Towers and Power Generation Impact
Vs. Approach Temperature at Joliet 7&8
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A final design consideration is the treatment of the fog-like plume that normally rises from
cooling towers. Towers with visible water vapor plumes are available at lower cost but can
cause potential visibility problems and icing problems in freezing weather. Visibility and
icing problems can create safety hazards on nearby streets and highways and for those who
use them. Icing problems are particularly hazardous to power lines located in the vicinity of
an electrical generating station because the icing can cause power lines to fail and interrupt
power service to customers. Wet/dry or “plume-abated” towers minimize the nisk of
visibility and icing problems. Wet/dry towers have a dry rebeating section above the wet
section, which further warms the warm, moist ajr leaving the wet section of the tower.
Such wet/dry towers make the plume essentially invisible and decreases the potential for
visibility and icing problems. Hence, the reason they are called “plume-abated” towers.
Plume-abated towers are designed so that the visible plume extends no farther than one
tower height. It should be noted that there is still some icing concem with wet/dry towers,
though the icing risk is lower than that associated with pure wet towers.

If it is uncertain whether plume abatement will ultimately be required for a given generating
station, a wet-type tower can be designed with features which allow later conversion to
plume-abated or wet/dry operation. The principal features required are design of the
cooling tower basin and structural supports for the higher weight of the plume-abatement
heat exchangers that are added to convert the tower to wet/dry operation. Although a wet-
type tower that is not originally designed for conversion to plume abatement could
subsequently be converted, the costs of doing so would be much higher than if provision for
subsequent conversion were made in the original design. Figure 2-2 illustrates the relative
costs of all three tower types based on the costs for Will County Station Units 3/4. As
shown in more detail in Section 3, the cost relationship among the three types of towers at
Will County is also typical for Joliet 6 and Joliet 7/8.

2-6
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Figure 2-2
Installed Capltal Cost of Will County Caoling Towers for
Three Different Types
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Wet/dry towers were selected as the base design for Crawford and Fisk, owing to those
stations’ proximity to a nearby interstate highway, electric transmission lines, and
commercial and residential areas. Wet-type towers are believed to be acceptable for
Joliet 6, Joliet 7/8 and Will County 3/4, but installed costs for all three types are provided
in Section 5.

All of the MWGen stations were designed for and operate as open-cycle cooling stations.
Cooling tower costs for retrofit applications to convert from open-cycle to closed-cycle
cooling, such as is the case here for the MWGen stations, are generally higher than those for
a tower provided at a generating unit initially designed for closed-cycle operation —
estimated to be approximately 10 to 20 percent higher. Units designed for once-through
(open-cycle) cooling typically have a smaller condenser than units originally designed for
closed-cycle operation. A retrofit tower will typically be made larger to compensate for the
smaller condenser. Increasing the size of the condenser during retrofit is a potential design
option, but the costs of condenser modifications are higher than the incremental costs of
larger cooling towers.

2-7
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The cost estimates provided here for all wet/dry cooling tower options are based on cooling
tower quotes obtained from SPX/Marley, a cooling tower supplier, in response to a brief
specification and sizing table provided by S&L. Low-clog film fill was selected by
SPX/Marley as suitable for the MWGen applications, based on the Total Suspended Solids
levels in the make-up water. Make-up water quality data is presented in Exhibit F.

Exhibit C contains preliminary design specifications for the cooling tower designs. This
design basis information was provided to SPX/Marley by S&L to use as the basis for its
estimates of cooling tower costs.

3) Altemnative Cooling Tower Technologies

The following alternative cooling technologies were also considered at the start of the
study, but were eliminated from further consideration for the reasons stated below:

s Radiator-type towers (with no water cooling): Eliminated because these towers have
never been applied to units of the size or approach temperature applicable here and they
would require a prohibitive amount of land that is not available at the MWGen stations.

s Air-cooled condensers: Eliminated because existing unit condensers at the MWGen
stations would have to be replaced and low-pressure steam would need to be ducted to
the new air-cooled condenser (ACC). This option would not likely be technically
feasible due to large amount of land area required for such installations, and the
difficulty routing the very large duct required from the turbine exhaust to the ACC inlet.
An ACC would increase turbine backpressure, which would further reduce the station’s
generating capacity, and it also would be prohibitively expensive.

e Hyperbolic natural draf cooling towers: Eliminated due to the extremely high cost
(4 to 8 times the cost of a conventional wet tower), concerns about a) interference with
the glide paths for nearby airports, b) the land area required, and c) overall permitting
owing to negative public perception of the aesthetics of such tall structures.

C. COOLING TOWER COST STUDY SCOPE
The scope of this study is as follows:

»  Obtain capital and O&M costs in current dollars for cooling towers sized for closed-cycle
operation under summer conditions. The cooling tower equipment arrangement drawiogs
and closed-cooling cycle diagrams that form the basis of the cost estimating criteria are
provided in Exhibits A and B, respectively. Major equipment was sized based on maximum
boiler heat input, maximum exhaust flows, and original condenser and circulating water
design conditions.

2-8
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» Develop “order-of-magnitude” (-30%/+50%) cost estimates for the following scenarios in
this study:
> Wet cooling tower with plume abatement (wet/dry tower) for all five stations.

> Wet cooling towers for Joliet (both stations) and Will County Stations without the
option to add plume abatement.

> Wet cooling towers for Joliet (both stations) and Will County Stations without plume
abatement but designed with additional structure to allow addition of plume abatement
at a later date.

Budgetary cost estimates from SPX/Marley, 2 promuinent power plant cooling tower
supplier, were solicited to obtain current costs for all cooling tower options. S&L
calculated balance-of-plant costs using previous plant designs and our in-house cost
database.

s Estimate O&M costs, including auxiliary power for tower fans and additional circulating
water pump head requirements, plus chemical costs and tower maintenance.

o Compare estimated cooling tower blowdown temperatures and volumes to proposed
thermal standards to determine whether further temperature dispersion study is required.

« Estimate particulate emissions due to cooling tower “drift”, and determine whether these
emissions could trigger additional air permit or compliance requirements.

s Perform a qualitative assessment of possible tower noise emissions and any regulatory or
ordinance requirements that may require measures for noise mitigation.

« Evaluate the impact of cooling tower addition on plant thermal cycle. The ability of a
cooling tower to produce cold water is limited by the outdoor wet bulb temperature.
Generally, the cooler the return water to the condenser, the higher the efficiency of the
turbine generator, and the more electricity which is generated. In addition, lower return
water temperatures result in lower condenser discharge temperatures.

o Determine preliminary permitting requirements for installation of cooling towers.

e Prepare a preliminary construction schedule based on typical cooling tower installation
duration.
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3. CONCEPTUAL DESIGN BASIS FOR CLOSED LOOP COOLING TOWER STUDY

In order to design the cooling towers required at each of the MWGen stations, the current unit rating
(in gross MW), which represents the current generating capacity of each station, was used. Major
equipment was sized based on maximum boiler heat input, maximum exhaust flows, and original
condenser and circulating water design conditions. Preliminary design specifications were developed
for the towers needed at each station.

The following paragraphs describe the parameters common to all units at the MWGen stations which set
the design of the cooling towers for this study. Design bases for individual units at each of the stations
are provided in Exhibit D.

A DESIGN ELEMENTS COMMON TO ALL UNITS

The following design bases were applied to cooling tower cost estimates and layouts for a]] of
the electrical gererating units located at each of the MWGen stations:

1) Cost estimates are “order-of-maguitude” accuracy, -30%/+50%.

2) The cooling systers for al stations were sized for closed-cycle operation at summer
conditions. Cost estimates include towers sized to handle 100% of heat rejection duty.
To maintain the flexibility to operate in open—cycle mode, when river temperature and
meteorological conditions permit, gates were included in the estimates. As discussed in
Section 5 below, the incremental increase in capital cost for these open-cycle provisions
of the design are a small percentage of overall project cost. As noted above, when this
study was originally prepared in 2005, the design considerations were based on General
Use thermal standards. Under the General Use thermal water quality standards, the
probability of being able to operate in open-cycle mode during parts of the year is
greater than under the stricter Proposed UAA Rules. Hence, the design basis of the
2005 study included the capability to switch between open-cycle and closed-cycle
cooling operation. Given the incremental increase in capital cost associated with
including open-cycle capability ip the design is a small percentage of overall estimated
costs, for the purposes of updating the study, it was decided to retain this open-cycle
capability in the design basis.

3) Estimates of O&M costs, particulate emissions, and cooling tower blowdown discharge
are based on continuous closed-cycle operation, for conservatism and because it is pot
known to what extent open-cycle operation will be compliant with applicable thermal
standards.

4) Cost estimates for plume-abated (wet/dry) towers were developed for all stations.
Consideration of wet only and wet/convertible to plume-abated was given to Joliet 6,
Joliet 7/8 and Will County 3/4.

3]
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5)

6)

7)

The following is a comparison of plume-abated (wet/dry) tower characteristics
compared to conventional wet towers:

= Wet/dry towers use 7-13% less total makeup water than wet towers

s Extent of drift/level of particulate matter emissions will be the same for wet/dry and
wet towers operations

e [cing still occurs with wet/dry towers, but will be less than with wet towers, due to
the increased saturation temperature of the air. Moisture will still condense on cold
surfaces, however.

s Visible plume will be negligible for wet/dry towers at the design point. A small
amount of visible plume occurs at Jower temperatures and/or at high relative
humidity conditions.

o The wet/dry tower uses approximately 10-25% more electrical power than a wet
tower.

» Noise emissions are similar for both types of towers.

The cooling tower site arrangement drawings (provided in Exhibit A) are based on the
wet/dry tower layouts. SPX/Marley was consulted to determine the cooling tower
arrangements that are technically feasible based on the type of cooling tower to be
installed. SPX/Marley advised that back-to-back cooling towers are oot available for
wet/dry cooling tower types due to the need for the dry section to receive air from both
sides. Therefore, the design for all of the wet/dry cooling towers consists of a single
row of cells. Pure wet towers were not considered as the base design due to all of the
previously mentioned reasons, including creation of poor visibility near the stations,
icing of roads, and icing of overhead power lines. Cost estimates for both wet-only and
wet/convertible to plume-abated were developed, however, and are provided in
Section 5.

The cooling towers at all of the stations were designed for a summer season wet bulb
temperature of 78°F. This is the 1% summer season wet bulb temperature for all of the
stations.' This is a conservative approach used 1o avoid derating the units during the
summer months when the demand for power is highest.

The cooling towers at all of the stations were designed for an 85°F cold water
temperature, which is a reasonable choice based on the 1% summer wet bulb
temperature in the Chicago area, and the choice of a 7°F approach temperature. This is
a conservative approach selected to minimize the potentjal for unit derating (reduction
in generating capacity) on hot, humid days.

' Departments of the Air Force (USAF), the Army, and the Navy, "Facility Design and Planning Engineering Weather
Data”, AFM 88-29, TM 5-785, NAVFAC P-89, Washington D.C., 1978.
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8)

9

10)

11)
12)

13)

14)

15)

All of the cooling towers were designed for a minimum achievable drift rate of
0.0005% (i.e., with drift eliminators). This minimizes the water particulate emissions
of the towers. Exhibit E contains the results of the particulate calculations. Exhibit F
contains the water quality data input used.

Under closed-cycle operation, each station was assumed to operate at five cycles of
concentration. The phrase “five cycles of concentration” means the cooling water is
recirculated until the total dissolved solids (TDS) level reaches a value five times the
TDS concentration in the make-up water. Further build-up is limited by cooling tower
blowdown. A value of five cycles is most often chosen for design purposes because it
minimizes the need for make-up water and limits TDS concentrations to levels which
do not create corrosicn problems for cooling system materials.

All of the towers are priced with fiberglass construction. Fire protection costs have not
been incorporated into the cooling tower estimates but could increase the cost of the
towers substantially dependent upon the requirements of the agency having jurisdiction
and the extent to which they require installation of fire protection equipment.

Single speed non-reversing motors were assumed for all of the cooling towers.

Chlorination, sulfuric acid addition, and dechlorination equipment were included in the
system design and cost estimates for closed-cycle operation at all of the stations.

From its professional experience, S&L estimates the annual water treatment chemical
cost to be $1,000/MW for a station with closed-cycle cooling towers. This cost is based
on the gross load of the station unit(s) in all cages, and is based on Sargent & Lundy’s
120 years of power plant design experience.

Cooling tower blowdown from the closed-cycle mode of operation was assumed to be
by a bleed stream from the cooling tower water supply pumps. No separate cooling
tower blowdown pumps were included in the design or cost estimate, though a small
(up to 12” diameter) pipe was included. The cooling tower blowdown, evaporation, and
makeup water data are contained in Exhibit G.

The following methodology was used to estimate the potential impact on turbine MW
output (i.e., capacity loss) resulting from operation in a closed cooling configuration:

¢ The cold water temperatures of the towers corresponding to the 1% wet bulb during
each month of the year were used as condenser circulating water input values,
These cold water temperatures, which are identical to the cooling tower blowdown
temperatures, are based on cooling tower industry {i.e., Cooling Tower Institute)
data.

e Condenser backpressures at 70% assumed cleanliness were estimated, and the
percent heat rate adjustment was read from the original heat rate adjustment vs.
backpressure curves at valves wide open flow.
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s The variations in generator output between the design output value and the output
during closed loop cooling operation at the maximum wet bulb temperanure were
calculated (“closed-cycle gain/loss™). Then the variations in generator output
between the design output value and the output during open-cycle cooling operation
with the Proposed UAA Thermal Standards Perjod Average temperature as the
condenser circulating water inlet temperature were calculated (“open-cycle
gain/loss”). The difference between the closed-cycle gain/loss and the open-cycle
gain/loss is the MW output gain or loss for each time period during the year. Note
that the Period Average values are tabulated on a partial month basis where so
specified in the Proposed UAA Thermal Standards, while the closed-cycle 1% wet
bulb values derive from the monthly ASHRAE? values. A separate partial month
wet bulb distribution was not developed for this current study.

16) Isolating the stations’ intake and discharge channels from the river typically involves a
combination of fixed walls and moveable gates. Where the term “gate” alone is used in
this report, the installation may also involve some fixed walls at that location. The
actual configurations used in the design are documented in the capital cost estimates for
each station that are presented in Exhibit I. It was assumed that the existing circulating
water inlet channel would be partially left open to the river in closed-cycle operation so
that makeup water to the cycle can be drawn in as needed. No separate makeup pumps
or piping were included in the design or cost estimate.

17) No special noise abatement equipment was included in the base cost estimates.
SPX/Marley indicates that the predicted noise level is about 90 dBA at 3 meters from
the tower. Rough noise abatement options and costs were provided by SPX/Marley, but
the predicted noise reduction is not guaranteed without a full noise study. A simple
comparison of noise levels (inverse square method) was performed (see Section 4 of
this report) by locating approximate distances of nearest residential and industrial/
commercial sites, using satellite photographs and the survey drawing for each site.

18) All electrical power costs are based on a price of electricity of $36.71/MWh, which is
based on the weighted average price of peak and off-peak pricing over a five-year
period beginning in 2011 as calculated by MWGen.

B. STATION OR UNIT-SPECIFIC ASSUMPTIONS

The design and layout of the cooling tower system must be customized at each station due to
differences in plant size and layouts. The unit specific design inputs for cooling tower design
provided to SPX/Marley are presented in Exhibit C. Exhibit D contains the detailed balance-of-
project design inputs used for each station.

? American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE), “The Handbook 2005 of
Fundamentals”, published by ASHRAE, Atlanta, Georgia, 2005.
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4, REGULATORY AND PERMITTING ISSUES

The construction and operation of cooling towers at the five MWGen stations will be subject toa
number of environmental and local construction permitting requirements. The S&L study included
determining the expected permit requirements for the proposed closed-cycle cooling systems, which are
presented in the discussion below, but further detailed review is recommended if any of the projects are
slated to proceed. Regulatory and permitting standards potentially applicable to a cooling tower
installation project include: (1) air permitting for particulate matter emissions; (2) modifications to the
facility’s National Pollutant Discharge Elimination System (NPDES) permit for changes associated with
cooling water intake and wastewater treatrnent and discharge characteristics; (3) U.S. Amy Corps of
Engineer permits to allow construction activities within 2 waterway or activities that impact wetlands;
(4) local building permit requirements; and (5) noise emission regulations. Due to the conceptual nature
of the design basis included in this study, a cost estimate for preparing and obtaining the necessary
permits for construction and operation of the closed-cycle cooling systems for each of the MWGen
stations was beyond the scope of this study. Accordingly, costs associated with obtaining permits have
not been included in the capital cost estimates presented in this report.

A. AIR PERMITTING

Particulate matter emissions occur from cooling towers as 2 result of cooling water being
entrained in the air stream. Particulate matter in the drift water sent into the air by the tower is
primarily composed of the same impurities as in the tower cooling water.’ The magnitude of
the drift loss is influenced by the number and size of droplets produced within the tower, which
are a function of tower design, air and water flow patterns, and design of the drift eliminators.
The most effective way to reduce drift from cooling towers is by installing drift eliminators.
Dnift eliminators, included in the design basis for all towers i this study, are designed to
remove entrained droplets before the droplets leave the tower.

Particulate emissions from a new cooling tower can trigger the need for New Source Review
(NSR) ajr quality review and permitting. NSR is a federal regulatory program (implemented in
Lllinois by the Illinois EPA) that applies to major new sources of air pollution and major
modifications of existing major sources of air pollution. An existing major source of emissions
(such as the Crawford, Fisk, Joliet, and Will County Generating Stations) can become subject to
NSR if modifications are made to the existing source, and the modification results in a
significant increase in the annual emissions of a regulated NSR pollutant.

Regulated NSR pollutants include total particulate matter (PM), PM with an aerodynamic
diameter less than 10 microns (um) or less (PM;,) , and PM with an zerodynamic diameter of
2.5 um or less (PM, ). With respect to particulate matter emissions, a significant emissions
increase is defined as being above 25 tons per year (tpy) PM, 15 tpy PM,o, or 10 tpy PM2.5.
(See 35 JAC §203.209).

3 Cooling Tower Drift, it Measurement, Control and Environmentsl Effect. Cooling Tower Institute Paper No: TP73-01
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Emission calculations were prepared for each MWGen cooling tower configuration to quantify
potential particulate emissions. Total PM emissions were estimated based on: (1) the
circulating water flow rate at full load; (2) projected drift eliminator efficiency; (3) total
dissolved solids (TDS) in the circulating water; and (4) the assumption that 100% of the TDS in
the drift would be emitted as PM, using the following equation:*

Epm = Q * pu * (60 min/hr) * %DL * (TDS/10%)
Where:

Epn = PM emission rate (Ib/hr)

Q = circulating water flow rate (gpm)

pw = density of water (8.34 Ib/gal)

%DL = Drift Loss Efficiency (0.0005%)

TDS = Total Dissolved Solids in the liquid drift (ppmw)

The methodology given in EPA’s AP-42 Chapter 13.4 calculates total PM emissions, but does
not account for particle size distribution. Therefore, to determine PM 10 and PM2.5 emissions,
S&L used the methodology described by Reisman and Frisbie to calculate the particle size
distribution of solids emitted after evaporatjon of the liquid drift.’ Particle size is determined
based on representative drift droplet size distribution data, TDS in the drift droplets, and the
assumption that the total mass of dissolved solids in the drift condenses into a spherical particle
after all the water evaporates. The percentage of drift droplets containing particles small
enough to produce PM10 or PM2.5 emissions can be calculated using the following equation:

Dy = D; [(TDS)(pu / pros)]
Where:

D, = diameter of the solid particle (nm)

Dy = diameter of the drift droplet (um)

pw = density of water (1.0 g/em’)

pros = density of the solid particles (assumed to be equal to sodium chloride, 2.2 g/cm?)
TDS = Total Dissolved Solids in the liquid drift (ppmw)

Using this approach, drift from cooling towers with higher TDS values tend to form larger solid
particles as the liquid drift evaporates. In other words, PM10-to-PM and PM2.5-t0-PM ratios
are inversely related to circulating water TDS, as shown in Figure 4-1.

* The methodology described herein for calculating cooling tower particulate emissions is taken from EPA’s Compilation of
Air Pollutant Emission Factors, AP-42 Fifth Edition, Volume I: Stationary Point and Area Sources, Chapter 13.4 Wet
Cooling Towers, available at: http://www.epa.gov/tn/chief/ap42/ch13/final/c13s04.pdf.

3 Reisman, J., and Frisbie, G., Calculating Realistic PM10 Emissions from Cooling Towers, Greystone Environmental
Consultants, Inc., Sacramento, CA. See also, Hennon, D., Cooling Tower Emissions Quantification Using the Cooling
Technology Institute Test Code ATC-140, Cooling Tower Institute, Paper No. TP03-08.
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FIGURE 4-1
Percentage of Drift PM That Evaporates to PM10
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Cooling Towers,” Greystone Envirorunental Consultants, Inc., Sacramento, CA.

Particle size distribution was calculated for each MWGen generating station using the
methodology described above and the circulating water TDS values summarized in Table 4-1.
Cooling water TDS values were obtained from water quality data collected by the Metropolitan
Water Reclamation District of Greater Chicago (MWRDGC).® Results of the particle size
distribution calculations for three different maximum TDS concentrations (i.e., 3,680 ppmw,
4,220 ppmw and 2,935 ppmw) are shown in Tables 4-2 through 4-4, respectively.

® Cooling water TDS values were obtained from the 2007 Annual Summary Report Water Quality within the Waterways
System of the Metropolitan Water Reclamation District of Greater Chicago, September 2008.
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Table 4-1
Generating Station TDS Values
Makeup Cycles of Maximum
CASE Water TDS Concentration TDS
(ppm) # (ppm)
Fisk 19 736 5 3,680
Crawford 7&8 736 5 3,680
Will County 3&4 844 5 4,220
Joliet 6 587 5 2,935
Joliet 788 587 5 2,935
Table 4-2
Solid Particle Size Distribution (TDS = 3,680 ppmw)
TDS 3,680
Liquid Liquid EPRI Liquid Solid Solid Particle
Droplet Droplet Droplet Size Draoplet Particle Particle Size
Diameter Volume Distribution Mass Mass Volume Diameter
um um’ % smaller ug ug um’ um
10 524 0.000 5.24E-04 1.93E-06 0.9 1.187
20 4,189 0.196 4.19E-03 1.54E-05 7.0 2.374
30 14,137 0.226 1.41E-02 $.20E-05 23.7 3.561
40 33,510 0.514 3.35E-02 1.23E-04 56.1 4.748
S0 65,450 1.816 6.55E-02 241E-04 109.5 5.935
60 113,097 5.702 1.13E-01 4.16L-04 189.2 7.122
70 179,594 21.348 1.80E-01 6.61E-04 300.4 8.309
50 381,704 49.812 3.82E-01 1.40E-03 638.5 10.684
110 696,910 70.508 6.97E-01 2.56E-03 1,165.7 13.058
130 1,150,347 §2.023 1.15E+00 4.23E-03 1,924.2 15.432
150 1,767,146 88.012 1.77TE+00 6.50E-03 2,956.0 17.806
180 3,053,628 91.032 3.05E+00 1.12E-02 5,107.9 21.367
210 4,849,048 92.468 4.85E+00 1.78E-02 8,111.1 24.928
240 7,238,229 94.051 7.24E+00 2.66E-02 12,107.6 28.490
270 10,305,995 94.689 1.03E+01 3.79E-02 17,239.1 32.051
300 14,137,167 96.288 1.41E+0] 5.20E-02 23,647.6 35.612
350 22,449,268 97.011 2.24E+01 8.26E-02 37,5516 41,547
400 33,510,322 98.340 3.35E+0!1 1.23E-01 56,053.6 47.483
450 47,712,938 99.071 4.77E+01 1.76E-01 79,810.7 53.418
500 65,449 847 99.071 6.54E+01 241E-01 109,479.7 59.353
600 113,097,336 100.0 1.13E+02 4.16E-01 189,181.0 71.224
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Table 4-3
Solid Particle Size Distribution (TDS = 4,220 ppmw)
TDS 4,220
Liquid Liquid EPRI Liquid Solid Solid Particle
Droplet Droplet Droplet Size Droplet Particle Particle Size
Diameter Volume Distribution Mass Mass Volume Diameter
um um’ % smaller ug ug um® um
10 524 0.000 5.24E-04 2.21E-06 1.0 1.243
20 4,189 0.196 4.19E-03 1.77E-05 8.0 2.485
30 14,137 0.226 1.41E-02 5.97E-0S 27.1 3.728
40 33,510 0.514 3.35E-02 1.41E-04 64.3 4.970
50 65,450 1.816 6.55E-02 2.76E-04 125.6 6.213
60 113,097 5.702 1.13E-C1 4.77E-04 216.9 7455
70 179,594 21.348 1.80E-01 7.58E-04 344.5 8.698
90 381,704 49.812 3.82E-01 1.61E-03 732.2 11.183
110 696,910 70.509 6.97E-01 2.94E-03 1,336.8 13.668
130 1,150,347 82.023 1.15E+G0 4.85E-03 2,206.6 16.153
150 1,767,146 88.012 1.77E+C0 7.46E-03 3,389.7 18.638
180 3,053,628 91,032 3.05E+00 1.29E-02 5,857.4 22.365
210 4,849,048 92.468 4.85E+00 2.05E-02 9,301.4 26.093
240 7,238,229 94.091 7.24E+00 3.05E-02 13,8842 29.820
270 10,305,995 94.689 1.03E+01 4.35E-02 19,768.8 33.548
300 14,137,167 96.288 141E+01 5.97E-02 27,117.7 37.275
350 22,449,298 97.011 2.24E+C1 9.47E-02 43,061.8 43 488
400 33,510,322 98.340 3.35E+01 1.41E-0! 64,278.9 49.700
450 47,712,938 99.071 4.77E+01 2.01E-01 91,522.1 55.913
500 65,449,847 99.071 6.54E+01 2.76E-0! 125,544.7 62.125
600 113,097,336 100.0 1.13E+02 4.77E-01 216,941.3 74.550
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Table 44

Solid Particle Size Distribution (TDS = 2,935 ppmw)

TDS 2,935
Liquid Liquid EPRI Liquid Solid Solid Particle
Droplet Droplet Droplet Size Droplet Particle Particle Size
Diameter Volume Distribution Mass Mass Volume Diameter
um um’ % smaller ug ug um’ um
10 524 0.000 3.24E-04 1.54E-06 0.7 1.101
20 4,189 0.196 4.19E-03 1.23E-05 56 2.202
30 14,137 0.226 1.41E-02 4.1SE-05 18.9 3.303
40 33,510 0.514 3.35E-02 9.84E-035 44.7 4.403
50 65,450 1.816 6.55E-02 1.92E-04 87.3 5.504
60 113,097 5.702 1.13E-01 3.32E-04 150.9 6.605
70 179,594 21.348 1.80E-01 5.27E-04 239.6 7.706
90 381,704 49.812 3.82E-01 1.12E-03 509.2 9.908
110 696,910 70.509 6.97E-01 2.05E-03 929.7 12.109
130 1,150,347 82.023 1.1SE+00 3.38E-03 1,534.7 14311
150 1,767,146 88.012 1.77E+00 5.19E-03 2,357.5 16.513
180 3,053,628 91.032 3.05E+00 8.96E-03 4,073.8 19.815
210 4,849,048 92.468 4.85E+00 1.42E-02 6,469.1 23.118
240 7,238,229 94.09] 7.24E400 2.12E-02 9,656.5 26420
270 10,305,995 94.689 1.03E+01 3.02E-02 13,749.1 29.723
300 14,137,167 96.288 1.41E401 4.15E-02 18,860.3 33.026
350 22,449,298 97.011 2.24E+01 6.59E-02 29,949.4 38.530
400 33,510,322 98.340 3.35E+01] S.84E-02 44,705.8 44.034
450 47,712,938 99.071 4.77E+01 1.40E-01 63,653.4 49.538
500 65,449,847 99.071 6.54E+01 1.92E-01 87,316.1 55.043
600 113,097,336 100.0 1.13E+02 3.32E-01 150,882.1 66.051
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Using straight-line interpolation for solid particle sizes of 2.5 and 10 um diameter, the PM,g-to-
PM and PM; s-to-PM ratios for each station are summarized in Table 4-5. Potential PM,, and
PM, s emissions for each cooling tower configuration are summarized in Table 4-6.

Table 4-5
PM,~to-PM and PM, s-to-PM Ratios for Each Station

Maximum % of PM that % of PM that
TDS Evaporates to Evaporates to
CASE PM10 PM2.5
(ppm) (%) (%)
Fisk 19 3,680 41.6 0.20
Crawford 7&8 3,680 41.6 0.20
Will County 3&4 4,220 36.3 0.20
Joliet 6 2,935 50.7 0.20
Joliet 748 2,935 50.7 0.20
Table 4-6
Potential PM/PM, s Emission Calculation Summary
Calculated
Total | Circulating | Calculated | Estimated | Calculated Calculated Potential
Number of| Water Flow| Total Drift | Maximum | Potential Total| Potential PM10| PM2.5
Station Cells per Cell Loss TDS PM Emisslons Emissions Emlsslons
G2) (gpm) (gpm) (ppm) (tpy) (tpy) (tpy)
Fisk 19 16 13,125 1.0 3,680 8.5 3.53 0.017
Crawford 7&8 30 12,747 1.9 3,680 15.4 6.40 0.031
W/C 3&4 40 15,000 3.0 4,220 27.7 10.0 0.055
Joliet 6 18 14,500 1.3 2,935 8.5 4.29 0.017
Joliet 7&8 64 14,375 4.6 2,935 29.7 15.06 0.059

The following should be noted regarding interpretation of this calculation:
s Circulating water flows are the original station design values.

» Total Dissolved Solids (TDS) concentrations in the cooling water were obtained from water
quality data collected by the Metropolitan Water Reclamation District of Greater Chicago
(MWRDGC): 2007 Annual Summary Report, “Water Quality Within the Waterways
System of the Metropolitan Water Reclamation District of Greater Chicago”, September
2008. The 2007 data are given in Exhibit F. The 2009 Annual Summary Report No. 10-36,
July 2010, was reviewed and the 2007 report data were found to be representative,
Estimated maximum TDS values in Table 4-1 were based on the 90™ percentile TDS values
of water quality given in Exhibit F and on the assumption of 5 cycles of concentration. (See
discussion in Section 3.A.9, above.)
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e The calculations above are based on 100% capacity factor and operation in closed-cycle
100% of the time, which are both conservative assumptions.

s The NSR threshold for overall PM emissions 1s 25 tpy. Calculated total PM emissions from
the Will County and Joliet 7&8 cooling towers exceed these thresholds, triggering NSR
review for the control of PM emissions. Potential NSR considerations are discussed in
more detajl below.

o The NSR thresbold for PM,, emissions is 15 tpy. Calculated PM,y emissions from cooling
towers at Joliet 7&8 are slightly above this threshold, and could trigger NSR review for the
control of PM;o. PM, ¢, emissions from cooling towers at the other MWGen stations fall
below this threshold and should not trigger NSR permitting. Annual PM,, emissions were
calculated using the PM,p-to-PM ratios calculated in Tables 4-2 thru 4-4, and the
conservative assumption regarding capacity factors. The methodology used to calculate the
PM,o-to-PM ratio has been accepted by Illinois EPA in the past for permitting of new units,
but acceptance is not guaranteed for all future cases. If this calculated ratio method is not
accepted and a higher PM,5:PM ratio is required. Joliet 7&8, Will County 3&4 and
Crawford 7&8 could be at some risk of exceeding the PM,, NSR threshold, triggering NSR
review and permitting.

e The NSR threshold for PM, s emissions is 10 tpy. Calculated PM, s emissions from cooling
towers at al] MWGen stations fall below this threshold and should not trigger NSR
permitting. Annual PM, s emissions were calculated using the PM, s-to-PM ratios
calculated in Tables 4-2 thru 4-4, and the conservative assumption regarding capacity
factors. The methodology used to calculate the PM, s-to-PM ratio results in very low PM,s
emissions because of the diameter of the drift droplets and the cooling water TDS. Using
the methodology described above, a large majority of PM emitted from the cooling towers
will bave an aerodynamic diameter greater than 2.5 pm. If this methodology is not accepted
by Illinois EPA, PM; 5 emissions would need to be calculated using an alternative
methodology, and, depending on the PM, s-to-PM ratio used, could result in higher annual
PM, s emissions. However, a significant change in the ratio would be needed to result in
PM, s emissions above the NSR significance level.

More detail on potential NSR considerations is provided below to give an idea of the upper
bounds of this risk for Joliet and Will County Stations.

Project specific NSR permitting requirements depend upon the location of the emission source.
Sources located in an area meeting the National Ambient Air Quality Standards (NAAQS) are

subject to the Prevention of Significant Deterioration (PSD) regulations, while sources located

in areas that do not meet the NAAQS are subject to the nonattainment area (NAA) regulations

in 35 JAC Part 203. A summary of the current PM NAAQS is provided in Table 4-7.
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Table 4-7
Current Particulate Matter National Ambient Air Quality Standards
Pollutant Primary Standards Secondary Standards
Level Averaging Time Level | Averaging Time
PMyq 150 pg/m’ 24-hour Same as Primary
3 Annual .

PMys 15.0 pg/m (Arithmetic Average) Same as Primary

35 ug/m’ 24-hour Same as Primary

All areas in [linois are currently designated as attainment/unclassifiable with respect to the
PM;c NAAQS. Thus, cooling tower projects that result in a significant net increase in annual
emissions of PM or PM,, would be subject to the PSD preconstruction permitting and review
regulations. Among other things, the PSD regulations require air pollutants to be controlled
using best available control technology (BACT).

BACT is defined as an emission limitation based on the maximum degree of reduction which,
on a case-by-case basis, is determined to be achievable taking into account energy,
environmental, and economic impacts and other costs. U.S. EPA maintains a database of
recently 1ssued NSR permits, including a description of the control technology required to meet
the LAER or BACT (tbe “RBLC Database™). The RBLC Database lists several BACT
determinations for industrial process cooling towers (process code 99.009). All recently
permitted industrial process cooling towers bave been permitted with “drift eliminators” as
BACT for PM,, control. For example an NSR permit recently issued to the City Utilities of
Springfield — Southwest Power Station in Missouri identified “high efficiency drift eliminator —
0.001% dnft” as BACT to control particulate emissions from the facility's cooling tower.

Based on a review of BACT determinations listed in the RBLC Database, high efficiency drift
eliminators should represent BACT for large industrial process cooling towers, and would likely
represent LAER. Based on information from Marley, drift eliminators can be designed to
reduce drift to 0.0005% of the circulating water flow. There are no other technically feasible
drift control technologies available for wet cooling towers. Emission calculations in Table 4-6
are based on a drift eliminator efficiency of 0.0005%, and all of the cooling tower capital costs
in this study include dnft eliminators.

Crawford, Fisk, Will County, and Joliet generating stations are located in Cook and Will
Counties, respectively. U.S.EPA has designated both Cook and Will Counties as nonattainment
areas with respect to annual PM, s NAAQS. Because all of the generating stations are located
within areas designated as nonattainment for PM, s, the cooling tower projects will be subject to
the NAA permitting regulations in 35 IAC Part 203 if their emissions exceed the NSR
significant emissions threshold. Under the Part 203 air regulations, a construction permit is
required prior to actual construction of a major new source or major modification (35 IAC
203.203). In addition, the owner or operator of a major modification must demonstrate that the
control equipment and process measures applied to the modification will produce the lowest
achievable emission rate (LAER). This requirement applies to each emissions unit at which a
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net increase in emissions of the pollutant will occur as a result of the modification (¢.g., the
cooling towers). LAER is defined as the more stringent rate of emissions based on the
foliowing:

a. The most stringent emission limitation which is contained in the implementation plan of
any state for such class or category of stationary source, unless it is demonstrated that
such limitation is not achievable; or

b. The most stringent emission limitation which is achieved in practice by such a class or
category of stationary sources.

As discussed above, EPA’s RBLC Database lists several BACT determinations for industrial
process cooling towers (process code 99.009), but does not include any recent projects that
required LAER. Based on a review of the RBLC Database, and a review of cooling tower
particulate control technologies, high efficiency drift eliminators should represent BACT for
large industrial process cooling towers, and would likely represent LAER.

High efficiency drift eliminators would likely represent LAER for large industrial process
cooling towers. However, because LAER does not include an evaluation of economic impacts,
and because the Illinois NAA regulations require an evaluation of alternative environmental
control techniques, it is possible that [llinois EPA would require MWGen to evaluate the
feasibility of dry cooling tower configurations (e.g., air cooled condensers) to minimize
particulate matter emissions in the PM, s nonattainment areas. As noted previously, dry cooling
towers were not investigated in the study since this technology is generally more expensive and
requires significantly more land than the equivalent wet cooling tower. If dry cooling towers
were required to be installed in order to meet LAER requirements, the estimated costs of
compliance presented in this study would significantly increase, and overall feasibility issues
would need to be considered.

In addition to the requirement to achieve LAER, 35 1IAC Section 203.302 requires the owner or
operator of 2 new major modification to provide emission offscts equal to or greater than the net
Increase in emissions from the modification. Offsets must be sufficient to allow Illinois EPA to
determine that the modification will not interfere with reasonable further progress toward
meeting the applicable NAAQS. Owners/operators of & new major modification are also
required to demonstrate that benefits of the modification significantly outweigh the
environmental and social costs based upon an analysis of alternative sites, sizes, production
processes, and environmental control techniques for such proposed source. (35 IAC Section
203.306).

Because LAER may require an evaluation of dry cooling, and because 1llinois NAA regulations
require emissions off-sets, MWGen may need to investigate options 1o reduce further particulate
emissions to provide internal emission offsets and “net-out” of NSR review. NSR significant
thresholds are based on the “net” emissions increase at an existing source. Net emissions
increase is defined as the amount by which the sum of any increase in actual emissions from &
particular modification and any other increases or decreases in actual emissions at the source
that are contemporaneous with the particular change and are otherwise creditable, exceeds zero.
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(See, 35 IAC 203.208: Net Emission Determination). In other words, if a generating station can
reduce existing actual particulate matter emissions by & quantity equal to or greater than the
increase from the cooling tower project, the station should net-out of NSR review and eliminate
the need for a LAER evaluation and emission offsets.

B. NPDES PERMITTING

Modifications to the cooling water systems that alter the characteristics of the cooling water
discharge or the location of the cooling water discharge are subject to NPDES permitting
requirements. NPDES permitting procedures require any person proposing modifications to an
existing discharge to submit an application to the appropriate agency at least 180 days before
the date on which the discharge is to begin.

1.

Wastewater Discharges

All facilities that discharge pollutants from any point source into waters of the United
States are required to obtain a NPDES permit. The teym “pollutant” is defined very
broadly by the NPDES regulations and includes any type of industrial waste discharged
into water, including cooling tower blowdown. Depending on the design of the cooling
tower, including any water recycling/reuse systems, operating a cooling tower could
result in a new wastewater stream requiring treatment and discharge. MWGen would
be required to modify its existing NPDES permits to allow treatment and discharge of
any wastewater streams associated with the cooling towers investigated in this study.

The cooling 1ower blowdown flows 10 the river in closed-cycie operation were
calculated using the evaporation flow rates provided by Marley and the assumed five
cycles of concentration. The temperature of cocling tower blowdown was assumed to
be the same as the cold water temperature of the tower. The 1% wet bulb temperature
at O'Hare, according to the ASHRAE 2005 handbook, was used as the wet bulb
temperature during each month of the year.

The maximum temperatures of the cocling tower blowdown from each station were
calculated month-by-month, and the results were compared with the Proposed UAA
Thermal Standards. The results are presented in Exhibit H. Average monthly
blowdown temperatures are much more difficult to predict, as those estimates require a
detatled study of the meteorological data as a function of time of day for each day of the
month. Such a detailed evaluation was beyond the scope of this study.

In general, the maximum monthly end-of-pipe cooling tower blowdown tempergtures
exceed the corresponding Proposed UAA Thermal Standards’ monthly allowable
discharge temperature. However, in closed-cycle operation, the cooling tower
blowdown would be routed to the existing staticn discharge canal at 2 point just beyond
the barrier walls/gates which would isolate the circulating water systems from the river.
(Refer to Exhibits A and B.) Some mixing will occur in the discharge canal, and, as
mentioned previously, the cooling tower blowdown flow rates are negligible compared
10 the overall volumetric flow of the waterways, therefore gny temperature rise in the
recelving water would be expected to be negligibie.

411

\snll c\data ) \midwestgen\1 0683-130\6.06\SL-009359 Final 110201.doc



Midwest Generation EME, LLC { SL Report No. SL-009359
CAWS and Lower Des Plaines River : S&L Project No. 10683-130

Generating Units Sa'—ge"rf £ Lundy Date: February 1, 2011
Cooling Tower Cost Study

If compliance is to be determined based on end-of-pipe temperature and the Proposed
UAA Therma! Standards would be exceeded at times, the cooling tower blowdown can
be routed through a chiller package to cool it prior to discharge. The installed cost of a
chiller package is estimated to be about $3,000,000 for Joliet 7/8, the station which has
the highest cooling tower blowdown flow rate and therefore, the highest likelihood and
frequency of exceeding the Proposed UAA Thermal Standards if a mixing zone is not
allowed for the cooling tower blowdown discharge. The costs of chiller packages for
the other stations are expected to be proportionally lower.

2. Wastewater Treatment Facility Construction Permits

In Illinois, a water pollution control construction permit is required for industrial
activities with the potential to cause water pollution. This construction permit is
required prior to constructing or modifying any wastewater treatment facility as
specified in the Ilinois water pollution regulations.

A construction permnit js required prior to commencing construction of a regulated
wastewater management system. The treatment of cooling tower blowdown prior to
discharge from any MWGen generating station would require a construction permit.
The construction permit application can be submitted concurrently with the NPDES
permit modification, if required. Cost estimates for obtaining permits were not included
in this analysis.

C. U.S. ARMY CORPS OF ENGINEERS PERMITTING

Section 404 of the CWA requires a permit before discharging or placing any dredged or fill
material into navigable waters of the United States. The CWA delegates dredged or fill material
discharge permit approval authority to the U.S. Army Corps of Engineers. The definition of
“navigable water" for a section 404 permit is very broad, and includes waters that are, or could
be, used for interstate commerce, as well as lakes, impoundments, and wetlands. The subject
CSSC and UDIP surface waters roeet the definition of a “navigable water” under CWA

Section 404.

Activities, including modifications to the cooling water intake/discharge structures and
construction activities impacting existing wetlands, will require a permit from the U.S. Army
Corps of Engineers. In general, if a wetland is located on a site proposed for development, the
developer must apply for a Corp of Engineers permit to place fill into the wetland. For projects
that impact over 0.25 acre of wetlands, the applicant will be required to provide compensatory
wetland mitigation. It is important to note that the Corp of Engineers will require the applicant
to avoid and/or minimize wetland destruction before compensatory wetland mitigation will be
considered.”

? None of the cooling tower arrangements studies here for the MWGen generating stations are believed to impact existing
wetland areas.
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The construction of the cooling towers at each of the MWGen stations may require the issuance
of a CWA section 404 permit due to excavation and fill activities adjacent to or in the waterway
necessary to complete their construction. In order to expedite the permitting and review
process, the Corps of Engineers bas developed a limited number of nationwide permits (NWPs)
for activities the Corps has identified as being substantially similar in nature and causing only
minimea] environmental impacts, Construction activities within a waterway that are not covered
by a NWP require the Corps to issue an individual permit for the activity. Issuance of an
individual construction permit may also trigger the need for a formal Environmental Impact
Statement (EIS).

The Corps of Engineers cannot issue a permit for any activity that may result in a discharge into
navigable waters unless the State of [llinois, through the Illinois EPA, first provides a CWA
Section 401 Centification. The Section 401 Certification includes a statement that the State has
reasonable assurance that the activity will be conducted in a maoner which will not violate
applicable water quality standards. For purposes of this study, it was assumed that both the
CWA section 401 Certification and a section 404 permit would be issued for the proposed
cooling towers construction projects necessary to attain compliance with the Proposed UAA
Thermal Standards. Cost estimates for obtaining permits were pot included in this analysis.

D. NOISE REGULATIONS

Generally speaking, the falling water within a cooling tower results in locally high noise levels.
To meet county noise regulations, the sound levels must be reduced approximately to that of a
normal conversation at nearby site boundaries. Under current regulations, only Joliet 7&8
appears to have the potential to violate noise limits.

Table 4-8 below shows approximate costs and abatement reduction options for Joliet Units 7
and 8 that were proposed by SPX/Marley. The most expensive option, on the order of $12.5
million, would most likely be necessary te achieve the required sound level reduction.

4-13
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Table 4-8
Jollet 7&8 Noise Abatement Cost Options
dBA Approximate Cost
Attenuation Method Reduction For 80 Cells

SA -2.4 $3,000,000
GBW -1.7 $4,450,000
SA + GBW 4.8 $7,450,000
FDBW -0.7 $5,110,000
SA + FDBW 3.6 $8,110,000
GBW+FDBW -5.4 £9,560,000
SA+GBW+FDBW -7.1 $12,560,000
SA = Splash Attenuation
GBW = Grade Barrier Wall
FDBW = Fan Deck Barrier Wall

Splash attenuation (SA) consists of installing a thin layer of film at the bottom of the air inlet to
the tower to help break up the noise generated by the falling water.

A grade barrier wall (GBW) is a wall installed at the ground elevation along the side of the
tower which is more noise-sensitive to further attenuate the noise of falling water. It is as high
as the tower air inlet, and 1s three air inlet heights away from the tower structure.

A fan deck barrier wall (FDBW) is a wall installed along the tower fan deck along the more
noise-sensitive side to screen the noise from the fans, motors and gearboxes. The barrier wall
extends to a height about one foot above the tops of the fan stacks.
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S. STUDY RESULTS

There are three primary ¢lements of cost associated with conversion of an existing electrical generating
station from open-cycle operation to closed-cycle operation. These are:

« The engineenng, material and equipment purchase, and construction of modifications to the
plant’s circulating water system, including

» Cooling towers,
» Pumps and piping,
» Electrical and control equipment,
> Barrier walls and/or gates (to isolate the open-cycle intake and discharge).
« Operating and maintenance costs, including
» Electricity to run the new pumps and cooling tower fans,
» Costs of chemicals needed to control water quality in closed-cycle operation, and
» Mechanical and electrical maintenance of the new equipment.

» Loss of plant penerating capacity. As discussed in Section 2, the circulating water inlet
temperature to the condenser is higher in closed-cycle mode than in open-cycle mode, because
it is not possible to reduce {with cooling towers) the cold-water temperature of the circulating
water system to the temperature of the body of water previously used for open-cycle cooling.
This higher condenser inlet temperature reduces turbine-generator efficiency and results in a
loss of plant generating capacity, and a corresponding loss of revenue from electricity sales.

All three elements of the costs of closed-cycle conversion and operation are discussed individually for
each station in the paragraphs below. The methodologies that were used to develop the costs in this
section were discussed in Section 3 above. All O&M and lost capacity costs are based on a 75 percent
capacity factor.

A FISK STATION TECHNOLOGY OPTIONS AND COST ESTIMATE RESULTS
Al.  FISK COOLING TOWER ARRANGEMENT

Exhibit A1 shows the arrangement of the cooling tower proposed for Fisk. The “tower”
actually consists of two physically separate sections — two groups of cells — as there 1s
not enough room at the station property for one long tower section. Installation of the
northem tower would require the demolition of existing old Switch House No. 1 to
make room for the cooling tower. The cost estimate includes this demolition and
replacement of active electrical equipment in this switch house in the electrical costs.
The demolition costs do not include asbestos removal or lead paint abaterment which
may be necessary given the age of the Switch House,

5-1
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The northern tower is not ideally oriented to the prevailing winds and may be subject to
increased recirculation which would lower the cooling ability of the towers, leading to
increased risk of violating the thermal discharge Limits, as well as requiring derates to
the unit. The adjacent building to the east may interfere with air flow into that side of
the tower which could also decrease tower cooling ability. A ComEd switchyard is
located immediately to the west of the tower and would be subject to icing risk,
although it is generally upwind of the tower. Wet/dry (plurne-abated) cooling towers
reduce the potential for icing downwind of the tower but do not eliminate it. Any such
buildup of ice would lead to extra weight [oading the live power lines, potentially
resulting in line collapse. The consequences of this would be power outages and the
risk of injury to persons in the immediate area. The southern tower section {s more
suitably oriented but would require demolition of the existing metal cleaning tank and
demolitiorn/ replacement of the plant makeup water treatment facility. The existing
boiler building to the north of this tower may interfere with air flow into that side of the
tower, adversely impacting tower performance.

Exhibit B1 shows the closed loop cooling tower flow diagram for the Fisk Station.

A gate would be installed in the existing discharge flume in order to al]low for the
option of switching between open and closed-cycle cooling modes. Under closed-cycle
operation, this gate would be closed and two 50% cooling tower supply pumps would
pump the water from the flume upstream of the gate to the cooling towers. The cooled
water would be pumped by four 25% cooling tower discharge pumps (two per tower)
through above ground steel-lined concrete piping to the existing circulating water (CW)
intake, and discharged there between the existing trash rakes and traveling screens to
re-enter the existing CW pumps ard condenser.

A2.  FISK COOLING TOWER CAPITAL COST ESTIMATES

The capital costs (including the quoted pricing from Marley) for the wet/dry tower are
shown in Exhibit I1. Below in Table 5-1, the cost for the 100% closed loop tower is
broken into the key components. For the wet/dry tower option, the total estimated
capital cost is approximately $137 million, which translates to a normalized capital cost
of $394 per kilowatt of generating capacity. This value is derived by dividing the total
installed cost of closed-cycle conversion in dollars by the plant’s gross electrical
capacity in kilowatts. Normalizing capital costs on a “per kKW basis is common
practice in the power industry, similar to comparing costs on & “per square foot™ basis
in the construction industry.

Table 5-1
Fisk Capital Costs
BOP Equipment Total
Marley Wet/Dry and Material Installation Indirect Totel Cost Cost
Unit CT Cost (8) Cost (3) Cost (8) Costs () Contingency (§) (S) (3/kW)
Fisk 19 $13,300,000 $23,600,000 $60,500,000 | $18,500,000 $21,400,000 $137,100,000 $394
5-2
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A3, FISK COOLING TOWER O&M COST ESTIMATES

The operation and maintenance cost for a wet/dry {plume-abated) cooling tower at Fisk
includes cooling tower fan and pump power (46,831 MWh at $36.71/MWh), tower
maintenance costs such as gear oil replacement, and chemical costs for chlorination and
anti-scaling additives. The total annual O&M cost is approximately $2,127,000.

A detailed breakdown of these O&M costs is shown in Exhibit J. The breakdown of
the costs is shown in Table 5-2.

Table 5-2
Fisk O&M Costs
Annual CT Annual
Fan Power Annual Pump Maintenance Annual Chemical Total Annual
Unit Cost (5) Power Cost ($) Cost (5) Cost ($) O&M Cost ($)
Fisk 19 $781,000 $938,000 $60,000 $348,000 $2,127,000

A4.  FISK DERATING IMPACTS WITH CLOSED-CYCLE COOLING TOWER

Table 5-3 below summarizes the month-by-month loss of plant capacity in closed-cycle
operation compared to open-cycle operation weather and water temperature conditions.

Table 5-3
Fisk 19 Megawatt Loss Due to Closed v, Open-Cycle Operation

Total MW Galn/Loss
Period Open-Cycle MW Running Closed vs.
Closed-Cycle MW Loss Gain/Loss Open-Cycle
January -1.37 0.26 -1.63
February -1.75 0.35 2.1
March 1-15 -3.70 -0.15 -3.55
March 16-31 -3.70 -0.15 -3.85
April 1-15 -4.98 -0.75 -4.23
April 16-30 -4.98 -1.00 -3.98
May 1-15 -7.18 -2.68 -4.50
May 16-31 -7.18 -3.34 -3.84
June 1-18 -8.75 -4.29 -4.46
June 16-30 -8.75 -10.56 1.81
July 1-15 -10.10 -10.56 0.46
July 16-31 -10.10 -10.56 0.46
August 1-15 -9.78 -10.56 0.78
Angust 16-3] -9.78 -10.56 0.78
Sep. 1-15 -8.02 -10.56 2.54
Sep. 16-30 -8.02 -5.39 -2.64
October 1-15 -5.18 -3.94 -1.24
Oct. 16-31 -5.18 -2.80 -2.38
5-3
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Total MW Gain/Loss
Period Open-Cycle MW Running Closed vs.
Closed-Cycle MW Loss Gajn/Loss Open-Cycle
November -3.70 -1.90 -1.80
December -2.77 -0.59 -2.18
Annus] Average -1.79
Nominal plant output: 348 MW gross
Annual-average capacity loss:  1.79 MW
Annual revenue loss: $432,000 (75% capacity, $36.71/MWh)

B. CRAWFORD STATION TECHNOLOGY OPTIONS AND COST ESTIMATE
RESULTS

BI.

CRAWFORD COOLING TOWER ARRANGEMENT

Exhibit A2 shows the layout for the two Crawford cooling tower sections. A ComEd
switchyard is located to the east of the southern tower, with potential icing concerns.

138 kV transmission line crosses the tower location, and would need to be relocated,
and a 345 kV line would need to be raised and more insulators added. Costs for
relocation and insulation of ComEd transmission lines are included in tbe estimate, but
because the lines are not owned by MWGen, it is not known whether permission will be
granted to relocate these lines. If permission to relocate the ComEd transmission lines
is not granted, an alternate location may not be available or feasible. The northern
tower is not ideally oriented to the prevailing winds and may be subject to increased
recirculation. The northern tower location requires routing of 10 ft diameter circulating
water lines across the site.

See Exhibit B2 for the closed loop cycle diagram at Crawford. A wall with a gate
would be constructed across the existing CW discharge channel. In closed-cycle
operation, this gate would be closed and four 25% cooling tower supply pumps would
pump the water from the discharge channel upstream of the wall to the cooling towers.
The cooled water would be pumped by two 25% cooling tower discharge pumps from
the northern tower and would flow by gravity from the southern tower to the existing
CW inteke channel, and would be discharged there to re-enter the existing crib house
and condenser.

5-4
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B2. CRAWFORD COOLING TOWER CAPITAL COST ESTIMATES

The capital costs (including the quoted pricing from Marley) for the wet/dry towers are
shown in Exhibit [2. Below in Table 5-4, the cost for the 100% closed loop tower is
broken into the key components. For the wet/dry tower option, the total estirnated
capital cost is approximately 3165 million. This translates to 2 normalized capital cost
of about $282 per kilowatt of generating capacity.

Table 54
Crawford Capital Costs
Marley
Wet/Dry CT BOP
Cost Equipment
w/Delivery Material Indirect | Contingency | Total Cast | Total Cost
Unijt [&)) Cost (S) Labor (§) Costs () ($) (3) ($/ kW)
Crawford
7&8 $24,900,000 | $28,400,000 | $61,300,000 | $24,800,000 | $25,800,000 | $165,200,000 $282

B3. CRAWFORD COOLING TOWER O&M COST ESTIMATES
The operation and maintenance cost for the Crawford plume-abated (wet/dry) cooling
tower consists of cooling tower fan and pump power (88,872 MWh at §36.71/MWh),
tower maintenance costs such as gear o1l replacement, and chemical costs for
chloripation and anti-scaling additives. The total annual O&M cost is approximately
$3,960,000. A detailed breakdown of these O&M costs is shown in Exhibit J. The
breakdown of the costs is shown 1n Table 5-5.
Table 5-5
Crawford O&M Costs
Annual CT Annual
Fan Power Annual Pump Maintenance Anpual Chemical Total Anpual
Unit Cost ($) Power Cost (8) Cost (8) Cost (S) O&M Cost (8)
Crawford
788 $1,460,000 $1,800,000 $112,500 $585,000 $3,957,500

35
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B4. CRAWFORD DERATING IMPACTS WITH CLOSED-CYCLE COOLING TOWER

Tables 5-6 and 5-7 below summanze the month-by-month loss of plant capacity in
closed-cycle operation for Crawford 7 and Crawford 8, respectively, compared to
open-cycle operation weather and water temperature conditions.

Table 5-6
Crawford 7 Megawatt Loss Due to Closed v. Open-Cycle Operatfon

Total MW Gain/Loss
Period Open-Cycle MW Running Closed vs.
Closed-Cycle MW Loss Gain/Logg Open-Cycle
January -1.33 -0.24 -1.10
February -1.60 -018 -1.43
March 1-15 -3.09 -0.51 -2.58
March 16-31 -3.09 -0.51 -2.58
Apnl 1-15 -3.92 -0.92 -3.00
April 16-30 -1.52 -1.09 -2.83
May 1-15 -5.54 2228 -3.26
May 16-31 -5.54 -2.75 -2.78
June 1-15 -6.71 -3.45 -3.26
June 16-30 -6.71 -R.U1 140
July 1-15 -7.81 -8.11 0.30
July 16-31 -1.81 -8.11 0.30
August 1-15 -1.52 811 0.58
August 16-31 -7.52 8.11 0.58
Sep. 1-15 6.12 -8.11 1.98
Sep. 16-30 -6.12 -4.25 -1.88
October 1-15 -3.98 -3.19 -0.79
Oct. 16-31 -3.98 -2.36 -1.61
November -3.05 -1.72 -1.37
December -2.40 -0.81 -1.60
Annual Average -1.27
Nominal unjt output: 237 MW gross
Annual-average capacity loss: 1.27 MW
Annual revenue loss: $306,000 (75% capacity, $36.71/MWh)

5-6
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Table 5-7

Crawford 8 Megawatt Loss Due to Closed v. Open-Cycle Operation

Total MW Gain/Loss
Period Closed-Cycle MW Open-Cycle MW Running Closed vs.
Loss Gain/Loss Open-Cycle
January -2.08 0.71 -2.79
February -2.66 0.89 -3.55
March 1-15 -5.44 -0.07 -8.37
March 16-31 -5.44 -0.07 -5.37
Apn) 1-15 -6.78 -1.13 -5.66
April 16-30 678 -1.53 -525
May 1-15 -9.11 -4.01 -5.10
May 16-31 9.11 -4.87 424
Jume 1-15 -10.61 -6.04 -4.58
June 16-30 -10.61 -12.27 1.66
July 1-15 -11.93 -12.27 0.34
July 16-31 -11.93 -12.27 0.34
August 1-15 -11.60 -12.27 0.68
August 16-3] -11.60 -12.27 0.68
Sep. 1-15 -5.87 -12.27 2.40
Sep. 16-30 -9.87 -7.28 -2.59
October 1-15 -6.87 -561 -1.26
Oct. 16-31 -6.87 4.16 -2.7
Nevember -5.44 -2.9] -2.54
December 4.24 -0.85 -3.39
Anpual Average -2.50
Nominal unit output: 348 MW gross
Annual-average capacity loss: 2.5 MW
Annual revepue 1oss: $603,000 (75% capacity, $36.71/MWh)
5-7
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C. WILL COUNTY STATION TECHNOLOGY OPTIONS AND COST ESTIMATE
RESULTS

Cl.  WILL COUNTY COOLING TOWER ARRANGEMENT

Exhibit A3 represents the arrangement drawing for the Will County towers. Two
transmission lines (including two river crossings) run parallel with the towers and
would need to be relocated to prevent icing problems. As at Crawford and Fisk, denia]
of a request to ComEd to relocate these transmission lines may not leave any other
feasible locations open. One pond would need to be partially filled under the area
where towers would be installed. Costs for these site modifications are included in the
estimate. Some interference between the towers is likely under prevailing wind
conditions. [t proved necessary to separate the tower into three tower sections in order
to provide the number of cells required to accommodate the combined cooling water
flow for both Unit 3 and Unit 4. There is not enough space for one long tower due to
the roads and railroad tracks that cross the tower location.

See Exhibit B3 for the closed loop diagram at Will County. A wall with a gate would
be installed in the existing discharge channel. Under closed-cycle operation, this gate
would be closed and four 25% cooling tower supply pumps would pump the water from
the channel upstream of the wall to the cooling towers. The cooled water would be
purmped by two 20% and four 15% cooling tower discharge pumps through above
ground steel-lined concrete piping to the existing screen houses, to re-enter the CW
pumps and condensers.

C2.  WILL COUNTY COOLING TOWER CAPITAL COST ESTIMATES

The capital costs (including the quoted pricing from Marley) for the wet/dry tower are
shown in Exhibit I3. Below in Table 5-8, the cost for the 100% closed loop tower is
broken into the key components. For the wet/dry tower option, the total estimated
capital cost is approximately $257 million. This translates to a normalized capital cost

of $307 per kilowatt.
Table 5-8
Will County Capital Costs
Marley
Wet/Dry BOP
CT Cost Equipment
w/Delivery Material Indireet Contingency | Total Cost | Total Cost
Unit (S) Cost ($) Labor (§) Costs (8) () 6)) (S/kW)
Will County
1&4 $33,200,000 | $47,300,000 | $108,300,000 | $28,200,000 | $40,100,000 | $257,100,000 $309
5-8

\snllc\data)\midwestgen\10683-1 30\6.06\SL-009359 Final 110201 doc




N

Midwest Generation EME, LLC

CAWS and Lower Des Plaines River
Generating Units

Cooling Tower Cost Study

SL Report No. SL-009359
S&L Project No. 10683-130

Sargent & Lundy ‘¢ Date: February 1,2011

Below in Table 5-9, the cost of plume-abated (wet/dry) towers is compared to the cost
for a wet tower with and without the provisions for later conversion to a wet/dry
configuration. (See Section 2 for a discussion of the provisions required for a wet
convertible to wet/dry tower.)

Table 5-9
Wil County Capital Costs for Three Tower Styles

Wet/Dry Total Wet With Dry Option | Wet Without Dry Option
Unit Installed Cost ($) | Total Installed Cost () Total Installed Cost (3)
Will County
3&4 $257,100,000 $230,200,000 $210,700,000

C3. WILL COUNTY COOLING TOWER O&M COST ESTIMATES

The operation and maintenance cost for the Will County plume-abated (wet/dry)
cooling tower consists of cooling tower fan and pump power (137,832 MWh at
$36,71/MWh), tower maintenance costs such es gear oil replacement, and chemical
costs for chlorination and anti-scaling additives. The total annual O&M cost is
approximately $5,750,000. A detailed breakdown of these O&M costs is shown in
Exhibit J. The breakdown of the costs is shown in Table 5-10.

Table 5-10
Will County O&M Costs

Annual CT Annuel
Fan Power Annual Pump Maiotenance Annuel Chemical Total Annual
Unit Cost (3) Power Cost () Cost ($) Cast () O&M Cost ($)
Will County
3&4 $1,950,000 $2,820,000 $150,000 $832,000 $5,752,000
5-9
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C4. WILL COUNTY DERATING IMPACTS WITH CLOSED-CYCLE COOLING
TOWER

Tables 5-11 and 5-12 below summarize the month-by-mouth loss of plant capacity in
closed-cycle operation for Will County 3 and Will County 4, respectively, compared to
open-cycle operation weather and water temperature conditions.

Table 5-11
Will County 3 Megawatt Loss Due to Closed v. Open-Cycle Operation

Total MW Galn/Loss
Perdod Closed-Cycle MW Open-Cycle MW Running Closed vs.
Loss Gain/Loss Open-Cyele
January -1.37 0.41 -1.77
February -1.67 0.50 2,17
March 1-15 4.64 -0.03 -4.61
March 16-31 4.64 -0.03 4.61
April 1-15 -6.26 -0.72 -5.54
April 16-30 -6.26 -1.02 -5.24
May 1-15 -9.49 -3.19 -6.30
May 16-31 -5.49 4.10 -5.39
June 1-15 -11.95 -5.44 -6.51
June 16-30 -11.95 -14.93 2.98
July 1-15 -14.32 -14.93 0.62
July 16-31 -14.32 -14.93 0.62
August 1-15 -13.72 -14.93 121
August 16-31 -13.72 -14.93 1.21
Sep. 1-15 -11.00 -14.93 393
Sep. 16-30 -11.0 -7.03 -3.97
October 1-15 -6.67 -4.93 -1.73
Oct. 16-31 -6.67 -3.35 -3.32
November 4.60 -2.15 -2.45
December -1.93 -0.53 -1.40
Annual Average -2.18
Nomipal unit output: 281 MW gross
Annual-average capacity loss: 2.18 MW
Annual revenue loss: $526,000 (75% capacity, $36.71/MWh)
5-10
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Table 5-12
Will County 4 Megawatt Loss Due to Closed v. Open-Cycle Operation

Total MW Gain/Loss
Period Closed-Cycle MW Open-Cycle MW Running Closed vs.
Loss Galn/Loss Open-Cyecle
January -0.57 1.06 -1.63
February -0.85 1,14 -1.99
March 1-15 -3.63 0.66 4.29
March 16-31 -3.63 0.66 -4.29
April 1-15 -5.16 0.03 -5.19
Apnl 16-30 -5.16 -0.25 -4.91
May 1-15 -825 -2.27 -5.98
May 16-31 -8.25 -3.12 -5.14
June 1-15 -10.64 438 -6.25
Tune 16-30 -10.64 -13.57 2.93
July 1-15 -12.56 -13.57 0.61
July 16-31 -12.96 -13.57 0.61
Auagust 1-15 -12.37 -13.57 .19
August 16-31 -12.37 -13.57 1.19
Sep. 1-15 -9.71 -13.57 31.85
Sep. 16-30 -9.71 -5.89 -3.82
October 1-15 -5.55 -3.91 -1.64
Oct. 16-31 -5.55 241 -313
November -3.59 -1.29 -2.29
December -1.09 0.20 -1.29
Annnsl Average -2.03
Nominal unit output: 551 MW gross
Annual-average capacity loss: 2.03
Annual revenue loss: $490,000 (75% capacity, $36.71/MWh)
5-11
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D. JOLIET 6 STATION TECHNOLOGY OPTIONS AND COST ESTIMATE RESULTS
D1.  JOLIET 6 COOLING TOWER ARRANGEMENT

Exhibit A4 represents the arrangement drawing developed for the Joliet 6 cooling tower
sections. The arrangement of the cooling towers is favorable, considering the space
constraints. The towers are oriented to minimize recirculation and interference under
prevailing wind conditions. The site would need to be filled to raise the elevation
suitably above the canal. There is a microwave easeruent that crosses the tower
location. It is assumed for purposes of this analysis that this easement is sufficiently
elevated that the towers do not interfere with it.

Exhibit B4 is the closed loop cycle diagram for at Joliet 6. A wall with a gate would be
installed across the existing discharge channel. Under closed-cycle operation, this gate -
would be closed and four 25% cooling tower supply pumps would pump the water from
the channel upstream of the wall to the cooling towers. The cooled water would be
pumped by four 25% cooling tower discharge purnps (two per tower section) through
steel-lined concrete piping to the intake of the existing crib house, to re-enter the CW
pumps and condensers. The crib house intake would be enclosed with gates on the
north and west sides to prevent the circulating water from entering the canal.

D2.  JOLIET 6 COOLING TOWER CAPITAL COST ESTIMATES

The capital costs (including the quoted pricing from Marley) for the wet/dry tower are
shown in Exhibit I4. Below in Table 5-13, the cost for the 100% closed loop tower is
broken into the key components. For the wet/dry tower option, the total estimated
capital cost is approximately $116 million. This translates to a normalized capita) cost

of $339 per kilowatt.
Table 5-13
Joliet 6 Capital Cost
. Marley

Joliet6 | o pry BOP
Capital CT Cost Equipment

Costs w/Delivery Material Indirect Contingency | Total Cost Tota] Cost

Unit (%) Cost (§) Labor ($) Costs (8) (O] [£)) ($kW)
Joliet 6 $14,900,000 | $21,000,000 | $42,600,000 | $19,100,000 | $18100,000 | $115,700,000 $339

Below in Table 5-14, the cost of plurme-abated (wet/dry) towers is compared to the cost
for a wet tower with and without provisions to convert to wet/dry. (See Section 2 for a
discussion of the provisions required for a wet convertible to wet/dry tower.)

5-12
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Table 5-14
Jolict 6 Capital Costs for Three Tower Styles
Wet Without Dry
Wet/Dry Total Wet With Dry Option Option Total Installed
Unit Installed Cost (8) Total Installed Cost (S) Cost (8)
Ioliet 6 $115,700,000 $103,600,000 $93,400,000

D3. JOLIET 6 COOLING TOWER O&M COST ESTIMATES

Operation and maintenance costs for plume-abated (wet/dry) cooling towers at Joliet 6
wet/dry consists of cooling tower fan and pump power (65,350 MWh at $36.71/MWh),
tower maintenance costs such as gear oil replacement, and chemical costs for
chlorination and anti-scaling additives. The total annual O&M cost is approximately
$2,660,000. A detailed breakdown of these O&M costs is shown in Exhibit J. The
breakdown of the costs is shown in Table 5-15.

Table 5-15
Joliet 6 O&M Costs
Apnual CT Anpyal
Fan Power Annual Pump Maintenance Annual Chemicsal Total Annual
Unit Cost (3) Power Cost (8) Cost (3) Cost (8) 0&M Cost (S)
Jolie1 6 $880,000 $1,370,000 $67,500 $341,000 $2,660,000

D4, JOLIET 6 DERATING IMPACTS WITH CLOSED-CYCLE COOLING TOWER

Table 5-16
Joliet 6 Megawatt Loss Due to Closed v. Open-Cycle Operation

Total MW Gain/Loss
Perlod Open-Cycle MW Running Closed vs.
Closed-Cycle MW Loss Galn/Loss Open-Cycle
January -1.26 0.47 -1.73
February -1.71 0.58 -2.29
March 1-15 -3.85 -0.04 -3.81
March 16-3! -3.85 -0.04 -3.8!
Apri! 1-15 -5.14 -0.76 4.38
April 16-30 5.4 -1.05 -4.09
May 1-15 -7.35 -2.54 4.4
May 16-31 -7.35 -3.64 -3.71
June 1-15 -9.08 -4.64 4.43
June 16-30 -9.08 -9.82 0.75
July 1-15 -10.36 9.82 -0.54
July 16-31 -10.36 -9.82 -0.54
August 1-15 -10.06 -9.82 -0.24
5-13
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Total MW Galn/Loss
Perlod Open-Cycle MW Running Closed vs.
Closed-Cycle MW Loss Gain/Loss Open-Cycle
August 16-31 -10.06 -5.82 -0.24
Sep. 1-15 -8.26 -9.82 1.56
Sep. 16-30 ~-8.26 -5.76 -2.50
October 1-15 -5.3% -427 -1l
Oct. 16-31 -5.39 -3.06 -2.32
November -3.85 -2.07 -1.77
December -2.88 -0.57 -2.30
Annual Average -2.08
Norninal plant output: 341 MW gross
Annual-average capacity loss: 2.08
Annual revenue loss: $502,000 (75% capacity, $36.71/MWh)

E. JOLIET 7&8 STATION TECHNOLOGY OPTIONS AND COST ESTIMATE RESULTS
El JOLIET 7&8 COOLING TOWER ARRANGEMENT

Exhibit A4 represents the arrangement drawing developed for the Joliet 7&8 towers.
Interference between the towers is likely under prevailing wind cenditions, as the
spacing between the towers is less than desired. Recirculation may alse be a problem
with westerly winds.

See Exhibit BS for the closed loop diagram corresponding to Jeliet 7&8 case.

A dividing wall would be installed down the center of the existing discharge channel,
and a wall with a gate would be installed at the southwestern end of the channel formed
north of this wall. Under closed-cycle operation, this gate would be closed and six 17%
cooling tower supply pumps would pump the water from this channel to the cocling
towers. The cooled water would be pumped by six cooling tower discharge purmps (two
per tower) through buried steel-lined concrete piping to the channel south of the
dividing wall. This channe] would be 1solated from the canal by a new wall and gate.
The flow in the southern section of the divided discharge channel would be reversed
and a new flume with g gate would connect this channel with the existing inlet channel.
From the inlet channel, the circulating water would re-enter the CW pumps and
condensers.

E2. JOLIET 7&8 COOLING TOWER CAPITAL COST ESTIMATES

The capital costs (including the quoted pricing from Marley) for the wet/dry tower are

shown in Exhibit IS. Below in Table 5-17, the cost for the closed loop tower is broken
into the key components. For the wet/dry tower option, the total estimated capital cost
is approximately $301 million. This translates to a normalized capital cost of 3264 per
kilowatt,
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Table 5-17
Joltet 7&8 Capital Costs
—
Marley Wet/Dry | BOP Equipment
CT Cost Material Cost Indirect Contingency | Total Cost Total Cost
Unit w/Delivery (§) ($) Labor (§) Costs ($) ($) ® (3/kW)
Joliet 7&8 $53,100,000 $58,800,000 $115,400,000 | $26,600,000 | $47,000,000 | $300,900,000 $264

Table 5-18 presents a comparison of the cost of plume-abated (wet/dry) towers is
compared to the cost for a wet tower with or without the option to convert to wet/dry.

Table 5-18
Joliet 7&8 Tower Capital Cost for Three Tower Styles
Wet With Dry Option Wet Without Dry
Wet/Dry Total Installed | Total Installed Cost Option Total
Unit Cost (3) ®) Installed Cost (S)
Joliet 7&8 100% $300,900,000 $257,900,000 $223,800,000

E3. JOLIET 7&8 COOLING TOWER O&M COST ESTIMATES

The operation and maintenance cost for the Joliet 7&8 plums-abated (wet/dry) cooling
tower consists of cooling tower fan and pump power (230,962 MWh at $36.71/MWh),
tower maintenance costs such as gear oil replacement, and chemical costs for
chlorination and anti-scaling additives. The total annual O&M cost is approximately
$9,080,000. A detailed breakdown of these O&M costs is shown in Exhibit I. The
breakdown of the costs is shown in Table 5-19.

Table 5-19
Joliet 7&8 O&M Costs
Annusl Annual
Apmual CT Fan | Anoual Pump | Maintenance | Chemical Cost Total Annusl
Unit Power Cost (§) | Power Cost (§) Cost ($) ($) O&M Cost ($)
Joliet 7&8 $3,100,000 84,570,000 $240,000 $1,138,000 $9,050,000

Total O&M costs for Joliet 7&8 are markedly higher than the O&M costs for other
MWGen station units for two reasons: 1) Most O&M costs are related to plant
generating capacity, and Joliet 7&8 is the largest station of the five stations considered in
this study, and 2) Joliet 7&8 have three cooling tower sections, which requires one
additional set of large pumps than is required for the other stations.
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E4.  JOLIET 7&8 DERATING IMPACTS WITH CLOSED-CYCLE COOLING TOWER

Table 5-20
Joliet 7&8 Megawatt Loss Due to Closed v. Open-Cycle Operation

Total MW Gain/Loss
Period Open-Cycle MW Running Closed vs.
Closed-Cycle MW Loss Gain/Loss Open-Cycle
January -2.19 -0.71 -1.48
February =291 -0.71 -2.20
March 1-15 -71.31 -0.28 -7.02
March 16-31 -1.31 -0.28 -7.02
April 1-15 -9.53 -0.64 -8.89
April 16-30 -9.53 -130 823
May 1-15 -13.36 -5.32 -8.04
May 16-31 -13.36 -6.71 -6.64
June 1-15 -16.13 -8.61 -7.53
June 16-30 -16.13 -17.29 1.15
July 1-15 -18.20 -17.29 -0.91
(\ July 16-31 -18.20 -17.29 -0.91
August 1-15 -17.65 -17.29 -0.36
August 16-31 -17.65 -17.29 -0.36
Sep. 1-15 -15.02 -17.29 227
Sep. 16-30 -15.02 -10.63 -4.38
October 1-15 -10.26 -7.92 -2.34
Oct. 16-31 -10.26 -5.56 -4.70
November -7.24 -3.53 37
December -5.50 -0.20 -5.30
Annypal Average 372
Nominal plant output: 569 MW gross (each uait)
Annual-average capacity loss: 372
Annual revenue loss: $897,000 (75% capacity, $36.71/MWh)
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F. CAPITAL COSTS ASSOCIATED WITH OPEN-CYCLE CAPABILITY

Conversion of Crawford 7/8, Fisk, Joliet 6, Joliet 7/8 and Will County 3/4 to closed-cycle
cooling requires isolation of the existing cooling water intake and discharge canals from the
river. For cost estimating purposes, S&L assumed this isolation would be accomplished by
installing a combination of fixed barrier walls with moveable gates at the points of isolation
from the river. Although there are many other systems and structures required to convert these
stations to closed-cycle cocling, conversion does not require any changes to existing plant
equipment which would prevent the plant from operating in open<ycle mode if access to the
river were maintained. Thus, the only additional equipment included in the capital cost
estimates to allow the stations to maintain their current open-cycle capability is the inclusion of
moveable gates as part of the fixed barrier walls.

Table 5-21 provides a comparison of the capital costs of conversion from open-cycle to closed-
cycle cooling with and without moveable gates. For the estimates without gates, S&L
substituted continuous fixed barrier walls for walls with moveable gates.

Table 5-21

Capltal Costs With and Without Moveable Gates (2007 S)

Crawford Fisk Joliet 6 Joliet 7/8 Will County
Cpen-Cycle $144,652,125 $119,952,645 $109,045,489 $296,100,668 $225,485,626
Capability Costs
Closed-Cycle $141,995,107 §118,832,840 $107,185,075 $292,252,428 $224,095,727
Costs
Difference 82,657,018 $1,119,803 $1,860,414 $3,846,240 $1,389,899
Percentage 19 0.9 1.7 1.3 0.6
Difference

5-17
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6. TYPICAL COOLING TOWER PROJECT SCHEDULE

A typical schedule for the design, procurement, fabrication and erection of a cooling tower and other
closed-cycle conversion activities for a single station 1s shown in Figure 6-1. If all of the towers at each
of the MWGen stations had to be installed to meet a single compliance deadline and therefore,
schedules for the work to install the cooling towers would need to overlap, the overall schedule duration
would be considerably longer than that shown for a single station.

As shown on Figure 6-1, S&L estimates that a typical single-station installation will require about

29 mouths to complete, ot including the time needed both to conduct necessary design studies and to
complete critical design criteria. The 25-month duration is applicable to Fisk, Crawford and Joliet 6;
the overall durations for closed-cycle conversion at Will County 3/4 and Joliet 7/8 are estimated to be
31 months and 33 months, respectively.

The overall duration for a2 multiple station cooling tower installation will require over twice as much
time as a single-station installation. From a design standpoint, much of the required effort will be
largely repetitive. For example, once a cooling tower specification is prepared for one station, it will
take considerably less time 10 prepare a comparable specification for ancther station. However, it is
likely that MW Gen'’s ability to pursue multiple cooling tower projects in parallel will be limited by the
time required to fabricate and deliver the cooling tower material and equipment and/or by the time
required to construct the tower and other structures. At present, there are few utility-size cooling tower
projects underway nationally and the construction labor market is favorable. With such conditions, and
assuming the necessary funds are available, one might be able to execute projects at Fisk and Crawford
stations in parallel, and to start projects at the next stations in sequence with a 12- to 15-month lag.
Assuming such “best case” scenario circumstances, after the time required to complete the final design
criterig, the overall time required to implement closed-cycle cooling at the five MW Gen stations is
estimated to be a minimum of 60 months. However, as the economy improves, lead times will lengthen
and construction labor will become less available. Therefore it is not passible to predict accurately the
overall time required to design, fabricate and install cooling towers at five power stations. Again,
assuming that funding can be obtained when needed, for planning purposes, S&L recommends that at
least 72 months should be allowed for that process.

There are several permits required to install cooling towers at the MWGen stations. S&L believes the
time frames we have indicated in Figure 6-1 for acquisition of those permits for a single tower
installation is reasonable, but any delay in preparation, agency review or agency issue of those permits
will result in a corumensurate delay in the overall project schedule. If all of the towers at each of the
MWGen stations had to be installed to meet a single compliance deadline and therefore, multiple permit
applications were submitted to the Agency simultaneously or close in time, it is expected that the time
frames indicated in Figure 6-1 for agency review and issuance of permits for a single cooling tower
installation would increase significantly due to the additional permit applications review burden this
would place on the Agency.

The extent of transmission line relocation was not examined in any detail during this study. The time
required to obtain permission for line relocation and to actually relocate the lines has not been
considered in the schedule discussion above,

6-1
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Midwest Generation EME, LL.C
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EXHIBIT A

Cooling Tower Equipment Arrangements
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