Electronic Filing - Received, Clerk's Office, November 21, 2008
*****PC#1 * % % % %

ATTACHMENT B

New Generation Project Water Study



Electronic Filing - Received, Clerk's Office, November 21, 2008
*****PC#1 * % % % %



Electronic Filing - Received, Clerk's Office, November 21, 2008
*****PC#1 * % % % %

City Water Light & Power
Springfield, lllinois

New Generation Project

WATER STUDY

February 2005
Project 34821




Electronic Filing - Received, Clerk's Office, November 21, 2008

Burns :
McDonnell

DG » ARCHTECTS » CORSIMTANYS
9400 Word Parkwoy

Kansas (ity, Missouri 641143319
Tel: 816 333-9400

Fax: 816 333-3690

bt/ www burnsmed.com

SINCE 1894

*****PC#1*****

February 11, 2005

Mr. Brian Fitzgerald

City Water Light & Power
3100 Stevenson Drive
Springfield, IL 62703

New Generation Project
Project No. 34821 (STUDY)
Water Study - Final Report

Dear Mr. Fitzgerald:

Attached is the final report for the Water Study in accordance with our Agreement for
Professional Engineering Services (City of Springfield purchase order
SCSCAD4207490) and Amendment No. 2 dated December 6, 2004.

This report discusses the results of the Water Study and has been updated to address
CWLP comments provided with the review of the draft issue. This study was
performed to address water supply, boron removal and lake water conservation issues to
support the addition of the new electric generating unit.

W?f

Sincerely,

Dan R. Fugate, P
Project Manager

Attachments
ce: Brian Basel

Donald Schilling
Project Files
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1.0 EXECUTIVE SUMMARY

Burns & McDonnell studied potential makeup water supply sources and wastewater
treatment system options for the New Generation Project new coal fired generating unit
based on the estimated water requirements and wastewater production rates. CWLP
previously retained other consultants to study water conservation options and methods to
mitigate boron levels in the wastewater discharged from the plant. Because of the
potential impact of the installation of an additional unit at the Stevenson Drive generating
facility, the scope of this study was increased to incorporate the results of the previous
water studies in the new unit analysis. Options for the site were developed that integrate
potential solutions to water concerns for the Dallman Units with the requirements of the
new unit.

Based on the cost analysis of various water supply and conservation options, the most
economical water source is treated lake water from the city water treatment plant. Future
economics may change which may justify the use of gray water as plant makeup, but the
estimated cost to use gray water currently does not provide sufficient savings to justify
the change from the potable city water supply.

The water study evaluated the previously identified water conservation options and |
developed additional potential conservation options. The net present value, capital cost,
annualized operating cost, and an equivalent lake water cost of each water conservation
option are presented later in this report. The analysis indicated treated lake water as the
most economical water source. Should the value of lake water change in the future, the
information provided will aid CWLP in determining which options to implement to aid in
meeting their water consumption reduction goals, when they are finalized.

Pre-treatment of lake water will be required to reduce the potential of scaling and fouling
in cooling towers and heat exchangers. Therefore, untreated lake water would not be
acceptable. Adding a new clarifier system similar to those used by the city filter plant is
not justifiable, because the exiting city filter plant has sufficient capacity to provide the
new generation facilities’ makeup water demand. Thus city water treatment plant treated
water is the recommended water source.

Previous boron mitigation studies indicated that the major source of boron exists in the
liquid blowdown from the Dallman 31, 32 and 33 FGD systems. Alternatives for
treatment of this water stream were investigated during the water study. The preferred
treatment system to address the boron discharge consists of brine concentrators followed
by spray dryers to evaporate the blowdown, with only a dry product remaining for
disposal.

[f treating the FGD system wastewater does not provide the required mitigation of the
boron discharge concerns, then other options must be considered. One secondary option
evaluated involves converting the existing Dallman Units” fly ash handling systems from

City Walter Light & Power, Springfield, llinois 1-1 Bums & McDonnell Engineering Co,
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wet to dry handling to eliminate fly ash from the ash ponds. The fly ash is another
significant source of boron that is discharged into Sugar Creek. In lieu of converting the
fly ash systems to dry handling, another option would be to convert the ash ponds to a
zero discharge operation by using ash pond water for makeup to the new unit. Further
studies on the potential for groundwater contamination and ash pond life expectancies
would need to be conducted to determine if this option is feasible. Additionally, a study
should be conducted on the effect of the existing fly ash content of the ash ponds, as well
as the effect of collecting scrubber waste landfill leachate, on the ash pond and ground
water quality.

Besides the recommending boron removal and/or water conservation options, Sargent &
Lundy also recommended recycling the FGD vacuum pump seal water. This
modification would conserve water and reduce the FGD blowdown treatment equipment
size (brine concentrators and spray dryers). This modification is currently being made by
CWLP.

B&MeD recommends a boron mitigation approach which includes a zero discharge FGD
wastewater treatment system consisting of two 50% brine concentrators followed by two
50% spray dryers combined with the conversion of the Dallman Units to dry fly ash
systems. B&McD also recommends that the primary source of the new unit make-up be
provided from the CWLP Filtration Plant. A final water balance is shown in the
appendices of this report. This final water balance incorporates the following
recommended modifications.

» Existing Dallman Units converted to dry fly ash handling.

*  The new unit based on dry fly ash handling

*  Ash pond water recovered and returned to Lake Springfield.

»  The new unit FGD wastewater and Dallman Units treated and recovered using

brine concentrators and spray dryers.

In the event that the Ash Pond water quality is not suitable for direct discharge to Lake
Springfield, a wastewater treatment system could be added to allow recovery of the Ash
Pond effluent as makeup to the new unit cooling tower for water conservation.

City Water Light & Power, Springfield, flinols 12 Burne & McDonnell Engineering Co.
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2.0 INTRODUCTION

City Water Light & Power (CWLP) of Springfield, Illinois, retained Burns & McDonnell
(B&MceD) to perform a water supply and wastewater treatment study for the existing and
new generation facilities at the Dallman Station. The study investigated the availability
and feasibility of water supply sources required for the planned new coal-fired unit (200
MW). In addition, the study addressed the wastewater treatment requirements for the
new unit and the methods for mitigating the boron in the existing ash pond discharge.

CWLP previously had the following studies performed to address water conservation and
wastewater freatment concerns:

- Water Conservation Study, Report SL-008254, Sargent & Lundy, April 23,
2004 report.

- Investigation of Mitigation Strategies for Boron Increase at Outfall 004,
Hanson Professional Services, February, 2004,

- Dallman and Lakeside Stations Ash Handling Water Study, CWLP, draft
report dated Febroary 16, 2004,

These reports were reviewed in this study, and integrated with the requirements of the
new unit to develop a whole-plant (both the new and the existing units) approach to water
supply, conservation and wastewater treatnient system design.

An important factor to CWLP was the study of options to reduce boron concentrations in
plant discharge at Outfall #004 to Sugar Creek from the Ash Water Clarification Pond
Effluent. Hanson studied the boron situation for the existing units, especially boron in
various plant and ash water streams, and provided several recommendations to CWLP to
reduce boron concentrations in their report. It appears that the use of the recently
installed SCR equipment for NOx control on the Dallman Units has resulted in a
significant increase on the boron concentrations in the ash sluicing water. However,
Hanson’s study also indicated that the FGD system blowdown liquid streams contain the
highest concentrations of boron, which appears to have been instigated by the use of the
SCR.

Potentially feasible boron removal options were identified and evaluated and three
potentially viable options were selected. The net present value of each option was
calculated based on estimated installed equipment cost, and annual operation and
maintenance costs. Based on the net present value analysis, and other factors, a preferred
boron-removal method was selected as the base-case option. This base-case option was
then used in evaluating water conservation options,

There are primarily two water supply sources for the new unit, Lake Springfield water
and gray water. The costs of using each of the two water supply sources were estimated.

City Water Light & Power, Springfield, liiinois 2-1 Burns & Mclonnell Engineering Co.
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Additional methods for conserving lake water were reviewed. Three possible water
conservation methods were selected for further study.

These options, combined with two water supply options (Lake Springfield and the gray
water), formed the five options studied to provide for the plant water supply and water
conservation. A water balance was prepared for each of these five options, and water
usage was calculated. Water conservation options were then evaluated using the net
present value method, similar to the boron-removal options. Finally, the advantages and
disadvantages, as well as the cost-benefit ratios of these options were discussed.
Recommendations are provided in Section 7 (Conclusions and Recommendations) of this

report.

City Water Light & Power, Springfield, lifinois 22 Burns & McDonnell Engineering Co.
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3.0 WATER SUPPLY

With the addition of a new unit at the Stevenson Drive plant site, the water source to
support this operation must be chosen. This section of the Water Study report discusses
the investigations that were preformed in this area.

3.1 Lake Springfield

Lake Springfield is the raw water source for the existing Lakeside and Dallman Units. It
is also the supply for the city’s drinking water treatment plant on site (Filter Plant). The
existing units utilize a once-through cooling water system, and thus there is no
consumptive loss of the lake water for condenser cooling. The majority of the
consumptive use of the lake water for the existing units is ash sluicing water, which
accounts for 58.1% of the total consumptive use of the lake water,

The new unit will have cooling towers with a closed loop circulating cooling water
system with consumptive losses for condenser cooling. The cooling tower rejects the
steam cycle heat primarily by evaporation. To maintain scaling and corrosion within
acceptable limits, a portion of the circulating water needs to be removed by blowdown.
The circulating water is concentrated up to 10 times to minimize the blowdown
discharge. Cooling tower water losses need to be made up. Lake water is one possible
source of makeup water. Based on the quality of Springfield Lake water, pre-treatment
of the water is recommended before it is used as cooling tower make-up. High total iron
and manganese concentrations in the lake water could cause deposit and corrosion
problems in the new unit cooling tower and the condenser affecting unit performance. It
is preferable to remove these impurities in a pre-treatment process.

Treated lake water could also be used as make-up water, with additional treatment if
necessary, to systems such as the FGD systems, demineralizer, plant service water and
others. The benefits of using the lake water as make-up to the new unit are that it is
readily available, and that sufficient pumping capacities exist to provide the lake water to
the new unit. The disadvantage is that, the lake water, which is the fresh water supply
source for the city potable water, will become more valuable due to growth in demand,
and thus more expensive for use as make-up to the power plant. Water from the city high
pressure line would provide pretreated and filtered water for plant use without requiring
additional treatment equipment at the plant and without requiring additional plant
personnel to operate and maintain the treatment equipment. Unless the value of lake
water increases dramatically in the future, it is the most economical source of makeup

water,

3.2 Sanitary Wastewater Treatment Effluent (Gray Water)

The use of gray water as make-up water to power plants is becoming a more widely used
method to conserve fresh water. Although this type of application has experienced
problems at some facilities, there are several successful cases of gray water reuse. The
use of gray water has special concerns in the operations and maintenance of power plant

City Water Light & Power, Springfield, linois 3-1 Burns & McDonnell Engineering Co.
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equipment such cooling towers. Proper pre-treatment is important to minimize the
difficulties of reusing gray water.

The city’s sanitary wastewater treatment plant (SWTP) is located about 3 miles away
from the site. The construction of a pipeline to bring the gray water to the site would be
necessary, but this would be costly and thus is a disadvantage compared to using the lake
water as make-up water to the new unit. However, the use of gray water provides
significant reduction of consumptive use of the lake water.

The SWTP consists of a secondary treatment system using an activated sludge process.
Most of the suspended solids and organics in the incoming water are removed, but
significant fotal organic content and solids content still remain that could cause problems
in power plant equipment such as the cooling tower. Many reported problems associated
with reusing gray water result from high organic, nitrogen, and solids content (and thus
high potential for biological activity) of gray water. This could lead to fouling and under-
deposit or microbiologically induced corrosion of power plant equipment. The mineral
content (dissolved constituents) of gray water is also generally higher than fresh water in
the same region. This could cause scaling of sparingly soluble salts (salts with very low
solubility in water) such as calcium carbonate and calcium phosphate scales, as well as
corrosion due to higher chloride and sulfate concentrations.

Therefore, successful reuse of gray water requires sufficient pre-treatment of the water to
reduce or remove the constituents that may cause operating and maintenance problems.
Compared to the pre-treatment of the lake water, the pre-treatment of gray water would
be more costly and more involved.

City Water Light & Power, Springfleld, Hlinois 3-2 Bums & McDonnell Enginesring Co.
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4.0 WASTEWATER TREATMENT

There are several types of wastewater streams generated from various plant systems.
Each type of wastewater may require a different treatment. Primarily, they fall in three
categories at CWLP. One type of wastewater consists of wastewater streams that can be
treated and then returned to Lake Springfield for reuse as fresh water supply. The second
type consists mostly of ash sluicing water and currently the FGD system blowdown. This
wastewater source is treated and discharged to Sugar Creek. The boron content of the ash
sluicing water is significantly less than the FGD blowdown and can continue to be treated
in the clarification pond and returned to Lake Springfield. The third type will be a
concentrated waste stream which will be primarily the FGD system blowdown. This
waste stream contains a highest concentration of boron and cannot be discharged. This
waste stream will have to be treated for boron mitigation purposes.

41 On-Site Wastewater Treatment Plant

The existing Dallman and Lakeside Units share a common on-site wastewater clarifier
treatment plant that receives various wastewater streams from the site, processes them
and then discharges the treated wastewater to Lake Springfield. The treatment system
includes a settling pond, chemical feed and clarifiers. Oil, floating materials, suspended
solids and some heavy metals are removed from the plant wastewater before the water is
discharged to Lake Springfield.

The treatment process does not remove any significant amount of dissclved solids, thus
concentrated wastewater strearms, such as the FGD system blowdown, are not discharged
to the on-site wastewater clarifier treatment plant because this would cause contamination
of the lake water. The clarifiers in this treatment plant are not capable of handling high
suspended solids content, such as ash sluicing water from the fly ash or the bottom ash
systems. The treatment plant provides no potential benefit for the conservation of the
lake water or the mitigation of boron discharge problems.

Wastewater streams from the new unit, such as plant service water drains, should be able
to share the common wastewater clarifier treatment facility. However, modification of
the existing plant NPDES permit may be required before the additional wastewater
streams could be discharge through the existing wastewater clarifier treatment facility.
The discharge from the wastewater clarifier plant is directed to Lake Springfield, which is
the raw water supply source to the plant. Thus the wastewater streams treated by the
wastewater treatment plant are not considered consumptive losses from lake water.

4.2 Ash Pond Discharge

Currently ash is sluiced to the ash ponds using lake water. Water from the ponds is
pumped to the clarification pond. At this stage, chemical treatment of the water is
performed, which results in settling and separation of most of the ash fines and particles
from the bulk water. The clarified water overflows to Sugar Creek (via Outfall #004).
Boron concentration in this discharge has periodically exceeded the discharge limit.

City Water Light & Power, Springfield, lifinols 4-1 Burns & McDaonriell Engineering Co.,
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Concentrations of boron higher than the discharge limit of 11 ppm have generally
occurred when the plant SCR system is in service (average concentration of 17.9 ppm in
Hanson’s study report). The highest concentrations of boron are from the plant’s FGD
blowdown streams (200-400 ppm). However, even when the SCR systems are not in
service, boron levels have approached the discharge limit (average 10.1 ppm). Water
quality test information indicates that the fly ash sluicing water is also a significant
source of boron contamination (40-50 ppm).

It appears, based on initial calculations and analysis, that eliminating the fly ash sluicing
water and the FGD blowdown streams from the ash ponds will have the largest impact on
the boron discharge problem. Because the FGD blowdown has much higher boron
concentrations than any other wastewater streams contributing to the ash pond discharge,
removing FGD blowdown from the ash pond alone would reduce boron concentrations
below the discharge limit based on the average boron concentrations in these streams

reported by Hanson.

CWLP personnel have expressed concerns that fly ash in the ash pond could leach boron,
especially during times when the SCR is in service. This potential exists as some
ammonia may be collected in the fly ash sluicing water and react with and “dissolve”
boron bound to the fly ash. This will make the boron concentration higher in the
discharge to Sugar creek. The same mechanism of boron concentration increase is also
considered a potential issue on ground water contamination from the ash ponds. Thus,
removing fly ash from the ash pond would be beneficial, but the cost of converting the fly
ash handling to a dry system is expensive.

4.3 Zero-FGD Discharge Operation

FGD blowdown must be treated, if removed from the ash pond; otherwise it will become
a discharge problem elsewhere at the plant. However, treatment options for FGD
blowdown to selectively remove boron are limited. The most likely and reliable option
would be a treatment process in which boron, as well as other parameters, is
indiscriminately removed (separated) from the water. The product water is generally low
in dissolved solids, and may be reused as make-up water within the power plant such as
makeup to the cooling tower or demineralization system. Thus with respect to the treated

-wastewater (e.g., FGD blowdown), the treatment process would be a zero-discharge
process.

Common zero-discharge processes involve volume reduction of the treated wastewater by
mechanical evaporation, or reverse osmosis (RO) as a first stage volume reducing
process, followed by mechanical evaporation. Brine concentrators, or evaporators, are
typically used as the primary mechanical evaporation equipment. However, most brine
concentrators do not recover all water from the influent wastewater stream. Thus the
final waste (brine concentrator bleed) must be further treated in a zero-discharge facility.
Crystallizers or spray dryers may be used to convert brine concentrator bleed to a solid
waste product for disposal. Based on the water chemistry of this application,
manufacturers have suggested a spray dryer following a brine concentrator because
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crystallizers may not be able to completely convert the wastewater o a solid waste.
However, if an RO system is used, the proper treatment of the RO waste brine is to use a
crystallizer due to cost as well as the difference in the water chemistry after an RO

system.

These options are discussed later in this report. The equipment and operating and
maintenance costs are normally very high for these systems. The disposal of the solids
waste generated from the zero-discharge treatment equipment could be costly, too,
especially if the waste is considered hazardous. This is not typical but high levels of
certain metals may result in a hazardous material ¢lassification which would cause the
disposal expense to go up significantly. Potential constituents of concern include heavy
metals and boron. Thus, zero-discharge options are normally not economical options for
water conservation, but necessary means to meet discharge limits - in this case, the boron

discharge limit.

City Water Light & Power, Springfield, lllinvis 4-3 Burng & McDonnell Engineering Co.
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5.0 OPTIONS

The review of options for water conservation and boron mitigation involved the review of
previous study identified options. New options were also considered and evaluated if
they were considered feasible.

5.1 Previous Study Options

5.1.1 Water Conservation Options

In the S&L study, several potential water conservation options were evaluated. These
options were as follows:

(1) Dry fly ash handling systems

(2) Closed-loop recirculating bottom ash systems

(3) Dry bottom ash system for Dallman Unit 33

(4) Sanitary wastewater treatment effluent as additional water source

(5) Recycle of ash pond effluent to Lake Springfield

(6) FGD vacvum pump seal water and routing of FGD sump pit effluent

(7} Ash handling water management .

(8) Heat exchangers conversion from city water to lake water

Sanitary wastewater treatment effluent (gray water) as additional water source is
discussed in this report, It is compared with using lake water as make-up water to the
new unit, Although the original S&L recommendation was only to use the gray water to
displace lake water as ash sluicing water, the net result is reduction in the total
consumptive lake water usage.

FGD system vacuum pump seal water recovery requires a relatively small capital cost
investment; however the potential savings in lake water usage is also small. A more
significant reason for the recovery of FGD vacuum pump seal water is that it will reduce
the volume of FGD blowdown from the Dallman Units, which will help reduce the boron
removal treatment equipment size (i.e. brine concentrators and spray dryers). This option
is currently being pursued by CWLP.

The ash handling water management option discussed by S&L involves either putting the
ash water pumps in recirculation, or simply turning them off, when there is no demand
for ash sluicing. However, running the pumps in recirculation mode for extended time
could shorten the useful life of the pumps, and is not preferred. Turning the pumps off
when there is no ash sluicing demand would be a better approach, but there are concerns
of plugging the ash water lines due to settled ash particles if the lines are not kept flushed.

Heat exchangers conversion to using lake water as the cooling water instead of city water
does not reduce consumption of lake water because city water also originates from lake
water, Based on the cost of city filter plant water, it is more economical to use treated
lake water (clarified and chlorinated), instead of potable water, for heat exchangers and
some other users of potable water at the plant. However, many users of potable water are
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currently connecied to the same headers, such as safety showers, eye wash stations,
washroom facilities, which require true potable-quality water. The modifications
involved in separating the true potable water users and the other potable water users may
be expensive.

5.1.2 Boron Mitigation Options

For boron discharge problem mitigation, Hanson recommended the following options:
(1) Selective boron removal by activated carbon, ion exchange resin or chemical
precipitation/co-precipitation.
(2) Mechanical evaporation (brine concentrator, crystallizer, spray dryer, etc.).
(3) Reverse osmosis followed by mechanical evaporation.

These options are discussed in detail fater in this report. Selective removal of boron, if
feasible, could be significantly less costly, but it is not recommended based on the lack of
successful commercial operations of these types of systems for FGD blowdown treatment
applications. In contrast, mechanical evaporation and/or RO systems are considered
more proven technologies for this application. Therefore, pilot testing is recommended
for selective boron removal processes, especially the ion exchange resin process, before
the option is more seriously considered. Boron-selective ion exchange resin products are
widely used in boron removal in ultra~-pure water applications (such as in computer chip
manufacturing), as well as in wastewater application, but the concentrations of boron and
flow rates are much lower than in this application.

Without sufficient information on successful selective boron removal, the basis for this
report focuses on more commercially proven technologies such as mechanical
evaporation and RO followed by mechanical evaporation. Further analysis of boron
removal options concentrates on these options.

5.2 Additional Options

Besides the options S&L and Hanson have provided to CWLP, B&MceD also
recommends that the following options be considered:

(1) For water conservation, a variation of reusing ash pond effluent as sluicing water
is to use it as raw water make-up to the new unit, with proper pre-treatment. The
difference between this option and the option discussed by S&L is discussed later

in this report.

(2) An option with a combination of water conservation and boron removal is using
dry fly ash to mix with brine concentrator bleed. Dry fly ash unloading (to off-
site disposal site) may require water for dust control. If brine concentrator bleed
could be used for this purpose (and if doing so meets fly ash disposal quality
limits), combining the two wastes together for disposal would eliminate or reduce
the need for operating a spray dryer provided Unit 33 fly ash was converted from
wet to dry handling. In this case, instead of two 50% spray dryers, only one 50%
spray dryer would be required.
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One idea considered by B&McD was to reduce FGD blowdown to minimize the
equipment size of the boron-removal equipment. The higher the chlorides set-point, the
lower the FGD blowdown flow rate is required, provided that the materials of
construction are compatible with the higher chloride concentrations. Lower FGD
blowdown flow rates will make the brine concentrators/spray dryers smaller. Based on
the scrubber design at the Dallman Units, the chloride concentration is maintained below
10,000 ppm for corrosion prevention. Any reduction in the FGD blowdown rate to
conserve water would result in an increase in the chloride concentration above the 10,000

ppm limit and is not recommended.

While smaller equipment means lower capital and O&M costs, the higher chloride
concentration in the scrubber and gypsum may cause the gypsum to be un-sellable.
Currently CWLP is able to sell gypsum which must meet certain quality specifications,
including the chloride content. Ifthe gypsum is unmarketable, its disposal will also
become a significant operating expense. This option only slightly reduces the boron-
treatment equipment size. Its benefit is not significant, but the problem it brings could be
a much larger issue. Thus this option was not studied further.

5-3 Burns & McDonnell Engineering Co.
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6.0 EVALUATION OF OPTIONS

A more detailed cost and benefit evaluation was performed for the boron treatment
options and the water conservation and water supply options. Based on the analysis, the
preferred options were selected.

6.1 Wastewater Treatment Options

6.1.1 Plant Wastewater Discharges

According to the S&L water balance, the maximum and average existing plant
wastewater discharge to the on-site wastewater clarifier treatment plant is 5.26 MGD and
4.22 MGD, respectively. The maximum and average Lakeside wastewater flow rates are
2.0 MGD and 1.0 MGD. It is assumed that the difference between the average and
maximum wastewater flow from Lakeside is storm water flow which will still exist after
the Lakeside Units are retired. After the Lakeside Units are retired in 2009, wastewater
flow to the on-site wastewater clarifier treatment should decrease by approximately 1
MGD. The maximum capacity of the wastewater clarifier plant is about 7 MGD
according to CWLP’s staff. Based on the current average flow of 3.22 MGD and a peak:
flow of 4.26 MGD excluding the Lakeside flow, the treatment plant should be capable of
treat an additional 1.74 MGD after Lakeside is retired. This assumes the above derived
1.0 MGD of storm water from the Lakeside plant will still flow to the wastewater clarifier
plant for treatment. before it is discharged to the lake.

According to the average water balance of the new unit, total wastewater discharge to the
on-site wastewater clarifier treatment plant from the new unit should be less than 1 MGD
(the normal maximum should be approximately 0.75 mgd). Thus, after the Lakeside
Units retired, the on-site wastewater clarifier treatment plant should still have sufficient
capacity to handle all Dallman Units’ wastewater, Lakeside plant area storm runoff
currently directed to the existing wastewater clarifier plant, and the new unit wastewater.
Therefore, no plant modifications will be required to the existing wastewater treatment
plant. ‘

6.1.2 Ash Pond Discharges and Boron Removal Approach

Based on the results and recommendations from the Hanson study, as well as information
from CWLP’s staff, B&McD believes that removing the FGD blowdown stream(s) from
the plant discharge to Sugar Creek may provide sufficient reduction of boron in the final
wastewater discharge to meet the current 10 ppm limit. Once removed from the Sugar
Creek discharge, the FGD blowdown stream must be treated to removal boron from the
liquid stream, and/or to convert it to a dry solid waste for off-site disposal.

According to the S&L water balance, the average Dallman FGD system blowdown
wastewater is approximately 0.15 MGD (about 104 gpm). The B&McD water balance
for the new unit indicates that the new FGD system blowdown could be approximately 70
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gpm, which is a total of 174 gpm FGD blowdown for all units. B&McD’s calculations
also confirmed with the Hanson study that the removal of FGD wastewater from plant
Outfall #004 would likely reduce boron concentration in Outfall #004 to below the
current discharge limit. More importantly, if the FGD blowdown streams (including the
new unit) are allowed to be discharged to the ash ponds in future, Outfall #004 would
almost certainly exceed the boron discharge limit after the new unit is in service.

Based on Hanson’s study report and water quality (boron concentrations) of various
water streams directed to the ash ponds, the average boron concentration of the current
combined FGD wastewater is about 201 ppm at a flow rate of 0.15 MGD. The total flow
of the discharge to Sugar Creek is about 3.78 MGD with an average boron concentration
of'17.9 ppm during times when the SCR is in operation. Removing the FGD wastewater
blowdown from the ash ponds is estimated to reduce the concentration of boron in the
discharge to Sugar Creek down to about 10 ppm of boron, which is lower than the
discharge permit limit of 11 ppm, although the margin is not large.

However, based on some latest water analyses of the FGI} wastewater samples, boron
concentrations over 400 ppm have been reported. Thus, not removing the FGD
wastewater from the ash ponds will create a potential for exceeding the boron discharge
limit. After the new unit is in service, the wastewater from the new Unit FGD will add
significantly more boron to the ash ponds. Therefore, it appears that the minimum
requirement to mitigate the boron problem at CWLP is the treatment FGD blowdown.

If only removing FGD blowdown steanis from the ash ponds is not sufficient to comply
with the boron limit in the discharge to Sugar Creek, then converting the fly ash system
to dry handling would provide the additional reduction in boron concentration in the ash
pond water. Calculations using average boron concentration measurements and water
balance flow rates from Hanson’s and S&L’s study reports were performed. The results
indicated that, in addition to removing the FGD blowdown streams from the ash ponds,
converting Daliman Unit 33 fly ash to dry handling alone would further reduce boron
concentration in the ash pond discharge to Sugar Creek from the above 10 ppm to about 5
ppm. If all Dallman Units’ fly ash systems were converted to dry handling, the boron
concentration would become less than 1 ppm (0.94 ppm). Therefore, if necessary,
converting some of all of Dallman fly ash systems to dry handling would provide the
additional reduction in boron concentration in the discharge to Sugar Creek.

All options discussed below are based on removing the FGD blowdown streams from the
ash ponds only. These were reviewed in more detail, and manufacturers that specialized
in providing these types of systems were contacted for equipment and operating cost
information. The information was then used to calculate the life-cycle costs of each
option.

6.1.3 Boron Removal Options

Unfortunately, FGD wastewater contains extremely high concentration of dissolved
solids and suspended solids. This could make it hard to use many less-expensive options
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to remove boron. For example, materials of construction need to be corrosion resistant;
certain processes such as reverse osmosis (RO) will not have high recovery due to the
limitation on osmotic pressure, and the high suspended solids content requires pre-
treatment.

The Hanson study evaluated several options including selective boron removal, as well as
general dissolved solids remove such as RO and mechanical evaporation. However,
B&McD’s investigation into the selective boron removal methods indicated that, due to
the high boron concentrations in the wastewater stream, the application of selective
media, such as ion exchange resin or activated carbon, would not be realistic (frequent
regeneration or media change-out will be required). On the other hand, chemical
precipitation or co-precipitation of boron is not expected to be effective, but in this case,
it is because of the relatively low concentrations of boron in the wastewater compared to

its solubility.

General TDS removal methods, such as RO and mechanical evaporation, are the only
proven technologies applicable for boron removal for the application at CWLP. When
TDS in general is being removed, the treated water normally becomes a high-quality
water stream that can be reused back in the power plant. This is the concept of zero-
discharge. The concentrated wastewater from the primary treatment (e.g. brine
concentrator) is then converted to a dry solid waste product (e.g. by crystallization or
spray drying) that could be disposed in an off-site landfill. Alternatively, because of the
volume of this concentrated wastewater stream is much smaller after it is treated by the
brine concentrator, it could be mixed with other solid wastes from the plant, such as fly
ash, as a means of dust control and to be disposed together if environmentally acceptable.

€.1.3.1 Option 1-1 - Brine Concentrator Followed by Spray Dryer (Single Train)

Brine concentrators are mechanical evaporators that separate and recover water from the
wastewater solution. The recovered water is high-quality, and may be reused in many
power plant applications. The concentrated solution left behind is of much smaller
volume, but still in a liquid (slurry) form. The most commonly used brine concentrators
are called falling film seeded slurry brine concentrators, and most of these use a vapor
compressor to provide self-sufficient supply of steam to heat up the wastewater slurry.
The heated wastewater evaporates and generates steam that is compressed and used for
heating up the wastewater slurry again. The slurry is recirculated in a vertically mounted
tube bundle (falling film heat exchanger), with the steam on the shell side. Due to the
high concentrations of TDS and chlorides, the wetted materials are normally made from
high-grade stainless steels and the tubes from titanium. These types of brine
concentrators are normally very expensive. In addition, the vapor compressor and the
slurry recirculation pumps consume a significant amount of electricity.

A stream of the concentrated slurry is continuously bled from the system in order to
maintain certain levels of TDS and total solids content so that the system scaling is
minimized and the unit operates efficiently. Based on the preliminary water chemistry
information for FGD blowdown wastewater from CWLP, and after discussions with a
manufacturer for these types of equipment, it is believed that a volume reduction as high
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as 30:1 of the wastewater is achievable. However, to be conservative, in the water
balances for this study, a 15:1 reduction was assumed. The water balances are attached
in the appendices of this report.

The concentrated bleed would be taken to a spray dryer where if is completely dried to a
solid form for disposal. The spray dryer is designed based on 20:1 wastewater volume
reduction at maximum design flow rate. The above 15:1 reduction is for average
operating conditions which have flow rates much lower than the maximum design
capacity of the equipment. Thus 15:1 reduction under the average operating conditions
will still generate a smaller volume of wastewater to be treated by the spray dryer than its
design capacity.

A typical spray dryer atomizes the wastewater slurry in a drying chamber where hot air
containing combusted natural gas is injected. When the two meet, all the moisture in the
slurry is vaporized, leaving behind the solids to form fluffy conglomerates. The solids
either settle on the bottom of the drying chamber, or are carried by the hot air to
downstream solids-removal equipment, such as bag houses or cyclones. The remaining
solids collected from these systems are then compacted by an “agglomerizer” to increase
the bulk density of the solids. This is important if the disposal cost of the solids is
calculated based on the volume instead of total mass.

Typical brine concentrator and spray dryer system process flow diagrams are included in
Appendices (PFDI1, Sheet 1 of 2 and Sheet 2 of 2) with the base case water balance. This
system is capable of completely removing boron (and most of the other TDS) from the
FGD blowdown streams, and recovering the water for reuse at the power plant. No liquid
waste is discharged from the systent,

6.1.3.2 Option 1-2 (Base Case) - Brine Concentrators (Dual Train) Followed by
Spray Dryers (Dual Train)
Due to the contact with the slurry of highly concentrated wastewater, the brine
concentrator and auxiliary equipment may require periodical maintenance, such as
mechanical and/or chemical cleaning. In addition, it is possible that the incoming
wastewater flow rate could vary significantly (such as the case in which the new unit
stays on base load, but the Dallman Units cycle). Incoming wastewater quality also
might change. Therefore, it may be desirable to have dual trains of the brine
concentrator/spray dryer units, each designed for 50% of the maximum capacity required.

The option varies from the previous one by using two 50% brine concentrators followed
by two 50% spray dryer instead of one 100% brine concentrator/spray dryer train. The
cost of this option will be higher due to the more pieces of equipment, but the redundancy
is considered essential for a system which will serve all four units. Additionally, at the
currently projected load factors, only one brine concentrator of the dual units would be in
service. It is more efficient to operate the system at full capacity compared to operating a
single, 100% brine concentrator turned down to 50% capacity.
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6.1.3.3 Option 2 — HERO followed by Crystallizer and Spray Dryer

An alternative to the first stage treatment with mechanical evaporation is to use a RO
process to recover high-quality water and concentrate the wastewater (to reduce its
volume). However, due to the high concentrations of dissolved constituents in the FGD
blowdown streams, very high recovery of an RO system is impossible due to the osmotic
pressure and the pressure limitations of commercially available RO membranes.

Based on preliminary information, a conservative estimate of the recovery from an RO
system is only about 75% (the RO reject is about 25% of the feed to the RO). Because
most of the dissolved solids end up in the RO reject, this 25% concentrated wastewater
flow would also contain about 4 times the concentrations of dissolved solids than in the
incoming wastewater. For example, if the average incoming flow rate is about 200 gpm,
then the wastewater stream is about 50 gpm. Similar to the brine concentrator/spray
dryer arrangement, a post-RO treatment is required to treat the HERO reject. In this
case, a crystallizer would be utilized to further recover the water in the waste stream, and
to transform the dissolved solids in the HERO reject into a solid form for disposal.

Because the FGD blowdown contains very high concentrations of sparingly soluble salts
such as calcium (Ca), magnesium (Mg), sulfate, and silica, as well as high suspended
solids (gypsum particles), it must be pre-treated to reduce or replace these constituents,
before the water could be treated by an RO. An effective treatment to remove hardness
(Ca and Mg) from water is a lime/soda softener, where lime and soda ash are added. The
use of soda ash will add alkalinity that is necessary for the hardness to precipitate. The
sodium ions (Na) will in effect replace the calcium and magnesium that is in the
noncarbonate form.

After the lime/soda softener, water would contain relatively low hardness, but silica
concentration is not affected by lime/soda softener as much as hardness. When
concentrated in the RO system at neutral or acid pH, silica concentration may exceed its
solubility and cause a scaling problem on the RO membranes. In this application, another
constituent that has similar problems is boron. At neutral or acid pH, boron generally has
lower solubility. Boron crystallizes to form boric acid, which is a waxy substance that
could foul up the RO membranes. A high-pH RO system effectively solves this problem
by operating the RO system at elevated pH (11 or higher). At this pH level, silica and
boron stay in their soluble form and will not cause scaling problems. Thus following the
lime/soda softener, a HERO system (a patented high-pH RO system design) is used.
HERO is still an RO system, so its recovery is limited by the osmotic pressure. HERO
product water is good-quality water that could be reused in the power plant.

Due to the limitation of the recovery of the HERO, the size of the crystallizer is much
bigger (50 gpm) than the spray dryer after the brine concentrator, which means it is much
more expensive. However, the cost of the HERO is generally cheaper than brine
concentrator systems, and consumes much less electricity.
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Compared to the brine concentrator/spray dryer design, the HERO design has some
disadvantages. From a simplicity point of view, the brine concentrator option is more
favorable because it involves fewer components to operate. In contrast, the HERO
system consists of the lime/soda softener (chemical feed, solids removal and disposal),
pre-treatment of the HERO system, and the HERO itself. Typically, the pre-treatment
includes a polishing ion exchange resin softener, such as a weak acid cation (WAC) resin
system, a deaerator to remove CO; produced in the WAC unit, and a pH adjustment prior
to the HERO. Also, the chemical consumption, as well as the solids removal (for
disposal), for the lime/soda softener is significant. Finally, the energy consumption of the
crystallizer is much higher compared to the spray dryer following the brine concentrator,
which is a trade-off with the cost savings on energy consumption by using HERO in lieu
of a brine concentrator unit. A typical process flow diagram (PFD2) is attached to this
report following the water balance. ‘

6.1.3.4 Option 3 — Spray Dryer versus Fly Ash Mixing

This option is a variation of Option 1-2 in which the spray dryers may be reduced in
capacity. The brine concentrator bleed, instead of being treated by the spray dryer, is
used as a dust control agent in fly ash unloading operations. In other words, the brine
concentrator bleed is mixed with fly ash to make it wet. The wetted fly ash is disposed of
off site, taking away the wastewater with it. Based on available information, B&MeD i3
not able to determine if fly ash mixed with brine concentrator bleed is acceptable to the
potential recipients of the fly ash. If this is not a problem for the recipients, this option
could save significant money on the equipment capital, as well as O&M costs, of the
spray dryer system required in Option 1.

The new unit is being designed to have dry fly ash systen. However, based on the
preliminary furnace design information, projected average load factors, and typical fly
ash wetting water requirement (15-20% moisture content in wetted fly ash), the fly ash
from the new unit alone (requiring only 3 - 4 gpm wetting water) would not be able to use
all of the normal brine concentrator bleed for wetting (a total of less than 6 gpm under
average operating conditions and plant load factors). Thus for this option to be used,
Dallman Unit 33 must be converted to dry fly ash system. This study assumed that
Dallman Unit 33 would be converted to dry fly ash handling for this purpose.

Unit 33 will produce about 4.1 tons/hour fly ash based on the projected plant load factor
for 2010-2025. This will require about 3 gpm of duct control water. Thus by converting
Unit 33 to dry fly ash system, there would be sufficient fly ash (in addition to the fly ash
from the new unit) for the brine concentrator bleed to mix with. This will eliminate the
need for dual trains of spray dyers. A single train of spray dryer is still recommended as
a backup in case Unit 33 is offline (not providing the required additional fly ash).

The capital cost of converting Dallman Unit 33 to dry fly ash was estimated to be $4.1M
by S&L. B&McD estimated that the cost of the conversion is only about $2.2M if a
common fly ash silo is shared between the new unit and Unit 33. This cost is still
significantly higher than the capital cost for a spray dryer. However, the O&M cost of
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the converted dry fly ash system is expected to be much less than that of the spray dryer.
Thus the overall economics of this option may be more favorable.

A potential disadvantage is that if the fly ash is not acceptable for sale, and must be taken
to a landfill, and if the disposal cost is higher than regular landfill because of the mixing
with brine concentrator bleed, this could add significant expenses to the total O&M cost
of this option. Another concern with this option is that many potential customers for the
fly ash from CWLP prefer pneumatically transferred fly ash, which does not need any
wetting agent. Inthis case this option becomes invalid, unless the customers consider
accepting wetted fly ash.

6.1.3.5 Other Options

Some other options, especially those mentioned in the Hanson study, were also reviewed,
but were not recommended for this application. These options include:

(1}  Boron-selective ion exchange resin, such as Purclite 5-108 and Rohm & Haas
IRA 743. According to ion exchange resin manufacturers, this type of resin has a
capacity of about 2 ounces/ft’ of resin used under certain water chemistry
conditions, but the treatment flow is recommended at about 15 BV/h (bed-
volumes/hour). The removal of boron by this type of resin is affected by the
characteristics of the wastewater from which boron is being removed. Based on
information provided by Purolite, high chlorides concentration and low pH
generally seems to reduce the effectiveness of the removal of boron by up to 30
times. The FGD wastewater shows both characteristics (high chlorides and low
pH), thus boron removal efficiency is not expected to be high. This means
multiple stages of ion exchange resin treatment (or simply more resin) may be
required, or more frequent regeneration would be required.

The operating cost of the system depends on the concentration of boron in the
wastewater. As an example, for total treatment flow rate of 174 gpm with 200
ppm of boron, approximately 550 cubic feet of S-108 will last about 4 hours
before the resin must be regenerated if the capacity of resin is at 2 ounces/ft’. If
the boron concentration goes up to 400 ppm, then 1,100 cu.ft. of resin would be
required for the same regeneration frequency. Acid and caustic are normally used
in regeneration. Based on Purolite’s literature for S-108, the total regeneration
wastewater for 550 cu.ft. resin every 4 hours is equivalent to a generation of 40
gpm of wastewater containing sulfuric acid and caustic (neutralization between
the two will oceur if the two wastewater streams are mixed). But if the boron
concentration is 400 ppm, then the regeneration wastewater generation doubles at
80 gpm, almost half of the incoming water flow rate.

If this option was selected, a crystallizer must be provided to treat the
regeneration wastewater, Compared to the brine concentrator/spray dryer option,
this option may be attractive because of the cheaper cost to install ion exchange
equipment in lieu of a brine concentrator, but some of the savings may be
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2)

(3)

discounted due to potentially higher cost of the crystallizer compared to the spray
dryer. The O&M cost of the ion exchange resin systems is much cheaper than
that of the brine concentrator. But the crystallizer O&M cost may be much higher
than that of the spray dryer following the brine concentrator.

The biggest concern of selecting this option is that it has not been installed on a
FGD blowdown treatment application. Most of ion exchange boron removal
applications are for lower concentrations of boron, and for water purification
applications. This type of resin may not perform well with the water chemistry of
FGD blowdown. For example, it may even require some pre-treatment of the
FGD blowdown for the resin to achieve its typical performance for boron
removal. Pilot testing would be recommended before this option could be more
seriously considered.

There is a good chance that if all fly ash systems are converted to dry systems,
selective ion exchange resin could remove a sufficient amount of boron from the
FGD blowdown to allow it to be discharged with other wastewater in the ash
pond. In this case high boron removal efficiency by the resin is not necessary.
However, with only boron concentrations being reduced selectively, the other
parameters remain at high concentration levels. The absence of the fly ash water
as a dilution water will cause the combined wastewater concentrations for the
other parameters, such as sulfate, chloride, metals, etc, to be higher than their
current levels. This may cause concerns with groundwater contamination at the
ash ponds, as well as concerns with meeting discharge limits to Sugar Creek for
parameters other than boron.

Activated carbon for boron removal. This option was discussed briefly by
Hanson Engineers, but there was not sufficient information to determine the
applicability of activated carbon for boron removal. Research into activated
carbon manufacturer’s capabilities by B&McD has not provided any information
regarding boron removal by activated carbon. Thus, this option does not appear
to be valid.

Chemical precipitation or co-precipitation. Because of the high solubility of
boron (2.7% at 32 °F, and 40% at 212 °F), precipitation of boron is unlikely to
oceur at the concentrations in this application (boron concentration 200 — 400
ppm). Co-precipitation is also unlikely. Hanson Engineers reported a
commercially available agent for boron co-precipitation, but indicated that it is
more applicable at higher boron concentrations. B&McD’s investigation on this
agent indicated that the company that produced this material is no longer making
it because the product failed to perform. Thus this option is not recommended for
further investigation.

City Water Light & Power, Springfield, llinois 6-8 Bums & McDonnell Engineering Co.
Froject 34821, REV. 1, January 2008 Kansas Cily, Missouri
CWLP Weter Study Feb 2008.doc




Electronic Filing - Received, Clerk's Office, November 21, 2008
*****PC#1 * % % % %

Water Study
Evaluation of Optfons

6.2 Water Supply and Conservation Options

Two water supply sources were evaluated for use as make-up water to both the existing
units and the new unit, Lake Springfield and the sanitary wastewater treatment plant
effluent (gray water). Lake Springfield is the raw water source to the existing units and
the city drinking water treatment plant (Filter Plant) located on the plant site, and it is a
possible source of raw water to the new unit. A potentially second water source is the
gray water. As discussed below, the cost to use the gray water supply source as make-up
water to the power generation units is more expensive than using the lake water.
However, the use of gray water provides significant reduction on the consumption of the
lake water.

6.2.1 Lake Springfield Water versus Gray Water Supply

The city filter plant receives its water from a separate dedicated intake on Lake
Springfield. The water is the treated, clarifier and filtered before being stored in large
underground storage basins. The treated water is pump from the basins through a several
main headers to distributions lines throughout the city. The city water treatment and
pumping system has sufficient excess capacity to meet the demand of the new unit
without impacting its ability to meet city water needs.

The existing Dallman unit’s recetve there water from a separate dedicated intake on Lake
Springfield. The water is pump by the plant high cooling water pumps which convey
water through the existing condensers and back to the lake in a once-through cooling
system. Based on the preliminary water balance of for the new unit, total makeup water
usage for the new unit is insignificant compared to the once-through cooling water flow
rate to the existing units. Thus, no new water intake facilities would be required to
supply the lake water to the new unit from the existing Dallman Station cooling water
system. Also, no on-site raw water storage would be required, because of available pump
and piping system redundancy and close proximity of the lake. Booster pumps and
interconnecting piping would have to be installed to extract water from the once-through
cooling water pipeline, because the once-through system operates at a low pressure.

In contrast, to use the gray water supply, a pumping station at the SWTP, an
approximately 3-mile pipeline, and on-site storage or secondary water source and
forwarding pumps, would be required. In addition, sanitary wastewater effluent could
cause severe operational problems in cooling towers (the primary water users of the new
unit) and the FGD systems, which take cooling tower blowdown as make-up water. High
solids content and high bio-activity could cause fouling and fouling-induced corrosion
problems in plant equipment such as cooling tower, condensers and FGD systems.

To use the gray water source, and to minimize operating and maintenance expenses and
potential operation problems, a pre-treatment facility is recommended to remove
contaminants in the gray water that could cause equipment problems. Even with pre-
treatment, especially if the pre-treatment is less effective, some O&M costs, such as
chemical freatment in the cooling tower, would still be higher than if lake water is used.
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The construction of the pipeline must cross multiple highways and some commercial and
residential properties that are not owned by CWLP. Obtaining easements across other
properties could be time-consuming and costly. These costs are not included in the cost

estimate for this option.

In summary, it is more costly to use gray water than lake water, as make-up water to the
new unit. The cost-benefit characteristics of the two water supply options are
summarized in the following table:

Table 3-1, Lake Springfield Water versus Gray Water as Make-up to New Unit:

Comparison [tems

Lake Springfield

SWTP Gray Water

Capital Cost
Pumps, pipeline, and tanks

$150,000

$3.7M!

Pumping Cost

$0.00139/1,000-gal®

240 hp, continuous'
($0.02/1,000-gal if
electricity costs $20/MW-
hr)

Pre-treatment Equipment
Cost, instalied

$4.5M"

$6M'

Pre-treatment Operating
Cost

~50 hp', chemicals (acid,
caustic, biocide and
coagulant) are required.

~75 hp', chemicals (acid,
caustic, biocide and
coagulant) are required.

Maximum Cycles of
Congcentration in Cooling
Tower

>10

<8

Cooling Tower Design And
Construction

High-efficiency fill may be
used for lake water due to
lower potential of fouling.

Low-Foul fill may be
required for gray water.
Cost is about $400,000
higher than the high-
efficiency fill.

Additional Cooling Tower
Chemical Cost

N/A®

More-frequent biocide
treatment and higher
concentrations, or more
expensive types, of scale
and corrosion inhibitor
treatment are expected.
Possibly more chemical
waste (in blowdown) due to
lower cycles of
concentration.

Other Considerations:

- All installation and
equipment modifications
are on-site.

- Off-site construction of
pipeline, and working with
outside organizations, could
be costly,
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Notes:
1. B&MceD internal estimates (see attached water conservation options cost analysis
tables).
2. This item lists the additional chemical cost items associated with using gray water
as make-up.
3. Per information provided by CWLP letter 2/11/2004.

In reviewing the potential use of gray water for plant makeup, CWLP advised that the use
of gray water will not be pursued at this time as part of this project. They may consider
future use of gray water if it becomes less expensive than other make-up supply sources.

6.2.2 Water Conservation Options

CWLP stated that water conservation of Lake Springfield water is a high priority as
CWLP’s options for obtaining additional raw water supplies are limited and potentially
very costly. . S&L provided some recommendations in their study for conserving lake
water, mostly by modifying the plant systems, but also by reviewing and improving
operational procedures and water management practices.

Another option that B&McD investigated was to use the ash water clarification pond
effluent back to the new unit as make-up water. This is a variation from the S&L option
of recycling the ash water clarification pond effluent as ash sluicing water, but the
important difference is that this option does not create a closed loop because the recycled
water 18 used in another system (the new unit cooling towers primarily) and is not
returned to the ash ponds.

This option would require pre-treatment of the ash pond water to remove ash fines,
suspended solids, and certain metals that the clarification pond could not completely
remove, but it provides significant net reduction on the lake water usage. In addition,
compared to the reuse of the SWTP effluent, this option provides similar reduction on the
lake water usage with far less costs. A water balance for each of the first five options
below was prepared and attached in the appendices of this report. The water balances are
for the new unit and all three Dallman Units based on the average unit load factors for
2010-2025.

Many of these water conservation options result in significant reduction of ash sluicing
water, which is currently fed by the lake water. Thus, reduced lake water usage could
also mean lower flows in Sugar Creek which is currently where the ash sluicing water is
discharged from the clarification pond. In some small streams reduced flow in certain
drought times of a year could be of concern to plants or animals living in or around the
streams. In this study, we have assumed that the effect on the hydrology and the ecology
of Sugar Creek is not significant as a result of the water conservation options discussed
below. However, this would need to be further investigated.
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6.2.2.1 Option 1 (Base Case) - Use Lake Water for Make-up with Pre-treatment

In this option, lake water is extracted from the existing Dallman Units’ cooling water
pipelines to feed to a pre-treatment system on site. This option has no reduction on lake
water consumption, but it will have the minimum cost among the water conservation
options. As discussed earlier in this report, due to some impurities in the lake water, such
as iron manganese, suspended solids, it requires pre-treatment before it could be used as a
make-up water to power plant equipment such as cooling towers, condensers, reverse
osmosis, demineralizers, service water, FGD mist eliminator wash water, and ash
handling system make-up water. The treatment cost is included in the evaluation of this

option.

For some of the problems caused by these impurities, such as manganese deposit in
condenser tubes which has been known to cause corrosion on stainless steel or copper
alloys, higher-grade stainless steel is an alternative to pre-treatment of the make-up water.
This alternative could save some money on capital cost, as well as operating and
maintenance cost, compared to pre-treatment of the make-up water. However, itis a
conservative approach to remove the problem from the source rather than dealing with it
in the power plant equipment.

Also, even if higher-grade materials could avoid excessive corrosion damage, deposit of
iron, manganese, or other impurities on equipment such as cooling tower fill or condenser
tubes, would still affect the performance of the fouled equipment. As an example, fouled
condenser tubes will lose heat transfer efficiency. In some cases, the fouling could
significantly decrease steam turbine output due fo insufficient heat rejection by the
condenser. The potential revenue loss might easily exceed the savings from upgrading
materials instead of pre-treating the make-up water.

This option does not save any lake water, but requires the least amount of equipment and
has a low capital and operating and maintenance cost.

6.2.2.2 Option 2 - Use Gray Water for Make-up with Pre-treatment, Use Lake
Water as Backup
In this option, gray water from the city’s Sanitary Wastewater Treatment Plant (SWTP) is
pre-treated and transferred to CWLP’s plant site for make-up to the new unit, primarily
the cooling towers. S&L recommended using gray water as ash sluicing water. In
addition, properly pre-treated gray water could be used as make-up water to the FGD
system and the bottom ash system for the new unit. Water used for service water and
demineralizer feed water is provided by treated lake water. Thus a lake water make-up
water source would still be required.

Due to reliability issues associated with a 3 mile pipeline, either a large storage tank or a
backup water source would be required. Because lake water is available and less costly
than a large storage tank, it is recommended that lake water be used as an emergency
backup for cooling tower make-up in case gray water supply is interrupted.
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As discussed earlier, gray water is more expensive than lake water as a make-up water
source primarily because pipes line and pumps must be installed to transfer the water
from the SWTP, about 3 miles away, to the Dallman Station. Gray water contains
impurities that could cause problems such as fouling and corrosion, and thus pre-
treatment is recommended. In this study, the pre-treatment method is assumed to be the
same technology as the lake water pre-treatment process, which is clarification in a
clarifier to remove suspended solids and some organic matters. Other treatment
technologies, such as microfiltration or ultrafiitration, may be used in this application, but
the clarifier equipment and O&M costs are expected to be less expensive than
microfiltration or ultrafiltration.

Breakpoint chlorination is also included in the design to provide free residual chlorine in
the treated water to prevent biological growth in the transfer pipeline from the SWTP to
the unit site. The treated gray water may be used for cooling tower make-up, FGD
system make-up, ash handling system make-up or ash sluicing water (for the Dallman
units). When used as ash sluicing water, it would eventually be discharged to Sugar
Creek, where the SWTP already discharges its treated effluent, thus the impact on the
discharge permit may not be an issue. However, the water in the ash pond will
essentially become treated gray water, and it needs to be determined if this is acceptable
from a ground water quality protection point of view. In this study, it was assumed that
this is not a concern, but again this may need to be further investigated.

S&IL's report points out that the reuse of gray water on site could cause drainage of gray
water to Lake Springfield, the source of drinking water to the city. The drainage could be
from plant equipment drains or unintentional spills or overflows of equipment containing
the reused gray water. This may be resolved by collecting any such drainage separately,
and by sending the collected water to the cooling tower or the FGD as make-up water,

Because of the higher content of dissolved solids and other impurities, gray water is not
considered as good as the lake water in terms of water quality. Thus, its usage in the
power plant may be limited. The use of gray water is not recommended for potable
water, service water and RO or demineralizer make-up water due to the potential of bio-
fouling. However, for cooling tower make-up, ash sluicing, FGD system make-up or
even for the mist eliminators, which generally requires fresh water, pre-treated gray water
is considered acceptable.

Due to the higher content of dissolved solids content, the number of cycles of
concentration in the cooling towers is lower than if lake water is used. For Option 1 and
the other options, 10 cycles of concentration was assumed in the cooling towers when
pre-treated lake water is the make-up water, but for this option only 8 cycles is
recommended. This results in higher quantities of blowdown. Cooling tower blowdown
is sent to the FGD system as part of the total make-up water, but sufficient fresh water
must be provided for the FGD mist eliminator because cooling tower blowdown is not
acceptable for this application.
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Because the total make-up water flow to the FGD is pre-determined based on the system
design and unit load factors, more cooling tower blowdown to the FGD means less fresh
water make-up. This makes the combined water quality worse than that of Option 1.
Thus, to be conservative, the water balance design shows some of the cooling tower
blowdown being directed to the brine concentrator so that the combined FGD make-up
water is still of similar quality to that in Option 1.

This design increases the quantity of wastewater to be treated by the brine concentrator
and the spray dryer, which in turn increases the operating and maintenance cost of the
plant. However, increasing the maximum design capacity (currently at 200 gpm) of the
brine concentrator is not necessary because of this additional wastewater. This is because
the average wastewater flow rate (151 gpm) for this option is below the maximum design
capacity due to the relatively low load factors. If the plant should run at higher load
factors for a short time, the FGD systems could tolerate more cooling tower blowdown
for the short time durations. However, the chance for all units to operate at 100% for an
extended time is small.

6.2.2.3 Option 3 - Dry Fly Ash Systems for All Existing Dallman Units

This option is the same as Option 1, except that it also requires that all of the three
existing Dallman Units be converted from wet to dry fly ash transfer, storage, and
unloading equipment. The collected dry fly ash could be taken off-site for disposal in a
landfill, or for sale as a construction material. The units with converted dry fly ash
systems would no longer require ash sluicing water, which in turn will reduce the ash
water flow to the ash ponds, as well as the discharge to Sugar Creek. Lake water usage is
also reduced.

Unit 33 generates the most fly ash due to its PC furnace (as opposed to cyclones for Units
31/32), and its projected load factor is much higher than Units 31/32. In addition, Unit
33 could utilize a shared silo with the new unit, which will be installed regardless of the
fly ash transfer method of Unit 33. Converting only Unit 33 to dry fly ash is the most
economical alternative. In the net present value cost analysis included later in this report,
this alternative is discussed and reviewed in more detail. The comparison between
converting all Dallman Units to dry fly ash and converting only Unit 33 is provided. A
concern with not converting Units 31/32 to dry systems is that there is still a potential
boron leaching problem in the ash ponds if all fly ash is not removed.

A concern with sending any fly ash to the pond is that during times when the SCR is in
operation, any ammonia slipped from the SCR could be adsorbed by the fly ash, and then
dissolved in ash water. The interaction between ammonia and boron in fly ash will cause
it to be released into water and increase the potential of exceeding the discharge limit of
boron to Sugar Creek. Therefore, besides being a possible water conservation option,
Option 3 is also an option to mitigate the boron discharge problem at CWLP,

Based on calculations of boron concentrations in the wastewater streams at the ash ponds,
the effect of removing all fly ash water from the ash ponds could be analyzed as follows:
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- The total existing fly ash water to the ash ponds, according to the S&IL water
balance, is about 1.13 MGD based on the average water balance for the
Dallman Units. According to the Hanson study report, the average boron
concentrations of Dallman Units’ fly ash sluicing water streams are 38 ppm,
58.7 ppm, and 41.1 ppm, respectively.

- Based on the S&L and Hanson report number: an average discharge flow rate
to Sugar Creek at 3.78 MDG, with an average boron concentration of 17.9
ppm when the SCR is in operation.

- Assuming an average of the three boron concentration values above, which is
about 46 ppm, removing all fly ash sluicing water (1.13 MGD) from the ash
pond would reduce the boron concentration in the discharge to Sugar Creek to
about 6 ppm, which is well below the discharge limit of 11 ppm.

However, this is based on only the Dallman FGD blowdown wastewater being sent to the
ash ponds. After the new unit is in service, the FGD wastewater from the new unit
(assuming 0.1 MGD and 200 ppm of boron), combined with that from the Dallman FGD
units (0.15 MGD and 201 ppm of boron), would potentially cause violation of the boron
discharge limit (discharge flow at 2.65 MGD without fly ash sluicing water, at boron
concentration of 13.5 ppm).

Therefore, it appears that the conversion of all Dallman Units to dry fly ash will not solve
the boron discharge problem by itself. However, combined with a zero-discharge
treatment for the FGD wastewater (e.g., brine concentrator and spray dryer), these
options have a high probability of maintaining boron release to Sugar Creek below the
discharge limit at all times.

Instead of converting all Dallman Units to dry fly ash, an alternative is to convert only
Unit 33 to dry fly ash system. Unit 33 generates much more fly ash than Unit 31/32
combined due to its PC furnace design. Thus converting Unit 33 to dry fly ash eliminates
most of the fly ash that is current being sent to the ash ponds. It is also possible to share
the ash silo of the new unit with Unit 33 which makes converting Unit 33 to dry fly ash
more economical. However, a concern with not converting Units 31/32 to dry systems is
that there is still a potential boron leaching problem in the ash ponds if all fly ash is not
removed.

6.2.2.4 Option 4 - Common Closed-Loop Bottom Ash System (with mechanical
dewatering) for All Existing Dallman Units

This option is also the same as Option 1, but involves converting all of the three existing
Dallman Units to sluicing bottom ash into mechanical dewatering equipment (dewatering
bins, settlers or thickeners). The supernate from the dewatering equipment is recirculated
as ash sluicing water instead of using the lake water. The system has unrecoverable
losses such as evaporation and moisture entrained in the dewatered ash. Due to the
evaporation, concentrations of dissolved solids, some of which are sparingly soluble,
could eventually build up and could cause scaling of equipment. Other constituents such
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as chlorides and sulfates could also cause corrosion at elevated concentrations. Thus a
blowdown would be required from the system, similar to the operations of a cooling
tower. Besides blowdown, water is also lost from hopper seal water overflow. The
blowdown from this closed-loop bottom ash system could typically be used as make-up
water to FGD systems.

The mechanical dewatering equipment would consist of 3x50% dewatering bins and
100% settling and surge tanks. All Dallman Units will share a common system. Bottom
ash sluiced from the units is first transferred to the dewatering bins, where most of the
ash particles settle and separate from the ash water. The supernate overflows to the
settling tank for further ash particles separation. The final clarified water is collected in
the surge tank and used for the next ash sluicing cycle.

There is a potential disadvantage to this option. Both S&L and Hanson stated that the
removal of bottom ash water from the ash pond discharge could cause the boron
concentration to increase drastically. This is because the bottom ash sluicing water with
relatively low concentrations of boron acts as dilution water to other wastewater streams
such as the fly ash sluicing water and FGD blowdown.

However, if all FGI wastewater is to be treated with a zero-discharge process, and all fly
ash systems are converted to dry fly ash systems (no fly ash sluicing water), the
remaining streams to the ash ponds will not have significant boron content based on the
Hanson study report. In this case, this option would not cause the concerns of not having
sufficient water to dilute boron-laden wastewater streams to the ash pond.

Currently Units 31/32 bottom ash is being dredged and sold as a construction material,
Unit 33 bottom ash is a different type of bottom ash that is not sellable, thus it is collected
separately. Due to the lack of information on the current available pond storage space,
the remaining life of the ash pond is not known. According to CWLP a highway
construction project in Springfield potentially would be able to use about 50% of the ash
in the ponds. If this does not happen, CWLP may also dredge the pond and dispose of
the ash in a landfill. Thus it is assumed for this study that the ponds will have sufficient
service life in future.

6.2.2.5 Option 5§ - Recycle of Ash Water Clarification Pond Effluent as Make-up to
the New Unit

A variation to S&L’s options is to reuse the clarification pond effluent as raw water to the
new unit. The important difference here is that this option does not create the closed-loop
that will exist if the reclaimed water is used for ash sluicing except when the new unit is
offline. The blowdown from the cooling tower will be sent to the FGD systems as make-
up water, which sends its wastewater to the brine concentrator. Normally the

clarification pond effluent is discharged to Sugar Creek, and is thus a consumptive loss of
lake water for the operations of the Dallman Units. But if it is reused as make-up water
to the new unit, then equal quantity of lake water is saved for the operations of the new
unit, and thus the consumptive use of lake water for the new unit is reduced.
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Compared to gray water, ash sluicing water (using lake water) is much better in quality.
However, pre-treatment would still be recommended due to the potentially high ash fines
and suspended solids, as well as some metals content, in the recycled ash water. Most of
the recovered water from the clarification pond is from the Dallman unit’s ash sluicing
water. Thus Options 3 and 4 above, which will reduce ash sluicing water to the ash
ponds, will in turn reduce the quantity of ash water that is available for recovery from the
clarification pond. If neither of Options 3 & 4 are selected for actual implementation (all
Dallman Units will still sluice both their fly ash and bottom ash to the ash ponds), the
average clarification pond effluent water available for recovery is less than 2 MGD based
on the water balance. The average total raw water requirement is about 3 MGD for the
new unit. Thus some lake water must still be consumed.

The pre-treatment of the lake water and the recovered ash water is very similar.
Suspended solids and certain metals are the primary concern. Thus, there only needs to
be one pre-treatment system that is shared between the lake water and the recovered ash
water. In Option 1, a clarifier system was assumed as the pre-treatment equipment. This
equipment would be able to pre-treat the recovered ash water as well. Thus the pre-
treatment system of this eption is assumed to be identical to that in Option 1. The
existing pump house would be reused and the pipeline and pumps would be modified to
transfer the clarification pond effluent to the new clarifier.

An added benefit of this option is that under the average projected plant load factors, all
of the clarification pond effluent is recovered. Thus, normally there is zero-discharge of
ash water to Sugar Creek, and boron discharge is eliminated. During times when the
Dallman Units are running at increased load factors, and if as a result the ash sluicing
water from the Dallman Units exceeds the total make-up water requirement for the new
unit, then some means of temporarily storing the excessive ash water is required.
Otherwise discharge to Sugar Creek is inevitable. This could also occur when the new
unit is in an outage while the Dallman Units are still in service.

If the excessive ash sluicing water could be reused for other applications at the plant, then
the discharge to Sugar Creek could be permanently discontinued, and the plant becomes a
true zero-discharge plant. A possible way to achieve this is to recirculate the ash sluicing
water still as ash sluicing water for the Dallman Units only when there is more ash
sluicing water than the need as make-up to the new unit. The length of time of this mode
of operation is not expected to be long because the new unit is designed to be a base
loaded unit. In this mode of operation, for short periods the ash pond water quality could
become worse due to the closed-loop concentration effect as discussed earlier, but most
of the time the water quality remains the same as the normal water quality in the ash
ponds. In addition, continuing to sluice fly ash to the ash ponds may still cause boron
contamination concerns in ground water.

If this design change is possible, it might also save a significant cost of converting the fly
ash systems to dry systems. As discussed earlier in this report, fly ash water carries much
more boron than the bottom ash water, and only removing the FGD wastewater from the
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ash pond may not resolve the boron discharge problems. If fly ash systems are converted
to dry systems, the boron level would be further reduced. This is assuming that there will
stil} be discharge to Sugar Creek from the ash ponds. If all ash pond effluent is recycled,
then the cost of converting to dry fly ash systems is not necessary for the purpose of
boron mitigation because the discharge of boron to Sugar Creek is permanently
eliminated.

In this option, and other water conservation options, it is assumed that the impact on the
flow in Sugar Creek will have no adverse effect on the ecology in and around of the
creek. However, this should be further investigated should any of the water conservation
options be selected.

6.2.2.6 Closed-Loop Ash Water Systems (Recirculating Ash Water Clarification
Pond Effluent) for Existing Daliman Units

This option could be applied to both fly ash and bottom ash systems. The existing ash
ponds and the clarification pond functionally act as the dewatering “equipment” and
supernate “collection tank” that would be included in Option 4 above. However, the cost
of this Option is much less expensive than Option 4, at only $1.44M according to S&L
(B&McD’s estimate is $1.57M). This option basically only involves installing a pump
station at the clarification pond effluent and a pipeline to transfer the clarification pond
effluent back to the plant, similar to Option 5 above. The recovered ash water is to be
reused as ash sluicing water.

The difference between the mechanical dewatering systems in Option 4 and this option
(or between Option 5 and this option) is that due to the use of the ash ponds as means of
ash-water separation, the water in the ponds that is concentrated due to the closed-loop
operation could cause ground water contamination. According to the S&L and Hanson’s
studies, such concentration effect will cause several ground water quality standards to be
exceeded, which may require re-permitting or lining of the existing ponds. However, this
could lead to other issues, and is not recommended by B&McD. Thus although this
option is expected to be less costly than Option 4, it is not considered a viable option due
to the issue with ground water quality.

6.2.2.7 Dry Bottom Ash Systems for Existing Daliman Units

According to S&L, only Dallman Unit 33 is suitable for conversion to dry bottom ash due
to existing equipment and space [imitations. However, the cost-benefit ratio of this
option is expected to be unfavorable (bottom ash is only a small portion of the total ash
content in the Unit 33 PC furnace), and the industry experience of this type of systems is
limited. Thus this option was not considered a favorable option.

6.2.2.8 Water Management Options

S&L's report also lists various options to reduce lake water consumption by modifying
the operational procedures of certain systems and equipment, and by small equipment
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additions or modifications. Primarily there are three options that are listed below for
discussions:

(1) Recycle of FGD system vacuum pump seal water. In this option the seal water is
collected and pumped back to the FGD systems instead being discharged to the FGD
wastewater sump which is then discharged to the brine concentrator (in future). This
option does not save significant amount of water (only about 0.06 MGD based on the
average plant load factors of the Dallman Units). However, the reduced FGD
wastewater discharged to the brine concentrator will make the brine concentrator
much smaller, and thus less costly to install and operate. The equipment for this
option is currently being installed by CWLP.

(2) Ash Handling Water Management. [n this option S&L reviewed the CWLP study
on water usage in the ash handling sluice system and related recommendations on
installing a recirculation loop to minimize flow to the ash ponds. S&L agreed that a
significant water saving (1.84 MGD) could be realized by only flowing to the ash
ponds when ash removal was required, in lieu of the current practice of continuous
flow. S&L did caution, that placing the sluice pumps in a recirculation mode for
periods exceeding 1 hour could result in damage to the sluice pumps, and
recommended that ash pumps be shut down if the duration between ash removal
cycles exceeded 1 hour.

If the existing fly ash handling systems are converted from wet to dry handling, the
potential water saving associated with this recommendation would increase. A
significant power savings could be realized by shutting down the sluice pump
between ash removal cycles. This would be most significant on Unit 33 where ash
removal requirements would be minimal if the wet to dry fly ash conversion is
pursued. A detailed analysis of the ash sluicing system operation is beyond the scope
of this report. However, eliminating continuous sluice water flow to the ash ponds has
significant merit. System modifications and operating procedure changes could be
implemented fo both conserve water and reduce power usage in ash sluicing
operations without significant capital expenditure. Factors such as system water
hammer, deposition in the sluice lines, cold weather freeze up, and system
modifications for ease of operation would need to be addressed.

(3) Use Lake Water for Heat Exchangers. Currently many plant process equipment
and plant services equipment (including building HVAC) are cooled by potable water
from the filter plant. Lake water was used in the past, but was discontinued due to
bio-fouling, especially in summer. Potable water from the filter plant does not have
the fouling characteristics of the lake water and has been used successfully for many
years.

Potable water usage could be reduced by converting the heat exchanger coolers back
to lake water. However, some potable water users (users that require potable water)
are connected to the same headers as the heat exchangers. The separation of these
potable water users from the rest of the system could be costly. Additionally, tube
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pluggage may be a problem if the tube size is less than % inch, unless an effective
pre~chlorination system was used. Also, the heat exchanger are spread out within the
plant making local pre-chlorination and possible de-chlorination (required to meet
NPDES limits) costly.

6.2.3 Water Usage

Water usage of the CWLP power generation units for each year from 2010 to 2025 were
calculated based on CWLP-provided load factor projections for each unit. Annual
average water balance flow rates were used for total water usage calculations for each of
the five water conservation options discussed in the section above. The table titled
“Table 1 - Lake Water Usage for Each Water Conservation Option (2010-2025)"
summarizes the results (see attached table in the appendices). The result of the
calculations is also discussed in Section 7. Lake water usage for makeup water obtained
from the existing city filter plant would be the same as Option 1, because the water
source and treatment methods are the same.

The data is also graphed on three charts for easy comparison. The charts titled “Figure 1
- Water Usage By Option (2010-2015)”, “Figure 2 - Water Usage By Option and Unit”,
and “Figure 3 - Water Usage By Option and Unit (Combined) are attached in the
Appendices. From the charts it can be seen that Option 2 (gray water as make-up) would
consume the smallest amount of lake water as expected. Among the other options,
Option 5 has the lowest lake water consumptive use because of the significant amount of
water recycled from the ash pond. Also, the new unit lake water consumption is about
the same for all of the average-load water balances (except Option 2). This is because
most of the water consumption at the new unit is cooling tower make-up water, which
stays the same independent of the options.

Option 1, as discussed before, consumes the largest amount of lake water because no lake
water conservation options are included in this option. The difference between Option 1
and other options on the bar charts gives a good indication on how much lake water is
conserved,

6.3 Cost Evaluation

For each of the boron removal equipment options, the installed equipment cost was either
obtained from manufacturers or estimated internally by B&McD based on past project
cost information for similar equipment. Similarly, the operating cost of the equipment
was obtained from manufacturers or estimated by B&McD. Based on this information,
the net present value of the various options was calculated for 2010 - 2025, The most
viable option, based on the net present value analysis and other factors, was then selected.

Using this preferred boron removal option as the basis, the water conservation options net
present value analysis was also performed. The installed equipment costs for the various
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water conservation options as discussed above were estimated by B&McD. S&L's report
also provided estimated equipment cost, but the numbers were verified by B&McD, and
some of the S&L costs were not considered to be representative of the most economical
way of achieving the same goals. Thus the B&McD estimates were used in this cost
analysis.

The net present value calculations of the boron removal options and the water
conservation operations are presented in the tables (Table 2 and Table 3) in the
Appendices. ‘

6.3.1 Boron-Removal Options Summary

Among the options studied, Option 1-2 is the preferred option based on net present value
and reliability. This option provides two 50% brine concentrators followed by two 50%
spray dryers. Compared to Option 1-2, Option 1-1 is less costly (100% brine
concentrator/spray dryer), but Option 1-2 has a potentially higher reliability because of
the redundant equipment design. Because the availability of all Dallman Units and the
new unit (a total of four power generating units) depends on the availability of this FGD
wastewater treatment equipment, Option 1-2 is the preferred option.

For all of the boron-removal options, it is assumed that the solids waste generated from
the spray dryers must be disposed in a commercial landfill, but it should be considered as
a “non-hazardous” waste. Fly ash mixed with brine concentrator bleed is assumed to be
disposed in the coal mine because of the low disposal cost. This needs to be further
investigated because quality requirements of solids waste accepted by the coal mine are
not currently available. If the acceptability of solids waste for disposal in the coal mine
varies from option to option, then the annual operating cost, and thus the net present
value, of certain options may be different. This is due to the fact that disposal cost at
other commercial landfills, where the solids waste may be accepied, may be much more
expensive.

If the Dallman Units are converted to dry fly ash systems, there would be sufficient dry
fly ash to mix with wastewater generated from the brine concentrator. However, the fly
ash may not be acceptable as a construction material for sale. Ifit is disposed of in a
fandfill or back to Turris Mine, there could also be concerns of leaching of contaminants
into ground water or surface water (ash is impounded at Turris, but the impoundment
discharges to a river under an NPDES permit). Thus, Option 4 of the boron removal
options, although the lowest cost option based on the net present value calculations, is not
to be selected as the preferred option. However, further investigation of {ly ash quality
and fly ash quality requirements (for sale or for disposal) is needed to finalize the
analysis of this option.

6.3.2 Water Conservation Options Summary

A common disadvantage of the water conservation options studied is that the cost of Lake
Springfield water is too low to justify significant capital and/or O&M costs to implement
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water conservation options. Unless the demand for lake water becomes such that the City
will have to expend significant capital on another source of fresh water, it is not
economical to implement the discussed water conservation options on existing systems
that consume lake water. The cost of each option, both in terms of total net present value
and in terms of the estimated cost of lake water, is presented based on the annualized
total option cost.

The equipment and construction costs were estimated by B&McD, using manufacturer-
provided information. The operating and maintenance cost for each options was also
estimated by B&McD based on input from equipment design information and
information from plant staff. The cost calculations for the water conservation options are
summarized in the table titled “Water Conservation Options™ attached in the appendices.
Option 1 (base case) of using lake water without any water conservation options is the
least expensive option (an annualized lake water cost of $0.79/1,000 gallons), and also
the simplest option. Converting the fly ash systems to dry systems is the most expensive
option in terms of the cost of the water saved (>$6/1,000 gallons).

A benefit of converting the Dallman Units to dry fly systems is the reduction of ash
loading to the ash ponds, which might be approaching their full capacity. However, the
added equipment (ash silos, unloading equipment, dust control, truck traffics) will also
add significant operating costs to the total plant operating budget. The operating costs
include disposal cost for the collected ash which CWLP is not paying for now.

One alternative to converting all Dallman Units to dry fly ash systems is to only convert
Unit 33, the largest fly ash producer among the Dallman Units. The total capital cost and
the net present value (see attached water conservation options cost comparison) of this
alternative is reduced by $3.46M. However, it only slightly improves the economics of
converting the fly ash system, and is still unfavorable compared to most of the other
options.

Similar to the conversion to dry fly ash, the conversion to closed-loop bottom ash
systems also reduced lake water consumption, but the capital cost, as well as the
operating costs of these systems (e.g. off-site disposal of ash), is expected to be high.
The equipment will also occupy additional space on the existing plant site, which by
itself could be an adverse factor in the planning for the new unit.

The base case option (Option 1) is the preferred option due to its lowest net present value
among all options. The net present values of each option were also converted to
annualized total cost. An equivalent lake water cost (ratio of the annualized total cost to
lake water saved) was calculated for each option. Option 1 has the lowest equivalent lake
water cost at $0.79/1,000 gallons. The lowest equivalent lake water cost among the other
options is Option 2 (gray water) at $1.39/1,000 gallons. Although the water cost for
Option lis less expensive than the potable water cost established by CWLP for the filter
plant water ($1.55/1,000 gallons), the treatment methods are similar. Therefore, the actual
cost to produce the water using a new clarifier treatment system or the existing water
treatment plant should be similar. Because the existing city filter plant has available
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excess capacity to meet the new unit’s makeup demand, additional capital expenditure for
water treatment capacity is not justifiable. The new water treatment plant would also add
operating and maintenance expense. Thus based on the economical factors, it is not
practical to select any lake water conservation options.

The costs of the S&L proposed options involving water management issues were also
calculated in the table. These options are relatively inexpensive, but some are with
importaat benefit to CWLP, and thus should be incorporated for future plant design and
operations. For example, the reduction of final FGD wastewater is essential to CWLP as
this will significantly reduce the cost of the boron removal system.

Ash sluice pump operating procedure modifications offer some significant water and
power savings. It is recommended that a separate study be conducted after a final
decision on fly ash conversion is made to optimize the operation of this system. Some
system improvements would be required as well as modifying operating procedures.

Using treated lake water for all or part of the miscellaneous heat exchangers instead of
potable will not affect lake water consumption. It would reduce plant potable water
demand, but segregation from the users requiring potable water and local chlorination
and de-chlorination equipment would be costly. Based on the current excess capacity in
the city filter plant, the cost for the required system modifications and concern for tube
fouling, it is not recommended that any action to convert from potable water to lake water
be taken at this time.

City Water Light & Power, Springfield, liinois 623 Burns & McDonnell Engineering Co.
Project 34821, REV. 1, January 2005 Kansas City, Missour
CWLF Water Study Feb 2005.doc .




Electronic Filing - Received, Clerk's Office, November 21, 2008
*****PC#1 * % % % %

Water Sludy
Conclusions and Recommendations

7.0 CONCLUSIONS AND RECOMMENDATIONS

Boron Mitigation at Ash Pond Discharge

Previous study reports on boron mitigation, ash handling water usage and water
conservation by Hanson Engineers, CWLP, and Sargent & Lundy were reviewed and
analyzed. The study results indicated that the most significant source for boron was FGD
wastewater, but fly ash also contributed a significant amount of boron to the plant
discharge. Bottom ash boron contribution was determined to be limited compared to the
two above. Therefore, the most effective option to resolve the boron discharge problem
at the ash water ponds is to prevent the FGD wastewater from being discharged to the

ponds.

The zero-discharge system for treating FGD wastewater, consisting of two 50% brine
concentrators followed by two 50% spray dryers, is the preferred boron mitigation option.
However, this treatment option by itself would only reduce boron concentration in the
discharge to Sugar Creek to less than the discharge limit by a small margin, and the
calculations were based on average boron concentrations of a limited number of samples
taken in the Hanson study. Fly ash is the second largest contributor to the boron
discharge problem. Thus, converting the Dallman Units to dry fly ash systems, in
addition to the zero-discharge system for FGD wastewater, would most likely maintain
boron concentrations below the discharge limit at all times.

Due to the additional cost involved in converting fly ash to dry systems, it may be
desirable for CWLP to implement these options in phases. The first step would be to
install the zero-discharge system (brine concentrator/spray dryer) for treating the FGD
wastewater. If future data indicates that this option by itself is not sufficient to mitigate
the boron discharge problems, then in the second phase, conversion of the fly ash to dry
systems may be implemented. Conversion of only Unit 33 to dry fly ash is preferred
because Unit 33 produces the most fly ash due to its PC furnace design, provided that fly
ash from Units 31/32 will not cause boron concerns in the ash ponds. In addition, Unit

33 could share a common ash silo with the new unit, which makes this modification more

economical.

If ash water from the clarification pond could be recycled back to the plant at al} times,
convetsion to dry fly ash is not necessary for the purpose of more certain boron
mitigation. This option is actually a more economical solution than converting to dry fly
ash systems. However, the disadvantage is that this option might involve closed-loop ash
sluicing operations during short durations of time when the new unit is in an outage. This
closed-loop effect has the potential to make the ash pond water quality, and possibly the
ground water quality, to become worse during these times. Also, continuing to send fly
ashi to the ash ponds may also be a concern for boron contamination of ground water.
Before these issues can be resolved, this option is not considered a viable option.
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Water Conservation

Based on the cost analysis, it is not economical to implement any lake water conservation
options at this time. However, other factors, such as the additional boron-removal
options discussed above (converting to dry fly ash or recycling of clarification pond
effluent), may be implemented, which results in lake water conservation. This study has
assumed that the water conservation options, which would result in reduced Sugar Creek
flow, will have no impact on the ecology in or around the creek.

The ash ponds are believed to be approaching their useful life. However, currently there
is insufficient information to determine if this is the case (CWLP stated that there is a
good chance that the ash could be dredged and used for a highway project). Additionally,
dredging the pond and disposing of the dredged ash off-site is always an option.
Therefore the current recommendation to CWLP is to keep at least the bottom ash
systems of the existing units unchanged until an important factor has changed in future.

The table below compares the total cost of the different water conservation options, as

well as lake water consumed for each option, for years 2010 - 2025:

Water Conservation | Net Present Value Total Lake Water Average

Options {Annualized Lake Used, Million Consumption of
Water Cost, Gallons (Acre-Ft.), | Lake Water, MGD
$/1,000-gal) 2010-2025

Option 1, Lake -$8,930,099 32,268 MG 5.53 MGD

Water Make-up ($0.79/1,000-gal) (99,026 Acre-Ft.)

Water

Option 2, Gray -$21,315,459 8,579 MG 1.47 MGD

Water Make-up ($1.39/1,000-gal) (26,328 Acre-Ft.)

Water

Option 3, Dry Fly -$19,463,737 27,697 MG 4.74 MGD

Ash ($6.50/1,000-gal) (84,998 Acre-Ft.)

Option 4, Closed- -$20,179,721 24,178 MG 4.14 MGD

Loop Bottom Ash ($3.83/1,000-gal) (74,199 Acre-Ft.)

Option 5, Recycling | -§10,705,114 21,334 MG 3.65 MGD

Clarification Pond
Effluent

($1.50/1,000-gal)

(65,473 Acre-Ft.)

From the data above it can be seen that Option 1, using lake water for the new unit water
requirements, is the most economical option. Again, this conclusion is based on the
current low cost of the lake water ($1.39/Million Gallons). Unless this cost of lake water
changes in future due to the need to expand or construct another fresh water lake, or
wells, it would be hard to justify the cost for any of the water conservation options.
Although, based on established filter plant water cost, the economic analysis indicates
that Option 1 with a new separate pretreatment system is more economical than using
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filter plant effluent, CWLP has indicated the existing filter plant has excess capacity and
can produce water more economically than a new water treatment plant designed to serve
just the makeup requirements for the new plant.

Therefore, based on the information available, B&McD recommends that, for the new
unit, lake water provided from the CWLP Filtration Plant be used as the primary source
of make-up water. A final water balance is provided in the appendices of this report.
This final water balance incorporates the following recommended modifications.

«  Existing Dallman Units will be converted to dry fly ash handling.

= The new unit will be based on dry fly ash handling

*  Ash pond water will be recovered and returned to Lake Springfield.

» The new unit FGD wastewater will be treated and recovered using brine

concentrators and spray dryers.

In the event that the Ash Pond water quality is not suitable for direct discharge to Lake
Springfield, a new water treatment system could be added to allow recovery of the Ash
Pond effluent as makeup to the new unit cooling tower, if the value of water conservation
exceeds the cost of a new water treatment plant and associated added operating and

maintenance expense.

Burns & McDonnell Engineering Co.,

City Water Light & Power, Springfield, llfinois 7-3
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APPENDICES

Water Balance Diagrams

Typical Brine Concentrator/Spray Dryer Process Flow Diagram
Typical HERO System Process Flow Diagram

Water Usage Projection for 2010-2050

Water Usage Charts

Boron Treatment Options Cost Comparison

Water Conservation Options Cost Comparison
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PED1 - Example Brine Concentrator Flow Diagram - For Reference Only (Sheet 1/2)
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OWLP - Water Supply And Conservation Study

Table 1 - Lake Water Usage for Each Water Conservation Option
R&McD Project No, 34821

Maxinwm Conditions at 100% Load

Calo. Lake Water Usage

Electronic Filing - Received, Clerk's Office, November 21, 2008
*****PC#1 * % % % %

Unit Load Factor

2018

2011

2012

2043

2014

2018

2018

2817

2098

2018

2020

2021 2022 2023 2024 2025 Total
I [ Consunptive HGD | For Calculation T ®Ghr | MGhr | MOy | MGhr | MGhr | MGRhr | MGhr | MGhr | MGhr | MGhr | MGhr | MGy | MGy | MGHr | MGlr | WGRT | MG |
Mw-weightad)
300 MW PG 331 100.0% 1,210 1,210 1210 1,210 1,210 1210 1210 1,210 1.210 1,210 1210 1210 1210 1.210 1210 1210 | 18352 |
DALLMAN 31/32/33 506 160.0% 7212 | 2212 | 2213 2,218 2213 | 2218 3,213 2,213 | 2213 | 2213 | 2213 | 2213 1 2213 2213 | 2,218 | 2213 | 35401
Annual Total 538 WA 3,422 3,422 3,422 34e2 3422 | 34e2 3422 3422 3422 3422 3422 3,422 3.422 3422 3422 3422 | 54753
BASE CASE - LAKE WATER, BRINE CONCENTRATOR/SPRAY DRYER
Cale. Lake Water Usage init Loag Factor 2010 2014 2012 2813 2014 2015 2018 2017 2018 2018 2020 2021 2022 Z023 2024 2025 Total
| [ Consumptive, MGD | For Caleyjation T MGlyr | _MGlyr | MGir | MGRir | MGhr | MGhr | MGhr | MGlyr | MGlyr | MGAr | MGhr | MGhr | MGhr | MGyr | MGhr | MGiyr | 8G |
MW Welghtad
T00 MW PC 237 855% [ 855 865 [ 885 386 555 S 566 866 | @8r 867 867 867 267 858 13,853
DALLMAN 31/32/33 3.8 49.3% 1,608 1,696 7,105 1113 1121 1330 1,138 7,148 1,155 1163 | 1,101 1,180 1,188 1,187 1,265 ] 4,215 ] 18408
Annual Total 553 A 1,653 1,561 1,870 1878 1,987 1,855 | 2,004 20612 2,691 2,030 | 2028 | 2047 | 2,085 2,064 2,672 2,081 | 32268
OPTION 2 - GRAY WATER, BRINE CONCENTRATORISPRAY DRYER
Cale, Lake Water Usage Unit Load Factor 2010 2041 2012 2013 2014 2015 2018 2017 2018 2018 2020 2021 2022 2023 2024 2025 Total
f i Consumptive, MGD For Caleulation T MGlor | MGIyr | MGiyc | MGhr | MGhr | MGhr | MGAHr | MGhr | MGy | MGiyr | MGie | MGlr | MGiyr | MGlyr | MGiyr | MGiyr | MG |
MW-Weighled)
700 MW PG 058 58.5% 2063 ] 203 268 203 203 203 208 203 263 203 203 203 204 204 204 204 3.253
DALLMAN 31/32/33 081 48.3% 315 | 317 320 322 324 327 328 332 334 338 339 341 344 348 E 351 5326 |
Aanual Total 147 Ni& 516 | 520 523 525 ) 530 532 535 837 540 542 545 847 550 552 555 8578
OPTION 3- LAKE WATER, DRY FLY ASH, BRINE CONCENTRATOR/SPRAY DRYER
Cale. Lake Water Usage Unit Load Factor 2010 2011 2012 2043 2014 2015 2018 2047 2018 2018 2020 2021 2022 2023 2024 2025 Total
I Consumptive, MGD | For Calculation T WGHr | MGy | MGiyr | MGie | WMGhr | MGiyr | NGhr | MGlyr | MGy | MGivr | MGhr | MGhr | WGhr | MGhr | MGhr | NGhe | G |
(WV-Weighted)
200 MW PC. 238 R0.5% 866 857 867 867 167 867 858 888 868 [ B33 369 868 853 868 ) 13,867
DALLMAN 31/32/33 2.38 48.3% 816 B22 (35 835 841 847 854 880 868 873 879 885 887 858 504 B 13,810
Arinual Total 394 A 1,683 1,689 1,688 1,702 1.708 1718 1721 1,728 1734 1,741 1,747 1,754 1,760 1,787 1773 1778 | 27847
OPTION 4 - CLOSED-LOOP BOTTOM ASH, BRINE CONCENTRATOR/SPRAY DRYER
Calg. Lake Water Usage Linit Load Factor 2048 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2024 2022 2023 2024 2025 Total
I T Consumptive MGD | For Caleulation T MGhr | MGhr | MGhr | MGhy | MGHr | MGhr | MGlr § MGy | MGAT | MGlr | MGhr | MGAr | MGRhr | MGy | MGhr | MGRT | MG
(AW Weighted)
200 MW FC 247 69.5% 900 401 801 901 501 901 502 502 902 G902 803 503 803 503 503 803 14,430
DALLMAN 31/32/33 1.67 49,5% 576 580 E35 589 594 398 503 E07 811 616 520 625 825 634 638 B4 8747
Anral Total 4.%4 BiA 1478 1,481 1,488 1,450 1,485 1,800 1,504 1,508 1.513 1518 1,623 1,527 1,832 1,537 1,541 1 .5‘46 24‘. 178
OPTION § - REUSE ASH WATER, BRINE CONCENTRATORISPRAY DRYER
Calc. Lake Water Usage Unit Load Factor 2010 2011 2012 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2026 Total
f i Consumptive, MGD | For Calguiation T Mehr | MGhr | MGlyr | MGiyr | MGlr | 8GHr | MGlyr | _MOhyr | _MGir | MGHr | MGir | MGHr | MOGlyr | MGlyr | MGHir L Mair | MG |
TW-iWeighted)
200 MW PC 334 Bo.6% 854 854 854 858 BEE [ 855 855 855 856 856 855 8E6 856 B57 857 13,686
DALLMAN 31/32/33 131 483% 453 455 450 4a2 465 489 473 a7 480 483 487 450 494 497 501 504 7.648
Annuz 1oial 365 A 1,306 1310 1313 1317 1521 1324 1,928 1,332 1,335 1,338 1,343 1,348 1350 1.354 1,357 1361 | 21334
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Figure 1 - Total Water Usage by Option (2010-2015)
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Figure 2 - Water Usage By Option and Unit
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Figure 3 - Water Usage By Option and Unit (Combined)
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ity Water Light & Power |

Sile Water Conservation Study

1 1
i :

Table 2 - Boron Removal Options {Based on 2010-2028 average Ipad factors)

Option 1-1 Opdipn 1-2 Gplion 2 Optien 3
Same As Option 1-2 except only one
S;:fay Diryar is Used {as backup).
Duak-Train (50%) Brine C Tain% LimalSeod 8 foflowed by y RO waste Is Mixed with New
® Single Traln Brina Concanteatar fofiowed by DuabTralr (50%) Spray 2xE0% HERD fnlloweed by Uni and Dal}maa Linlt 33 {Modified for this
i 2 | followed by Single Train Spray Dryer Deyers 1x100% Crystallizer oplion only} Dey Fly Ash
tied Cost & 56,155.800 58,222 604 58,120,000 $8,258,000
Exiensive soastroction and Extansive coastnrion and More ext anmd & ton and
Constructabiity and v of D&M i i i il comalicated ihan Oplion 1 but simpler than Option 1
Siasiicky Consumplion, KW 237 1,181 1,027 200 1027
!'éﬁean'e!?,f Cost, Byr 2 $208,870 178 ey §87.512 $176,887
Matural Gas © MMETUA ] 3.508 2,896 i} [}
Hatural Gas Cosl, S 2 5210,028 $210,030 50 50
> Cost, Sy & $58,000 $50,000 8471750 $50,000
SWTF Make-up Flow, MGD ] [ 9 ]
SWTP Make-up Cost, $fyr 2 58 0 30 50
SWTP Retum Flow, MGD 2] g & g
SWTP Return Cost, §iyr 2 55 50 i $0
Fiiter Plant Flow Reduction, MGD 1 [ 0 [ a
Fliter Fiant Waler Cost Bavings, $fvr 2 30 80 s 80
fake Walar M; Flow ian, MGD 1 8.18 AL 018 2.18
L.ake Water Make-up Cost Savings, $ivr 2 551 591 591 871
of Agditi Operglo 2 2 2 2
Labor Coatl, Siyr 2 180,000 S160.000 $160,000 $160.060
i—:azsmm.s Solwi Waste Rata, ionshr [ § ] g
Solid Waste Di snasa& Cost, Bive 2 30 ) 50 50
NonsHaz Solid Wasie Rats, tonshr 4 5,720 ENED 13441 44,328
Non-Haz Sofid Waste Disposal Cost, $4r 2 $148. 714 E148,714 $§348,478 $354 525
Assume wasts ls seatbackto a Assume wasle s sent back o 3 Assume wasie is senibackla g
Wasiz Dispossl ia! landfil tal tandfil commercial landfill Assume waste is sent back fo coal mine
i 9 ost, St & 350,060 $ERO00 50,000 $74.000
Total Annuai Operating Cost 3825522 3798539 S1.118.840 §314.421
Total NPV n tarms of total expenses) & {314,723 535 {S18,510,581) (517,731,181} ($17.505408)
Differential in MRV Compared 1o Base Case $1,788.828 Base Case (81,220,830} (81,238,847
Total NPVIMGD of Lake Water SBaved (SR1.787.87%) {831,735, 338) {588,506,817 (598841.157)
Reasons for Rejestion of Oplion
Notes:

4. Lake Water {and Filier Plant) Make-up Flow Reduct;on is based on design flow rates and projacted, average 2016-2825 fnad Gaotors,

2. Cost iems {per CWLP uniess othenwise noted,

is d 385 days a year and the ioad faclor above, and based on the hase-case water bal

Al

- Matural Gas, $6/MMBTU {assumed), 1

T
- Electricily, $20/MW-h, Lake Water, §1, wms Pezsbte water from Fiiter Plant §1,98/1,000-gal, Gray Water $/1,000-gal, YWasiewater Dischargs to sewer, $0.074H 008
T

- Labor Cost, $80,000/ {assumen). i

- Waste disposal to cm:! ming, $8/ton, Nen-hazardous wasie disposal to landfill, $28%0n, Appraved hazardous waste éxsaasa! 10 landfil, $86ken.

3, Differantial E the new

and the existing

. Cost analysis is based on 15 yoars service life, 5% discount rate for presant worth

4. Ash generation is based on CWLP "Ash Handling Water Study”, 2/16/2004, and assume 15% moisturs content in final disposad 3sh. A ssume 15% maisture in all other sofids waste,

and 3% I

$0 plant salvage vaiue.

. Vendar information, B&4McD estimates or assumplions.

I
. Duat-train BC(50%) is assumed to uss 15% less electricily than single-train BC{I08%)] o0 ths averaga due 10 fower effielency of tumad down operations of the latier.

Cest Descriptions:

Al options: equipmant capactly is

i be 200 gom.

Options 1-1, 1-2 and 3: Brine concenlralor and spray drver sguipment costs ware from IoniesROC, RCC sisled that for this

e ials ere more

pensive than most systems, thus use 30% for

tion cost,

All nptions: Dual forwarding pumps and piplng at sach of the three FGD blowdown sumps (Daliman Unit 3132, Unil 33, the aew unit) te send water lo the boron treatment, 340,000 sach,

Al options sxact Option 2: dual-stage seif-cleaning screen fiters (540.000) are used fo pre-flter solids. Blawdown of solids Is sssumed (0 iseharge to he seal wates recovery syslem of the vacuum filler feed sysiem,

Cption 20 Scope inchsdes oné ime/sada softener, dual media fiters, dual WAC lon exchangs resin sofiener, ong

, ong pH adiv

Filtration at FGD blowdown sumes is not

- anly farwarding pumps are requived.

and dusl HERQ, with a aundhary
I

Qotion 3 Assume Unit 33 fiy ash s converled te Dry only for me purpose of bring congenirator waslewatar mixing. $ of Unil 33 dry fy ash systam is based on BAMeD sstimates |

201042005
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;g:gy Watar Light & Power 1
Site Water Conservation Study i i
Tabie 3 - Water Conservation Options (2010-2025 Operating Conditions)
Lake Water Conservation Options
Optioa 1 Option 2 Oplian 31 Option 3-2 COption 4 Cotion §
Usa Geay Waler {pre-lreated al the Cption 1 with Closed-Loop Bofiom | Oplion 1 vt Reuse of Glanficaion Pand
2 | Uss Lake Water as Make-up to New | 8WTP) as Primary Maka-up to Now Cpiion § with Dy Fly Ash on ARt Option 1 with Dry Fiy Ash on Dallman Ash on All Dallman Units, with Effuent as Make-up Water to the New Uniz
Description E Linit, with On-site Pre-iresimant Unit, with Leke Water a8 Backup Dalman Linits Unit 33 only Macharical Dewatering Conling Towars
Miote
{Equipment Insielied Cost [} $4,500.060 $8,672.628 $10,158 560 5,700,008 $11.600,500 $6,071 ,572)5
Fotentially the most diffcult ta
construct (af-site pipefine} and Maors difficilt ta conatrust (more Maore difficull to consinict {mars Hore difficult fo construct fmore
Relatively easy to construct and oparate {hwo separats treatmant spacs) and cparate {mars pronass space) and operate (more process space) and operate {more process
Constructabifty and 8§ of OAM operate planis) iy g squipment) Relatively easy 1o construct and operate
Elacticiy G I Wi 3 338,865 4754718 {31 ETH 521,882 £37,308
Efpctigity Cast, ST 2 $8,787 $05,294 {52,633} $10,434 512,348
Aguiant, poiymer, hypoch 3 { polymes, 3 [ podyrass, polymer, k H [ , potymar, ' \ (s polymer, adid,
I O 0 acld, caustic scid, caustio acid, caustic acid, caustic acld, caustic causlic
Chemicals Coat, Syr 8 $326.008 685,721 S3E0.068 $320.008 £a20,008 $320,008
SWTP Make-up Flow, MGD 9 431138 b a 8 )
SWTE tdake-up Cost, Sir 2 56 $157 3688 8 §0 ) R
SWIP Return Flow, MGD i) ) L 4 ) 1]
SWITP Retum Cest, $fyr 2z k34 S0 52 50 $0 30
Fitter Plant Flow Reduction, MGD [ ] o ] ] )
Fifter Plant Waler Cost Savings, $&7 50 ] £ 80 50 30
Lake Warer Make-up Flow Reducion, MGL i 468 778 867 138 388
Lake Waler Make-up Cost Savings, Siyr 2 S8 2,060 3451 §340 §IG5 5554
Number of Additional Opersters 1 2 2 2 2 1
Labor Cost, $ir 2 £80,600 $160,000 $150,00 %160,000 $160,000 $80,000
Hazardous Solid Waste Ganaration Rate, tonsfihr [ i) 2 4 0 ]
Hazardous Soid Waste Disposal Cost, Shr 2 50 30 S 50 ) ED)
tion-Haz Solid Wasts Generaion Rate, lensibr 1.4 a 340 47,768 42836 33.767 ]
Mon-Haz Soid Waste Disposal Cost, S 2 58 38845 FI82142 $341,085 5270,138 (5]
Assume wasts from the gesy waler | Assume waste Is senjbacklo enal | Assume waste is sentbackiocasl | AsSUme wasle s sent back 1o coat
Wasts Dispasal D P/A, studge Is sent fo ash pond tresimant s sent 1o landfitt ming mine ming N/, sludge is sent 1o ash pond
i 8 Cost, SAT §25,800 540,800 S3B567 558,667 568,667 535,508
A Besgription General Seneral maintanance Generl mal General mainienanse General General
Total Annusl Operating Gost S42E.508 §1705,168 B98I0 $876,787 $336,542 $445 401
Tetal NPV {in terms of tetal expenses) 5 {38,830,088) (321,351,480} {818,453 737 {815.800.745) {$20,178,721} 515,705,114}
Annualized Total Opiton Cost, §yr (3880348} 82,057,048 31875180 {51,522, 280) (51,844,160 57,031,455
Equivalent Lake Water Cast, $/1.080-gal $0.78 $1.38 $8.50 56,22 $3.83 $1.50
gplai NEVINGD of Lake Water Saved NI {55,258 880 {E24.837 842y (523,583,203 514,817,785} {$§,684,208)
feasons for Rejection of Optlon
Notes:
1, Lake Water (and Filter Plani} M p Flow B is based on design How zates and projected, average 2010-2025 foad faclars. S&L reported foad facters for Dallman units are 73% (U31/32) and 74,8% {U33),
2. Cast items {par SWLP unless oiberwise noted, operatian is 4 24 hours a day timas 365 days a year, and watar and ity usage based on above laad factorsh
~ Electricity, $20/MWN-5, Lake Waler, $1.30MG, Potabie water from Filter Plant $1.551,000-gal, Gray Water $/1,000-g2], Wastewatar Discharge {o sawar, 50,074/1,000-qal,
- Lahar Cost, $80,000/yr (assumed). 11
~Waste disposal 1o coal rire, $3%on. Non-nazardous waste tisposal to landfill, $28hon, Approved hazardous wasle disposnl io landhi, $55han,
~ Assume SWTP will charge $8.1/1000-ga} of gray waler to cover trestment cost nat included in sther cost itams,
3., Differential electricity copsumption b tha naw and the existing systems (sluice pumps), Negative walurs vepresent nef savings by the new systams, Option 2
Tequires additional brine ity {see ater bak 1
4. Ash genaration is based on CWLP "Ash Handling Water Study”, 2162084, and assume 15% moisture content in final d ash. Brine Qo

v Dryer waste is not inciuded in ealeuiationn,

and 1% average inflation, Azsume $0 plant salvage value.

5, Cost analysis is based an 15 years (2010-2025) serviee life, 5% discount rats for present worth cal

6, Sargent & Lundy Report, AprH 23, 2864, BAMcD ar
7. Option & that lake water pre-t is already a5 & part of the new unit cost, and it iz shared with the recovered ash sater. The quantity of recovered water is
after ion in ash ponds,

[Equipment Cast

Option 1: Lske Water Pre-treatment - Assume a clarifies (sized for 3000 gpm) followed by 2x700 gpm 8fiers are used, with auwxiary equipmend such as fogd, clear weli and pumps, siudge fransfer pumps and conirpls.

Opiien 2 Gray Waier Pre-treaiment, Assuwme 2 clarifer {sized for 3000 gpmy 15 used, With auxiliary such as shamical fend, clear well and pumps, studge transfer pumps, and contrals. A 1 MGL! lake walar pretn

{olarifiar + Blters) is alse included.

ihe siio weuld ba common with the new ynit slo. This saves S2.5M,

Dption 3; Same as Uplion 1 an lake weler predreatment. Al Daliman Units are converled ta ary fy ash systems, The cost for Unit 33 dov By ash sonvenion
Option 4: Same 85 Opiion 1 on iake water pre-treaiment. All Daliman Units ara o shafe 2 iosed-lsap bottom ash hondling sysiem wilh

)
dewatering systems (3x50% dewalering bins, 100% setiing ans siyge tanksy. 1
Option 5: New pumps and pipafine will be instaiied to recydie ash water clanfication pons efflient 1o the Jake waler pre-iraatment system {dlardfies) to T

orucs make-up water to 1o new plant,

Cost Comparsan 1 2102008
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City Water Light & Pawer 1
Site Water Conservation Study i i
Tabiz 3 - Water Conservation Options (2010-2025 Operating Conditions, Continued)
Water Manggenient Options
Option 8 Cption 7 DOgtign 8
Water Management issuss | Using Troatad Lake Water for
= | Water issuas i Ash Water When! Heat Exchangers {Sse Nole
Dosetption £ 1 (Recycls FOD seal waler) not Sluicing Ash)
| ___|Equipment installed Cost 8 286,000 $50,000 100000
Relativaly somy 1o sonstrust
Felatively easy fo construct fathvaly aasy to fruct | and operate {asseme lake
Constructabifity and Simpadty of O8M and aperale and oparates wader s flterad)
eclricity ion, KIWRAT 3 18475 a £2,374
| [Elecindly Gost, Bv0 2 §389 &0 51,847
Naona Nona Nona
Chamicais Tost, $yr § 0 50 20
|___|SWTP Make-up Fiow, MGD 4 4 ]
SWIF Make-up Cost, SAT 2 $¢ 8t &8
SATP Retura Flow, MGD 0 o i
1BWTP Return Cast, Sy 2 50 50 30
Fifter Plant Flow ion, MGD 1 1] g 0,37
Filier Plant Water Cost Savings, 3hr 2 i 50 500,925
Lawe Water bak Flow Redurtion, MGD 1 €045 5.997 g
|__{Lake Watar Make-up Cost Savings, ST 2 $23 $508 i)
{ymber of Additionat Operators & [ &
| |Lanor Cost, ST 2 B9 5a 50
Hazardous Solid Waste Generalion Rate, lonshy ) 1] ]
Hagardous Solid Waste Disposal Cost, §wr 2 30 3¢ il
Non-Haz Solid Waste Generation Rate, tonsfir 14 a g @
Nor-Haz Sold Waste Dispogs! Cast, S 2 B Eii) 58
Wasts Disposal D § A A
Teed M Cost, S 50 )
{ai nee Descriph Naglinible ) Negloible
Total Annual Dperating Cost 5348 {3506} (5207 480
Totai NPV {in terms of total expeasas 8 {5283,503) (544,752} 52053572
Annualized Total Oplien Cost, ST {52732 (54,3138 $197.846
IEguivaient Lake Water Cost, $/1L,0080-gal $1.63 &0.01 M
Total NBVIRGD of Lake Water Saved (88,174,850 {544,808} A
___Beasons for Refection of Option
Notes: 1
1. Lake Watsr {and Filier Plant} Make-up Flow Red Ts based an desigh (ipw faies ang projacied, average 2010-2025 joad facters. S&IL reportad load factors for Dallman units are 72% {U31/32) and 76,8% {U33),
7. Cost flems {per CWLP unless otherwise neted, operation is d 74 hours a day mes 365 days a vear, and waler and utility usage based on ahove foad &
CEleciricity, $20MW-h, Lake Viater, §1.33(M%, Potable water from Filier Piant §1.56/1,080-gal, Gray Waler $/1 000-gai, W ater Dincharge to sewer, $6.07411 000-gal,
-~ L.abor Cost, $80,000iyr {assumed), T 1
- Nasie disposal 1o coal pune, $8on, Hon-hAZardous waste GIEpassl 1o (Anahil, $ 26808, Anproved hazardous wasts disposal to landfill, $95%an,
- fssume SWIP will charge $6.1/1000-gal of gray walar to coyer traalmant cost not included in other cost Rems.
T Differantial elRCIEHY coRSUMBNOR hetween Lhe new systems and the existing systems {shiice pumps). Negative values nat savings by the new systems. Option 2
G4l i hrne pacity {5ee ater r&_
7. A Genarahion 5 hased on CYLD “Ash Handling Waler Sludy”, ¥16/2004, and assume 15% molature content in linal dispeses ash. Evine ConcentatonIpray Dryer wasia Is not included in calcuation,
T, Costanalysis s hasad on 15 years {3018-2028) sarvice life, 5% di rate for present wonth caloulation, and 14 average inflation,  Assume §0 plant salvage value,
5. Sargent & Lundy Repory, Apsil 23, 2004, BaMcD oY &
7. Optien 5 assumes that fake waler is aiready incl 35 A part of the new unit cosy, and It is shared with he Tecoverad ash waler, The quanily of recoverad waler s
after i {ation in ash pends.
Equipment Cost D
Opton {; Lake Waltar P - Assume 8 clanfisr (sized for 3000 gom) foliowed by 2x700 gpm Alers are used, wilh swndiary equipment such as chemics! fead, clasr well and pumps, shidge ransfer pumps, and controls,
i Gray Water Pre-reatment Assume a clanfer {sized for 3500 gpm) s used, with awafiary equipment such as chemical faed, clear well and pumps, siudge Uansiar pumps, and conirols. A 1 MGD laks water preffeatment {clarifier » flters) is also included.
| ___{Option 37 Same as Oplion 1 on lake water pre-ireatment. &% Dafiman Urits are converted (o dry By ash systems. Ths cosi for Unit 33 dry fiy ash converaion assumas the sila would be comman with 1he new unil gito. This saves S2.5M.
[Ontion 4@ Same 85 Omion 1 on lake water eatment. Al Daliman Lnis are converiad fo shate a common tiosed-leop boliom ash handing system; with mechanical dewstedng systems (3x50% dewalening bins, 100% setihng ans suigs tanks),
[Oion 5. New purps and pipehing val be instaled to recycie ash waler clasfication pons effuent to the lake waler pre-treatment systom {clarifier) 1o producs make-up waler 1o the new plant.] '{J

Cost Comparisen
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