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' Introduction

This memorandum describes a refinement to the prioritization system that Natural Resource Technology, Inc.
(NRT) develaped for upgrading impoundment and basin liners at Midwest Generzation's J oliet 29, .
Waukegan, Powerton, Will County, ! merating stations. The original prioritization syslem was
outlined in Technical Memorandum No. 1 (Memo 1) dated December 21, 2005, and was entirely based on
environmental factors. This memorandum builds on Memo 1 by incorporating input from Midwest Generation on
the environmental scoring, adding plant schedule and operational need considerations, and adding planning level
cost estimates for the liner upgrades. The prioritization system is designed as a working tool that can be refined
and easily updated, particularly with respect to plant schedule and operation needs.

The environmental scores are relative; with a positive score suggesting a low priority for liner upgrade and a
negative score suggesting a relatively high priority. A range of values was initially assigned to each of four
environmental criteria based on NRT"s collective knowledge of the water quality of materials managed in the
impoundments, petformance of liner materials, susceptibility of geologic settings to groundwater contamination,
and potential issues with sensitive waters, and then calibrated based on observed site conditions at the power
stations. Data and descriptive information used in prioritizing the impoundments are listed on the attached matrix.

Scores for plant schedule and operational needs were based on information gathered during on-site plant surveys
(an example questionnaire is atlached). To reflect the results of the plant survey and emphasize plant-specific
operations, value$ were assigned to each of five plant operation factors: scheduled outages, dredging schedule,
ease of construction, need for modification, and current maintenance effort.

Based on the environmental and plant schedulefoperations scores, the suggested timeframe and priority for liner
upgrades are shown on the two attached graphs. Data used in developing the scores, and comments related to the
plant surveys and individual scoies, are listed on the attached matrix.

In addition to prioritizing impoundment/basin liner upgrades, recommendations and associated costs are provided
for upgrading the liners. Due to the performance standard approach utilized for permitting ash impoundments in
Dlinois, specific liner permeability recommendations are necessarily conservative. In most cases, other then fly
ash management impoundments, an alternative approach based on water chemistry and calculations (possibly using
a simple analytical fate and transport model) may enable permitting of a less-stringent liner design.
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Prioritization of Liner Upgrades
Environmental Criteria

The environmental scores are based on four criteria:

1. Existing liner condition; considering type, age, and known condition based on the Pond Characterization
document (Midwest Generation, June 2005) and Midwest Generation’s knowledge of the liners. In
particular, the Poz-O-Pac liner systems were constructed more than 25 years ago, and are reporiedly in
poor condition. The scoring system reflects the large differences in performance expected from the
existing liner systems:

10 - HDPE in excellent condition, new

5—Formed concrete, aged

3 = Concrete in unknown condition, aged

2 — Asphalt in unknown condition, aged

1 —~ Poz-O-Pac or earthen/clay in poor condition, aged
0 - Unknown, gravel, or no liner

Since Memo 1 was issued in December 2005, Midwest Generation reviewed the estimated areas and
capacities of each impoundment as listed in the Pond Characterization document and developed revised
capacity estimates. NRT c¢ompared the newly revised values to the values in Memo 1, end the majority of
the values were similar. The only significant difference was for the Collection Basin at Powerton; the
matrix was updated with the revised capacity for this pond (8,000 ft*).

2, Impoundment use: This criterion is based on the Pond Characterization document, the NFDES permit
applications provided for Powerton and « 4, and aerial photographic review of near-by festures, For
instance, the aerial photograph of Will County indicates that the south r-off basin generally receives
parking lot run-off, which was re.ﬂe.cted in the 5 onn as relanvely cleai stormwater. .

" ! These features were reflected in the lmpoundment use scoring, The scoring systemis set-up
such that negative scores were given to uses most likely to canse exccedances of flinois groundwater
quality standards in the event of & leak:

1 - Slag settling.!

-5 —Fly ash settling/disposal.!

3. Geologic setting: based on regional geology as depicted in the linois State Geological Survey stack unit
map (ISGS Circular 542), local geology from the KPRG Geotechnical Analysis of Soil Surrounding the
Basins, and the map of Potential for Contamination of Shallow Aquifers (ISGS Circular 532),

! The score for the slag settling basin was changed from 0 to I, and the score for fly ash settling/disposal was changed from -3 105,
compared to the December 2005 scores.
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The ISGS designated areas of high contamination potential as having sand and gravel or transmissive
bedrock near the land surface and areas of low contamination potential as having thick sequences of fine-
grained silt and clay or less-transmissive bedrock near the land surface. The scoring system was sef up fo
reflect these designations; however, because it is preferable to prevent releases of potentially contaminated
water than to rely on geologic conditions to contain relesses, the range of valves assigned to the geologic
seiting is narrower than the ranges for the liner type/condition and impoundment use, effectively placing

less weight on this criterion:

0 - Regional fine-grained matetials (typically silty/clayey diamictor), confirmed by adjacent soil
boring indicating fine-grained soils: relatively low contamination potential,

-1~ Regional fine-grained materials {typically silty/clayey diamicton}, not confirmed by adjacent
soil boring, which indicated coarse-grained soils: contamination potential uncertain.

-3 — Regional conditions indicating bedrock or sand and gravel formation or highly permeable
man-made conditions, confirmed by adjacent soil boring indicating generally coarse-grained
material; relatively high contamination potential.®

4. Adjacency of impoundments to a sensitive water body (Lake Michigan): only one of the six stations is
Iocated adjacent to Lake Michigen, with the remainder located on rivers. The Great Lakes are considered
more environmentally sensitive than regional rivers, as reflected by initiatives such as the Great Lakes
Water Quality Initiative. Therefore, an additional score was assigned to account for this sensitivity:

0 - Impoundment/basin located adjacent to river.
-2 - Impoundment/basin located adjacent to Lake Michigan (Waukegan).?
-5 ~Impoundment/basin located 20 feet from Lake Michigan (Waukegan).?

Plant Operation Criteria

Liner upgrade priority, from a plant operations perspective, was scored based on two categories: operational need
and opportunity, and maintenance and modification considerations. The plant surveys occurred in August and
September 2006 as follows:

Plant | Date of Site Visit | Midwest Generation Contact
Recbec Lol ) ;
Joliet 129 | September 14,2006 | Elsic Briette
Powerton September 15, 2006 | Mark Xelly and Joe Heredia
Waukegan August 4, 2006 Mark Nagel, Mark Wehling and Mary Connor
Will County September 8, 2006 | Fred Veenbaas and Craig Lucke

2 The score for confirmed highly permeable formations was changed from <2 to -3, compaged to the December 2005 scores.
3 The weight of this criterion was Increased relatlve to the weight assigned in December 2005, The general score for Wankegan was
increased from -1 to -2, and & new score (-5) was sdded for impoundments located very close to the Lake.
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Operational Needs and Opportunities (Time Frame for Upgrade)

Impoundments were grouped according to whether opportunities for upgrade will eccur in the near term (0 to

3 years; i.e., 2007 to 2010) or long term (greater than 3 years; i.e,, 2010 and beyond) based on operational needs
and opportunities. The operational needs and opportunities of each impoundment are based on three plant
aoperation factors: scheduled outages, dredging schedule, and ease of construction.

I. Scheduled outages: Plant personnel were able to provide, up to one year in advance, iotice of a

scheduled outage. The scoring system was set up to reflect the opportunity for a liner upgrade during a
scheduled outage:

1 — Outage scheduled, in which case the impoundment was placed in the short term group,
0~ No outage scheduled to date, in which case the grouping was based on the next two criteria.

2. Dredging schedule: An impoundment must be dredged to remove accumulated solids prior to performing
a liner upgrade; therefore, it is more cost effective to pecform the upgrade after a regularly-scheduled
dredging than to perform a special dredge operation in order to upgrade the liner. The frequency of
dredging was compared to the last time the impoundment was dredged to determine if it is scheduled to be
dredged within the next three years.* If an impoundment is scheduled for dredging within the next three
years, or if it is frequently dredged, then it is a candidate for the short term group, otherwise it was placed
in the long-term group. Impoundments that have never been dredged or that have no dredging frequency
were assumed to have minimal accumulated solids, and were therefore candidates for the short term group.

3. Ease of canstruction; Whether or not an impoundment can be upgraded in the short term is partially
dependent on the amount of planning needed to temporarily remove the impoundment from service while it
is upgraded. For example, limited lay down spacs or alternatives for rerouting flow may require
significant planning effarts. The scoring system was set up ¢o reflect that extea planning:

1 — Possible conflicts or factors that will effect planning and/or operations; impoundinents with
these issues were grouped as long term upgrades. -

0 —No known conflicts that may effect planning and/cr operations exist, in which case en
impoundment was a candidate for the short term group.

Impoundments that are listed in the short term graph (0 to 3 year) either have a scheduled outage, are dredged
frequéntly, or are scheduled for dredging within the next three years. The impoundments listed in the long term
graph (4 to 10 year) may not be due for dredging for several years or may have other factors that will require extra
planning prior to upgrade.

Maintenance and Modification Considerations

Maintepance and modification considerations are based on the plant surveys. The impoundments were scored
_based on two plant operation factors: need for modification, and current maintenance effort.

1. Need for modification: This category covers factors other than liner condition that may cause an
impoundment to require modification from a plant operations perspective. (e.g. smali capacity). The
scoring system was set up to reflect the level of modification needed to make the impoundment more
efficient:

* In cases where plant personnel did not know the last time the Impoundment was dredge, NRT assumed the current year (2006), as indicated
by italics on matrix. This resulted in 8 conservative (short term) dredging schedule.
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2 - Significant modification needed (e.g. need more capacity or elimination of short circuiting).

1 — Minor modification needed (e.g. a weir replacement).
0 — No modifications needed or identified from plant survey.

2. Current maintenance effort: This category reflects the level of current maintenance resources required
by the plant to keep an impoundment operational, focusing mainly on liner maintenance issues;

1 - Impoundment requires more than routine maintenance work (e.g. repair liner).
0 — Maintenance was not identified as an igsue during the plant survey.

Maintenancé and modification considerations are color coded on the attached graphs:

n Red indicates that an impoundment requires a significant modification {total maintenance and
madification score of 2 or 3).

(] Orange indicates that an impoundment requires a minor modification or requires more than
rootine maintenance work (total maintenance and modification score of 1).

= Blue indicates that the impoundment has no planned meodifications and no maintenance issues
(total maintenance and modification score of 0),

Prioritization Results and Example Upgrade Plan

Based on the above criteria, the scores were totaled and plotted to graphically illustrate the priority for liner-
upgrade based on environmental sensitivity, and maintenance and modification considerations. Figure 1 shows
impoundments where liners can be upgraded in the near term, and Figure 2 shows impoundments that may be
considered for upgrades over the long term. Impoundments with non-negative environmental scores and no
modification or maintenance issues are not presented on the figures. The length of each bar on the figures is based
on the environmental score. The color of eech bar is based on the maintenance and modification considerations, as

detailed above. Estimates of planning-level upgrade costs are also displayed on the figure; development of these
costs is described later in this memoranduim.

Some of the impoundments displayed on the short term graph (Figure 1) may have a lower enyironmental risk than
those on the long term graph (Figure 2); however, an impoundment on the long term graph may require additional
titne or effort for planning the upgrade, so planning on these could be performed while impoundments on the short
term graph are in the construction stage.
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Candldates for Near Term Liner Upgrads
2007 to 2010
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Candidates jor Long Term Liner Upgrade
2010 and Beyond
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NRT understands that Midwest Generation intends to use the prioritization system developed here as the basis for
a program to upgrade impoundment liners. As an example, the following ten-year prioritization schedule was
developed based on the results of the analysis described here and presented in Figures 1 and 2. Considerations
used in developing this example upgrade plan were:

® Highest potential environmental impact combined with near term operational priorities were given first
priority in the schedule (through 2010},

m  After 2010, highest potential environmental impact and plant operational neéds were both considered,
while balancing the considerations below,

®  Upgrades were grouped by common location within the same year or between adjacent years if possible

and/or reasonable considering thejr operationzl function.

m Potential cost impacts were distributed as evenly as possible from year {o year through the planning period.

Year Impoundment
2007 Joliat 29 Ash impoundment 2 . :
2p07 Total 51,100,000
2008 Joliet 29 Ash Impoundment 1 FROTE0R00 it
Will County South Ash Impoundment 3 EEBGH00:
2008 Total $1,700,000
!
2009 L
Will County South Ash impoundment 2 $600,000
2009 Total $1,600,000
2010 Powsrton Bypass Basin e VG Sy
Powerton Sacondary Ash Settling Basin $500,000
2010 Total $1,600,600
2011 Powarton Ash Surge Basin $2,500,000
2011 Total $2,500,000
2012 Joliet 28 Ash Impoundment 3 3704?.0!_10
|
, !
l :
n i
2018 e h]
Will County South Ash Impoundment 1 $5u0,000
2015 Total $900,000
2018 e
Will County North Ash impoundment $600,000
2016 Total $1,100,000
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This schedule is provided for Midwest Generation’s use as an example and would likely need refinement
considering other internal and corporate objectives not identified or included by this analysis. The costs provided

are for relative planning level purposes, subject to the assumptions stated later in this document.

Recommended Permeability and Materials for

Liner Upgrades

For each type of impoundment and for establishing planning level cost estimates, we have recommended a liner
permeability and material. Recommendations were based on Midvwest Generation's desire for cost-effective, low
maintenance liner materials. The table below summarizes our recommendations for each type (category) of
impoundment and estimated unit costs for the upgrade.

Category | Impoundment Use Liner Permenbility and | Recommended Liner | Estimated Construction Cost
Basis Upgrade Materinl per square foot
-Compacted clay
(5 fi thick +*)
1x107 cm/s max., ** refertocategoryl | $ 710810
Fly Ash typically required for discussion below
I Settling/Disposal basin permitting, may
P glso facilitate eventual -Geomembrane
closurg (60 mil HDPE **) $510 57
;
. }
{ led)
-Compacted Clay
1x107 em/s approx. o | (typically 2 R thick) $5t0 38
Bottom Ash/Slag protective of .
A/ Settling groundwater quality -4 to 6" asphal
iandacd 0 Ogasphat O Asphalt $6 to $8
s concrets Concrete $10 to $13
| i
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"

atepories T and IV { ' __ Botiom Ash/Slag Settling Basi

From a regulatory perspective, liner permeabilities * . bottom ash/slag settling basins are
based on predicted site-specific performance and demonstration of protection of groundwater quality standards,
‘Waters in these basins typicelly have concentrations of inorganic constituents, such as sulfate and sometimes
boron, that are higher than Past 620 groundwater quality standards, Without the use of site-specific groundwater
modeling, we referred to the Ilinois regulations of sewage and livestock impoundments (Sewage: 35 Ti. Adm.
Cade Par: 370. 930(d)(2)(D). Livestock: 35 Ill. Adm. Code Part 506.205). These regulations specify a permeability
of 1x107 cmvs, using a 2-foot thick clay liner or geosynthetic material. If Midwest Generation desires low
maintenance liners for the relatively low concentration waters managed in these basins (suggesting less stringent
permeability requirements), asphait or concrete may be considered for sludge removal reasons,

Liner Construction Cost

The estimated unit construction costs (cost per acre) and planning level estimates shown in Figures 1 and 2 are
based on the following assumptions:

m  Planning level estimates were generated using the upper range of the unit costs presented ebove, and
the surface areas listed for each impoundment or basin in the attached summary matrix,

s The planning level estimates for liner category [ assume HDPE because its unit cost is less variable
than liner-grade clay, that is subject to the proximity of 2 suitable borrow source.

m The planning level estimates for liner category II assume HDPE because its unit cost is lower than
concrete or asphalt. If concrete or asphalt are deemed preferable for a specific basin, planning level
costs would increase, depending on the permeability goal.
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Liner materials that have been proven over the years to have a permesbility of less than 1x107 cmfs are compacted
clay and geomembranes, when constructed according to materiat specific quality assurance and testing
requirements. For impoundments, the geomembrane material typically selected is HDPE due fo its high resistance
to breakdown when exposed to sunlight. Although PVC is less expensive and easier to install than HDPE, it will
break down over time if exposed to sunlight. Therefore, PVC would require a significant ievel of maintenance on
to either maintain side slope and protect the niaterial from exposure 16 sunlight, or to actually repair or replace the
PVC in areas where side slopes eroded and were not maintained. Clay can be cost-effective, if a near-by borrow
source is available, and is typicaily a low maintenance liner material. Due to availability concerns, an alternative
to clay was also recommended for each type of impoundment. Clay liner installation is straightforward for most
contractors if the liner material and quality control testing requirements are specified in the bid documents, If
damaged, a clay liner can be easily repaired, unlike geomembranes, which typically require a certified installer to
perform sepairs.

As indicated in Technical Memorandum No. 2 (dated December 21, 2005), properly installed asphalf and concrete
liners may initially meet the 107 cm/s permeability value, but they fail to meet this permeability over lime due to
cracking or other wear (via mechanical equipment or natural causes). Therefore, asphalt and concrete liners are
not recommended for impoundments that contain highly concentrated water {e.g., fly ash sluice water, undiluted
demineralizer regenerant), since leakage could result in groundwater quality standard exceedances. Both materials
can be formulated to provide adequate resistance to the chemicals in power plant process watess. These types of
liners can be more practical than clay and HDPE in basins from which sfudge is removed either occasionally or
periodically because they are more resistant to damage by heavy machinery. Concrete is more resistant to damage
than asphalt, but is also more expensive. Both will require maintenance for sealing of cracks (if Iow permeability
must be maintained). Asphalt's lower compressive strength makes it more susceptible to damage by mechanical
equipment (i.e. front end loader) than concrete; however, it may be adequate if a reasonable level of care is taken.
One approach is to use concrete for smaller basins where sludge removal is more frequently necessary (one or
more times per year) and to use asphalt for larger run-off basins where sludge removal is less frequent (once every
couple years). In either case, if a lower permeability liner is the goal, supplemental liner protection such as
compacted clay or HDPE below the asphalt/concrete may need to be considered.

Impoundment Category and Use

Catepory I: Fly Ash Settling/Disposal Impoundments

Fly ash management basins typically have concentrations of boron and sulfate that are higher than Hlinois Class I
groundwater quality standards. In addition, depending on redox conditions in the basins, some trace metals may
have elevated concentrations. Ilinois has based permit approvals for impoundments largely on expected
performance of the proposed liner material in a site-specific setting for ultimate protection of Part 620 groundwater
quality standards (Class Iin most cases). Industry standards on liner permeabilities for ash impoundments exist
based our knowledge of the Illinois approval process. Liner permeability of 1x107 cms or better is typical of what
is required to abtain a permit from the IEPA Bureau of Water Section. However, liner permabilities of greater than
1 x 107 cr/s may be approved if fate and transport groundwater modeling indicates that this higher permeability is
protective of groundwater guality standards.

Midwest Generation may also consider future closure of the ash impoundment when designing a liner. Unless a
separate agreement is negotiated, ash impoundments are typically closed under solid waste landfill regulations, and
en ‘adjusted standard may be required if the liner of a newly constructed impoundment does not meet liner
requirements (e.g. 5 ft of clay or 60 mi! geomembrane) as specified in 35 II. Adm. Code Parts 811.306 through
811.308. Considération may also be given to installing a leachate collection system, which would not be used until
the impoundment was closed, and would again address potential Part 811 issues upon closure.
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»  The planning level estimate for liner categories III and IV assume clay becanse its unit cost is lower
than concrete or asphalt.

s Earthern liners are assumed for category V.

m  Unit costs for geomembrane, asphalt, and concrete liners include a subgrade preparation layer
(suitable bedding) and field construction quality assurance testing.

m  Uhit costs for liner construction (alf types) include mobilization/demobilization, site preparation,
restoration, minor earthwork, and grading.

= Unit costs for liner construction (all types) exclude planning, engineering, and major demolition
work,

m  Location-specific costs for ancillary work required to perform the upgrade are not included (e.g. cost
to reroute water flow or teraporary bypass capacity).

m Costs do not include dredging or dewatering, which is assumed to either be unnecessary because
there are no solids, or to be performed prior to liner upgrade as part of routine plant operations.

Allachments: Example Power Station Impoundment/Basin Questionnaire
Impoundment Matrix
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